PYRI M DI NYLPI PERI DI NYLOXYPYRI DI NONE ANALOGUES AS GPR119 MODULATORS CROSS
REFERENCES TO RELATED APPLI CATI ONS 5[ 00011Thi s application clains the
benefit oWoWofi/12Proevi si onal Application Serial Nunber 62C3AK2046313201 ed on
April 8, 2010, which is hereby incorporated by reference in its entirety.
FI ELD OF THE | NVENTI ON [ 0002] The present invention provides novel pyridone
conmpounds and ERVRIMIGURNY LPIBERHNAY [{PX Y RYRUPEY ONE ANALRETHFRABIGRR119

pr ot ei n-coupl ed receptor, conposi tl@@@%ﬁégﬁl ng them and net hods of
using them for exanmple, for the pr nti d/ or treatnent of diseases or
di sorders associated with the activity of the GPR119 G protein-coupl ed
receptor, e.g., diabetes and obesity. 15BACKGROUND OFTHE | NVENTI ON

[ 0003] Di abet es mel | i t GROSS REEBRENUE SN 8dd A THIP APPLIGHTENMES 100 nil lion

| | dwi.de. 1 n.th ited, St t 12 nilLi
abeti oo wibfifioo Thirgoalis o Sading i diat B LS FiplRichat aRisefel bl us 1 ¢
a di agnost i cNii@be §101212048! 818 oBfASHISODORY, SvhEdhak REleBY ireBfhobic PRNRIGBce

gl ucose honeostasis resulting in 20 el evated bl ood sugar. There are many
types of di alpetsesiireiut the two nost common are Type | (also referred to as

i nsul i n-dependent di abetes nel |J pe 2 (also referred to
as non-insulin-dependent di abegﬁmrﬁ% . [0004] The eti ol ogy of
the differ enfpobyjPres T8E pf&séﬁ%&‘e%tibﬁ pRRAdes REeva 35 é!ori&QE%ﬁJ%Gndseéﬁ%raYlQiB udd th

di abetes has two things in conmon: over producfion of glucose by the 25liver
and |ittlle owhieb ashhbdulgtotsoinim/ePRI L& Ggroteint-campletdheceptapomnipusitionhie cel | s
where it becones the body's primgy .fuel. [[0005] Peopl e who do not  have

i abet es. 1 ol SPrATIG S A ek Bh EsHE R e Bl Y S OB ARG Lcose
from the bl oediyhBlidriiiRake® bt SisOHielsRBsdRREE wiPWR WelivinPSIaR: EPWI99 kRVE

di abetes either do not produce insulin or cannot efficiently use the
insulin 30 tpreteipraglaieecipher egodmbetehayl dmsimot nove gl ucose efficiently
into their cells. A ucose accunulates in the blood creating a condition

cal l ed hyperglycem a, and over tinme, can cause serious health problens. WO
2011/ 12706PCT/ US2011/ 031320 A Q084 DhaPereS 1 SNOERTGROM®E Wi th interrel ated
nmet abol i ¢, vascul ar, and neuropat hic conponents. The netabolic syndrone,
general |y chi@06z]t er Distebtdsyndilifmeigl yeens diseaso afftictiesoel 1 @0 afillion peopie
carbohydrate, fat, and proteip netabolism caused by absent or markedly
reduced i nsqu’ﬂg‘é”éiE'pIéttﬁ%ﬁn ‘?fg?f@?essi tgf%‘?fa@f’c@f’@etﬁi‘fhls%lmi OBQ@%PWF Withe vascul ar
syndrome congissddp by éh%@io'séd %%h Barl Eﬁa@t&%elﬁ%%%@é &iaB%ﬂbwﬁr%

cardi ovascul ar, retinal and renal conplications. normafities 1 n the

peri pheral agdupuof disatdes chatyotigeddysibaoBn phucabslonpaistasigfredulimgdhabet i ¢

syndrone, [0Q071D abetes has al so been i |icated . in_the devel opnent of
kiyd ney IS Eaaglgyated bioo& sugar. There are many ‘cypersr%f dia%etes, but the two most congmon are

Type 1 (also referred to as insulin-dependent diabetes mellitus or IDDM) and Type 2

(also referred to as non-insulin-dependent diabetes mellitus or NIDDM).

[0004] The etiology of the different types of diabetes is not the same; however,

everyone with diabetes has two things in common: overproduction of glucose by the
25 liver and little or no ability to move glucose out of the blood into the cells where it

becomes the body’s primary fuel.

[0005]  People who do not have diabetes rely on insulin, a hormone made in the

pancreas, to move glucose from the blood into the cells of the body. However, people

who have diabetes either do not produce insulin or cannot efficiently use the insulin
30  they produce; therefore, they cannot move glucose efficiently into their cells. Glucose

accumulates in the blood creating a condition called hyperglycemia, and over time,

can cause serious health problems.
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eye di seases and nervous-system probl ens. Ki dney di sease, also called
nephropat hy, 10 occurs when the kidney's "filter nechanisnt is damaged and
protein Iwaksiiimtmeuri ne i n excessive anpunts and event ealrius2aihesiseadney
fails. Diabetes is also a | eading cause of danage to the retina at the back

of the eye and increases risk of cataracts and glaucoma. Finally, diabetes
i s associ at el®00pk h hbabetesdapasirorae pathiiaterrglated matebolisgeseler, ekt | whi ch

. ; Ve ; 4 b :
51 nt eot  onarepbsielte Bfhbiristts! ST EoRR e SRR IRk S0 ot on s
| eadi ng - camgﬁﬁglﬁfenﬁi@@bﬂlprik&%waﬂmnnﬁﬂﬁhwmg it b HAMRIDEHGAL ar y

an

lifestyles are obese; they weigh approximately 20% nore than the
recommended wapgghry ghsenton giarkeddbi ihecednnsubinisearetidhandferindfesiivobeglit y | s

characterd zed. b erinsulinema and, i lin resj sfance feature
chared vt n TR PRy ePBERERETR s ER s Bt uflel BT RS TesdeiEun: on
i's the resul{ @fdigstRatANgNEeENE eOmPREBbhE APARKRLIASAN TN @pheral _
expenditure, is highly correlated with insulin resistance and di abetes in

exper i ment al angravtaiomiane vorrRystempiaealsr part ¢icherdiabetiyl wndmweshani sns that are
i | ved i i ty-di d . .hot cl ) L I

dovel opment DP0BEopaHRFS Han et BEuSRrt i Gedruirbhon gt shietdiemben i n
resistance angd dNeRi8ahd nBRIbhLRRnl HOBMPRIGEY 6RMR, a(léoecalﬁte& REfhrEbatRy, - -

Di abetes, 43:696-702 (1989)). "However, over tinme, 13-cell function
det eri ordt esons wiem-thakidheyis Gelpermdehanisind belaomgadus] ppein leakdiotet wdB% of

t he obese popul ati on (Pederson, P. ] .. Metab. _Rev.,.5:505-509 (1989
and (Br ancat exgeR aogps angpysptiay b Hani s DGelk iR agsesiised ven
its 30 high wmg@me&aim@ﬁ{e&aiéﬁeef%e%%g@gg%m rRRSf LMScRaRPTE the

| eading risk factor for NIDDM (Hi | I, ., Science, 280:1371-1374
(1998)). Howgeewma Handllycdiebgessiastvociateddivigposree darhagecespeciallyf inphe lagat s to

alteration of jnsulin secretion.in response to , fat accunul ation remain
nknown.  TheHEe BbHarcares 20a4hs A RGB 80Kt §oia80 caNEIPES SLUTARS di sease
(par U1 CUlar | %rdeiBRs RRS BB JARAL S AREANIaraBM AUAL SRidPeledRYe! opment
of diabetes), gall bladder disease (particularly cancer) and di seases of
r epr oduct i oncauRessdaeath. has shown that even a nodest reduction in body

wei ght can 5 espond to a si.gnificant reductiop_in the risk of devel oping
coronary hea b seggﬁé‘.yﬂeﬁ fdﬁl%rnﬁﬁ?lﬁy{%ﬁé?‘rﬁ%ﬂgﬁsﬁyﬁéra@%% #e theysk of
devel opi ng el i —! i s 1 C

at her omat oug@%]gggg@?ﬁ%%ygg% |§%sdf1%§tl}} %égl encgggﬁg&g%fbﬁﬁlféél#%ﬁéﬁ%%t of the
car di ovascul arildc diupthemadre,arbesitydia chatadtyrizddesyi Hyperindulihaniashd fmsuBd that if the
entire popul ation had an idea [ the risk of 10 coronary

i nsuffi c%ﬂgnc’ﬂ?s%ﬂ?eda %’@F@égaée‘h)v\{\@é% ’}ﬂmﬁ?*?%%%ﬁaé@%ﬁcg’éoﬁl%suf ficiency
and of cereb, vas of ﬁ% i el C . y

di seases is @gg%ll edqﬂrﬁiﬁ?ﬁg‘j&g&c}ﬁqgﬁ?%gg}% an lg%ggg%%tgg&aﬁé&&ﬁg&g?e 0%
overwei ght . divegydixpbedimse, pehipklytcofralaad witldshliredsicadcd addetigiares ilf t er age

45, people with diabetes are about three tinmes nore |likely than people
wi t hout di ab@tedmeptahapjmalsiagd bpmannHomessr theineadar mgchanisips thet are

fivetimes-noy p kel s Welo) [ he
inter- - relat ?%[%%hb@té& é%ﬁrg%ltgi%n? g{n?ééfage ?(;CI)E?; ?%FE%WH%E%Q Wgﬁ% eétgorftonary
heart diZeasebeaity, idrtasadidstiin priaivhibalanval insilipfrednancetadd hadteds ppehgach
involving the treatnent of both obesity and di abetes gPerr , 1.J. et al.,
BMJ, 310: 560remiyparglyssmia (Lo Sluntistsd, Diabeinet3cador UR 198 %1 éﬁW@Wé, over
progressi ve Hir@é,?@efﬂ xfﬁﬁ&f’ necf’ettf%rﬁ)rf}tés' &'ﬁi Ao %SJEHQ&%}GR&H% Hiab&gs ﬁ)errv%ﬁ)%g? of
insulin resistarnce, Teading to an overal o reduetton I rnsuri nrou put

(Prentki, M ateft 20% of tHesdbete fapulatiog (PedetppeP.2 Deibabetas Rev.) 56053091 nvest .,
116: 1802- 1812 2006%%_. 13-cells are the cell type that store and rel ease
insulin in ré8ponaed tRyangeticlF dy gt alord ¢/ Iy Medgl10283E963 (199MeSipends to
hor nonal 4 si t. L L.ow . i .0 f, food. idence
monais BBk e SR G LR B s IBSEL AP o Af

for NIDDM (Hill, J.O. et al., Science, 280:1371-1374 (1998)). However, the factors

which predispose a fraction of patients to alteration of insulin secretion in response to
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25deat h (apoptosis) exceeds that of new 13-cell devel opnment, yielding an
overall loss in 13-cell nunber (Butler, A E et al., "13-cell deficit and
i ncr easedwdeniel2ii10apopt osi s in humans with type 2 di abetres’us2tiiabstes,
52:102- 110 (2003)). J3-cell apoptosis nmay arise from persistent el evations
in plasma gl ucose |evels (glucotoxicity) and/or plasma I|p|d | evel s

(1i pot oxi ci ti} accg@pb@max@am@nbﬁt W@wtﬁ@@mﬁaimﬂ) e@%pﬁiréssed on

13-cel | kno |
changes i n piAdReRenE SRGH &?@f@%ﬁf@% 6iioR). ARl fheltly AEERRIRGRE of 1 ol e
hor mone secr @ive meml dfpizéﬂé@és)c%sﬂﬁ bidteBaabd partitdlafly S8RRE) and@m%@@b @kogl a,

43: 393-410 (2003 Those specifically coupled to the el evati on of
cAWP vi a therewdattmaRgm@mhn ltas sliove ﬁlﬁb@\@nﬁ metevierefetiondh body weighindsance

| | d | ANP- |
Srcrson S, 5 b Eohd R e et ERioh i@ g o aay b Forobi BTl
GPR119. 5l ncff'ﬂﬁ%ng OE@@‘IBK &ﬂ@ﬁ@ﬁbfﬂh&l@éb@k ﬂlelﬁk%@db‘%iérﬁngaﬁ&ﬁv&s@uiﬁad to the

activation of whi ch is thought to prevent the opening of potassium
channel s on dikeasesasfveedle (Gfrondre lmffmcy,mrmmdam disgase.rank-eamdidc] ux

lari z 1 | | n inf.l ux i h
Colence of i MSTRCRICT b tafesrtenia b cipr et ek BARRS Accessi on
No. AAP72125,:Qit+and i AlstiflaRe tﬁaﬂ@f t%@fentu%p% ulaff&yﬁzﬁi ﬁ%%&zﬁwﬁéﬁﬁ bl
Accessi on No. AY288423 and alleles thereof) is a GPCR | ocated at chronpbsome
EOSI ti ohnl(}é(pZtﬁ)rQna(rFrrswPE‘ criuss wnpideecwaseaby 5% &d/éllf(r rsk@tfllardmnamﬁuﬁ%mmmser \lé(ég <
uman r hodopsi ein r.ec i ng.close rel atives
Lert. " 5oa: Rl ofsalepsh garfar whatPuoBe il e ndfiied fuoaly Selesen
sti nul at ed, M&%Qﬁ%u@@ct@le@é’ﬁﬁah@@ bdts 6ANR Wb #re 8044 &Je%v&&htlﬁqf%'dmﬁei/e@es

| ncl udi ng P—cel | -derived insuli nomas-(Soga -T:-et aL
" Lysophosphapateyt h&mlaMMS@MUA&S@@dﬁeWMWﬂth&m geabetti on vi a

an orphan O-protei n-cou ece r' Comm

D6 7ha 751 BHSIHS TR MG haneaRelr Wiout QEPTH SouTRe st e e v

05/ 00764, vgdqw%@%esmr@%%&agv%ow PRL08AESLs ¢ rﬂ?ﬁjasi%?tﬂe?ﬁ%?é@5l)
The receptor has 20 been shown t0 be |ocalized to then-ce

pancreas in mlaﬁmnbhsrtwoén JsspkscfacésrsierNHMDI\hsbasrtyspécmrbnarydnem dtsg/z;sess pEllt he
gastrointestin traaaé(a cti.vation of GPRl th agoni st %ands such as

l'ysophosphat ?BWSW UR (06 Bt e BRISR: Jar e V??EE‘P%‘&§$ PR i nsulin
secretion fr I a oma cell lines such
as NNT-1 and(%l-%S -T15 %bseg&a: i{ qejt?&iﬂi Bﬁl/! fsOo 0s ﬂg'télbgg] chol i ne enhances
25¢l ucose- dejpoébtient Tiypsdldiabeize easelts ﬁnm\thapxa}gre@mpdﬂmm of pamteaimsa:el]lpl ed
recept or”", Bjochem Biophys. Conm 744-751( 20 Chu, . et

al . ?rffo| etupglion i tE Fe“é??(B %@%‘W&e@%‘?"lﬁm@ﬁ%’éHi"%faﬁé?ﬁ“%‘i’n Byingianci ng
gl ucose- dep > / _

en. 2006- 1608&%1%(53 e?ﬁ& %[oeff? eg%?g%lﬁg?@ésfgi b 1‘?3”5”3 g”%%rlhqr%?s?tgg% ed to
ei ther nor nal812i (260Q). fclmhmeht bell type ehapstoreeantacldaselindutia inspbisegenet i

mut ation, prior to,an oral,  glucose tol erance test, |rrproverrents i.n gl ucose
t ol erance ar%le%@amelasmmgﬁemmmwamﬁﬁé@ B%@@nﬁhﬂ&paé%%mghw&gf Wilke

peptide-1 a i i%ggg HESE;. gt ed
ani mal s (Chﬂﬁile%l‘% fgﬁbﬁ E&A& ?L rgggéﬁﬁq?ﬁexg{aégtgcg 5%3 Cénf gl'ycem c
control 1§ em&n@pa}goghmosﬁsdlweﬁdmﬁ dehsiu{ralnpma{tgﬁsidmg dondecillilogliagy,

doi : 10. 1210/ en, 2006- 1608 (2007)). In addition to effects on plasma gl ucose
level s, GPRIAgelhpvmbaBrdemave chpbo Prslniefieiardincmesd feelharoainss iReduct i ons

adm i strat | R LDIA L 2 ReleB LA b (RS Bhoniidiaf e ON €

pr ot ei n- coupirtxd fFoRe pakiotent €levaibaoid shdhanghcurt diﬁre&r(glubbﬁxi:tﬁ?) and/drlpdasma
di scovery of small-npl ecul e hypophagi c agents”, Cell Metabolism 3:167-175
(2006), and Yot lpigh (ipeloxsHYNos. WO 05/ 007647 and WO 05/ 007658) .

00151 Ackpr clagh . SOBRRURYSOPKCASLAPBRETEMSOM o LRTBRSLAL G, 2 i de

10 range of I'ng ' 0|nnune

net abol i ¢, cabaslacaRdielascal dbdMaseeponsctb SRAKLS in ﬁ&iﬁqulhbds@aéveﬁn Nos. WO
2008/ 137435 A, WD 2008/ 137436 A, WD 2009/012277 Al, WD 2009/012275 A

(i ncor por at edbien&.n Asyonasmie regwiasionrnd ieidiogners weereipas Enplicgipns fahealthand WO
2010/ 009183 A, disclose conpounds that activate GPR119. The references

al so di sclose various processes to -15- =3~ prepare -these -conpounds. - -
[0016]1t is desirable to find new conmpounds wi th inproved pharnmacol ogi cal
characteristics conpared with known GPR119 activators. For exanple, it is
desirable to find new conpounds with inproved GPR119 activity and
selectivity for GPRL19 versus other G protein-coupled receptors (i.e.,
S5HT2A receptor). It is also desirable to




20 find conpounds with advantageous and i nproved characteristics in one or

nore of the foll ow ng categories: (a) pharmaceutical properties
(i.e., sookwiiyiospernmeability, anmenability to sustai nedTrsk@ass1320
formul ati ons); (b) dosage requirenents (e.g., |ower dosages and/or

once-daily dosing); 25(e)factors which decrease bl ood concentration
peak-t o-trouaghl disvaseic Dirbeshagia, 43398-410dPeRdaribesahBl Bs spesifigaBy gpupled
distributio

drug at thentn)"éheeﬂf"éqlm(" )8A legtt%i hh%p %ﬁﬁggpﬁteﬁgﬂgfﬁe{eﬁ%@%% active

(e) factors {inahccdBEdRESEmIARA ih@f¥inl rbledselfRim Bloend. Q%Jch@lwiéﬁxﬁmahﬂ eractions
30 (cytochrone P4 enzyne inhibition or induction, such as CYP

i nhibition, @B@Rs)peﬁscerlls inglude tet G&P-1, Cﬁ:l’,lﬁi a@hwgrammeﬁtands‘@?mﬂ-%7 (2000),

whi ch i ted b f
D01L 157 f0 0 PEveRie AT Banseioh G P & koW h i lead o e AEivPR AT PEA 1 or

adver se i dewgl 80k g t&pnevm@ﬁmi@wf%{asﬁ%%wg% {8 ¥QPEGf the p-

protein-coupled receptors, potent| al chemical or netabolic react|V|ty,
limted CNS @élnﬁhw sdbgon 1nc§<h afflandegolaizkeetheiPriclipading toi an infpeef GA Ty
desirable to Ed co%g%@ hawfg% ﬂ desirabl e conbi nati on of the

af or enent i on®g'© FOYrEalC* ERd M Act eri stics. SUMMARY OF THE | NVENTI ON

[0017]In accghg;ﬂnce(wmhgt(pgf B%%@PRI@?%ENB&NI&@%&H&%I%eARP@’lQ@ed t hat

have t he general” structure Formula 1: OkNr 14 R2 10Cl or an
enant i onr , azcbﬁllak:’sﬂreemfe«rg orouse GRRI @@NBABMQ@A&C@G;DHM A Y2H8423 her eof ,

o ot e R B b s S s OB T RR T r” o

Preferably, LK vity of the
GPR119 G pr o{ie%fﬁpcggt}gflgg@h%?é%% ?&P&er’véﬁ’ﬁﬂﬁéﬂﬁo@%ﬁequ ttgg?w%%fgﬂcorrpounds

of the pres em:eptma dﬁdcmgmimmyelmwaﬁ I B L4rhe5 34r ¥t 18R 00T)).nTihd feptigords seases

or disorders as ed with GPR h as di abetes rel ated
condi ti ons, &MWW%%&%@ m‘f%%%gs%lanm | BiseteEiely athe

macr ovasgul afe l%gﬁ‘sgﬂ%{l&ggg C@g%e sl @l RS tadiralefes, cardiovascul ar

di seases, Meta ne an Its conponent- conditions, obesity and
ot her mal adi dsysoiﬂ)oaﬁmndylchéhrm enhases ghmoﬂ@penﬁm&mslﬂoucmmdmarh t he

nodul ati on of the GPR119 G protein-coupled rec r that cap b revent ed,
modul at ed, o?rpi%ergafeab%wga ﬁ@ce@éprf Hioge %@mp %éﬁt@ﬂ’ﬁ”v 3%@ u%&%but are

not limted Wxﬁﬁcatﬂ)\ﬁﬁ%sﬁW@%ﬂ?a@sa‘gd%roﬁﬂ)ﬁh}‘?%é dsPEFEANGFO

25insulin re |sténce yperinsul i nem a, retinopathy, Treuropathy

nephr opat hy, Oﬁemweplmamzmalmagyomms’asmaadm 1838681)i The &eemmi R,
abnor mal heart function, myocardi al chem a, stroke, t abgl i ¢, Syndr one,
hyper t end] onbeeaisBaYR {p befiosalized g fied-c fi% theinaasreas inaypEher pf sRemies as

hypertriglycgLy dem Pecifl¥ BEI /04 S5hE bRSTi8tinh WD tivation of GPR119, with

agonist ligands such as lysophosphatidylcholine, produce a glucose dependent
increase in insulin secretion from primary mouse islets and various insulinoma cell
lines such as NIT-1 and HIT-T15 (Soga, T. et al., “Lysophosphatidylcholine enhances
25  glucose-dependent insulin secretion via an orphan G-protein-coupled receptor”,
Biochem. Biophys. Res. Comm., 326:744-751 (2005); Chu, Z.L. et al., “A role for -
cell-expressed GPR119 in glycemic control by enhancing glucose-dependent insulin
release”, Endocrinology, doi:10.1210/ en.2006-1608 (2007)).
[0014] When activators of GPR119 are administered to either normal mice or
30  mice that are prone to diabetes due to genetic mutation, prior {0 an oral glucose
tolerance test, improvements in glucose tolerance are observed. A short-lived increase

in plasma glucagon-like peptide-1 and plasma insulin levels are also observed in these
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hi gh LDL, non-cardi ac i schem a, vascul ar restenosis, pancreatitis,

neur odegener ati ve di sease, |ipid disorders, cognitive inpairnment and
denment i a,wbana/dreease, Hl V protease associ ated |i podystcoalsgoiansi3gé auconma.
[0019] I n addition, the present invention relates to a fornul ated product
wherein 5 the selected fornulation is made by using a conmpound of Formula |

as the only tratgdanimalg (Sl &hl- arl-biA tdefir firoed-qxayessedd @R blfhia ehfcemie mul a |
usi ng any of the conpound enbodi nents. listed. herei-n) and,(b) an additi onal

Cotive fnor oo RRRHDE s PR PERsR R S e iR i bi t o1
(for exanpl ej@:1080erenSHIETI608 é:im)qym HPacRIaidnltb ieffects bh BlshRighizosd/let-élagl | ptin

and al ogli pti né. 10[ 0020] I'n addition, the present invention relates to a
fornul at ed peBRULY adjivatosd hnve lalsodetrederaensiratethit produer tedudtmtie inacutesfond a

oo o1 T e S S S sBB ST, 12
conpound o i > her ei n
and (b) a dipeptet sy |“IREPhhsiasEM of a((%ggcﬁéinicﬁbﬁlgﬂ tREptoviR bRloPlctso ittt

inhibitor is saxagliptin. 15- -- -[ -11-Therefore, in-another
enmbodi ment , -anddtspise sethe disegesty pbsmpalbwiothsyle-Hypephagvopeoiahdseliotembelismt.a | |

loing such coNpbRRICOp S8 pERdBleRgi W SRR RZma B0 (PiiRRel s
phar maceut i C@bwjonp%b&ﬂd 1 RORbL IR IhAR al \REABPRY | ¢ 8dd1y d6hbashicvewrount  of
a conpound of Forrmula I, al’one or in conbination with a pharnmaceutically

20acceptldbl ereu:_gﬁéI of wiliticf Dﬂtz?}ifg inflrenmatory, al&mgihezut@nbmmemtaboﬁm e:az!meeseﬂt

i nvention provjdes a nethod.for p .ng, ul.at.i tr g the
pr ogr essi on BIYY OV&FC"&Féié%?Q‘%‘ %ﬁ@@b?gﬁ%?@élzggg&l%d%ﬁgﬁﬁaact| vity
of the GPRLIfSGRyeieAN; GaYPO®H0 1292 RO 206410 £ 746 ?ﬁ‘%ﬂ@t‘é@ heRth

herei nafter, wherein a therapeutically effective anmoun f~a 25 conpound of
Formul a | i sbyaatharericstand esbigned &0 pmesertbpivant) and WO GREH00PRBiAehdisclosmeed of

treatment. [0023] The,conpoun of t i nvention can,be used alone, in
Conbi nat on SIRIUBEHER RORHE SISt het B e e BRSO TRes 0

conbi natison- Weltde Ba8-MmpRinds.0t her agent (s). 30[0024] Further, the present
i nvention provides a nethod for preventing, nodulating, or treating the

di seases as [#616]ned Itabdesrabledo Hiad eewabtpoundsheitle impravédshaapectiogied! | y
effective amgunt of .a conbi natjon of ound of Fornula |, and ., anot her
conpound of $RGFATIFFISMiGs compagrd V&lﬂh[@a’g}ggﬁg?@ﬁ%fﬁtqr%/p%or&ﬁa@ﬁ@r Y ngqﬁgent,
is adm ni st t i ; - i K eqt ment .
[ 0025] Addi t?%nadll{%,wactcag pr!éés@%h{1 ll#gl\%gﬁ(% pggﬁg%g@%%ghggggom;ﬁgpg}ﬁgg ave a
benefici al , yrafsetiad G/ pratdimwoedpdddecemore (b SSHET b kaceptart lir galsbalesirable to

i nprovenent | n 5 GPR119 activity/selectivity, in partjcular, in vivo

gl ucose 4%d Jéled quueigi'w ARYREePY BEHpBINTGEE CE%W%%}@W s BIERTthe t he
art, such asfo‘ilg{%ﬁfgél% gligsed in PCT Publication No. WO 2009/012275 Al .

[ 0026] The present i nvéntion al so describes conpounds that have a benefici al
i mprovenent in nefagbol plearstebtitdl pyopettivs fod. | dobubildty, permieaikitityl amsdiabllityitd y 1 n
human |iver 10 m erqgsones, in,conparison to conpounds previously disclosed
in the art, Sgemeddgelergdemyilaiiqnsied in PCT Publication No. WO 2009/ 012275

Al (b) dosage requirements (e.g., lower dosages and/or once-daily dosing);

25 (c) factors which decrease blood concentration peak-to-trough
characteristics (i.e., clearance and/or volume of distribution);
(d)  factors that increase the concentration of active drug at the receptor
(i.e., protein binding, volume of distribution);
(e) factors that decrease the liability for clinical drug-drug interactions
30  (cytochrome P450 enzyme inhibition or induction, such as CYP 2D6 inhibition, see
Dresser, G.K. et al., Clin. Pharmacokinet., 38:41-57 (2000), which is hereby

incorporated by reference); and



[ 0027] Furt her nore, conpounds of the present invention show unexpected
advant ages over conpounds previously disclosed in the art, such as those

di scl osedwonoR@e7#abl i cati on No. WD 2009/ 012275 Al . The ppraseont/ossepounds
have been 15 - shown in an-assay(s)-to -have a desirabl e conbination of in
vivo gl ucose reduction-and netabolic stability in a human |iver m crosomnal
assay. Such conpdiihds fetiot thatisiscieasedhe petpuiial ifor adverse piderefeeis (e.& nhi bi ti on or

anel i orati on,of re. di ) aor .disaorders that are discussed

ner et - o0pr EEn BT TR MR Ry RSP OB ek B, OSSR
and si mul at egdepyiakadnity imiePENS-pehéfidndiob hannel selectivity). It is especially
(5-chloropyri mdin-2-yl)piperidin-4-yl oxy)-1-(2-fl uoro-4-(nmethylsul fonyl)ph
enyl) - pyri diesicgile 9 imheompauads badeg 2 Aesina IA.csmbma_ug@Qﬁ]miaguc@emoned
Experiment al ,and simil ated powder patterns of 5-chloro-4-(1-

2505 chi o oy PRHGITRGE SEABIREG: D V1 o) |

-(2-fluoro-4-(nmethyl sul fonyl)phenyl)- pyridin-2(1H) -one, Form N 2.

[ 0030] Figure 3. Experinental and sinul ated powder patterns of
5-chl or o- 4- (1- SUMMARY OF THE INVENTION

oy by ol 5 bR BVt o B et g o) P"
Exper i ment al h 88 ¢heSdidntaplittbnR0WHeSmRAs 1:er ns of 5-chloro-4-(1-

(5-chl oropyri m din-2-yl)pi peridin-4-yl oxy)-1-(2-fl uoro-4-(nethyl sul fonyl)ph
enyl)- pyridin-2(1H)-one, fre#gbase, FormE. 5-1. WO

2011/ 127106PCT/ US2011/ 031320:9.0 Fi qure 5. Si qulaja;ﬁpowder patterns of
t hy ,j{i‘hy‘ phenyl ) pyridin-2(1H)-0

5-ch|oro-4-(1-(5-ch|oropyrinfdi

2-yppiperidin-4-y|oxy)-1-(2-,§2 - ptiig

ne, free base, Form I PA 5-1. "100331Fi_gurje 6{ Experinental powder pattern of
5-chl oro-4-(1-(5- 5chl oropyrim dlth-2- bperddi n-4-yloxy)-1 -(2-fluor0-4-
(nethylSH}fonyI)phenyI)pyridin-2(1FD- je, material P-6. [0034] Figure 7. DSC
of 5-chl’oro-4-(1-(5-ehloropyrimdin-2-yl)piperidin-4-

yl oxy) - 1- (2-f | uor o- 4- (et hyl sul f onyl ) phehyl ) pyri di n-2(1H)-one, Form N- 2.

[ 0035] Figure 8. TGA.of 5-chloro-4-(1-(5-chloropyrimdin-2-yl)piperidin-4-
L0 Y oy} - qraePRigRer.} B RPEET-FE AR BRERY ALY PP aDis S For m v 2.

[ 0036] Fi gur e ereSC, RY, 1510 e dorinka b5ro&h! O opyT i i di n-2-yI ) pi per i di n- 4-
yl oxy)-1-(2-fl uoro-4-('net hyl sul fonyl ) phenyl ) pyridin-2(1H)-one, materi al
P-6. [00371F08i8]e 1Qonip@Ands of the present invention modulate the activity of G protein-

5-chlor 01-54- (cjb-té)?ea(i‘gclegtrogg ylgrlegrg)li r:-c%;rgf}lc)&xpds%?rt};edﬁrgs-e%{ invention modulate the

activity of the GPR119 G protein-coupled receptor {(“GPR119™). Consequently, the

compounds of the present invention may be used in the treatment of multiple diseases
or disorders associated with GPR119, such as diabetes and related conditions,
microvascular complications associated with diabetes, the macrovascular

20  complications associated with diabetes, cardiovascular diseases, Metabolic Syndrome
and its component conditions, obesity and other maladies. Examples of diseases or
disorders associated with the modulation of the GPR119 G protein-coupled receptor
that can be prevented, modulated, or treated according to the present invention
include, but are not limited to, diabetes, hyperglycemia, impaired glucose tolerance,

25  insulin resistance, hyperinsulinemia, retinopathy, neuropathy, nephropathy, delayed
wound healing, atherosclerosis and its sequelae, abnormal heart function, myocardial
ischemia, stroke, Metabolic Syndrome, hypertension, obesity, dislipidemia,
dyslipidemia, hyperlipidemia, hypertriglyceridemia, hypercholesterolemia, low HDL,

-6-



yl oxy)-1-(2-fl uoro-4-(nethyl sul fonyl ) phenyl ) pyridin-2(1H)-one, materi al
P-6. 15- DETAI LED DESCRI PTI ON [ 0038] I n one enbodi nent, the present

i nvent i oowprouvidesmsa conpound of Formula |I: Cl 20 or amCENsRa1i10BER)

di astereomer, tautoner, or salt thereof wherein: nlis Oor 1; R is
(G-Go)alkyl; R2 is hydrogen or halo; 25R3 is hydrogen or halo; and R4 is
hal o or hal dfigh LO3) apicpsrdiacyohoir] ¥ aspTla0BPETP S DO O BEIXArd3@SYativeone

enbodi ment, t.he present i.nvention provides a.co und or..an e ioner, a
di ast er eorreréiswgélpbﬁ‘gﬁ?{gﬁrguﬁqg{%‘gﬁvfeyng%‘%fﬁstgﬂfl @erglgﬁfa’ gﬂ%er%ﬁ‘:iﬁ,se’ Formul a | a:
OR4 ClI 5la. hORAK akbsidted IPodybesghylaad klaucoi@r mul a 1a" and al | enbodi nent s
t hereof shall include enantioners, diastereoners, solvates and salts

t her eof (parf0PtUl ar lyaddidern, iterpresent diveriicarrelates te a forchubdied padeditwhesdin y
acceptable salts thereof).. [004 | n.anot her e i ment, the esent
vent | onpr 06 FURSSE BRI BReLy IR FTTo R of SOTGe 1 BRanl B, a
di ast er eonerinsRHicAt MY BRMIMhL ¢Ald bR arPb AR EAl (RELAPLS haRBABLEI 1S
(G -C7)alkyl. [0042] I n yet another enbodi nent, the préesent invention
provi des a cemipwlimentstisted hemsing ahd ) ahadditionadmrcaveamgiedrent, forexdingd, er eoner ,

o o el Ly aceen) e, St L Ve col et el Bl s, (G ooyl
compound of FQh s, ditaRlipti vilQhelARnRARLJeAPRE). @ di astereomer, or a
phar maceuti cal 'y "acceptabl e sal% t hereof, wherein RL is (G -05)allcyl.
[ 0044] | niGone[062@jodi fmeadditioh ¢hqpresaninvemioantiats tpa dvindédedpodngovirdeinf
the selected formulation is made by using a compound of Formula [ as the only active
ingredient or by combining (a) a compound of Formula I (using any of the compound
embodiments listed herein) and (b) a dipeptidy! peptidase-IV (DPP4) inhibitor,
wherein the DPP4 inhibitor is saxagliptin.

1510021} Therefore; in another embodiment, the present invention provides-for-
compounds of Formula I, pharmaceutical compositions containing such compounds,
and for methods of using such compounds. In particular, the present invention
provides a pharmaceutical composition comprising a therapeutically effective amount
of a compound of Formula I, alone or in combination with a pharmaceutically

20  acceptable carrier. _

[0022]  Further, in another embodiment, the present invention provides a method
for preventing, modulating, or treating the progression or onset of diseases or
disorders associated with the activity of the GPR119 G protein-coupled receptor, such
as defined above and hereinafter, wherein a therapeutically effective amount of a

25  compound of Formula I is administered to a mammalian, i.e., human, patient in need
of treatment.

{0023]  The compounds of the invention can be used alone, in combination with
other compounds of the present invention, or in combination with one or more other
agent(s).

30 [0024]  Further, the present invention provides a method for preventing,
modulating, or treating the diseases as defined above and hereinafter, wherein a

therapeutically effective amount of a combination of a compound of Formula I and

-7-



Formula 1, or an enantioner, a diastereoner, or a pharmaceutically
acceptable salt 20 thereof, wherein: ni is 1; RLis (G-05allcyl; R2is
hydr ogen wo 2hal12710R3 i s hydrogen or hal o; and 25R4 i s haco/usreo11/031320

hal o(Cl - C3)al kyl . WD 2011/ 127106PCT/ US2011/ 031320 [ 0045] I n anot her

enbodi nent, the present invention provides a conpound of Formula 1, or an
enant i omer, anotfienserapawde Fopnula I phd(praideast prathgr trpcedgherppautis apenttier eof |

wherein: nl is.l; i.S Hgéh or et  R2.i. dr, n.or halo; R3 is
hydr ogen or aﬁis lél,smgér?émﬁinl ﬁlé%né_l‘g'l’ E@%@M%?%yﬁ%%@%046] In yet

anot her enbo@pzsint Atdklﬁioﬂéﬂ}'ﬁ,@ﬁﬁprbﬁb&&ﬁﬂﬁfbxﬂ[brfﬁe@éﬁ%@_%oﬁ})@@{mwﬁa@a Formul a 1,
or an enantioner, a diastereoner, or a pharmaceutically acceptable salt

t her eof , whelreaehcialyprefgatily apwoifeldmaptppreigrabéy. ayluee-fgldRofrirgvenest igen or hal o;

R3is h F:. R4. i.s hal 0.or hal o(C.-C3)alkyl. [0047]1I. il yet
ot her” mborela sty Selpdii, Mndishiaro B Aliss REO e SHRRESST For m &
|, or an enaynRds previdia$ HRERSIE thO4rt, aubay hB&aliidsrl hypet eepliaiog sal t

thereof, wherein: ni is 1; RL is nmethyl or ethyl; R2 is hydrogen or F, 25R3
i s hydrogen Ne. WO 2{{i§/012275 Al

[0026] The present invention also describes compounds that have a beneficial
improvement in metabolic stability, in particular, metabolic stability in human liver
10 microsomes, in comparison to compounds previously disclosed in the art, such as
those disclosed in PCT Publication No. WO 2009/012275 Al.
[0027]  Furthermore, compounds of the present invention show unexpected
advantages over compounds previously disclosed in the art, such as those disclosed in
PCT Publication No. WO 2009/012275 Al. The present compounds have been
15——shown inran-assay(s)to-have-a-desirable combination-of invivo-glucose reduction-and
metabolic stability in a human liver microsomal assay. Such compounds should be
more useful in the treatment, inhibition or amelioration of one or more diseases or

disorders that are discussed herein.

20 BRIEF DESCRIPTION OF THE DRAWINGS
[0028]  Figure 1. Experimental and simulated powder patterns of 5-chloro-4-(1-
(S-chloropyrimidin-2-yl)piperidin-4-yloxy)-1-(2-fluoro-4-(methylsulfonyi)phenyl)-
pyridin-2(1H)-one, free base, Form A.5-1.

[0029]  Figure 2. Experimental and simulated powder patterns of 5-chloro-4-(1-

25  (5-chloropyrimidin-2-yl)piperidin-4-yloxy)-1-(2-fluoro-4-(methylsulfonyl)phenyl)-
pyridin-2(1H)-one, Form N-2.

[0030] Figure 3. Experimental and simulated powder patterns of 5-chloro-4-(1-
(5-chloropyrimidin-2-yl)piperidin-4-yloxy)-1-(2-fluoro-4-(methylsulfonyl)phenyl)-
pyridin-2(1H)-one, free base, Form AN.5-1.

30  [6031] Figure 4. Experimental and simulated powder patterns of 5-chloro-4-(1-
{5-chloropyrimidin-2-yl)piperidin-4-yloxy)-1-(2-fluoro-4-(methylsulfonyl)phenyl)-
pyridin-2(1H)-one, free base, Form E.5-1.

-8-



R4 is halo or halo(C -C3)al kyl. [0048]1n one enbodi nent, the present

i nvention provides a conpound of Formula I, or an enantioner, a

di ast er eowenrpiion7wephar maceuti cally acceptable salt 30 thensedi/odses ei n: ni
is 1, RLis nethyl or ethyl; R2 is hydrogen or F; R3 is hydrogen or F; and
R4 is O or hal o(Cl-C3)al kyl. 5 [0049]1n another enbodi ment, the present

i nvention pri@032es &igoapobmeulaed Bowder mattetns of Sahlosmdr( +{bmeblofomyrimidin-

di ast er eoner r. a.phar mac ical l cept.ahl.e |t thereo ereLn: nlis
1 R o e by Pisr RS ot AFEGRHN ot DBbesyh B GRRLERSr I g
R4 is O or pdsEForhGPak-tn yet another enbodi ment, the present invention
provi des a conpound of 15 Formul a-t-or--airenantioner, -a-di ast ereoner;

- or - a- phar nej®833]i calFignrat.c Eppabhents powdbepatiefn offheleiond-(§-6-1; Rl is net hyl
or ethyl; R2.is hydrogen; .20R3.is, hydro or F; and R4 is C or -CF3.

[ 0051] I n st | fHlOTPRYrIY ‘E‘é’#)p&?ﬁgﬁﬂﬁ’f‘?’)'?ﬁ%ﬂﬁp%%nt i nvention provides a

phar maceut | oy R e T Rl 15 (0 -05)al kyl : RS
i s hydrogen @b3#al oFigma7 RBPSCsoftfadiborord-Hla{ Se¢throf@imiday-2-y)piperidin-4-
vloxy)-1-(2-fluoro-4-(methylsulfonyl yphenyl)pyridin-2{ 1 H}-one, Form N-2.
[0035]  Figure 8. TGA of 5-chioro-4-(1-(5-chloropyrimidin-2-yl)piperidin-4-
10 yloxy)-1-(2-fluoro-4-(methylsulfonyl)phenyl)pyridin-2(1 H)-one, Form N-2.
[0036] Figure 9. DSC of 5-chloro-4-(1-(5-chloropyrimidin-2-yl)piperidin-4-
yloxy)-1-(2-tfluoro-4-(methylsulfonyl)phenyl)pyridin-2(1H)-one, material P-6.
[0037] Figure 10. TGA of 5-chloro-4-(1-(5-chloropyrimidin-2-yi)piperidin-4-
yloxy)-1-(2-fluoro-4-(methylsulfonyl)phenyl)pyridin-2(1H)-one, material P-6.

I5-
DETAILED DESCRIPTION
[0038]  In one embodiment, the present invention provides a compound of
Formula I:
Ont
X ;;/é / 0 /[N\ Z | Ryq
N
R2; ; “N | /Ol N
Rz o
Ct
20 I
or an enantiomer, diastereomer, tautomer, or salt thereof wherein:
nyisQorl;
Ry is (C1-Cyp)alkyl;
Rz is hydrogen or halo;
25 Rj; is hydrogen or halo; and

R4 is halo or halo(C;-Cs)alkyl.



30 [0052] In
Formul a | a,

one enbodi nent, the present invention provides a conpound
or an enantioner, a diastereoner, or a pharmaceutically

of

accept ablwo=ali12tteer eof , wherein: Rl is nethyl or ethylPCTR32013/0B48d06 ogen or
hal o; and R4 is halo or halo(G -C3)alkyl. 5 [0053]1n another enbodi ne

t he present

a di ast er eonf@p39or &I ptkmnhmemtcﬁnb Ipyesentdaynéibh prayades atchawewtd onrer ei n:

is nmethyl or

i nvention provides a conpound of Fornmula Ia, or an enanti

a1 00a " 3 SRy TOmer b Rrr it g S Ry Aeneb B Bl uRer S, ot

provi des a cgnpound of Fornula la, or an enantioner, a diastereoner,
phar maceutical ly acceptable salt thereof, wherein: 15R nethyl- oreth

i s hydrogen
enmbodi nent ,

an enantiomer, a dlastereonef
t her eof , V\/nereln Rl is nethyl

or F; and R4 is ¥ hal o( C1- CG3) al kyl . [0055] I n_anot her

s r ITB.CEUtI C acceptabl e salt

nt,
oner,

or a
yl;

R1

R3

t he present inVest on prow des a co wsz 20 Formula la, or
2 y

or -CF3. 25 10056]1n one enbodi ng
conpound of Formula la, or an enahti stereoner, or a
pharmaceutically acceptable salt ther , Wherein: RL is nethyl; 30R3

hydr ogen or
5

10

15

20

25

F: and R4 is O or -CF3.
Ia.

[0040] The terms “Formula I”, “Formula Ia” and all embodiments thereof shall
include enantiomers, diastereomers, solvates and salts thereof (particularly
enantiomers, diastereomers and pharmaceutically acceptable salts thereof).
[0041]  In another embodiment, the present invention provides a compound of
Formula I or Ia, or an enantiomer, a diastereomer, or a pharmaceutically acceptable
salt thereof, wherein Ry is (C;=Copalkyl..
[0042] In yet another embodiment, the present invention provides a compound of
Formula I or Ia, or an enantiomer, a diastereomer, or a pharmaceutically acceptable
salt thereof, wherein R; is (C;-Cg)alkyl.
[0043] In still yet another embodiment, the present invention provides a
compound of Formula I or Ia, or an enantiomer, a diastereomer, or a pharmaceutically
acceptable salt thereof, wherein R; is (C;-Cs)alkyl.
[0044]  In one embodiment, the present invention provides a compound of
Formula I, or an enantiomer, a diastereomer, or a pharmaceutically acceptable salt
thereof, wherein:

n;is 1;

R is (Cy-Cs)alkyl;

R; is hydrogen or halo;

R3 is hydrogen or halo; and

R4 is halo or halo(C;-Cs)alkyl.

-10 -
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WO 2011/ 127106PCT/ US2011/ 031320 [0057] I n anot her enbodi nent, the present

i nvention provides a conpound of Formula |, or an enantioner, a

di ast er eowenrpiion7wephar maceuti cal ly acceptabl e salt therewofus2eth@ss2n t he
conpound is selected fromone of the exanples, preferably Exanples 1-6 and
8, nore preferably, Exanples 4, 5 and 8. 5[0058] For each of the enbodi nents
descri bed i nf0f#s]s apphnatiricorbodimant. ke prasmht myestigeaprovides arompdurdofof t he
terms used in each of the enbodi nents may be sel ected. . These | ues may be
used i nal vi dLRRgE A ah§pRORRG » SRl & SRR A R 1 1 s
noted that f@EeaNYwHEGH! Fences of "=0", these may be used with suitable
accommodation in’'the bond structure at that site as will be appreciated by
10t hose skilled imishe art. [0059]1n one enbodi nent, the present invention
rel ates to nethods of nnqula in the activity of the GPR119 G

pr ot ei n- coupl ed r b@ﬁﬁ?ﬁyé%ﬁ%g’sing adm nistering to a manmal i an patient,
for exanple, a hu@;ghgéhggygphagtneed thereof a therapeutically effective
anount of a conpound oOf Formula | or la, preferably, a conpound sel ected 15
fromone of the -Rxaipllegenorimlgraafler ably Exanpl es 1,-6 and-8;-even-nore
preferably, Exanmples.4, 5.and 8. alopne, or optionally, in conbination with
anot her conpound mﬁﬁ@”ﬁ#@@%ﬁrchﬁbﬁﬁtion and/or at |east one other type of
t herapeutic agent. [0060] 1 n one enbodi ment, the present invention relates
to a method for preventing, nodulating, or treating the progression or
onset ofl0di si@fd&ls oin getaooitier eanAfiiassoibe praanivibtdntivh ravdidds\aidoynpotind be

GPR119 G protein-coupl ed receptor, conprising adm nisterjng to nmmal i an
pati ent, foer}pr &r anenanhamer, diastrcomes, of aapafﬁpaeﬁéfmﬁgwaﬁ% ation,

or treatnentﬁ@%£ﬁ%ﬂ@g%§ticalIy effective anmount of a conpound of Foil aul a
or la, preferably, a conpound selected fromone of the exanples, nore
preferably Exanplmssl: 6 and 8, even nore preferably, Exanples 4, 5 25 and
8, alone, or, optionally, in _conbination with another conpound of the
present inventionRaﬁdW%gﬂé¥eﬂ%"st one other type of therapeutic agent.
[0061]E%?pples ofp.dj, orygdi.sorders associated with the activity of the
GPR119 protein-%%%pﬁegﬁgéggg@%r that can be prevented, nodul ated, or
treat ed accordi ngRi B hiybegpit @sEndndi nventi on include, but are not limted to,
di abet es, 30 hypergl ycem a, inpajred glucose tolerance, insulin resistance,
hyperinsulinenia,R$@¥?HUHJPH§?FﬁéEW6$athy, nephr opat hy, del ayed wound
heal i ng, atherosclerosis and its sequel ae, abnornmal heart function,
nyocardi al ischem a, stroke, Metabolic Syndrone, - 14 - hypertension,
obesity, di sjoopidenmiastiltlyslanhpheesmhbodifyethl ippésdetiheentioy pedvidds@l yceri dem a,
hyper chol esterolem_ a, | ow HDL, high LDL, ngn-cardiac ischema, infection,
cancer, 4Afascenmpoupdof Eprgayla L, op ap epadiomer.q digdrpoalg e pharmaesuiicalbase, 1ipid
di sorders, c i L i i .and denentia, bone disease, H 'V 5 protease
associ at ed I%%%gygggﬁkﬁeﬂgﬁgﬁg%%ﬁbona. [ 0062] I n anot her enbodi nent, the
present inventionrieliates to a nethod for preventing, nodul ating, or
treating the progression or onset of diabetes, hyperglycem a, obesity,
dysl i pi deni a, hypBr sendhder §kdlicogni ti ve i npai rnent conpri sing

adm nistering to | i atient, for exanple, a human patient, in 10
need of preventio%?gﬁggﬁﬁggﬁ%ﬁi or treatnent a therapeutically effective
amount ofs a conpor efrdgembrFamki or la, preferably, a conpound sel ected
fromone of the exanples, nore preferably Exanples 1-6 and 8, even nore
preferably, ExanpReishalo o hgipfCeCskikshe, or, optionally, in conbination with
anot her conpound of the present invention and/or at |east one other type of
t herapeutic agent. 15[0063]1n another enbodi nent, the present invention

rel ates to ajoyaghod h 6he BHBYERELN the PFEGH iabédin RévilldseaioniBuhef pr ogr essi on

or onset of diabetes, conprising ]
Formula I, or an enantiomer, a diastereomer, or a pharmaceutically acceptable salt

30  thereof, wherein:
nis1;
R; is methyl or ethyl;
-11 -



adm nistering to a manmal i an patient, for exanple, a human patient, in need
of prevention, nodulation, or treatnent a therapeutically effective anount
of a conpwondioR7iernmula | or la, preferably, a conpounecsalseeti®si3ke om one
of the 20 exanples, nore preferably Exanples 1-6 and 8, even nore
preferably, Exanples 4, 5 and 8, alone, or, optionally, in conbination with
anot her conpound Bfisthiydrogeeeelst i nventi on and/or at |east one other type of

t her apeuti c agent 064] I n yet agnother enbodi ment, the present invention
R POogPRoL R

relates to a net g, nodul ating, or treating the progression
or onset of hyperg) ¥egw 8aldfCCONRKYSI Ng adnini stering to a manmal i an
patient, for exanple, a human patient, in need of prevention, nodul ation,

or treatnent a therapeutically effective amount of a compound of Formula |
or la, prefe Y, conpound sel ected fromone.of the exanples, re

ref or ably ElBR oo T SRR e boIE0eES, s bR ERudt poVReShpBEcwd &g 8,

al one, or, opihRnal byan EfhinGOREY, B%ﬁds%@edfﬁér,%%ﬂﬁ&csﬁ%ﬂ?@%&p@ibié&% present
30i nvention and/ or at | east one other type of therapeutic agent. [0065]1n
still yet antheteef, véwhabati nent, the present invention relates to a nethod for
preventing, nodul ating, or treating the progression or onset of obesity
conprising - 15- MddMm nistering to a mammalian patient, for exanple, a
human patient, inR?gggﬁgm(£@§¥gntion, modul ation, or treatnment a

t herapeutically effective anmount of a compound of Formula I or Ia,
preferablly, a conppuhgdsgbrot®d from one of the exanples, nore preferably
Exanples 1-6 and 8,. even nore_preferably, Exanples 4, 5 5 and 8, alone, or,
optionally, in coﬁhﬁgﬂﬁﬁﬁﬁ“ﬂﬁfﬁﬁénother conpound of the present invention
and/or at |east opgejsqiherciype of therapeutic agent. [0066]In one

enbodi nent, the present invention relates to a nethod for preventing,

nodul ating, or treating the progression or onset of dyslipideraia
conprising adm.nistering to a nanpral i an patient, for exanpple, a huma
patient, in P8feed I%Vet@%\%é’h?m el pEF 6 Inentioh SR igaRe CRripound of

t her apeuty cahdunyEH 8 bt YEnABRIER b disicted QFPOUhaRthadelti Bl hoberMbid St
preferably, a conpdund selected from one of the exanples, re preferably
Exanpl es 1- 6tharedf,8heeaien nore preferably, Exanples 4, 5 and 8, alone, or,
optionally, in combination with another conmpound of the present invention
and/ or at | east oMdSdther type of therapeutic agent. 15[0067]1n anot her
enbodi nent, the pR?E?H&h@Q%%B&Yon relates to a nethod-for preventing,
modul ati ng, or treating the prdgression or onset of hypertension conprising
adm ni stering to R, dwydmige:sgn patient, for exanple, a human patient, in need
of prevention, nodul] ation, or_treatnent a therapeutically effective anount
of a compbund of FoishyfAweenerFiapd preferably, a conpound sel ected from one
of the 20 exanpl mqg&g_@@eferably Exanpl es 1-6 and 8, even nore
preferably, Exanples 4, and 8, alone, or, optionally, in conbination with
anot her conpound of the present invention and/or at |east one other type of
t herapeutic agent. &SOGS]In anot her enbodi ment, the present invention
relates to aIO?’élhm il petsaoider erpbpdimguinihedreserignugntign peayidisdper si on,
wherein the [ ' : . i . ound of
Formul a | oraﬁ%ﬁﬁ%ggfg?%%#é?£39%%%%%§%3E§g$%%f%dgggﬁﬂ#g%ggg%xﬁﬁéﬁ xanpl es,
mor e prefer aplcyptan@lt eerebf,ovienein8, even nore preferably, Exanples 4, 5 and
8 (using any of the compound enbodi ments |isted above), and (b) a

di peptidyl pepti dBs{LyvCsBRA) i nhibitor (for exanple, a menber sel ected
from saxagliptin,,sjt i pti i1ldagliptin and alogliptin). 30[00691ln
anot her enbodinen??kgﬁgkﬁgéggw?gf%@ention relates to a fornul ated product,

for exanple a sprRyistaicest Hl®EeCsjalyl. Wherein the selected fornulation is
made by conmbining (a) a conpound of Formula I or la, preferably, a conpound

30  |0052]  In one embodiment, the present invention provides a compound of
Formula Ia, or an enantiomer, a diastereomer, or a pharmaceutically acceptable salt

thereof, wherein:
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-16- selected fromone of the exanples, nore preferably Exanples 1-6 and
8, even nore preferably, Exanples 4, 5 and 8 (using any of the conpound
enbodi nenwe 2biseedéabove), and (b) a di peptidyl pepti dageTivg2qiDBRER0

i nhibitor, wherein the DPP4 inhibitor is saxagliptin. 5[0070] The invention
may be enbodied in other specific fornms without departing fromthe spirit
or essential attrRpbeneshylioeethgk. This invention al so enconpasses all

conbi nati ons of ternative aspects of the invention noted herein. It is
under st ood t hat ggvséﬁ 0&@?°€W€%d@‘ nts of the present invention nmay be
taken in conjunctkg@}Mkﬁﬁh@RXCpC?@nwgnbodinent to describe additiona
enbodi nents of the present invention. 10 Furthernore, any elenents of an
enbodi ment may be conmbined with any and all other elenments fromany of the
enbodi nent s escri be additiqnal epbodi nents.  DEFI N TIONS [ 0071].The
compounds helVBsfl° el sk Crrby ik THEPRHEE P IREPISs TEmDRREH O inds of

the present F&Mﬁ!&]{a{)& dn%ﬁﬁt%d?ér?&ﬂi%&e&%ﬂﬁf%%%ﬁ&%cé&lﬁ%ﬁll* hiteB@bledhRM MY be

isolated in optically active or racemc fornms. It Is we known in the art
how t o pr epahercofywhesdi:y active forns, such as by resolution of racemc
forms or by synthesjs fr?mo tjcally active starting materials. Mny
geonetric i soner skl T OREMYE=N doubl e bonds, and the like can al so be
present in the CO}HP@%E&II% gescridgd 20 herein, and all such stable isoners
are contenplated in the Sresen’t Invention. Cs and trans geonetric isoners
of the cdnpounds Rfisthhle qrieb€@i-Calkght i on are descri bed and nay be isol at ed
as a mxture of isonmers or as separated isoneric fornms. Al chiral,

di astereoneric, racemc forns and all geonetric isoneric forns of a

structure arg@akipt en I i dCs : ' liS@meric
formis specﬁ??@allg§%§Fn F@gﬁgg. Fgggg%%%%néﬁgﬁﬁfgﬂggk%%E%ng%ﬁgggnd of
Formul a | mejorthulplagyr supanti@neras tiavietepreanp ampbdrmvdctitidalle acteh@ble shus, al |
of the stereochem stries are considered to be a part of the present
i nvention. Vhewoh&HGTE™d, separation of the racenic material can be
achi eved.dy hi gh ﬁeﬁgﬁ%ﬁﬁqﬁgﬂrpquid chr omat ogr aphy (HPLC) using a chiral
colum 30 or by a resolution using a resolving agent such as canphonic
chloride as in YorRghy&oRen ef Fiadnd, Antim crobial Agents and Chenot her apy,
2602- 2605 (1995). WD 2011/127106PCT/ US2011/ 031320 [0073] To the extent that
conmpounds of For i i G or hal@(Gabvalkyher eof , may exist in their tautoneric
form all such tautoneric forns are contenpl ated herein as part of the
present invention. 100741Wen any variable (e.g., =0) occurs nore than one
tinme in any ossftit keaiotharenfatimdng thepresert divRatitttprovides debmpodirddaut at each
occurrence is independent of its definition at_every other occurrence.
Thus, foi0 exBorpiues la; ¢r an qyepiigmersa digstgreomst.se apliperaceviically afeertablegiplt | and
nlis O or h i.d group nay optionally be substituted with up to one
-0 group. Aﬁ?g%oggﬁ%ﬁ%%tions of substituents and/or variables are
perm ssi bl e only Rfisss@hyiepeitynati ons result in stable conpounds.
10[ 0075] Conbi nati ons of substituents and/or variables are perm ssible only
i f such conbi nat i Bnis hydegen of i apdabl e conpounds. [0076] As used herein
“al kyl" is intendﬁgiQﬁc&gﬁjude both branched and straight- chain saturated
al i phati c hydrocar 5n group$ in the normal chain, such as nethyl, ethyl,
propyl, 2sopropyl, butyl, t-butyl, isobutyl, pentyl, hexyl, isohexyl
heptyl, 4, 4-

[0056] In one embodiment, the present invention provides a compound of

Formula Ia, or an enantiomer, a diastereomer, or a pharmaceutically acceptable salt
thereof, wherein:
R; is methyl;
30 Rj3 is hydrogen or F; and
R4 is Cl or —CFs.
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---- 15 ---- dinethyl pentyl;-octyl, 2,2;44rinethyl-pentyl,;

nonyl , -decyl -, -t he various branched -chain- - isoners thereof. [0077]"Hal o"
or "hal ogg0™20ms12086d herein refers to fluoro, chloro, bromus2@n@3izedo; and
"hal oal kyl " is intended to include both branched and strai ght-chain

saturated aliphatic hydrocarbon groups, for exanple CF3, having the
speci fi ed nulfBe?] Zohodncmlmrl@mboéiums thfsp.rbm inyerttbngrovidés ocompredivd] ogen
(for exanpl =1to . 81The ase

" phar maceut i 051’1“% 8’&%‘?‘58?%‘“5 edbaﬁi?re&g}be& Q%érp %08“?%&@"%68 a@??

conpounds, @ERE, @Jh%reni:@m@ﬁx!pbm selefed gomdarRagend Saiplahhelerae, W thin
the scope of sound nedical judgnment, suitable for use in contact vmth t he

ti ssues of 2Btampdes béiand §, mogt mciﬁembl)szmhb&ﬂ eawk¥sive toxicity,

irritati rg| res r oth r obl em ar npl.i cati.on,
commensurat dOBFEin o FPEGER R BIESTRABRSH HRERRD B SpODROP AR her ci
" phar maceut 'rﬁéilelp\é.rt%%?f%l%% 6f Bakdrds uk&f ﬁreaélpoﬂﬁé bﬂﬁﬁédlﬁﬁ:ﬁts%aytﬁ%%eﬁs‘c@@ osed

conmpounds wherein the parent conpound is nodified by making acid or base
sal ts t her ecfhes&xangd msybefuspkiamdmldeaﬁy mahyy»f&ccwﬂiodhhmtsedmmy ncl ude, but
are not 30limted to, mner or organic acid.salts, of basi sl ues such
as amines; alo@hinatigp- %a%g%?@hesf% 38?6%?%@& of & &&e% Jsedup oxylic

aci ds; and t fabik KE&omiNGIBAY ﬂrﬁﬁ%}lﬂ gﬁl!tdtﬁfre%9%%1%@5%\{@%%2?1'6%{65 the

conventional non-toxic salts or the -18- qgquat ernary anmohi um sal {'s of the
par ent ckﬁrrpdhnsbﬁ{dtedenlihdant exanpl e, fromnon- toxic |norgan| cC or organic

ids. F h t | t | t de. th d d
From | nor gariB Bl 4 Siicem e RGRlr GE AT ARy R OB e Bt Ch RIS e an .
phosphori c, tﬂb%&t&&tg@?%&@ﬂ{ | & prRf- 5otﬁgleﬁ%ée§to?'é§rﬁ?ﬁﬁﬂg% %SQ&,Q%QF% 5aci ds

such as acetic lonic, succinic, colic, stea

tartaric, ci mammahaspalreht dor pampie; a homke peatieninyid heedythrateo! £ thepipenydatig et i c,
glutarnlc benzqgic, salicylic, sulfanilic, 2-acetoxybenzoic, fumaric,

t ol uenesul f SHTEIVGEPAIEH OF GFP@HP‘GPd Sthosmuladios I, prferadly ok sprpoundselestedni

and the 44 k b ent
i nventi on c:fﬁorbgg?g}%@%f{ ﬁgge%&?fp%%&]tah% par ent qc%%lp%g’lehé%;ﬁ/{ Oé%ﬁ%geg%?%nal
chemi cal nethagsples@e rjemaISI ¥lons ue lppsatdlls, aonibénagnoes pathethothyr c@apdund®ft he

free acid or base forns of these conpounds with a stoichionmetric anmount of
the appropr i8¢ @reé%én‘(ﬁ‘m%P@/Pl%ﬁt\l\%’ﬁb?md?‘h‘?rﬁy%?rpfdhﬁéﬁﬁuﬁw§%¢I\§ent or in a

m xture of t e (o] e yl acetate,
et hanol , i soﬂgﬁﬁ@anowg%ré@%(@%ﬁﬁﬂt ?’?ﬁ’g&%‘rﬁ}% ﬂréihtg&oz}ﬁ‘l[@{hod Igw tabl e
salts are  preventiRghodgilaings oﬂﬂm‘uﬁgtﬂmﬁrbgﬁbmon (Sﬂifﬁél&ﬁﬁlseases or disorders

- Thh- Edi ti onc- Mack- Publ i shi n Compan East on, @(g 1418 (1985), the

di scl oswale ofss@tehwith thsacinily phig H@é&pmyem@pwl ESSDIPDEBINTRRE corrpound
that can be Efm VARV i QRAGL A ent (1. a
conpound of Xﬁ eh‘ﬁ%tégm alfagrp%&ﬁ ﬁaﬁf"%{}ﬁ% ascopdenrg‘ﬁl éﬂllr}ﬁeflogf the 20
invention. prevention, modulation, or treatment a therapeutically effective amount of a

compound of Formula I or Ia, preferably, a compound selected from one of the
examples, more preferably Examples 1-6 and 8, even more preferably, Examples 4, 5
25  and 8, alone, or, optionally, in combination with another compound of the present
invention and/or at least one other type of therapeutic agent.
[0061] Examples of diseases or disorders associated with the activity of the
GPR119 G protein-coupled receptor that can be prevented, modulated, or treated
according to the present invention include, but are not limited to, diabetes,
30  hyperglycemia, impaired glucose tolerance, insulin resistance, hyperinsulinemia,
retinopathy, neuropathy, nephropathy, delayed wound healing, atherosclerosis and its

sequelae, abnormal heart function, myocardial ischemia, stroke, Metabolic Syndrome,

-14 -



[0082] I n addition, conpounds of Formula I or la, preferably, a conpound

sel ected fromone of the exanples, nore preferably Exanples 1-6 and 8, even
nore prefwoably27kanpl es 4, 5 and 8, are, subsequent t®ctrhmsee11psspar ati on,
preferably isolated and purified to obtain a conposition containing an
amount by weight equal to 25 or greater than 99% of said conpound

(" subst ant i atytpgrtensicet; obasitp.odisighdennh dyslipidemiaghyneslépdeniaf or nul at ed as

descri bed herein.. Such "substanti.all ure” u f Formula I or Ia,
preferably, ef&'pg Vil %ghql?% ]ﬁﬁﬁa’i?wﬁﬁgﬁg'imgs?o T Er ef er abl y
Exanpl es 1- 6isaathi8 infR¥&dh, 0Ricer, Raghfh 3thosiEANBL AR A neRoddddndati@l € al so
contenpl ated herei'n as part of the present i'nvention. 30 1T00831All

st er eoi sonerdisafe,liped disordeonnagniive impairmettand demewia, bore diseasg dHVenpl at ed,
either in adm xture or in.pure or, substantially pure form The conpounds of
the pr esgnt Prﬂt?éﬁarsﬁ‘?f’%%fﬁl‘m&“m tgiqugore%nt ers at any of the sulfur -19-
VO 2011/ 1271466/ USRH A bRinkint G QSrfliRERidICI i o0 Of Lhe R
substituents and/ or exhibit polynorphism Consequently, conpounds of the
present i nvemeianinganod)itte, bntremiag theopregiessioror aiseistfeliaboteer i ¢ forns, or in

m xtures thereof. The processes, for . preparation can util.ize racemates,
enant | oner s, MPETECSER® PLETEr SYSliBIdemi By BGIRRIPR AR P R GFPBITRICES  or aomer | o

or enanti onery 1S oAl . Q@anﬁﬁ akee :
conventi onal & %E) S 5?18%532 %%Hﬁgﬁ%&% %?‘g’gﬁfc or ’radactl orﬁéa?{em’ "

cryst al | 1z at meed .of p2e84]obhmoiinhaton.ico reathsot & thetapdetscally effogiveaniopnt affzel ed

=t om havi ng SHEPSITET BERRHIAT FURDGFTErB0Y, S4B SRS OP RSLMRumber
different fr ] u r o) i ure.
Exanpl es of 1so0 opélglb%[ﬁrtg% € If“:%lirm nc Sialﬂgﬁ’ %ﬁ{ﬂé&%?@#ﬁf{%ﬁ&%ﬁ%@lﬁ%@

i nventi on i naddgalonsodrpgeionally, iy demmbeatiorswith aasth&lcompendd 8fHhe paasstagtin such as
11C, 13C, and 14C, chlorine, such as 36§JB, fluorine such as 18F, i odi ne,
such as 12310%FR¥IORZBY/0T &} It ganother wRe aStherReUifEEBN, oxygen, such as 150,
170, andl‘Sls“Oiﬂﬁﬁigos"p"zl?ﬁt’fb?her%ﬁ%dﬂﬁ%ﬁ;ztﬁ?‘pl% t‘ﬁWeﬁﬁ'&n‘re?d'l!l%ho%%néﬁ&l"foger tain

i sot opi cal | y-1abel e conpounds-of " the-invention, for exanple; those

i ncor por at i ngregentiad) nadilatiez, bsotaing thapregesedubr drieibfuljatend/ @msishgt r at e
tissue distributjon studies. The radi oactive isotopes tritium 3H, and

car bon- 14, 12fmunisfegingde amaaglian na%lﬁui%r FRAmRlE; shyspangRedient, # R5edwlof t heir

ease of inco 410 e i : i i,on with

heavi er i sot%lggéﬁtgh’c Oglgg%denﬂtg gérg?agﬁl] %M Erﬁgéhgﬁ #l%glzecélgrgtgglrohﬁt &r apeutic
advant ages r@astubdund of RBOnan1 gr Rapeferatity, alohipousd sdiedtéd ffomfope o€d@npl €,
increase_in vivo half-life or reduced_dosage requirenentﬁ and hence may be
pref err et i nexasilese Mor s feamhbie Examplps 1 Orand Sosveni ore poedeieP inExsmples hob

i sot opes, su . ! i n

i s) on' Topdara sty sediiionpihta cBRBiniddh whRBnclfiet ot B RTIGE

occupancy. 2&jveia]dnd ek epleealohy olhebsbedf tempeutindsenf the invention can
general ly be prepared by conventional techniques known to those skilled in

the art or biOptlocedn et aanthrogabediment hepeesgaidarension relates tha mgdioddotan

i pical | v- ) in. - | ed
FEbgent ot heareiRErpaYay Y BBt E A Bbe Sl SR BRI R Pt ur e
are neants t Ocdnishiserit RIndinBRrieg 1P e uidehrbdizh paters Uof bgdreflt | yhurebysitiehQirs ur vi ve

isolation to a useful degree of purity froma reaction m xture, and
f or nul ati on nesd@f areventiane madslasionns tigpanant ¢ thegsutically elisptdgamounhoknt i on i s

'Zgai?ggg 1})8 p‘??%)%%%é Sﬁ?g{;ﬁ%gggpﬁ?&%%éra&y,zdocdmpo% selected from one of the

examples, more preferably Examples 1-6 and §, even more preferably, Examples 4, 5

=

and 8, alone, or, optionally, in combination with another compound of the present
30  invention and/or at least one other type of therapeutic agent.
[0065]  In still yet another embodiment, the present invention relates to a method

for preventing, modulating, or treating the progression or onset of obesity comprising
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100871" Ther apeutically effective amount” is intended to include an anount
of a conpound of the present invention alone or an anount of the

conbi nat iwo 20f1/eewpounds cl ai ned or an anount of a conpeamarsediibes2pr esent
invention in conbination with other active ingredients effective to

nodul ate GPR119 or effective 5to treat or prevent various disorders.

[ 0088] As usedlinfipisring td & meatnaligh petierts foretamgie, s lvowepatibe, inmead nBnt of a

di - state | l, ticul in.. ..and incl.ude:
or eventi ng. CHEVEQB4RG LR bF At PR Er LR Po T AT 11 cut
when such meggmlouhd OPF&ﬁ%tlg?pénggiﬁere}m,@c%ﬁt?@ﬁ‘ﬂ@&‘?éc?ed%ml%ﬁ@ of k. yet been

di agnosed as having it; ating the 10di sease-state, L e., arresting
it devel opmemtamplasdihore freferabbt Examples t-hend Bseas eat atedsrably el xanmpdesst, g
regressign of the, disease, state. [0089]As ed herein "splyvate"” refers to a
Cr 95t al | e FEHASHSPrrTSER 1 SRR R SR CORRPURCP HE Prestit af ns

mol ecul es of i 3eriRhUaBor A 1SR bYEHHS: yPEOF ROLALAR dpBil© the crystalline
structure. Tﬁe sol vent nol ecules in"the solvate rfay be present in a

15r egul ar arj0a6sje me i omnehiardimentoibe prajentetventiova ngateenta mefhbé fsol vat e may
conprise either g sto@gﬁi pnetric or nonstoichionetri arEDu t of the solvent
nol ecul es. FYFVENHEIRRA %P%Pﬁ/‘é?aémﬁﬁﬂierpragfﬁ%?ﬁ%ﬁ?tdﬁ@ﬁfo @WBunt of

sol vent nol g i ifiSidlihg td 2MaRRtdiaR batidh SoPExAMIY dHunfd PRt ACInS 0! Vat e.
[ 0090] The naérirji:z!tlls}ﬁ%Isﬂgcai}ly1 er e]%én1 o characterize & gpe%afﬂﬁ% ¢ form queij.ug.’, n"N—2",
shoul d 2® nodeebef prenaitiber mddbliatiod, ion gremirteht 4 heppettidatly affgctdieherouatdist ance

possessing simlar or_identjcal physical and chem cal,6 characteristics, but
rather it shoWRPUBE ofiRerards beidas Braters §é°H’é’§P@‘ﬁ%ﬁl?C&$’s§%{Pé’nﬁ€ ®ei dentifiers
t hat shoul d Qﬁnilf e i X r, i i,0fA, .| i on

al so presente (’l;ﬂ}s elﬁigfeeﬁfrg%ﬁa%ﬁ%%gﬁp@ gssfegtah?%ge&r%? ingﬁgggégé?%llgé?xegﬁgl s(ra‘g?t in
part, cryst addd 8)aloheroarsomiontle i2 bémbeieati@seitivbnother compound of the present

5-chl oro-4-(1-(5-chl oropelri m di n- 2-%) pi %eri di n-4-yl oxy)-1-(2-fl uoro-4-
(et hyl sul f ORYFHSRSASP Y Fent Auoethe) YBRe! theePeiticagelt: material , in particul ar
in a phargmacgriscal by, ntahke form ln certain piefearr Lments,
cryot ol 11 e OGP PO i pletn B A R,
Preferred enfredinmiplmodiflathipy 6f @édtingehd mropmseddn dthensby efdypasasishe di scl osed
in Exanple 13 as.the A 5-1, N2, 30 AN.5-1, E. 5-1, IPA-1, P-6, SC-3 and
BZ-3 Forns. CopprEompdyinmstsspety Usponmalien pavant] fioposmule. idumandgiagien. in

" pol ynor ph" . | 1
conposi 11 on St hpry Sy ReBUlaifly o HelBneP bt e el i ofe
and/ or ions ¢@gouid of Remeily 5bela, prefPH, Asoupednd edleitdd franenpbots” refers to
a solid formof a nolecule, atom 5and/or ions that is not crystalline.

[ 0094] Sath| exxagpplaspmory Rrefesably Keamplent-oraag Spheveprerie perfesapbnEsimprleshdi al | y
ure phase h Lty, Lndigati . } nt of a
Gt & or yst A0 AL R i Sobiagi B SR USSAE cohi AL DERE REBWT D) T
crystal line inoédtion ahiRr pf lesg b€ obbr 17pé 6f thbAbewieagentystal [ ine formin a
sanpl e may be determ ned by 10 techniques such as powder X-ray diffraction

(PXRD) or solt088ist adreannibirembodipmbtthe presens aisobosisdates tosdopyulatedNVR) . For

mashred PrBOBSRyRY Sediinth £5b Ry RARLPisb bt fOTRES SR R or et han
one crystal | inage bpsombining asajﬂ@o@nd’éhBo@mwtamgprBmM&ycohq)oﬁﬁd cul at ed

fromsingle crystal X-ray data. See Smth, DK,
selected from one of the examples, more preferably Examples 1-6 and 8, even more

preferably, Examples 4, 5 and 8 (using any of the compound embodiments listed
above), and (b) a dipeptidyl peptidase-IV (DPP4) inhibitor (for example, 2 member
selected from saxagliptin, sitagliptin, vildagliptin and alogliptin).

30  [0069] In another embodiment, the present invention relates to a formulated
product, for example a spray dried dispersion, wherein the selected formulation is

made by combining (a) a compound of Formula I or Ia, preferably, a compound
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15 FORTRAN Program for Cal cul ating X-Ray Powder Diffraction Patterns",

Law ence Radi ati on Laboratory, Livernore, California, UCRL-7196 (April
1963). [OowozpArefwrsabl y, the crystalline form has subst aotriuskég/opisee phase
honbgeneity as indicated by |l ess than 10% preferably |less than 5% and
nore preferably less than 2% of the total peak area in the experinentally
measur ed PXR®lgstdtionmmong disthe gxdmpas, 20r¢ hesfarshly Expoples 1tthand Severabornt from

the sinmul ated PXR tt . f ' talli. havi
Subst anti al 5Bt FRASE N4 ganB Rty ot SOPY Rl el poak
area in the gyRey hﬂﬁ?@ aldipepiBATIpEdhsE. PRLY iahibitdf, wHeRGn iHeqoPRfe extra

peaks that are absent fromthe sinmlated PXRD pattern. [00961Procedures for
t he prepar atinbibitof issaxegligiihi ne forns are known in the art. 25 The

crystalline be prepared by. a .varie of . hods,...i ncl udi ng for
xarpt e, Sor yWBA0T | 7 3he GiveBiST B6F b ppaisdin ShrsPesifis Famruigiont hrii |
subl i mat i on, FG6LGNE Sifif HEs@ntTRl ditribGRb Hit i &HATRIsIARDELR LB LhQnddsfBANOt her
phase, crystallization froma supercritical fluid, and jet spraying.

Techni ques fomtgnatenabf aliandtion aspectsed thesina¢rtionatiadrbendin.c i ystraletstovel thatr ns

froma solvent mxture include,, K for exanple, evaporation of the 30sol vent,
deorbast ng. CHE D Erhogiments oh the, Pestry drentign iy B 4RFY 81 canusion Ryha

super sat ur at 4 - e&bbdffent W &s&ibd dMRitIRhRGH R RBHS OF the Prdsent ihf@fiGn dr Vi ng
the sol vent m'xture, and addition of antisolvents (countersolvents) to the
sol vent I xt Euréhermo@2any an@04 af dhxz AR W8t ob S hBA0V 008 7difhE dtlherns may
be characteri,zed and disti.ngui shed using,single crystal X- ray diffraction,
which is bas@emEHs Hf“tané’éjlf%%aeﬁéquﬁmﬁ‘ﬁﬂq%Fsﬁ%n%ﬁﬁrdgﬁ%'ﬁtgnmﬁnge ¥'ngl e crystal
of a format a fixed analytical tenperature. A detailed description of unit
cell and intensity analysis is provided in Stout et al., Chapter 3, X-Ray
Structure 5 Determnation: A Practi dHFISITIEANS MacM | | an Co., New York

(1968), which is herein incorp?éat e& by reference. Alternatively, the
@

uni que ar r an@8dtint die spHRRUGds Dersar feserihed HEY AT S RPYRRRIICHENERy st al | i ne

| atti-ceymy.pe charactari z Q:the . Yt at.om.c
coordi na{s‘és. @%gg tdg(é%ﬁ%tﬁ%géﬁﬁg%@kelﬁggﬁgéﬁré%x% ri r%enta1 Sé@%@ %@%gﬁ on of
fractional cmay Ut ivalaesl ifh opticillyucti vy ad racemalk Yens. A8 etdiidmomadn sheodrt AOw

characterizing the crystalljne structure is by powder X-ray diffraction
anal ysi s in ®irensre orticallpactivedpias, swh a5y apsphiiogiof £3c584s BRMBPHPY | e i s

conpared to i i r.eps: L: : | th at
the same anatyri e PopRpll iEe ERAACRRRHRY, RS (ONER: MBAE Lienhl
char act er i ze@=Hsloable®ohés and the2Qike ahtuello da gresarit ém dctcorpoudd{REGEEd The term
"negligible weight |oss", as enployedtere as, characterized by TGA

i ndi cat e t heerpineddrallsugh S@blﬁé&mqrﬁﬁﬁ-cgwblgziaé% incthe preggnt frafremmr&&iggml n one
At . . N Y Mo
(5o el o opy ' di ek BHENoRls o gTUFhBLAdIE AR uetPhOudickbedond )

enyl) - ppi di mapbd Hplatsdeasiaanixtoy oflBdmiets o Wb sépardt¢dpisbyiericiformb. 0 A chirhi, S
crystalline formmy 20 be enployed in pharmaceutjcal conpositions which
may opti onal figstersemgide raeanie forms aad al geometsppwmenic Josry ofa dyctrpeexanyl e,
fromthe gro I 8Ll : LRI - : ther active
phar maceut i c%?enliigg?%%%éeﬁtggs %Crlﬁgg% @ég&gﬂgﬁ@gﬁéﬁi qﬁoﬁggs %&5%%]11% ent

nmol ecul &5 st mdithtiedes. [ 00100] Preferably, the crystalline form has

subst anti al | @Eure phase honogeneity 25 as_indicated by |ess than 10%
preferably | B842Zk ha®msupantinmersf a cpinppanrdf| Kprmulad mayadismley siperipractisityl peak
area in the experi | | v, e [ RPXRD [ m isLng f the extra
peaks t hat a‘FeOe %%%d;ﬁ{%ﬁ reo%%rhg%g‘ls’ﬁaﬁloaf@aeds t%%%%%s[t éesraﬁw% c‘%bsé e(Il)eprzrll rt((a)fbgrarpé"c%t is a
crystal |l i ne Shephastitigeatibst Whith adduire@UefarRiAS6! the rReentehkirididah bkess t han
1% of the total peak area in the experinentally nmeasured PXRD pattern

ari si ng frontabiryedky highjorioaamsediquid drenatbgephy SR Y usines mag@@wnpxm

ggtséﬁ[ In 3 4 S Oa'robl)l a{ 280 1(Erp l?sringe gPe%gfvzr}EgnaEgbntasu%l?a ga%ﬁhlo(r)xﬂ; chforfife %Y IirgI ?guﬁ:g?nSI sting

S.D. et al., Antimicrobial Agents and Chemotherapy, 2602-2605 (1995).
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of the crystalline fornms of

5-chl oro-4-(1-(5-chl oropyri m di n-2-yl)pi peridin-4-yloxy)- - 23 -

1- ( 2-f | uowo-24t1(mretoky| sul f onyl ) phenyl ) ppi di n-2( 1H) - one. Pha/usenpms3i3é on of
this enbodi mrent may conprise at |east 90 weight % of the form based on its
wei ght in the conposition. [00102] The presence of reaction inpurities

and/ or proce®di7dg i Mouhé exters thatgotmpodnddef Epmiwied doy saltstheredl alaytestshin ques
known in the,art, such as, for exanple, chromatogra ucl ear magpetic
Fosonance. s Uer LIy PhnsuP BT ongis (s Hep R R B Op 32 eapgr e

[ 00103] Cr yst gletdnPvb@idi® My be prepared by a variety of nethods, including
for exanple, crystallization or recrystallization froma suitable sol vent,
subl i mat i on, [0004]gr oW lkenf angvedabite (4 g., SO) debust mowe tharaersSf toneran dnyreofistwmarénot her
phase, crystallizati.on froma, supgrcrjtical fluid, and jet raying.
Fechnt quék 1 9rHOBRG& 1A SR HKenaapal atohioshutiant BbsRraf B ATHE % or
froma sol vemlayiot deferd Balel HeourfcAle. SHARPIR exAYABAF égf&? ai%iho’vhﬁp%@' vent,

decreasing the tenperature of the solvent m xture, crys seeding a
super sat ur at sdbsstotederith FR4iLand ndfis 6 oe 1 tbéresaid groapdiayropsiahally Hersubsteutdd yi ng

t he 15sol Vent m xture, and addifion of antisolvents (counter.sqglvents)-
to-the sol veith #P3q RO e HiosamBiREnEns AP SR/ T SEHANEUEE oy be
enpl oyed to (6 61y 3 <Bbh bARLMBRAIR (L iH U8R dalpsimihS. [00104] Crystals
of drugs, including polynorphs, nethods of preparation, and

char act erl zaf(@s] of (dhmbdnations dbbdubstdtnents msd/oserablen afdypennisShR ondt ifahich
Solid-State 20 Chem st ré of Dr ugs, 2nd, Edition, SSCI, West Lafayette,
| ndi ana ( 1999)MbIgpesgsliin sable Camppyidsi on t echni ques that enpl oy sol vent,

the choice Oﬁ}ﬂgls?]' venis u[%Fd rabeat 1"§sih%éﬁhéﬂo'iﬂclgge{’gcﬁﬁ%%chﬁa%d%ﬂ ir%ﬂf- or €

]
factors, suc solubiTity of the conpound, cry I zat1 on techn que, and
vapor pr essuckairofatirhied abiphatiothydiCoadbon gidupnm thé nswhal ehdis, sualy abmethyhl oyed;
for exanple, the co rrla e 25solubilized into a first solvent to

ound b
afford a sol ‘EFPYIQHY,OP%%BEW@Bsé‘;}tyblﬁ‘é’uﬁ’ébdﬁq ugH: Rsotyhmexih 1seaeXbhertd 4dbcr ease
of crystdl s st LARRION BT SR hOAR, RRGL LR UM Gahdia AEHR. "

solubility. Sointsbhaesdol vents for preparing crystals include polar and

nonpol ar sol vents. 30 ogloge#n one met hod _tofpr epare crystals,
5- ehl or o- 4- (978 chi“Belepyr i haleges 2s used herein refers to fluoro, chloro, bromo, and

-ehl o o- 4. (WS ol besp e _ mo.and
/<) Eubpended daiery A TT bieiRafo pIRpCS B AR ALERERN, 2 i ch

may be heat eghturafed atiphdtie hptianben dictpe)|fot éxamplelOB;, haviny Tisd ypedcified naabersed
herein, means a saturated solution of the free base, which_may al so _contain

an addi t3bnatf ersaatons, subsiteedpiitiierierrapriseen doneaidtdnBolier kT dre of
e ComPoun B0 eSS oAk 5 01 ven emerature, sutale solvents 1o
sol vents, anmoT8)t urids phfasé WehadhadefiCalBfactdifstee” 9 enhlSel beeth BeERt
those compounds, materials, compositions, and/or dosage forms which are, within the
scope of sound medical judgment, suitable for use in contact with the tissues of
25  human beings and animals without excessive toxicity, irritation, allergic response, or
other problem or complication, commensurate with a reasonable benefit/risk ratio.
[0079]  As used herein, “pharmaceutically acceptable salts” refer to derivatives of
the disclosed compounds wherein the parent compound is modified by making acid or
base salts thereof. Examples of pharmaceutically acceptable salts include, but are not
30  limited to, mineral or organic acid salts of basic residues such as amines; alkali or

organic salts of acidic residues such as carboxylic acids; and the like. The

pharmaceutically acceptable salts include the conventional non-toxic salts or the
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[ 00107] Seed crystals may be added to any crystallization m xture to pronote
crystallization. As will be clear to the skilled artisan, seeding is used
as a neansoabiiciantosol | i ng growt h of a particul ar cryst alPcrns2dionsses as a
means of controlling the particle size distribution of the crystalline
product. Accordingly, calculation of the 10 anmount of seeds needed depends
on the size dypternpsy smawnvmsaligof deaagnt pempewidieaned, f egamale, GHo@rmge
product partjgcl cri Jormexample, . i | 1i.n, J. W et -

" Programmed tg}glgﬁ?oﬁgmg?grb%tg%ﬁg%?g%t%‘frﬁxglﬁp @" ?ucgiﬁ%%ﬁ/ eélglfmaéﬁlé)flﬁ%’g? F’aﬁ{& Sci ence,
26:369- 377 ihdidethosd derBed Goal inofagdSicidk stdibds hydiotBlogic Ehydiediieid, O
effectively control the growh of crystals in the batch. Seeds of snall
size may be syHuee.subemisy pkgsphomng pitnie and the like andribe salis prneredritom argapic

| ar ger-crystalqs; - Qr bc- ng cro..crystal.lization tof.-spl {,Jti oags. a%r.e sthoul d be
taken that f1PiHy Br ﬁ%lcP&?ﬁ‘%‘?‘%&“&‘?‘m&@%?‘%\‘l"ss HOEs B PRI ARG change
in crystal |l igddsic] pandit BaldRShy®ekyehI&t dhehAhdBIC] gl8tamid MaRtc, kA mer phous
or to anot heerql.yrnorph). [00108] A cool'ed m xture may be filtered under
vacuum and sulanilig.c}-agetaxybeizots fuparieniplipnesidionicd mettanesulionict etbine sol vent

such as col d;.regrystallization solyent, and dried under a nitrogen purge to
afford the cfié%lﬁg’él ’8??}%(1 g?ﬁﬁlfoﬁé‘:’%‘aﬁ:\eq*ﬁe i sol ated solids nmay be anal yzed by

a suitabl e gpegdjr 0sTRPpRarRacAMhIN dceaptalle SR STulk dp&wﬁhhﬁénm,beDSQ PXRD,
or the like, to assure formation of the preferred crystalline formof the
pr oduct .10Thesynbssized figm ¢heyparentcompotinst by ¢onvestpingbthemienl ovtiodd. Ganerallgnount

of greater 25 th about 70 i ght .% |,sal ate el d, but.preferabl r eat er
th ag 90 wei gsH{:h %qﬁé@% egwpﬁ%%‘xg?agﬁ{lé hqpcﬁ'ee ac%(}/rbase forms of fese compoung

5- chl or 0- 4- (it @ selthRmaeE hﬂbﬁit'@)fa‘[e)ﬂéﬁ)ﬂjp@ﬁfei Whsdoracyd B¥aterlor(iB an organic
f1 uoro-4-(nethyl sul fonyl)phenyl)pyridin-2(1H)-one originally enployed in
t he cryst al |sokeni, oning weddigrod theTiwe; persdaliyt nonsyguéres eeeded likeeddhey ethssed

t hrough a nesh screen . to de-lu th duct, if essary. .30

[ 00209] Cr ys (P BT SORFRRPEL o5 PETE0C BHEERETSA oot A PEElS 8 medt um
of t he-fjisnalsoph PEERSinsBR s P REQ@RAE,MGiences; 17th-Edition; Mack Publishing-——
5-chl oro-4-(1-(5-chl oropyri m di n-2-yppi peri di n-4-

yl oxy) - 1- ( 2-@dmpany; Basere Py bs 14 18dh9$ ) pthe displogutie dif mwhixthilibhemsheincdtposatedhy be -
25 - achieved, .for exanple, by enploying in the final process step a

sol vent or i sol vents fromwhich the free base may be

crystalli ,Zed[()ﬂﬁ]t er Mfﬁ;'c&ﬁgbfun&thé(@a@ble'cﬁﬁveflﬁﬂWﬁvﬁ@i’o P%vf?i@ﬂ?é BEELRY agent
distillation or "'solveht addition techniques. Suitable solvents for this

pur pose i ncl{ideaamyppainddideensiallysntmodies sithbethe kespeiand spinit bfitheng Sproti c
pol ar s%l vents, such as al cohols, and aprotic polar solvents, such as

ket ones 2V 00MI8Y- way of general guidance, the reaction mixture may be
filtered to megmve ANIMRACELMEShddIBEEbhhAS] of MOBIARIEy S d the Iike,
fol | owed by [was i ng vvlé(t réactﬁon or crystaH’ﬂl zation tg%l vg[r-lnrsp.U The resulting
sol uti on mayseleted droeotd afttheletanplenmoee prefesldy Eabmplet 16r anglels eotrsmore

constituents. |f distillation is _enployed, the 10 ultimate a nt of

distillate dﬁ?ﬁe@éfye Xﬁﬁy%érgwﬁ%@éﬁ?ﬁp qesHt Bt Bek PEerrEtion, e CHRBN ng, for
e . ; e ) D ' . I

exanpl e, vesgghie§ hﬁf?guéﬁédrtb'0!8&11‘999&%8&5‘1%%5%@%35?% Hgéﬁnt @%Yé}‘%%teﬁﬁal%ﬂer a

gui dance, the reaction solution may out e original
vol ume Sf oreer gsedtarainn 9986 bacidremnhpamdarubstentiadlytpurdenpeand), whichdythes

sanpl ed and assayed to determne the extent qof the reac,'gion and the wt %
product in d¥e6PuiRRElalGdias described Bergite attd p?@é@ggaliye@ﬁﬁ.%mwwds ok desired;
addi tional -r {.0N:.50l -he- I ggi]i] ] action
concentrati on. %ag;bgrqgt#g,g}a%)ﬁgxF?ﬁg@g‘?%%?gtﬁgr@??%ﬁéj?ﬁsﬂ% jus[{néséﬁ}toggabout 50
W % at whi gitefeaiblit Exansdler 1-¢ ahy Bi ©&@hlnyore @sdftrtbly, EQ0dldd 4,15 dme)\8, be gicef er abl e
to add solvents directly to the reaction vessel without distilling the
reaction m ﬁoarf&pi%?fh%wwﬁﬁOﬁhf%aqrei?ah!@@?ntwati on may vary dependi ng 20on

desi red urifhYgs)" €C ANt eRMInkE 6 IHe!Gmpbifss'dr it nGORGRN AR RN of the free

base in
contemplated, either in admixture or in pure or substantially pure form. The

compounds of the present invention can have asymmetric centers at any of the sulfur
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solution is preferably about 4%to about 7% The reaction m xture may be
stirred follow ng solvent addition and sinultaneously warnmed. By way of

i Il ustratwonpittizeioseacti on m xture nmay be stirred for alpowtustothosr2ehil e
warmng to about 70 C. The reaction is preferably filtered hot and washed
with either the reaction solvent, the 25 solvent added or a comnbi nation

t her eof . Seewt corbpstatinss imalpding anpl doelof he Mbetﬁtymtaandhzraqxtlﬂtit poymelpbist. o
initiate crytalllztlo LPB‘? ‘]ﬁlll rious g ed herein may be
di stingui sha ‘?Ige‘ﬂureg ’ocr?glpé? il ?W%“WSHWF éorh%ageéts %‘?qag %In%rhalo§tl cal
techni ques kfguwdebBe@Rrat, RN hitines Sikdrédf. The pRReRES for PHGArAiSS M ques
include, but are not limted to, X-ray powder 30 diffraction (PXRD).

Speci f i cal | yytilizhgadeowates, mmlmersmﬁmtmqm&;ﬁia&ﬁwldgmatmw sWbeh usi ng single
crystal é ‘}é |ffract|on which is d ‘&% nmeasu a;{)ents of a
singl e crystdfgFoag ?fe"ﬁ’a’f“é‘?'ﬁ‘?féﬁpra 9 %‘8 P&"r?ﬁﬁat %Fa’t %%%?B?I& g. A

detai |l ed desghkBitiddhl metRBds for Bfarkifl, tchﬁﬁﬁzl@%\rbgnQ bpﬁh&lﬁﬁal‘ diys%itﬁhﬁtm%t al .
Chapter 3, X-Ray Structure Determ nation actical Guide, MacM Il an Co.
New Yor k (1908%4} th:hh invsntier dsminchdes potoaicelly-inpeled cempowmls ofitheer nat i vel y,

the un e arran t of atonms in s at'a re]ati on thin, the cr stalline
e e A el ool e Most arR s fBerEb e SPpai Prednt MErciRid 1 "¢

coor di nat es. AL NG# 2BRASC HasCHFhAS hBRbES &Qfei?elﬁ?fr%ﬁtﬁé AbliOaid drygddre s
by powder X-ray diffraction analysis in which the diffraction profile is

conpar ed® o rambazmblaﬂlgdomrdahmlamm elprangdert ofngatquﬁsaumhw&xr imaséon ialthe bot h run
at the sane anal t| c erat ure,. and ne urerrent S bj ect form
o har not oct s oS ine SVBRI G e Be Pl SR PR B Roh At 1 iy g on

[00113] O hersu@ﬁégg@ﬁ@%’d et etbghd)udth *POr MuBYe feh H§§f*1 zoﬁﬁl%hs&ﬁ asolid
state nucl ear_magneti c resonance_( SSNVR) spectroscopéa er ent| al

scanni ng cal Barllanétzﬁyn(tf@@) sucﬂnw?}i@gtdéﬁﬁwxagdl,gum &0, of the
crystalline ho s eses aneters so,be used in
conbi nat i on lﬁt? gl?fﬁ\‘g g @%j @L‘P‘ or&naéei@ﬁb‘é‘i@ﬂ{%%{?é%ﬂe@r di nary
ski |'l...i-ngat- herb(ﬁx{ﬁouﬁﬁé b tﬁ@ﬁfv@ﬁt‘t(ﬁt Sl @ipRMEEE R¥or gfaftﬁle 3¢hdifRtivet 150?0 e

pattern nmay be obtalned with a measurenent erro i's dependen upon the
nmeasur enent arenstftl ionisugapl/ arysebstralatigsac distibution stutlies.s Tyersdicabtive kotopes t hat

intensities | r1 an; y diffragtjon pat | uct uat e dependi upon

measur enent &\'{2‘ o\ eg;da "gﬁﬁg’d@eﬁq %]i“ﬁIHBTPS&/mo‘meﬁgg’c‘? stal .

|t shoul d be at-yatltaeé rpHafEh SAPRAGI MR deflofibl VSutl AR WiliaRaURey al so vary
con ngly,

dependi ng upon exper nenta tions an accor e exact order of
intensity shsotodessmth bedduadeam,i’Ht mageffotddertafditierapanalall yantagereaalimgnent

error of_diffraction an a conventional X-r diffraction pattern is
typical 13 a wg@ea?rate*t%@i@ St%tléf EPRBIANPAD dRfrease fo%tfaé i oraedied

herei nafter) 4, leadr La Sharlfdn,be taken into
account as 2bpertarni ng td t%h&k orgnertﬁtg%ﬂedﬁ{dgﬁer actgwgn angl es.
Consequent | ySulistitition twdthysitroensttimgdsdibigss, suok as s il lst)omm;”btt cdrhiee i nst ant

invention are not limted to,the crys farms that prqvj de X-ray

di ffraction st é‘%R%Siﬁﬁhgms&nymp&&%’f%gw@éq% fee ?W’WE]SP%@F%n patterns
depicted in ing Figures disclosed herein. Any crystal forns
t hat provi dette??p ?’g{/&g@?@(acti on patterns substantially identical to those
30 di sclzssed0085}k he IsespoqiigHybaigl dongruads dtht invehiivrcanyenaelipee plephrod
present invention. The ability to ascertain substantial identities of X-ray
di ffraction pasrwerionkteghnigyes kopwn o hpreskibed iBrtbe ¥t opPYPIRSFSFeSKi 11 in the
art. - 27 - / T
conpounds ofant\%%&% QS’L%JS%% e]u%ggrgr%ti :}{ g%%%&gﬁ%%ﬁg%gﬁ%h&ééangﬁ dl%g%\ays wel |
known to onemqkadeleﬁtﬂadrnmtlbaeiedtea@ént@ﬂgmiseempngrh@m s. The conpounds of the
S present invention can be synthesized using the nethods, descrl bed bel ow,
t oget her wi tW0§9]nth Blablerrompsuad landwivtable sMetugy tarpmeagiie ikisate dr gani ¢
chem str o]

o 9%

ot Pr oty r e LSRRG TR s EPREREE HoPlhcRo MRS, fftes Full oo

bel ow. All rﬁi)l‘ﬂ&ﬁ@ﬁ&@n%&ﬂﬁe hed S rthuddtRnhgloeR)e i e Rup tiedipRdiid fpchhelle
entirety by reference.
present invention is intended to embody stable compounds.
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10 [001161 The novel conpounds of Fornula | may be prepared using the
reactions and techni ques described in this section. The reactions are
per f or redwOonosoi2veat s appropriate to the reagents and meCenisadiz/osrspé oyed
and are suitable for the transfornmati ons being effected. Also, in the
description of the synthetic nethods described below, it is to be
under st ood t[8887]al | “praprssidienllyedtectivnansomd tsiinfeaded; th dnalierlerry amount of a - - -
soivett;--reati %Iui 3@ {?ursi Qs %?[F}g‘ge- g'bﬁrfe- ge%i to. "t tor eerré[t%r.e-.;

-dut aticitrofthe 3xpe CRET T = and CWor uB %rP%Ig% rg , 5’%11&%1838& to be the
condi tions sdoaijbands dl@imeldabn bRRGAH T, compoaid e bbsbf ifiwadhh }h recogni zed
by one skilled in the art. One skilled in the art of organic synthesis
under st ands qonzhination Withhetheragtive ingragdientsegifective panodiiae 118195 eBectivike

nol ecul e rrusit bet co atLBI e vvidthqthe reagents and reactions proposed. Not
all 20 cgrrpoﬁrjﬁg Ro i =01 Vi o e e 1 eifsng into a given class may be conpati bl e
with some of|ob8s r eaghis@Nh&GORdHidaARS" sretiehthRet ddvaOiE uehinlhtoMEditads. _
described. Such restrictions to the substituents, which are conpatible with
t he reacti orstaieinid maoweal, pirtiqulaly ineduintap, aspacloae: fap prementiigithe didedse- t he art
and al ternat t hods nust. be used..25Schene : 28 - ..[00117 npounds
of For mil & | OB PR A TR o e S G 15 AP R bR R ac |
obt ai ned fr o GREABIEIAbuIIAYHEORE b&A iR ERPEHNIE M) méRIARGIRL € A,

obt ai ned from commercial sourcés, in the presence of a base stch as K203
or sodi ufh hydisdaskestiaie, be. sarfasting @ devdlgmment sancforde) el ing tHe désease-state, i.e.,

internmediate 5 .B, obtai n%g ]f rﬁm co rcial sources, using Mtsunobu

reaction concdiluflf]%ﬁesgr%]lofl 5P HE skilled in the art of organic
synthesis togpgs) d i RS Gl CscfvatEARN 3% FsthllhEfoB A fAlfoleidd hiom,

i nternedi ate D, ‘obtained fromcomrercial sourctes or synthesized by a
strai ght f oramsdfat iaiskdtdbitionn coftainh encdppitespfiaatbeyt g sbleits inedaandartai al

t hi ophenol with R Br and then oxidation tq the, sulfone or sulfoxide with 10
MCPBA, can D8 SECHHICISERENS ﬁfheﬁeﬁfﬁ?@@&ﬁe@ew the pqlypinay be RISSENHAE not

l'im ted 50 8eoly YIRS 8 nbhtorderdd- gerﬂel}ﬁ@%e%b'l‘?@te%ﬁ?ggﬁs&n """ Aee
sui tabl e sol véent such as DM, DMSO, etc., at an elevated tenperature to

yi el d i nt er nethicns stolehiofbetine oatdnseiohjortdidc emopht afghadol vant ewiheedicat EoxC and

i nternedi ate D, en ]§ is F, can he.acconmplished.ip the g elsence of _a base
such as but TYRPIS &SP atetvzf}f%mr}ﬁmlﬁtha'@ ampunt o forvpt wolesules By Bt such- as
DIVF. Rermvalﬁ(g}{.l LAB] RsOb LG RIHIRAHP sSiyapr | nt er nedi at e- E-can be carried out
W th approprlatg reagents well known to those skilled in the art (for

speci fic det[@b9d sed@h&nemecuset] hatein toRbhataeetivag siacticpdrmie. £ e cshoyht hesi s,
John W & Sons Inc. (1991)).. The deprotected product, internediate F,
can t he@%ﬁe wga@%ﬁ%r?c{#mmngrmﬁeaw%almﬂeqs SEhSEANCE RATSPLSING SIRMIERAT | abl e

or can be pr; : i . i ce of
= base, - sueneaniEEpRicIRM AOniERl HpE Rt RANE phf=laFiShona b upATsRhaBER
skill ed in tthesealebigndtioms genhere Sgunitifiesi thattshowlf e filepesipbamdsiiaf tofbe nul a | .

Schene 2 100118] Alternatively, conpounds of Formula | nmay be prepared by
procedur es elepgatian 1 omalsgpreseited hereiin be reacted with internmediate

Din the pr e of ' 3 / l. L i :
> 10- phenantROSfC of i profRfhEIh RO, al Rt Fib Gt line formys of e,
sol vent 2$uchfr@sbasivb 5-OMBR-4-€1 ¢5-chlatoparintdiavaygspéraiipardbti)d -Qofl Goryidel d

intermedi ate H.. Coupling of the internediate H and internediates A or B can
be acconpl i kgl gylé&ﬁaylt)ﬁmn-a@@rme@ Hygbmariak feparicwsr iB@heme | to

yield inter I - i . [l accordi ng
o schene 1 TR pSufcall MR ECFRAL Rl mEARiA BRGRA SR ey BB OTP
conpounds offolas oitha fike Ry dieinohibstanedlyiyreompl iPRgfeiréd @hb&ilinghte ok Wit h

internediate H using Mtsunobu reaction 10 conditions well known to one
skilled in tHEstghpe o§ thifece s #e disslosedhindirpgnlat asthe a5 BeNsnt hesi zed

by condepsat j fe kNt ey edhat gl 1 ccording to procedures
describggﬁby gﬁ%ﬂ%&ﬂégag?’gﬁfscj%éﬁﬁ%gggﬁgggk1992)) and internedi ate J
(obt ai ned according to procedures descri bed by Yananaka et al., Tetrahedron
Letters, 37:1829 (1996)) in a solvent such as but not |limted to DVF and a
base such as but 15 not limted to triethylam ne. EXAMPLES [00119] The
foll owi ng Exanpl es are offered as iIIustéfIive as a partial scope and
particul ar enbodi ments of the inventiom“dnd are not nmeant to be limting of
t he scope 20 of the invention. Abbreviations and chem cal synbols have
their usual and customary neani ngs unl ess otherw se indicated. Unless

ot herwi se indicated, the conpounds described herein have been prepared,

i sol ated and characterized using the Schenes and ot her met hods di scl osed
herein or may be prepared using the sane. [001201 As appropriate, reactions



25 nitrogen (or argon). For anhydrous reactions, DRI SOLV(r) solvents from

EM wer e enpl oyed. For other reactions, reagent grade or HPLC grade sol vents
wer e utilwpedil/idnioess ot herwi se stated, all conmerci al | ycohtSadn@siseeagent s

were used as received. [00121] LC/ M5 neasurenents were obtained using a

Shi madzu HPLC/ Wat ers ZQ singl e quadrupol e mass spectroneter hybrid system

Data for the[0p82k of Ab nseelesdin HpdyB0rphd pefetsaal cfystohng deins haringgbesame

el ectrospray ,i oni zati on.

n Cl ear net| CcC res ance ectra were
oy o e S S L S P, SHRBE T B e IeF EE FIAREN < 1 t he

i ndi cat ed soén%}tignsfg{.&u% r?ﬁ!ii.ShlftS are reported in ppm-30- from
tetranethyl silane wth the solvent resonance as the internal standard.

1H NWVR spect [0393]dat aAau&dthemmédiﬂlm‘phelpBEirrefed tags sbld foomsof acheletwelatah) f t,
multiplicity ( ? = si = broad singlet, d = doublet, dd = doubl et
of doubl et s, a”tdc’“??ﬁ ?‘é? HOTchEStéB’é?tet sep = septet, mnultiplet, app -

apparent), ng Sk skill
in the art I Ph]‘r ec og%{@%é%e éﬁggﬁdg%m%hgg %ﬁogﬁgdutiﬁ%gégtggs Ig%

t hroughout t piesss peraogdnedy.iindicatingrihepesenoé of eﬂemman‘eamcﬁdmeoﬁiakmglei ations

i ncl ude, but are_not necessari II\; limted to: sat. = saturat ed HPLC =

hi gh- per f or neealling ey aaalygruer gmowps of et e Olist cryRiglline forms.

Kar| - Fi scher i
spect r oscopy et geEBTpRBE! SletypIlB forfy o b ina e dadBifba by _
triethyldm n&chdlﬁi&szsud:}sasmo@mﬂ Xaiag diféihctiohHAXRD)fdr yeli dstaetniucleacagnetic] -

hydrochl oric acid, EtOAc = etsr%i acetate, CH2Cl2 - nethyl ene chl oride, THF
= tet rahydroxfea@r&ﬁce VR RSCRR SYRTHR-f Boreamals; thejrgesencegiexira Perks,in e, NaoH -

sodi um hydr oxj g%i ﬁg‘g,@ = gram
or grams, ngy I gr am’%efﬁ%ﬁ%hg#{f@éﬁxgﬁrﬁﬁgl e era,Sl Et%or @rnl)-:
milliliter opatted inlay iﬁd&rase mhrehhm ol criwpaltific forMm t}mlaarpie NFle shukedd, - - mi n=
m nute or m nutes hertz, tic = thin yer chromatoqraphy, viv -

vol ume to voPXRP m@x b%cai%maefé’&om&%aé%wsta{ Ecméé}ta §ee Smgh, DKR™“And "s' are
St o 00T e RohORAKAR R I e £ 8l IOSRCOIB G- FilvreR

Preparation

f onyl) phenyl Rpdtatish IDabZ)faldﬂ)y Dﬂermore Calﬁ‘oﬂlmﬁl&, QX‘Q@A[{IQQQBBI)] TO a 100 m.

recovery flask was added 5-chl oro-4-hydroxypyridin-2(1H)- 25one (291 ng

2.0 mmol ), cH9psk (|)’reif@abimeth@ vwsﬁaﬁmedommh%ﬁwbatmtﬁllxmnmﬁmhwmnﬁ@f ( 72
0.40 mmo gar ure was

BII‘J aced underllsz/lgg%%%dﬁ gtrle%gﬁ{fg morﬁ gegf&%%lg %Sr%g]%n\r;%ﬁ‘tagl Q?&g%%f?rggg%@ hi s

m xture was 20dgahd WhOpédk ditq in the txpegaienitdls riababe BXRIDsAttehagsinOfrokh0
seconds. The mxture was stirred at roomten‘%erature for 10 m nutes under

ni t r ogenZ0 1- Besibz peak@ ﬂhﬁé@mbgﬁntf@ﬁyth)%@mzléfﬁé EREdpatpm.2Mpshipreiejreddse added

e L OO BB SN A e AR RO D g e 2P

cooling the fo@@@bmemmhaé@drmdnmlmlﬁéa@méem Battdri Brising e thbaktrarver e
present were renoved bé iltration. The filtrate was added to 75 nL of

et hyl acet atEﬁ’va&ﬁﬁlaﬂP\a@ ﬁr@nwh@humﬂa@e@BX&Dmttemz N aqueous HCl. The

| tered, and. trated
00050 g of ClanoRP, U bERedl o shRE Aot e Bl b e T PR T 10
m. of rremyl @H@c@abmhb demAtmAbLhteRREDby b Ya@$ oNRLhee I Phidhy forekathpe; The

m xture was 10 coOoled to roomtenperature and filtered. The solids were
washed wit h @ystallizationydr rmﬁgéﬂz@mnd’mmmsaléalﬂmblﬂfm*tmbhmagrm}owfhﬂfmsn a

i ded 145 d 1 . - wd 1HNVR
(DVEO db, 5088 B datals Farhoripd BE Sl Prage 5 uliFliohfrong 00151, '
J=8.8 Hz), Suferdilichl Mfd, and J&%pfa%rﬂg' TethnidRs (6 stA0Qatibn(Wdekystalifization

Preparation of |nternediate
of crystalline forms from a solvent mixture include, for example, evaporation of the

—

30  solvent, decreasing the temperature of the solvent mixture, crystal seeding a
supersaturated solvent mixture of the molecule and/or salt, freeze drying the solvent

mixture, and addition of antisolvents (countersolvents) to the solvent mixture.

2D -



1-(5-(Trifluoromethyl)pyrimdin-2-yl)piperidin-4-ol 20 Step A Preparation
of 4-hydroxypi peri di ne-1-car boxi m dam de, HCl Nl H2 HCI NNH HO [ 001251
To a 1 liwenoriounmebottom fl ask was added pi peri di n- 4- olPCtAB2d11/08132d 30

mol ) and 1H pyrazol e- 1- car boxi m dam de hydrochloride (19 g, 130 mmol ). 25
Vacuum was applied for 5 mnutes and the m xture was vented to nitrogen. To
thi s m xture[008% add€kk: ks (B bakharadtEtizad apt idistinggjshicdrusity smghaitrgstal B | of

the solids had di.ssol ved, ,Huni g'.s Base (22,6 nL, 130 mol s .added over 2
e o oo g Sy Dicha BsRon LB 61 Ak Dipbing Be BRtH HOLEagle dever op.
After 14 hPUérﬁsta@ﬁQ SR bt £HRES ariB3icAdE8PerhRrd. N8 dP@l181 Y&LH SN Shaud¥

reaction mxture causing a pale yellowoil to settle out.” This m xture was
stirred for &mdninentigsanalfhs inpavidgd ol Bant eppeChattdrey, X-Byefirmagedecant ed of f

d thi t ith - A25 j t esid ith
cther | 16t hEe g eie] Raeisghat e ou Ry GRS N SRS Sed nost of
the oil. E hﬁerreaﬁz&ea@aﬁaﬁé@,ﬁ ;a&@n&dg@@erga&%y,l MU ESn SRSk BBarBmid KY

whi t e appearance to e mxture and a pale“yellow oil to tormand settle
out to the bgetigirelafion vithin ths krystBHmefatiitamey bashasidterized at@rdibg bote as t he

oil becane an off-white crystalline soljd. The conversion of the oil to the
crystalline Pwadéfsﬁwﬁaom& PROpHBACH 395 $H0W-24 81 FlFTaRRlor RYReEMmeat r ¢ ng 10

for 1 hour, ] r ! = i i solid
wes washed' wiprbtiolof Bt LRURALETA shlltul Bl ABINE bR, Pa
product ¥015. 3argierGifhthe edysthllinastrodituziin byl pasdark-edyf difftrction enalwisinl | ne

solid. 1H NWR | O d6,, 500 8 7. 4 H, ., 4.89 H .d, J=3.8 Hz),
3.68 - 3.84 W&l(c the gxperimsnal orp )@V%%d&r,%aﬁﬁw@ )918-603%}?@9‘3( to aygimplated) 59 ?)
1.86 (2 H, . el : I - iz )

Pr epa§ at i onr%?ﬁ%, r%grgs%l% ¢ é? P%%’éﬁ(\i;?f{%fe - di%g[?az% gi]e #?%f?%%%?%e?%f 3-

pent adi eni unaihhedsugeehivEfar GE 3ulgectNiMe2 c20adt@d22 G4 a Teriea o5Q0 valuey sebvery

flask under nitrogen was added 3, 3,3- trifluoropropanoie acid (10.83 ni,
123 nmol ) an@PRE$-100 nl, 1286 rnrnol) foll owed by phosphoryl trichloride

e L e R T e

vi gor ous bubly} TG iadidaigathegnakendd offa reacinon-golvaitipcrpitaltforre. 25 was pl aced in
a 70 C oil bath under a nitrogen atnosphere with an open vent for 12 hours.

After cool i ni909%e r ebictniesmberiteent of the invatire.cnpettaiting ©rm of oot -pl aced

acet at e hoxase P bl Fb Bl o ORI BB o ¢ e
silica gel) %f‘rid-i@QQHD‘Lor@fis pRVidet hy buseatistyehhe kane . Thihieryeallingtorwasay hen

eluted as foll ows: Fraction Vol ume Sol vent . . ]
20  be employed in pharmaceutical compositions which may optionally include one or

more other components selected, for example, from the group consisting of
excipients, carriers, and one of other active pharmaceutical ingredients or active
chemical entities of different molecular structures.
[00100]  Preferably, the crystalline form has substantially pure phase homogeneity
25  asindicated by less than 10%, preferably less than 5%, and more preferably less than
2% of the total peak area in the experimentally measured PXRD pattern arising from
the extra peaks that are absent from the simulated PXRD pattern. Most preferred is a
crystailiné form having substantially pure phase homogeneity with less than 1% of the
total peak area in the experimentally measured PXRD pattern arising from the extra
30  peaks that are absent from the simulated PXRD pattern.
{00101]  In another embodiment, a composition is provided consisting essentially
of the crystalline forms of 5-chloro-4-(1-(5-chloropyrimidin-2-yl)piperidin-4-yloxy)-
-3 -



2.0 L 50% Et hyl acetate / hexane B 2.0 L Ethyl acetate C2.0 L THF D 2.0 L
50% Et hyl acetate / ethanol E-K 1.0 L Ethanol [001271 Fractions E-J were
conbi ned woadotionewat rated to gi ve the desired product (2CTAISQ)11/04P820 as an
oily yellow solid which was used with no further purification in 5the next
step. M5 (ESI) 195.1 (Mtl). Step C. Preparation of Internediate 2 100128j To
a 500 nL 3- nbcﬂéﬂnmnnﬁ(Mhylaﬂfdnbzaﬁhermbgﬁidimiz{H:E))gcme ids canhghesitidn ¢f thjss-

tetramethyl-1,5-di aza-3-(trifl uoro 1, 3: pent ad enlumchlorlde(21 g,
0T i ol ) 1 oTARRETPRIR e Ble Sh it T 3f BE St e P

sol ution. Toy E?&xﬁp&&ﬁ%ﬁre was added 4-hydroxypi peridine-1I-car bOXI m dam de
hydrochl oride (16.36 g, 91 nmmol). Mst of this solid dissolved. TEA (16.50
m., 118 mmlmelrm adﬁlmjpmseabe ofreactionlitn@utithespmddu pevcassyed ingueridinbmay bel oudy
m xture. Av unt of heat, was ge erate s detected by a slight
war m ng to t IPY%&F‘YEP SechRsES kg g &Tﬁ%f%%ﬁ@m he reaction

T o val or ‘?’Sﬁﬁ%&%@f’%@%%%*ﬁ n%gnéé’é#“*?*ﬁ‘?%%e?%?&% Pl R LSt or # * 20

bi car bonat e, infratedspdotdsagyeous ammoni um chl oride, and bri ne The organic
| ayer was dr| ed with magnesi um sul fate, fil ;bered an%j concentrat ed i n vacuo
to 15.5 g of (04193l sGivstllinpdormy may b praratad buasatety st mefhodsringlpdiaa&r and 80

m. of hexane a};g)?e %ﬁ's{ﬁiﬁﬁér?%y\%ggpﬁa /atlo&dﬂ?&%fshﬁﬁblggol%ﬁtC&bﬁf?faﬂ&n all of the

solids di ssol e mx to roomtenperdture and a

preci pi ti@ e growiteflom Bhfels uslid Batearnwidsmétidnt fesre dnathet pHase, s0lstaflivaviet e washed
with 4 x 25 nL of hexane_and dried in vacuo. This provided Internediate 2

(12.072 g, 7Aomyisspayrifesl Juidaandsist sryaying. 1 Teghriquenfer stysudlizalipp §r 8 8. 48 (2 H,

V") 1o eSnpitgiofdeppuling ity gy ingigde 38 e, 2

Prepar ati on @fpbiaties Bl 3bl@ed, decreasing the temperature of the solvent mixture, crystal

seeding a supersaturated solvent mixture of the molecule and/or salt, freeze drying the

"y
L

solvert mixtie; and addition of ditisolvents (coutitersolvenits)y to the solvent mixture:

High throughput crystallization techniques may be employed to prepare crystalline

forms including polymorphs.

[00104]  Crystals of drugs, including polymorphs, methods of preparation, and

characterization of drug crystals are discussed in Byrn, S.R. et al., Solid-State

20 Chemistry of Drugs, 2nd Edition, SSCI, West Lafayette, Indiana (1999).
[00105]  For crystallization techniques that employ solvent, the choice of solvent
or solvents is typically dependent upon one or more factors, such as solubility of the
compound, crystallization technique, and vapor pressure of the solvent.
Combinations of solvents may be employed; for example, the compound may be

25  solubilized into a first solvent to afford a solution, followed by the addition of an
antisolvent to decrease the solubility of the compound in the solution and to afford the
formation of crystals. An “antisolvent” is a solvent in which the compound has low
solubility. Suitable solvents for preparing crystals include polar and nonpolar
solvents.

30 [00106] Inone method to prepare crystals, 5-chloro-4-(1-(5-chloropyrimidin-2-

ylpiperidin-4-yloxy)-1-(2-fluoro-4-(methylsulfonyl)phenyl)pyridin-2(1H)-one is

suspended and/or stirred in a suitable solvent to afford a shurry, which may be heated

.24 .



5-Chloro-4-(1
-(5-(trifluoronethyppyrimdin-2-yl)piperidin-4-yloxy)pyridin-2(111)- one O
HN s' 11) WO 20H31256bk [ 00129] To a 100 nlL recovery flask mso@as20mis3gen was
added tri phenyl phosphi ne (1285 ng, 4.90 mmol ), DWF (10 nL), and then
(E)-diethyl diazene-1,2-dicarboxylate (0.67 nL, 4.20 mml). The m xture was
stirred at riogmomerpdésaution The tefn fslouygss aseddivraih, pednsia saturated solution

5-chl 4- h di 509 . 3.50 | dde 10Af t
stlcrr?:lg for éﬁoé%‘g 5[3;3’0 nF}%g‘ a"?ﬁ'?cgg m12‘“(2{:'3-ﬂ %@f%%%%%‘%ﬁmﬂd in-2- o
yl) pi peri d' rhfﬂ)f@hh@t%ﬁ%éné&ls mixtoke M& toMBun@dela d-soltaskt 4t 83%ichBmpaanRl, aced

in a 100 oil Wth-under a nitrogen atinosphere Wth a vent line for tW
hours. Th- 6 Sliwble salvents in ﬁa&:tﬂg@tml inglude, for anampkﬁopdﬁedaprotw sovantseanderodarur e and

added to 600 tnl of eth acetat.e. After hi n e acetate with
water (2% J0BHGEYventy,an mlw 0 gigng SPaft @i%ﬁ%ﬁ éﬂ%ﬁw he slightly

cl oudy, —pal eopi gt Soﬂ;ééﬁlc%téléjmaggé! h@d’cd?fo &yé%fall;@at'icﬁﬁnn&&rlzk’o fn%:{Hte Thi s

material was puri'fied using a 6 nm silica gel colum and

eluting as fcuyétaiimsatloﬁr a@csthdirbe\ﬂd)ebam rtrethSle\ldeah aﬂm stedif®isBistd/ds amedratod /

hexane B 0.7 L E} tatxte 1- %1? 125 0% Met hanol / etht¥ tate

contro lmg growt of a particular crystalline form or as a means of con olllng the
particle size distribution of the crystalline product. Accordingly, calculation of the

10 amount of seeds needed depends on the size of the seed available and the desired size
of an average product particle as described, for example, in Mullin, J.W. et al.,
“Programmed cooling of batch crystallizers”, Chemical Engineering Science, 26:369-
377 (1971). In general, seeds of small size are needed to effectively control the

growth of crystals in the batch. Seeds of small size may be generated by sieving,

15 milling; ormicronizing of Targer-crystals; or by micro=crystallization of solutions:
Care should be taken that milling or micronizing of crystals does not result in any
change in crystallinity from the desired crystal form (i.e., change to amorphous or to
another polymorph).

[00108] A cooled mixture may be filtered under vacuum, and the isolated solids

20  may be washed with a suitable solvent, such as cold recrystallization solvent, and
dried under a nitrogen purge to afford the desired crystalline form. The isolated solids
may be analyzed by a suitable spectroscopic or analytical technique, such as SSNMR,
DSC, PXRD, or the like, to assure formation of the preferred crystalline form of the
product. The resulting crystalline form is typically produced in an amount of greater

25  than about 70 weight % isolated yield, but preferably greater than 90 weight % based
on the weight of 5-chloro-4-(1-(5-chloropyrimidin-2-yl)piperidin-4-yloxy)-1-(2-
fluoro-4-(methylsulfonyl)phenyl)pyridin-2(1H)-one originally employed in the
crystallization procedure. The product may be co-milled or passed through a mesh
screen to de-lump the product, if necessary.

30 [00109]  Crystalline forms may be prepared directly from the reaction medium of
the final process step for preparing 5-chloro-4-(1-(5-chloropyrimidin-2-ylpiperidin-4-
yloxy)-1-(2-fluoro-4-(methylsulfonyl)phenyDpyridin-2(1H)-one. This may be

=25 .



20[ 001301 Fractions 6-11 were conbined and concentrated to provide
Internmediate 3 (579 ng, 44% as a white powder. 1H NMR (DVBSO d6, 500 MHz) 6
11.41 (1 W 2bri/y1068. 71 (2 H, s), 7.58 (1 H, s), 6.05 (PCHUS2)1,1/041385 (1 H,
ddd, j=7.3, 3.8, 3.7 Hz), 3.98 - 4.18(2 H m, 3.66 - 3.91 (2 H m, 1.91
-2.11 (2 H m, 1.59 - 1.82 (2 H m; M5 (ESI) 375.2 (MtH). Preparation of
| nt er medi at eacieted, SoiGaopbp Py iempliiyme2in yiRplipped pragiss-stepod solen001@ixtuEefa one

dram vi al vvas ad Al 4-0l (1Ql . b-chloro-,,.
2 odopyr | MRS B THEh (B Bt PN Pe e Py ED adalize
suspensi on. fand Hﬂa? bELEalHed bYRISstBFEG Hor e ehPadiporTechnlqubQ0SHaMd - The
reaction was stirred at roomtenperature for 16 hours. Ethyl acetate (7 nlL)
was added atsofveats fpoihm;wmbetnhxéudn antywf &msolmashé@cmb@thndnd@ding 2 ).
The orga;?uc | ayer was drled |tered, and

t

e
concent r at edP C DAELRIYePfFe SY4 &LFé’g%ﬁsa%a SI 1@33?3690 F%\%W“ﬁ%?ﬁ)}ﬁ%{"ﬁﬁr aphy
(silica gel,p@1Af% eB{r‘Way%Pg&&?ﬁ%{%ﬁiﬁﬁ&eﬂw&%ﬁbﬂ%ﬂkﬂ&@ﬁxﬁ?% ali€red 14 185 nu,
87% yi el d) as whi't e powder VHz) (2 H s), 4.24
-4,44 (2 H, m‘)11,0v8a1858unde&1r@141n(p1.n’1h|¢s rm)qrgﬁu(i@lts @dshe [ike, Hhllavyed b}y\B&hmgQ 02 (2

:_lnt 2 e él :? eWih 1 agtlon or c@siad\/zsatl n se vent 4[‘he rgslv?tmg sof'utmn megr reactoglgentrated to
5- Chl oro- 1- (x%mo'vé'ei&sﬁﬁb@& Bb’éa%%&s%fiét)tﬁ’é?ﬁé‘yﬁhlsﬁn&ﬁ&ﬁ% idyed L oxy) pyridin

-2(1H)- one, nethanesulfonic acid sa Step Al Pr ration of
tert-buthi 4ul(1ﬁranehinmunt 2f dixidiialte Golktctayd draypaaryi, depending on process factors

yl oxy) pi peri din ar boxyl at e [Q01321 ne ljte nd bottom f| ask
was char ged i ing. %V@ﬁiﬁaﬁfawf}mgoqaﬁ%? %ﬁtles likg 0By Wy @F #SRRD )
t-butyl he t m@Pg&y hRedtdq 1 B¢ 1

tri phenyl pho@’[‘ ng ? féagﬁdél,esoji%li%&% I 48 I%d ¢ bé& 910 OHQTIA‘I?\?VSO unl%liture was
stirred for bh@omsulw’emsreplacdxmmaaaieelamt aTﬁHe faaamxganeyz)h@smmmed amginssafle

sol ution vvas t en cooled to V and dii sopr zodi carboxyl ate (16.23

m., 82 muol)®© gengav&é{ae B Q%ﬂgeefemopémm WS‘C{ Heace Vil e bel ow 20
C duringd-hegafdld80ess Alchhit uéé"%fé&ﬁ‘e&}a%imohﬁere&ﬁi%ﬁ%b% ﬂ’ﬁ H{] r-al-l-oned
to warmto roomt erature overni ght. The reaction was t cated to 60 C

for 0.5 10 hemosed @&f dpeimicomatifom ctolneermaaoml Bmfarubdy,uheﬁnﬂ avacmirheoBr at ur e,

t he DMVF was d] stllle fromthe reacti on under vacuumat 50 Cto yield
a browni sh, Pyt SUpKlerogt W ot @(}’b“ﬁi_tYB‘Pg]tlﬁh’feé‘l‘l&% orm and then was

vashed w th ﬂt]e SRS R EREBRIAE8 LA A0 o Nl v BV AT OF o

| ayer was di y conc ord a I'ow VI scous ol

was partiti Qﬂﬁ@ilzbgthme&tﬁﬁ&nmur@fAﬁh(ﬁighylhe ﬂlﬁf@bﬁk&h‘[rﬁtﬁtﬂl mby vdry dépehdigNaOH.
The aqueous phase was extracted fhoroughl h diethyl ether until LCVS
showed i t r Pp¥rsHd PHAY pIREAEIHRIBE dike, hfhénah ?ﬁnirﬁil@@ﬁ the fige baggdRous

and then act e bREEERY Ao RUTART G el t BoEfiod Rk GRAKR SETIAIT! O PE
to 0 C for 2foliewis sofat aiditirnparidaiasitaeses] € ohirgal. Bl Wiy bf fllustedtioanthe washed

wWith ice water | . . X .
reaction mixture may be stirred for about 1 hour while warming to about 70 °C. The

reaction is preferably filtered hot and washed with either the reaction solvent, the

25  solvent added or a combination thereof. Seed crystals may be added to any
crystallization solution to initiate crystallization.
[00112]  The various forms described herein may be distinguishable from one
another through the use of various analytical techniques known to one of ordinary
skill in the art. Such techniques include, but are not limited to, X-ray powder

30 diffraction (PXRD). Specifically, the forms may be characterized and distinguished
using single crystal X-ray diffraction, which is based on unit cell measurements of a

single crystal of a given form at a fixed analytical temperature. A detailed description

-6 -



20 (2 x 20 Int), and air dried overnight. The |light yellow solid was
further vacuumdried at 40 Cto a constant weight to yield t-butyl

4- ( 5- chl owo-28t102010%, 2- di hydr opyri di n-4- vyl oxy) pi peri di necTAsasrihoxk@t e
(13.2 g, 40.1 mol, 58.4%yield) as a light yellow solid. 1H NVR (CDC13,
400 MHz) 6 12.5 (br, 5, 1H), 7.19 (s, 1H), 5.75 (s, 111), 4.34 - 4.41 (m
1H), 3. 40- 3.afBn{treli2idprodd@binFtaTt of ab, Chadter 3| XrRan SBB:tynm Dazefmindtiog0-A. 71 25

2H), 1.3 , . 29 73..20, ((MrHt t - but yI , St
(Bm Pr |é?oar at i%’ﬁ’%ﬁ"al @‘%%ﬁ“@ﬁgﬁbﬁﬁﬂ@ﬁg&ﬁl %qébﬁ%g S:I%?F‘F}B h%ﬂoﬁﬁ%?}é‘? P%i n- ip
vl 0xy) -5 obl rgiee) Aol unibh hORESntbLaR illridl WASHGRRE 11 ask

was charged with t-bu

4- (5- chl or o-the orystbllibedattivaimep e Clairacterizgt exooyding &r theiohseriedchadbionsl akdreic( 69. 2
g, 210 r ) apd ridipne (421 . The.slurr s heated .tp 80 unt i |
012t | I dnoiaY (AR AR o lrarl i 1S Pyl ety By pawder
tenperature,xie Hﬁﬂ?&&%b%&lk‘ﬁ?ﬂi Whtch YR QitABod B}o‘ﬁtlé f%’%oﬁﬂa@%d%a stadat8@ol ) was
added. The m xture was concentrated 1 n vacuo and the reésidual water was
azeot r opi cal pryfilcenpresuiting phretpolvdenmaiedaly b&OGuM ) the Taee amdytitak was dri ed
under high vacuum f or %2 hours to.give a.wet solid whi ccp was \use irectly
in the next FEREPMER A meprepeseios the J%m@h%?ﬂeg,ameﬁeg? (s, 1H),
4.40 - 4.60 ‘(me%gs;@l 855 noy75 (M 2H), 3.20 - 3.46 (m 10H), 1.72 - 2.0
(m ar): 1. sE syt T o). .55 (m 17H), 1.0 (t, 12H J= 7.4 Hz):
Anal . Cald cd0Dd13) Other means of characterikiig 44&; foi8 iy, bt lused :s8& asolid 2tate

--C176:07;--Folmt h-C, -63: 76; H, 9 87. N, 7.009; 6.21. 15Ste :
Prepar at i on Waﬁqagmag%wpsonance (SgNngR) spectroscopy, 8fferent%}scann1ng cglor?metry

4- (5-chl oro- - P e

2 oo 1, 2 d Do ettty iR s Sk O BBOY e crpmophony 113 g
[00134] A tvmotphbligyr Ghexe paoinicaers flagalsowa sisedhimrogadinatioh td efaradtetizgltammoni um
4- (1-(t-butoxycarbonyl)pi peridin-4-yl oxy)-5-chl oropyridin-2-olate (90 g,
158 mol ), Mbm&%@oo mL), and 1,2-difl uoro-4- (nmethyl sul f onyl ) benzene

hour s. ASt eramgjgg*}i nga? %"f%‘?ﬁ%’g%%@’&? g?{ét%%ltﬁ plf%g%%tiy%ﬁﬁvégwdé 13&5@8{1\/“ th

et hyl acet atgatehOfanty obtashed éthid hedumatent er¢@0ARatit Jepehthent apgaihicc | ayer was
separated, dried over anhydrous sodiumsulfate, filtered and concentrated
in vacua. Tomedarensst eenslitpns cauygds bopatgulys ltzm%rﬁailylknmnél@éﬁla?@ﬂv%

di et hyl ether | ] 2% i r r [ ature.
The slurry V\}gsa%?ﬁéwgo C{eiéﬁl? %ﬁeﬁ@agwél C{su? %ri&%%%%oﬁ%#ﬁﬁé%g%#%gg}g‘%ti onal
1 hour. The anaplogedrasl thosHape beshoipholdgytof did @ystan @ shoukEhbeltfodidr uwdewiood f or 4

hours at_ 45 Cto yield t-butyl 4-(5-chlorg-1 . .
- (2- f | uotb- athgtyslatiye yierssiey Mgy éseyvary depsnding upen experimental conditions and,

Ghite aoli o bl RACHH RadaiR RENMBLEe (BB o AN M1 4) B0 2 .,
(m 111), 7.A3&di(isnallk]d neaburbBedtrrol bl diffachion adgib Jor(a@oniftional $Qay 3. 69( m

2H), 3.44 - 3.55 (m 2H), 3.11 (s, 311), 1.83 - 2.05 (m _ 4H), 1.48 (s,
911); M m ediffpaction paigys tygically apoupP dp ar kess, drefemblyrmbevtib i @¢ dissusse

hereinafter), and such degree of measurement error should be taken into account as

25  pertaining to the aforementioned diffraction angles. Consequently, it is to be
understood that the crystal forms of the instant invention are not limited to the crystal
forms that provide X-ray diffraction patterns completely identical to the X-ray
diffraction patterns depicted in the accompanying Figures disclosed herein. Any
crystal forms that provide X- ray diffraction patterns substantially identical to those

30  disclosed in the accompanying Figures fall within the scope of the present invention.
The ability to ascertain substantial identities of X-ray diffraction patterns is within the

purview of one of ordinary skill in the art.
-7 -



10[ 00135] Atwo liter round bottomflask was charged with t-butyl

4- (5-chl oro-1-(2-

f | uor o- 4-woebtwi2swbf onyl ) phenyl) - 2- oxo- 1, 2- di hydr opyr i dipaTArSyé10:09)3pé peri di n
e- 1 - carboxylate (98 g, 196 mol ) and acetonitrile (489 nL) and slurried
for 15 mnutes. Methanesulfonic acid (25.4 nL, 391 rnnol) was then added
and the reaction mxture was heated to 50 C for 2 hours. While maintaining
the reaction at 50 C, 500 nmL of b5et hﬁmgﬁ%ﬁﬁg wasadded slowy via an
additional funnel. After the additio | et ed, the suspension was
cool ed Lo r ORE iTPIhEkihSy o?ﬂ‘%sﬁ s@mnwﬁfanc%%@gfe &QQHI?Qnﬁlﬁb&ofDC for 2
hours. The product was co ected ? ltration, tho 8 rinsed with

et hyl acet atwaysamd] Idrdvedowmdek;lledwuﬁha‘an\nébrgagimtsymbegw é]hrd cbmpemdsahfdtee 5 (92
g, 92@6y|eld) as a gray solid.11-1- 6, 400 br, 1H),
8. 45 (br,> 200§t ingentigncan b wntfll@l um@ % 0dg fescrit elov? tg@ﬂ n, 1H),

_7 3336 (7m864‘§-,ﬂ§1 Qr%ﬁ%ﬁ n?etﬁgd:g&owﬁw 5_163 }réth X &f%hm)g:@mmjé ﬁfbr(\éna m 21?) 09

M5 m e 401. lth¢detvfs apBreeasdaty thnse@ﬂﬂlleﬂtlﬁthmnh &tradered methods include, but are

255- Chl or0-4-(1- ((5-chl oropyri m di n- 2- yppi peri di n- 4-yl oxy) pyri di n-2(111) - one

Cl HNN N j Q Feteddy: trgseilespper hEIOWeéEv&%yemﬁ%@t@d\b&g%a%ga

tri phenyl pho&g&ggﬁéd %gmgenn?@ﬁ@ ARledce2nd DMF (40 nL) to produce a nearly
i t'h L of

t;
conpl ete solu nw stirring. To this m xture was added

(E)-di ethyl [@0ar&ne The dotklcambouydsaf Eofriduld D nialy be 2epatkdnosiiglthe Abttonsstirring
at roomterrperature for 5 mnputes, 5:-ch| oro-4- hydrox%inﬁrldl n- 2(1H) one
(G meracil) sl sémgqueaéea?ﬂh?ﬁﬂn)thmgct@ad&e reagtiqes aty perforipgd Hy solvsg

tenperature miéaga‘}oa;g iaft ﬁ%ﬁ%ag&xté%&ﬁé@ﬁﬁ g%& E!ri(fa'r}égg'ta%% o by 4- 0' (4.27 g,

5 20 mmol) eactlon mx under a nitrogen line

with a vent gagfghatded beingelfdtdCABD] 1nbhé ﬂlesf:ﬂptuﬁ’ﬂ&‘ the syitiesic nffthels cool i ng
to roomtenperature, the clear brown reaction mxture was added to 1000 rnL

of ether wi t¥esebadrbelyv.ihis éhbe waderitaes f,hﬁt aflh@op@ﬁech%n endiiqnspinglodiogo; | y
St i Trod Por ©Heh Bl e R ST, BluafI G B e it i ©, o

m xture was wotkip@rédetaugarachiveel torbephe amdit}onfs yBAedrd fdh@atirasctiphhish| i ds
that were retai ned were washed with 100 nL of ether/hexane (1/2 rati o) and

dried in vacfe}@uidobedﬁ@i}lycréwﬂn@@d@y@m slHepindke 881 Prrsskitietkindhesit of oreanipy
| or | f t | d.
This mmteri aPvREE G ARIGRN BERERIORIN R of SRR SRIREL | Th' S

50 mL of 15 maleeiile nih@b@t:dmlbat@ceemlh aae&@i@his@ndm@@udms epadell INGERgNEST UM
sulfate,filtered, and concentrated to 20.3 g of tan solids. This was

conbh nec?0ni t sprepmangs ot qymfa k falingiinte @an@asrsmﬁlmb&tf@v@mawg V‘ﬁﬂilrﬁomeéﬁ on a 60
160
v 0 BRRh BRAA8 b Se AR ARSI LA Rl

chloride E the substituents, which are compatible with the reaction conditions, will be readﬂy

apparent to one skilled in the art and alternate methods must be used.

25 Scheme 1
o AOE "
Nw? 1
- MsO G 9 40‘ n R:’
| + ]ntcmcchazc A /Q . R Coupling G
o JQ
& HO NmPG
Gimeracil Intermediate B In!ermedlate C Interme dx ate D memeémm e
0 qu n1 O, 4101 n1
):\f
DeProiecmon QH /tj/ —— /Q
Entermedlale F Intermediate G Formu]a 1
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1 L 2% Methanol / nethylene chloride F 1 L 3% Methanol / methyl ene chloride
G 0.4 L 5% Methanol / nethylene chloride H 0.2 nmL 5% Met hanol / nethyl ene
chl ori de wokd11125106L. 5% Met hanol / net hyl ene chl ori de 1BC3WS1@5/0813225%

Met hanol / nethylene chloride 20 11001371 Fractions G H, and 1-5 were
conbi ned and concentrated to provide 2.89 g (40%yield) of solid

| nt er medi at e[00117]1- ConliyiRuiddNVEGotGyiad @dayNdzredradiby3®o¢edtiukés dopicted)in 8. 42 (2

4o T ST Gty Phan i S i el 1, ¢ (2
(ESI) 341.2 MsHdiRE %[ﬂﬁédqﬁ)rﬁfco&lﬁk?diﬁ%ghﬁése irf the pesBh@ of a base such as
r o- 144- (et hyl sul fonyl )’pheny1 )-4-hydro xypyri di n-2 (p H-one O4,0\S OH C
K;COj; or sodium hydride in a suitable solvent such as DMF, THF etc. or intermediate
5 B, obtained from commercial sources, using Mitsunobu reaction conditions well
known to one skilled in the art of organic synthesis to yield intermediate C. Coupling
of intermediate C and intermediate D, obtained from commercial sources or
synthesized by a straight forward alkylation of the appropriately substituted
commercial thiophenol with R;Br and then oxidation to the sulfone or sulfoxide with
10 mCPBA, can be accomplished in the presence of a ligand such as but not limited to 8-
hydroxyquinoline, Cul (I), and a base such as K;COs in a suitable solvent such as
DMF, DMSO, etc., at an elevated temperature to yield intermediate E. Alternatively,
the coupling of intermediate C and intermediate D, when X is F, can be accomplished
in the presence of a base such as but not limited to sodium hydride in a suitable
~=15-solvent such-as DMF:Removal-of the protecting group-from-intermediate E-canbe
carried out with appropriate reagents well known to those skilled in the art (for
specific details see Greene et al., Protecting Groups in Organic Synthesis, John Wiley
& Sons Inc. (1991)). The deprotected product, intermediate F, can then be treated
with intermediate G, which are commercially available or can be prepared by many
20 methods known in the art, in the presence of a base, such as triethylamine or K,COs,
which are routine for those skilled in the art of organic synthesis to afford compounds

of Formula L.

Scheme 2

\\ J,Olﬂ ,101 ”1 Ms o N—PG

¢ Intermedla!eA Ccupmg 2;@\ PG
et Ry I\@ +

OB HO*"CN PG

Gimeracit Intermedla%e D Ci Intcrmedzatc E
Intermediate H Intermediate B

0, ol .
4

\N/ cl- s/ /\/r

Q NE k‘[ j\/j/ Intermediate Ry \Jﬁ\ /O PN
N o T
BO HO
2 5 Intermediate 1 Interm eéxaze 5 Intermediate K Fonnula N
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[001381 To a 100 nmL recovery flask was added

5-chl or 0- 4- hydr oxypyridin-2(1H)- one (470 ng, 3.23 mmol ), copper (1) i odide
(123 ny, woedti/mmmwk), 1, 10- 10 phenanthroline (116 ny, @CEAB20m0B)320

pot assi um carbonate (582 ng, 9.69 mmol), and.DVSO (10 nL). Nitrogen was
bubbl ed subsurface for 10 seconds and the m xture capped under nitrogen.
After stirrif@g1t8r Alwimtves, comp@mnda)efzﬂormetaﬂyh@dbefmﬂgdrc}dabjnmen@imﬁ%

3.23 nnm)l) and.niiro ubbl ed s urface for 0
oo et SR a1 Gk et Do P e e D Ve T o 1 n
a 140 C oi | bathafsan ésgmﬂﬂHtrl?mzt&ﬂoelrl(? daHﬂr&i&er@QI"OI)t SRPEbAE W& at he brown

cloudy reaction mxture was added to mL of ethyl ‘acetate and washed
with 4 x 50 KiCOf, iDa thdbld@blveﬁhﬂchtagmh DMFEY, etna st ar ¢ledhted tempemgmesi um

sulfate, filtered, a entrated. in maw.to of .an oj | e] |l owtan
Sol o S & Vi ntemmotie P SR tne BrdTrege i ond insrBiedires A o8 4B b 1
whi ch resul tgdojpyidHag u%Q%pts@ﬁcﬁﬁb&'deQ&%maegv@foy% 9 8ot V& llal ne_powder.

After cooling to roomtenperature, the suspensionh was filtered, washed with
2 xi L of nimtduykdine E:H]nmd@ateathchndherebb canrigrdbfoowsrd apeandindéo S@lﬁzmﬁgl {c87%

yield) of Internedi a | | owde IHNNR d 500 MHz) 8
11.89 (1 H, Vid?qﬁsftmal gr °t€§¥ﬁP a %ﬁm’(‘lﬁ’l&q CQRPOpRES %“?‘0‘51 BYY1 H,

s), 3.08 3. ).

P epar at i on‘“’%%&%ﬁtﬁ%dr B e ledl RSt e J2RGRPN Bt
[00139] 1o tdunditionakleldnoeacd Dm‘lskplli@&ﬁmhfeart obergaas sadidei. Intermediate K

3, 4-di f Luor obenz ene hi ol (150 0,.26 I i,odoef hane_ (1.095 niL, 13.34
mol ), acet offft h%%ﬁdrhl)congﬁggtf% ‘é{ilﬂ??ﬁnﬁ%ﬁ)@%@tﬁé e 84 ol ). The
vessel was c r oom

{ enper at Ur e, ﬁgﬁ%%%&%%@%ﬁaﬁ???h‘}%%ﬁ%‘i%ﬁé%ﬁ??ﬁﬁ@d? R
added and t h@@btiineduceording tovasicedhred ddscrimidery Yameeks eteds Tetﬂn’&zdm;gbaﬂee.s' | ayer
was concentrated to I‘OVI de crude 4-(ethy Ithlrﬁsl% %ﬂé di fi uorobenzene whi ch
was used wi thoER2FUEPYHM heptysnt suph;as utnfmlgm I apd ewsplhéﬂb%th

2-pr Opanﬁ,l nnnnnnnn ( , li'f‘xjn ed’%"ﬂ' hehinel0-nL)..To the m.xture. was -added-.10. OXONE( T )
(8388 ngy ,& ter stlrrlng at room tenperature overnight, the
reacti on mxture vvas evaporated in vacuo and the residue was extracted with
ethyl acetate. The ethyl acetate was_washed with water three tinmes foll owed
by saturated aqueous sodi um bi car bon&reMREERhen brine. The or gani c | ayer

d d I t
et o RS RS RE Py bbb SRR AN RGEL B EftrilliEofeaid || 10
acet at e/ hex a;ﬁ@bmtlﬁ egmboauhmteﬁfmd iuﬁiteﬁtu&l 41121 e n@tﬂ%taﬂt & 6B liagingtuftie: ss:obe d. 1H

NMR (CDCl 3, 500 MHz) .8 7.67 - 2 ( 38 (dd,  J=16.22, 9.07 Hz, 1
H, 3.13( g, offthy nvgntien. szhlﬁwaqonz@n "}1@812& %aﬁnbslsﬁaave Wslr(tﬁsfﬂ)anéevstqm@ww
20P t Et ,
0 [00140] Theplinds L IBALANS fafeardi=UNCS BRI ikl BRIz ene O

di f | uor obenzgnetibddterdid bR tegn plddartd, Xolatell anil choedtbtnd usihg@ROStHemed 3. 34
mol ), 25acetonitrile (20 inL), and triethylamne (1. 860 m., 13.34 mol).

The vessel wail & ?Ip’é@ih%ﬁﬁdilmﬁ‘%hﬂ&tn @onay fegrepareibysiag thaseme. cool ing to room
chi or 1 de. vaslaEYy " Aeibeiot; Hofi AR O RaERLER YAl ol BBk MUY 20° 11
or gani ¢ 15y esitrddén @0 Bpen). rRir@dhjddous reactions, DRISOLV® soivents from EM were

employed. For other reactions, reagent grade or HPLC grade solvents were utilized.

Unless otherwise stated, all commercially obtained reagents were used as received.

[00121] LC/MS measurements were obtained using a Shimadzu HPLC/Waters ZQ

single quadrupole mass spectrometer hybrid system. Data for the peak of interest are

30  reported from positive-mode electrospray ionization. NMR (nuclear magnetic

resonance) spectra were typically obtained on Bruker or JEOL 400 MHz and 500

MHz instruments in the indicated solvents. All chemical shifts are reported in ppm
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provi de crude 4-(ethylthio)-1, 3-difluorobenzene which was used w t hout
further purification. To this material (1700 ng, 9.76 mml) in acetic acid
(10 nmL) waie 2addiediohydr ogen peroxide (30% in H20, 4.7 nlLpc481S81moask). The
mxture was refluxed for 5 2 hours. After cooling to roomtenperature, the
reaction m xture was added to nethyl ene chloride and washed W|th wat er

t hree ti nmes.fidhdéctomypanilslanayath thasldmit &dommhasthdum:mnshﬁﬂaiaai 'H-NMRed, and

concent 15125, o 00 e P R Lt B Ll rgoe
(et hyl sul fi nyl)=Brodd Ethéib’tj‘ar@@(ﬁm&n&i £ 3101?019: of@o@éieﬂ@npi erp%i YBighgr&l dep 1H NMR
(CDCl 3, 10500 MHz) 6 7°69 - 10 6 80 -

6 94 (m 1 Hy sepBetOB :(lddltlpﬂeal@pmpparenﬂ wlph&g bﬁnsta@tﬂﬁza dmﬁ mlcgrﬁtu?is 7. 15

ety Sui 1ORARY. o Onb ot Fll5 B brerdeni e Staadard Marmyistians sshigeds boor O

(10 nl) was l?cqaﬁdlh}éﬁgﬁéut(tﬂ@sﬁgkhcgtﬂgl %%@er&f re(féx@gge %ab%r%ﬁ%ﬁpln)cludxhe

m xture was stirr roomtenperature for 16 hours. he reaoti on
m xttite wasbuthemd nktessaeidly Amied e sfti #Ba@ata&daﬁ?%hgh{pe@eﬂaneﬁhquﬂesul ting

crude mat eri%{wr\gﬁ%g&i} s?altveg@lan etrrll k&, gefqti‘%fg?d smv(\}/?%@g‘%e%&rg sat ur at ed
aqueous sodi Lt PEYRE odium
sul fate, filfered g olQQMfﬂ%ﬁk‘éﬁectrggk%gg%%t@Eﬁ &H&%fd}ﬁld}\ﬁ@ﬁx =tipen purified

by flash chromat ograp ica ge acet at €/ hexane) to give
I nt er medifat em@thyll‘n@ﬁo]mgmeSD%\w mleﬂ:)ylmn@, IPA =nisoprepdialcohd HHITRMR= ( CDC13, 500

o)) 1. 30 ( grifvoreegiepcig. F ~Tdrockissiaend Bobk ptiskrsagratpcn 10
5- Gl oro- 1- (4 gRAEMHAL > gﬁg{wﬁgﬁ{ém G508 R grRRL ) gy i n-2

- 25yDpi peri oxy CH30N 1001411 To a
200 mL recov:ahg,a dibsigl, Na@ié = sodiutroleiiovids, [Rd86d= ﬂm&hyimﬁoakh 4 €AeH@s g,
10.00 mmol ), Internediate 2 (2.72 g,..11.00 nmf tri phen)il phosphi ne (3.41
g, 13.00 nan®fijiusgigerpprorgsans)me 5 millimener miligrms e = #&r- a4 (Ofo thi s
m xt ur-e w@as.-adde az I Gar hat .98
mol ) ovftla"»’f1 o ﬁlﬂl 1@%\9{81%1?1}{]&5%%1?&%0 }ﬁégg Iﬁfasﬁgfe%g;a a?lgggah tﬁgmc or
becane dark @fmmatesvmmi#m‘egﬂmﬁz ritt-ethin et chodmathgraply, ivtis= haldnaitesol ved. By
10 minutes, a _thick, tap- SFErown precipitate had fornmed. After 15 m nutes,
100 nL of et YdmG&ioaaber =ARBUY hi ck tan suspension was stirred for 5

m nutes, fil ap4 fhe. dg»was gi ve
4.19 g of a Iiggnf:ﬁomgr B'I’thZ’%hgt §r|£§aielsl?é-:Ego Wfﬁ&gﬂ%ggo%'t%% %ﬂ%%gwggllo mm
silica gel ceMilgininake &t.suspension and eluted as follows: Fraction Vol une
Sol vent ZA(\) 1.8 L 75% Ethyl acetate / hexane B 0.7 L

Preparation of Intermediate 1

5-Chloro-4-hydroxy-1-(4-(methylsulfonyl)phenyl)pyridin-2(1H)-one

[00124] To a 100 mL recovery flask was added 5-chloro-4-hydroxypyridin-2(1H)-
25  one (291 mg, 2.0 mmol), copper (I) iodide (76 mg, 0.40 mmol), 1,10-phenanthroline

(72 mg, 0.40 mmol), and potassium carbonate (360 mg, 6.0 mmol). The mixture was

placed under vacuum for 2-4 minutes and then vented to nitrogen. To this mixture

was added DMSO (8 mL). Nitrogen was bubbled subsurface for 10 seconds. The
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100% Et hyl acetate 1-2 125 rriL 100% Et hyl acetate 3-15 125 nL 5% Met hanol
/| ethyl acetate 10 [001421 Fractions 1-8 were concentrated to 4.3 g of a
danp, palwotan/rolosd. This nmaterial was suspended in 50PpCT/Uskoiaf3sthanol
and heated to reflux, at which point only partial solubilization occurred.
The suspension was then allowed to cool to roomtenperature and was
filtered. Theixtwkiwds sﬁmecbaﬂmmhednpdratmeﬁoxlﬂmimtemndet hitgnogén. anBrarbo-#- x10 rnL

O erane ! SR B el 55 IS Bl sl T 028,
|(—|)CD2123 5102 4D fa@e %orBI@ sec&rdgll’fﬁ@}eaé@oﬂaégca%ged érxdeilénh? Eéﬂ f%e az?(fﬁ?l_g«ged(?rgn 18
9 H 8. 1o (dn ey °B‘Eml—lza,th &rHp HBufs1 After c8olidg thNB:a(:fﬁSi 1)11)5@19 uz rqoel) . 20
Exanpl e

5- ?:hrrlpor 01 (‘OMPPEBIG e (e HPH SETrRIRRARY WRREGES v Ryatilimation.  The BiGRs ¥ hy ppyr |

m di n- 2- yppaéigg;ﬂm lsngﬁ “ofle &gyz&mé %&g%%&e@%h&zé%%zme&sm vi al

was added a I spersion of sodi um hydride (53 ng, 1.33 mvoD, DMF (10
m.), and | ntIéChe”ﬂmedrgarﬁc (a&&meﬁmﬂ With mnafgxie)smnil' hafatd, filtored, avdlscostdntratd at

t t t h i {1 oy o-4- 5.
(ot by Sl 1 afiyhd BRELAALY YoL6: WGvder. BB ArbRA 1S DeiELe SR v

heated at 1 e

Feaction macrepebIgR AL é"%ﬁet ﬁié%’ﬁé"c%?*ﬁ&d?%m e paa w th

wat er t Hifee ddoleglso rddre temgeative and ficradad he ablidscwed wadinadamloﬂ arl mhd]f um
sulfate, and filtere he resi due obtaj ned i

chr omat ograp‘ﬁ?’f hylepg ¢ 8“&'9‘?“ ‘g'lefdﬁ%’@’t"h "%}2,‘8{’\@?‘%?%% ré%l%t}%deﬂ e 10 Exanpl e
2 (139 : d

s)(-8 1?9111111@%&%@17%%%%%? A‘%@b‘%ﬁ%ﬂ Hﬁ%" !M%Ié%%@ﬁ%ﬁ??@l'}@g)(l B.01 (1
H m, 4.06 ), 49228(12 (HH, M), 7.30 (2H; d3/-8%X H2), B85 H,3),3@8((3 Hy,s); /IS (ESD8 -
2.16 (2 H, 1.62 - 1.83 (2 H m; M (ESI) 547.1 (M+111). 15Exanple 3

5- Chl or o- 1- (F1%) W6Fb: 4- (et hyl sul f onyl ) pheny1) - 4- (1- (5- (trlfluororrethyl)pyr
i m di-n-2 yDpiperidin-4-yloxy)pyridin-2(1H)-one (). ./[[lCO .

Preparation of Intermediate 2

1-(5-(Trifluoromethyl)pyrimidin-2-yl)piperidin-4-ol

NF CF3
T
ISR

HO
20

Step A. Preparation of 4-hydroxypiperidine-1-carboximidamide, HCl

NH2 ye

>
/O "
HO

[06125] To al liter round bottom flask was added piperidin-4-01 (13.11 g, 130
mmol) and 1H-pyrazole-1-carboximidamide hydrochloride (19 g, 130 mmol).

25  Vacuum was applied for 5 minutes and the mixture was vented to nitrogen. To this
mixture was added DMF (65 mlL). After stirring for 15 minutes, all of the solids had

dissolved. Hunig’s Base (22.6 mL, 130 mmol) was added over 2 minutes causing
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Cl [001441 A m xture of a 60% oil dispersion of sodium hydride (34 ng, 0.87
nmmol ), 20 Internediate 3 (216 ng, 0.58 nmol ), and DVF (10 nlL) was stirred
at room twoperiazaroe for 30 m nutes. 2,4-D fl uoro-1-(net rgirdaiskdionyBbenzene
(144 nmg, 0.75 nunol) was added and the m xture was heated at 100 C for 16
hours. After cooling to roomtenperature, the crude mxture was diluted
with ethyl aostai@idards wadsheldpwirtiter Whheurs 25i0epofteitre svas Fhdeddo geanpade | ayer was
dried with sodiumsulfate, filtered,.and .co ent ate residu

Th
obt ai ned wasYeHAV FIPRGY T5gCtionRIT IR FRHSHIEGRAH YRIOPSgE IocsangéIut S AL hyl
acet at e/ hex Y/ I , % i 11-1
VR (500 NH?\Q%) % )%TGSE%IMSS E(P S”I%e %e&%pcl% uggér brey ‘?a'?@} was déﬁ%ﬁﬂegw,ffs&ﬁ ?t’%s_ = 40
(m 3 H), 6.06cdssreptated with t6@ mord~ 17295 gmasl’ﬂmg:t) qf tBe @8iduc with®them Td thd) , 3. 25

z(ss Ch?olr_bc3154l(fgsll(1W \‘:’ﬁ‘ifz%'ﬂ%g%w%’ m‘fd?'?réﬂe%yg I&GI% 8iss Vﬁ‘% @%“ﬁ”%?z% Efal(gﬁxer (70 mL)
(met hyl sul f 0\«%@ %\pr\gisli}ég 59&? ?'rr]r?felgt%%?u gea (mﬂlés\ghllt@%};pe&ﬂanwto e e ah@0145]

To a 2 dram vl a , . 0. nunol ), Internedi ate
4 (206 ng, @ peiivly oibtedfotmiapth eetyit phﬁspﬁralvr&to@rﬁdﬂthﬁ@asld mnnmkr)rw‘ael I owed
by THF (3 nmlL), tq produce a thion suspen o To ti] re was add

(E) - di et hyl Sred dorel how agihepibbscams e 0? iép grystal m?@P 08%?51%8
seconds. All PRE I t on was
a turbid yeltpéaﬁgégh\%%rﬁn xtursg’%dkgﬁr gé)ﬁi,efggfa@?éf‘%ﬁ@n?h ltndt}’tﬂg%kbgf tb‘g?e&?%g gddi tion
of (E)-dicet hipl 1 dbaz dreenikiide wekk fietadayt &teegffuwhithbr;ktaﬂm-syhcﬂ vasvwasledi pi t at e

had formed. After 48 mnutes fromthe additi nof
di azene- 1, 2- ‘dIt]ééP‘t?&WLﬁéthe’"et%@?r%nﬁL’j VRS Eé “"ﬁ ‘EF &B&rseg’\@é%’ sti rred

for 5 m nut $ oovE9

ether. The te)ger:\ld}){gld\/\%jglétggg? al ne%@%*ter %%&%ﬁﬁl\ﬁavﬂggﬁgw(%ﬁ)%’%ms suspended
in 4 rrilL ofseshandl st .80t H)M, J%J&BIZQB 68he3 84){1i Hsmili3dbnoi.68l(SEpmy,e. The

m xture was cooled to roomtenpera i ds vveresl@%éh ed by

filtration a%@gméﬂg(%é%ﬁﬁdlﬁ?tﬁ8@(%}1111?)&16{” 1é4t9k(§rﬁalm)ﬁM Bylo"x 1 nL

of hexan@ m_;_ g-ln_vacua.gave Exanple 4 (256 .ny,..54% as.a-pale. tan..
powder H ?CDC13, 500 MHz) 6 8.25 (2 H, s), 25 8. 09 (2 H d, J-8.3
Hz)763(2HdJ83Hz)744(1H s)607(1H s)458 4.79 (1
H m, 3.96 -4.10 (2 H, 83 - 3.96 n)3 15(4Hrr)I\/S
(ESI) 495.0 %tmpﬁ) Pre@@w@cg 151 5 S-tetramethyl 15 dlaza— -(tmﬂuorornethyl)—l 3-

5- Chl oro-4-( r rni di n-2-yl)piperidin-4-yloxy)-1-(2-fl uoro-4-
(et hylsulfo%enlga) %%@F@B};?%dl n-2(1H)-one o ".zo cH30 N N

* thez

cr I
NMQz

CF;

20 [00126] To a 500 mL recovery flask under nitrogen was added 3,3,3-
trifluoropropanoic acid (10.83 mL, 123 mmol) and DMF (100 mL, 1286 mmol)
followed by phosphoryl trichloride (33.6 mL, 368 mmol) added dropwise over 20
minutes. During this time the solution became warm and then hot. An amber color
developed while a mildly vigorous bubbling and gas evolution occurred. The mixture

25  was placed in a 70 °C oil bath under a nitrogen atmosphere with an open vent for 12
hours. After cooling the reaction mixture to room temperature, it was then placed
directly onto a 95 mm id x 150 mm silica gel column under 50% ethy! acetate/hexane
that had a head volume (amount of solvent sitting above the silica gel) of ~500 mL of

50% ethyl acetate/hexane. The column was then eluted as follows:
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0 C 5[00146] Atwo liter round bottomflask was charged with Internediate
5 (100 g, 201 mmol ), NWP (501 niL), 2,5-dichloropyrimdine (30.0 g, 201
mol ), amstoNpNdi2r®epr opyl et hyl am ne (70.3 ni, 402 nmol ) PCThiSg01mioxt3a0 e was
heated at 70 C for 6 hours and then cooled to roomtenperature. The
reaction m xture was diluted wth dichl oronethane (500 nL) and then washed
W th saturated aqueous sodi um 10 bi carbonate (500 nL). The organic |ayer
was separated and concppt-rat-ed—thR—Faw-at—oom-t-eaperatu=eApobt ain a crude
0i L(-,..400 g). The oi | Fragton r pMeluaier ol st wo |iter anecked flask with
mnimal NVP (50 i) ri hse—ant—heated=t 8—C—Fo—thrs—mrxture was added 500
nL of ethanol slowy v|#& an add-P tonal| Poh Ry Qﬁ‘?fﬁ"‘e‘e“keé‘&%' ng i nternal
tenperature at 80 'C. ARtUer the, gqdi ti|qRLaf.cdid N ethanol;, precipitates
gradual ly 15 formed. The_suspension wds stirred at 80 C for 40 m nutes and
then cool ed to room tepferat ure2.0der ni|gli{fF The suspensi on was further
slowy cooled to 0 C apd-t-henkept—at-0-C-for—1.5hours—After filtration,
the filtering cake was| Washed wW-Ph 4 c:@t/hﬁmlaqe@t&/”%b@% . The filtering
cake was dried under v mfor; gyhour Iythren~—vacuumdri ed overni ght at
45 Cto yield 5-chl oro-gﬁl-(S-%:ﬁlLor op;s;ﬁrt?%}nﬁ)di n-2- 20

yl ) pi peri di n-4-yl oxy)-1-(2-fluoro-4-(nmethyl sul fonyl)phenyl)pyridin-2(1H)-on
e (68.9 g, 67% as a white solid.111-NWR (CDC13, 400 MHz) 8 8.28 (s, 211),
7.82 - 8.00 11 - L1 ; 1H),
4.65 -4.73 ([(r%mzlﬂl) , rﬁ@é%&%gzﬂ e(%]gor%%?&%@f?? n%es&%eﬁ? ,gi]‘%.]%%d%'ng? ’fg&iﬁl o ah)
M5 in/e 513.(21 0M:#3%) Anan oilyCadliosv fobid v@2di wiDdet0 Aathateglurter pieifeatiotHn 3. 78;

N, 10.86: S, 6.18: O : 3 66. Found: C, 2549.17; H, 3.67;: N,
10.86, S 6.%?‘”@5?61313*4%%?58@?9151é%ff‘“?kxarrpl e 6

5-Chl oro-4-(1-(5-chl oropyri m di n-2-yppi peri di n-4-yl oxy) - 1- (3-fl uor o- 4-
(et hyl sul fonyl ) phenyl ) pyridin-2(111)-one % ;,to ci NA'i Cl 5Step A
Prepar at i on $tép CePregauttiohn of Intermediate 2
4-(5-chloro-1-(3-fluoro-4-(nethylsulfonyl)phenyl)- .

2- 0x0-.1,2-dilf ﬂpynﬁ?ﬂdiﬂgﬂ&ﬁd&?&&ﬁlﬁﬂé&ﬂéﬂﬂ lagk pnGas Ritineen vas gddelZly 1AS-

suspensi on =1b =~ X9 ic6f p-cfh-

yl ogy) pi per ﬁéﬁr%r@é*ylé%ﬁgga%éﬁé(?%ﬁ\?ﬂigxg@ﬂéngfB%xt%l?%@éxggﬁ?r%ﬂ]gd% IglemPGO wt %
in mneri@ aind, DMB (185 ml) $o paodhde aypede ow, Bearly) clemSolmtiogedo whis misngon and
then 10 stirred at roomtenperature for, 20 mnputes. To the reaction was
added 2, 4- Idi Wasaskdgd imydromr?é 1H‘§ufll§ﬂm‘)§ﬁ91|d@1}15’§ﬁéfu éﬁ—‘é’h](%‘éi(]rﬁg?‘se g=19.1'83 mol )

and then he aty r- r u - L [ ' re was
guenched wi tqhﬁﬁ O%%%%Q@%Q@edmvgﬁ EF@AQ?S%%L’(}? gé’ﬁﬁﬁ ‘zisl:v%?/g?dé\%‘/aaéw
concent r at etoremmit@icto peodachds guibvoaiber] bleudy mixas:. purerdyisedliaynobhtsiheat
chromat ography (Si02, 0 to 100% Et0Ac in CH2C12) to yield 321 ng of the
desired 15 pvéukreerated agdegeied R iastigiioyarming M@w 12, hovss@t yong ppm

5. 60 15 3, EBperhedel ofy fcon'muct Mas daldy 1800 B ol afunf g el (21
2 11) 1.83 -widsh9dw(tn2 256 mL. ¥, foBowdd bR iablehcidiSatuvhtbd addeou0St ep B.

Preparation of 5-chloro-1-(3-fluoro-4-(nethyl sul fonyephenyl)-4-(piperidin-
4-yl oxy) pyr i @i bicarbpnypessahyaiedadicons dramenium ¢herideg padabrigs t Hheeorgrmic

tert-butyl 4-(5-chlore-1s(3-1] O f ] -

2- 0x0-1, 2- dﬁﬁé%r\%%fﬁegﬁhﬁzﬁng% pslug%‘(re?g%‘%é@%ﬁgé’? obg/r%gﬁgy%%ggt?ré?s& 599
mrol ) and hystraoge Bolih | Ty thikesolid #4siadded POm L % ethanstamd ROImI. efhdxane. 1Bhé¢ri n and
then 25 concentrated in vacug to yield 261 rTP of the_desired praoduct as an
of f - whi t20 somnixdure ¥1gs iRted ooivket Whivkeows il 6f s spkdsdissobreds Tho migtuge 11 (s,
1 H 7.97 (t

J=8.28. 1. 76W11§‘Z]E§_I§J¥J€&)tg‘é(?(§80 i'_gso,nz ??r%ega%‘&% 6:111& é})ie](:?pit%é folm&® e su%pé?psioz' 57 (dd,

was filtered and the solids were washed with 4 x 25 mL of hexane and dried ir vacuo.

This provided Intermediate 2 (12.072 g, 74% yield) as a tan solid. 'HNMR (CDCl,

500 MHz) 8 8.48 (2 H, 5),4.27 - 4.66 (2 H, m), 4.07 - 4.08 (1 H, m), 3.33 -3.65(2 H,
25  m), 1.81-2.12 (2 H, m), 1.41 - 1.74 (2 H, m); MS (ESI) 248.2 (M+1).
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- 491 (m 1H 3.39 (s, 311) 3.05-3.26 (m 4 H 2.10 -.2.20 (m 2 H)
1.85 - 1.98 (m 2 H. M5 (ESI) 401 (MtH). Step C. Exanple 6 5[00149] A
suspensi onoab11breivbor o- 143- f | uor o- 4- (et hyl sul f onyl ) phe RgT)3S4011/031320

(pi peridin-4-yloxy)pyridin-2(1H)-one hydrochloride salt (260 ng, 0.595
mol ), potassium carbonate (205 ng, 1.49 nrnol) and

5-chl oro-2-iodopyrimdine (172 ng, 0.713 mmol) in dry DVSO (5 nlL) was
stirred overni ght at roomtenpe%ature. 'I;J(}S reacﬁtign m xture was dil uted
with 1120 and extracted with Et'USRRHHLIGREHATE P dyer 10 was concentrat ed

in vacuo to agld .aval o] [ b4 &l in- -

chr onmat ograph@bgjgjl} %fy ﬁodsggl%dé%}gl %E%P gl C |nﬁn%§—|22-%?g E{I%qy%f}g})gg%dl%(g‘{) Exanpl e
6 as a white solid. Ili NWR (400 MHz, CD®3) 8 ppm8.25 (s, 2 H 8.07 -
8.16 (m 1 H 7.35 - 7.49 (m 3 H 6.06 (s, 1H 466 - 4.73 (m 1H 3.97
- 406 (m 2 H 3.8 - 3.96 (m dH 3.26 (%% *2.01 - 2.11 (m 2 H
1.91 - 201 (m 2 H. Ms (ESI) 5 [ 0015 telnatively, Exanpl e 6 may be
prepared as foll ows: Step Pheparat idn df tert-butyl

4- (5-chl oro-1-(3-fluoro-4-(met h sl f | Yphenyl) -

202- ox0- 1, 2- di hydr opyri di n- 4- yl oxly) pPperi di ne- 1- car boxyl ate 00 CH 0 , Boc
NyO CI [G0151] A suspension of teHt-butyl

Y ehi or o2 oxa 1 e d Sinea v P
ot 1 50 DI e P, B8 indk RchEh R A TRl AL D, § 4%
and DWF (8 nz?)ésy\g%; PY0 ai@do IDRIFAT Q&) 2dtd thixe(R)2Betiyll didRHe-A12-di0@Bbxylate

tenperature for mn. To the reaction was added 2, 4-difl uoro-1-
(met hyl sul f oifypbehzeR@mpad) Hip, mixt@s was shaed atgpemiteiaperazg 8 Sapingeeat v f or

1 hour. The resultin | Xt ur,e was n W 20 X1 ith
Frone. The orBanre SyBloAeSelRS el aRLaT de el 330 bRARs et i)
was purifo edaByr dir@sdifor 6h bedrabRd 'S&ﬂi'ﬂﬁteé,al-@%tﬂﬁué@néﬂ@?ﬁ?ﬁﬁlﬁi‘&nﬁn CH2Cl12) to
yield 321 ng of the desired product as an off-white solid. 1H NVR (400 Mz,
CDCl 3) 8 ppnylipiperidin-g-of 41§6hmg, 30 mued wasadded. (‘e Ba¢fongyaplicsd ina H0 4. 57 -
4.64 (m_ 1 H-3,60-.3.60.(m 2 H 3 44 .. 355 (m. 2 H. 3 ?RE@ _3.H)1.93
22,03 (m 2 Gp hagimdera ogen atmopghiere wilh § ventdefoniwo hatry “Heedl "\ 1 s e’ ry'
Step B. PrepahBdrir&detieh mixture was cooled to room temperature and added to 600 mL of ethyl
5-chl oro-1-(3-fl uoro-4-(nethyl sul fonyl)phenyl)-4-(piperidin4-yl oxy)pyridin-
2( 1H) - one hyabetsith| Afterovasbing thaethyl acetegwitiomater Gk RO md), theopdoagasA ni xt ure
of tert-hutyl 4-(5:chlorao-1-(3-fl.uoro-4-(nethyl sul f.onyl ) phen -

2 oxor 1.3 R Vst ST e sug st B P P01 BV e kT, 00
nmol ) and hyggogigfoshl %Qﬁa&ﬁi%és&mﬁ?i@d uSinfh)os s 18 ki120esnsRicaksl M n and
then concentrated in vacuo to yield 261 ng of the desired product as an

of f - whi t e sotalamnn & Nivkng 2001INMe;, DVSO d6) 8 ppm 8.88 (br. s., 2 H) 8.11

(s, 1 H 7.97 (t, f=8.16 Hz, 151 H) 7.78 (dd, J-10.92, 1.88 Hz, 1 H) 7.57
(dd, j=8.28, 1.76 Hz, 1 H 6.30 (s, 1 H

Fraction | Volume | Solvent

A 1L 50% Ethyl acetate / hexane
B 0.7L Ethyl acetate

1-15 125 mL | 10% Methanol / ethyl acetate

20 [00130] Fractions 6-11 were combined and concentrated to provide Intermediate 3
(579 mg, 44%) as a white powder. "H NMR (DMSO-ds, 500 MHz) & 11.41 (1 H, br
s), 8.71 (2 H, s), 7.58 (1 H, 5), 6.05 (1 H, ), 4.85 (1 H, ddd, J=7.3, 3.8, 3.7 Hz), 3.98 -
418 (2H, m),3.66-391 (2H,m), 1.91 -2.11 (2 H, m), 1.59 - 1.82 (Z H, m); MS
(ESI) 375.2 (M+H).
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4.80 - 4.92 (m 1 H 3.39 (s, 3 H 105 - 3.26 (m 4 H 2.10 - 2.20 (in, 2
H 1.85 - 1.98 (m 2 H. M (ESI) 401 (MtH). Step C. Exanple 6 20[ 00153] A
suspensi omoabiibreivbor o- 1- ( 3-f | uor o- 4- (et hyl sul f onyl ) pheaya)s2¢i4/031320

(pi peridin-4-yloxy)pyridin-2(1H)-one hydrochloric acid salt (260 ng, 0.595
nrnol ), potassium carbonate (205 ng, 1.49 nmmol) and

5-chl oro-2-iodopyrimdine (172 ng, 0.713 nmmol) in dry DVMSO (5 nal) was
stirred overnight at roomtenpegature. (gllje reactign mxture was diluted
with H20 and extracted with Et OAEPTHHR BEAPED# S Jer 25 was concentrated in
vacuo to a light yellow oi I}ggtbﬁlo%ﬂyrmgmpyg%%bg,%{m -§1l ash chronat ogr aphy
(Si02, 0 to 100% EtOAc in CH2A 2) to yield ng of Exanple 6 as a white
solid. 1H NWVR (400 MHz, CDCI3)8ppm825 IH 8.07 - 8.16 (m 1 H)
7.35 - 7.49 (in, 3 H 6.06 (s, 1 H 4.66 413(m1H)397-406(m2
H 3.86 - 3.96 (m 2 H 3.26 (s, 3 /83 11 (m 2 H 1.91 2.01 (m 2
H. M5 (ESI) 513 (MH). Exanple 7

55- Chloro-1- (4- (et hylsulfonyl) phepygl)™ -(1-(5-(trif| uor orret hy1) pyri m di n- 2-
y1) pi peridin-4-yloxy)pyridin-2(1H-one 0 0 NLt'1' NA O Cl [001541 To a

m xture &f @08 edilateene d(:ammalrgvas ad&dpipardin-4-ol ot0Emedi mmel)25{cBbrery,

20352) mt"rgl )gl % éoragpt ; I JS‘? hosg&q@ lngégl? %Fogléllél) MO&uc\é%ssugp%g}selgn THE (1
di azene- 1, 2-f aR§ ROAWleatR aﬁ@ecpﬁﬁArﬂ}dS@nﬁ,l“} 100RhmoMaThafdesortRes s%ﬂﬁedsaw i ds

di ssolved within 10 seconds. By 3 mnutes fromthé addition of the

(E) - di et hyl Itstpmztemeemme fird &rhioorsy |Ealhyd acedate K7 o) tveas agdasicit phat aoiat aakithe or med.
After 10 m nutes, f et her The suspensi on irred for
one i nut o, S B Vel VERREIT B A Tk TRPTeR AP MABILE PRE wer e dri ed
in 15 vaguo h8e kg %ﬁté’rﬁlt&fedaanﬁ%en&ﬂ%ﬁﬂ in V@b CRe &%BhQWé@E ﬁﬁ’éi'ﬁﬁr 2 m of
et hanol and the m xture was heated briefly at reflux at which point not all

was sol ubl e. flahtcbronadtdgraphyy siliaa gelnd-40%r hyl acetaieihekane) bogive briperedtar €, it
wasflltered dt sol.i.ds re washe f and 2 x
ot b a8 g, 8o et Wik ptn o Golas sPabited 5,22 400, o o)
of Exanpl e 71.a5- 33495 i1, 40 .83 Pawe 5 %szg(s@re@@ @3Nz 8.151n( 2 H
s)805(2HdJ?-m 3 %U 8Hzn)i)5745(1éH , 6.07
(1 H s), 4. 1740(169|(2lﬁm)sMS(ESIHZMQ@M?H)M H m, 3.16 (2 H q, J 7.1
Hz), 1.91 - 2.17(4 H m), 1.35(3 H, t, J--7.4 Hz); M5 (ESI) 543.1 (M1-1).
Exanpl e

255- Chl or o- 1- (4- (et hylsul fonyl)?r%{)%éﬁ@f&ﬁ%%ﬁ%éaim@‘s( 1-(5-(trifluoronmethyppyr
i mdin-2- yDpiperidin-4-yloxy)pyridin-2 one [00155] To a 250 nmL round
bot t om f | ask Swelsomd i€t fluntoet-(redibplse iy Bha§ Ded-(8paidinteilyx yapdiddEZ(1(HO nl)
to produce a suspension. To this m xture l%is adgea&a 60% oi | di spersion of
sodi um hydride (432 ng, 10.81 6 PEGHEVRINE AT s stirred for

\\//

Step A: Preparation of fert-butyl 4-(5-chloro-2-ox0-1,2-dihydropyridin-4-
yloxy)piperidine-1-carboxylate
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5 30 m nutes under an atnosphere of nitrogen during which time it becane a
clear yellow solution. To this solution was added Internediate 8 (1816 ny,
8. 81 mmolwo 20hie12mokt ure was t hen heated under nitrogen aCTARR01T0BBRO 12
hours. After cooling to roomtenperature, the reaction m xture was added to
ethyl acetate (600 nL) and washed with water (4 x 200 nalL). The et hyl
acetate was dried with sodiumsul fabe, 10 filtered, and concentrated to a

yellow oil. This material was dissaglived in t By ene chloride and purified
by flash chromat ography (silica |, | -100% €&t hyl acet at e/ hexane) to give

Exanple 8 (2.85 g, 62%yield) as olfd. A nunber of sanples of this
conb

material, prepared in the sanme way, |wer ined to give 4.0 g of
material. The 4.0 g of materi al vvaschdded to ethanol (140 nli) and heated to

fl t 15 i.&h t t | ybl tt
;grraiu}r(\eg TI‘J@W O‘Iﬂf{lligﬁ K?/ﬁ%‘??‘?t&f‘%ﬂ@%a %@ Ha\”’ ﬁ’e%f:@fs’rfoﬁ 1t ogi ?3 sie;ct er ed
gl ass funnel h;@ﬁskym%wamj ohd (19900 il tf’xfdt)h 4okycdRotypaichamell- The hot

filtrate began to crystallilze i medi at el Upon heating the filtrate to
reflux, nostcafoxtylate G6159ds SEmdD,mgllenﬂpﬁlQSphn@t@?@ A 83 aimadpwed PM¥Fcool to

roomte .then st rr rs. The mxtyre was filtered,
0 v ot va 20 Frsf i R S o Dto gt vt € Ry et bl BRse ;S
the solids wengidl TRSsdIiioAFMOher Jsuo?ecwoeti @Qldgdii]sgpﬂ)p?lfazﬁalc%f)xmt e solid.
The main portion of this material (3.17 g) was heated to reflux in ethanol

(130 nm.), al(i6wWadnl.B2cowmloDtvensradded drepmsawhﬂ@mamnmgehﬁ tetmipenabide belewni ght .

Th 1 xt filt th t t hanol 15 nL
and Mexane (SR eSS RS SRR e A lveto™ 15 ™)
recrystal li zghion @5&%&@&&@&&@& 3he ﬁefaéﬁmgﬁheﬁ hé!ﬁem\’&ﬂl@t fot U@NR
(CDCI 3, 500 MHz) 6 8 d, . -

.70 (1 W nhowd Adkr cdolidg thy ;‘ea@t.ltﬂﬂm(muml to sgo,m ﬂ:nipd:rs(ajrej—the DME M@S lebﬂﬁ?d 3.96
; 1 4 3 13 A Hz;_lﬁmﬁ’/éhi %@#8011;‘(31%@5%}1@%%%1?1@5@1) petoguejfd abrowmsh v1scousr911 1'1'1637 (3 H
55- Chlor.0-1-{4s &%H%H%Hhé@mﬂaf &Térbﬂ%%ﬁam%as%e(sﬂwd withidilhfe!su@naret-hyppyr i
m di n-2- yl)piperidin-4-yloxy)pyridin-2(1H -one cF3 0 0 [001561 A m xture
of | nt er nedi Eitablnat@pHE10D(32X¥ 20mip). YhecldowmiGOlaped wzdsl dipetly t@wenttateboh um

hydrid 10. 6 d 10._f
mynth eg ( I nt‘?efg‘ﬁg% lﬁgbyfglof‘*sﬂs‘f?é‘s 08 b QhS‘H‘?BP?mG\‘/HEe r ﬁ@fm%gﬁ ir e was
heated afs 1006 48 r70:hQL BPP E\SNa?ﬁf TRE afiROhd isd Q’a%extracted thorou%ﬁy with

roomtenperature-, --wat was - added to the reaction xture. This
m xture was dikghgl ﬁh&rnmﬁl EGME sﬁmmﬁlmxblmplmbrhﬂmsphﬁmm&d gratherwmpuGidesdent r at ed

and the resulting residu fied fI sh chronat ogr ica gel,
0- 100% et hy| hg@g¥eere %&iﬁé f‘@%l it éﬁros%sntol% %%ﬂﬁ%@ as a

&)’h' te Zg' | d7 tl;]{&“\%@ tﬁ%ﬁa@&%ﬁﬁh $ %Bﬂé@ (i'ﬁ) mE) JEJ)?pg{ ?f&?ox&eg)by%o&ngi to ' }1

(m 4 H, 3.85C(er,2 bouts. Theirecitakds, wete Sﬁiecteﬂ b}{Zﬁl(tﬂ!ﬁloné} walshedbvi86icE twated H) VB
5 ont or ol (@ 50 i ey drien v smiEhy Bsiisé vl selig waarther vacuum dried
(ethylsulf 0”%'4)0@@‘83%4 oA A1 ¢ et PPGu1U(5-Oh15do-2-0x0-1,2-dihydropyridin-4-
yloxy)piperidine-1-carboxylate (13.2 g, 40.1 mmol, 58.4 % yield) as a light yellow
solid. 'H-NMR (CDCls, 400 MHz) 5 12.5 (br, s, 1H), 7.19 (s, 1H), 5.75 (s, 1H), 4.34
- 4.41 (m, 1H), 3.40-3.48 (m, 2H), 3.26-3.37 (m, 2H), 1.71-1.83 (m, 2H), 1.60-1.71
25 (m, 2H), 1.32 (s, 9H); MS m/e 329.3 (M+H"), 273.20 (M+H"-t-butyl).

Step B: Preparation of tetrabutylammonium 4-(1-(t-butoxycarbonyl)piperidin-4-
yloxy)-5-chloropyridin-2-olate
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[ 001571 To a suspension of Internmediate 7 (50 ng, 0.16 nmol), Internediate
4 (41 ng, 0.19 mmol ), and tri phenyl phosphine (50.2 ng, 0.19 mmol) in THF
(1.5 nlL) weonddens( E) - di et hyl di azene-1, 2-di car boxyl at eCtQse@a/0s1320 0. 19
mmol ). After stirring at roomtenperature for two hours, ether (2 nlL) was
added to the reaction mxture. A5 white precipitate forned and was
collected by filtration to provide dgueapple 10 (33 ng, 40%yield) as a white
solid. 1H NWR (CDC13, 500 MHz) 6 8.R27 - 8.40 (@ 2 H, 8.00 - 8.11 (m 2
H, 7.62 (d, J=8.80 Hz, 2 H), 7. /-‘7.5 (M 1 H, 6.07 (s, 1 H, 4.65
-4.80 (m 1 H, 3.87 - 4.33 (m 4 3 3.23 (in, 2 H, 1.97 - 2.15 (m
4 H, 1.34 (t, J=7.42 Hz, 3 H; M ESP) 509.1 (M+tH). 10 Exanple 11

5- Chl or0-4- (1- (5-chl oropyri mi di n- 2-§}1 ) pi peri di n-4-yl oxy) - 1- (4- (et hyl sul f ony

1)-2- fl I idin-2(1H) - C,., Cl 15[,001581 ] f
ht o rred at JOBCS0’ RepnediigShabhtan o wemhafied v dyare s teS o
hydride (7 @2—dﬂ1£/%i§)ﬁ§ﬁ9%})4igl%x%pe)ﬁgiré— ma)éféagg%t@ {497 D 10Ghm30 ol B ESe

Internmediate 8 ( nol ) was a and the reacti on was heated at
110 'V for 1@&2hounsTherlumy wepbtatetktotsd *Coonil el wptheanatergl divaeleed aformaded t o

th L i xture fol | owed by extracti i th ethyl . t jce. Th
conbi ned et vel e A et bR e RGP A £ T
met hanol — anth Puhinl)&thsMaf, %@hﬂkﬂuY@w’a‘iPéo‘ﬁpéx{%%t%gCiﬂ bbb arftiGnd RRMGuABLARGNO! i n

wat er containing 0.°05% trifluoroacetic acid) gi ve Exanple 11 (8 ng, 16%
yi el d) as a win dzeotsadically rémbvedVRitl ©DEHB (3 5000 iz )The r&si@E Was, drizdiipgder7. 83 (s,

2 H, 7.55 - 7.68 (n,.1 H, 7.32 (s, 1 .07 (s, 1.H, 4.61 - 4 74 1
H) H) 3.80 - 4*.11517%%% OH},E%Q‘?TE’?O %la,g 2yt S(% wgl,cgf"#@?edi@@fﬂy 1’2‘?‘%1‘@(% 4 (z?H),
1.36 (t, 3 HhaoR. 41'%§«TMR5@:}>@ (b N BBl e &}6,5.83 s)l(H? 4.40 - 4.60 (m

5-Chl oro-4-(1-(5-chloropyrim di n- 2-y1) pi peri’di N2 4-y1déxyy-1i-(4- (et hyl sul fony
1) - 3- f | 1for o ByE)-ByFS @, RID( LR -G (4, 0 OHEI 1.TN- BONm, 4H);C1.55 0072%n, To a

suspensi on of _Inter jate ( 0.1 | ), i in a4 n 5 vial was
added a 60% )»1&35—31@%?%1731), i‘gégﬂ%ﬁhﬁaﬁ'@%ﬁ@i‘!@fﬁ%o mmol ). The

m xt ure-was-stifted §Qh- 30188 56 116 85 MR H-84-°196.07- A4 dlBd - B.-¢3 74Pl ) was
added and thgﬁir#&cﬁﬁ?é“ \?/a?? e@éggggitﬁ ’ iﬂ%’g%nif%&'g{t)l’?lhg&?’sf&%}itg?égg%dl I’'ng the
m xture to rogmNenpediare, it was diluted with ethyl acetate (10 niL) and
washed with water three tines. The organic | ayer was concentrated. The

resi due obtai ned was dissolved in
15  Step C: Preparation of tert-butyl 4-(5-chloro-1-(2-fluoro-4-(methylsulfonyl)phenyl)-

2-oxo-1,2-dihydropyridin-4-yloxy)piperidine- 1-carboxylate
o

N

0
s
CHy™ 0
_Boc
N | N
F o
cl

[00134] A two liter round bottom flask was charged with tetrabutylammonium 4-
(1-(z-butoxycarbonyl)piperidin-4-yloxy)-5-chloropyridin-2-olate (90 g, 158 mmol),
20 NMP (500 mL), and 1,2-difluoro-4-(methylsulfonyl)benzene (30.3 g, 158 mmol).
The mixture was heated to 80 °C under nitrogen for 12 hours. After cooling to room
temperature, the reaction was diluted with ethyl acetate (500 mL) and distilled water
(500 mL). The organic layer was separated, dried over anhydrous sodium sulfate,
filtered and concentrated in vacuo. To the residue was added 500 mi of 20% ethyl

25  acetate in diethyl ether and the mixture was stirred for 12 hours at room temperature.
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10 nethanol (4 nmL) and was purified by preparative HPLC (C18 col um; 40400%
nmet hanol in water containing.0.1% TFA) to give Exanple 12 as a.white.solid
(11 ng, MsGRo11TNVR (DVBO- d6, 500 MHz) 5 8.44 (s, 2 H) pC&ub2011831320 H) ,
7.91 - 800 (m 1 H, 7.80 (d, .1---12.65 Hz, 1 H), 7.55 - 7.65 (m 1 H),
6.30 (s, 1 H, 4.84- 500 (m 1H, 3.98- 410(m 1 H, 3.97 - 4.14 (m

2 H), 3.60 -Ti st@ry wes thehlpooldd %74 {d and dx#ng Ovaklzontthugd Fr,additi®fal-1 w7 (m 2

El)xl’;lrrél gllé lTiZe%oii&vgpétcéﬁgcmé&ggibr} and chieAc;{iZun er Va%um;forl\?hcgul%ssgg 455 ‘2(',7‘&03 (MeH) .
c chi A (G5 ‘ it it 2y ) i
201(‘: I ugi g- 4- g%%i'? ﬁ?ﬁ?&ﬂ@%ﬁf{wﬁg@? l)%%kll)(gileﬁsﬂzé(u %@%}%ﬁfiﬁ%ﬁg}%} 1Q%ari ous crystal
f4 or lm; o; i gctih?iro;a}&kﬁri-éiﬁﬁe??bipemfiw-ﬂn:iat)!aionylﬁ‘eejﬁ& Ri g?.%iyaﬂdl)-as a white solid. ]

-yl oxy) - 1- (2= or Q- 4- en i n- -one, fr ase
we)r/e p)r/eéar eﬁi“ﬁr@{ éﬁQéﬁe g&? Fﬁ%’é%agsgﬁ%g §BR’5’9¥F{E§‘E}\N‘ gfé &’ﬁgﬁb&@*@
CHARACTERI ZI i I gg{gg 0 I ted
a Bruker - Mn%(%g%g%f&gaq{nﬁéﬁﬁﬁ?ﬁ%%S a t’%ﬁérgg%LP%iam%\?{&g%?go%sCV\? o
53711 USA) CAIY 1$8ri 205 dhf4Had M8mtodh); MSnite 50812 (MAMD).

2011/ 127106PCT/ US2011/ 031320 paraneters were obtai ned through | east-squares
anal ysis of the experinental diffractoneter settings of 25 high-angle

reflecti OnS-StEﬁEf“E% eir?c?on"\ﬁrlﬁteﬂﬁﬁﬁélﬁgd using Cu Ka radiation (X, - 1.5418
t

A) at a constant tenperature wt e 0-20 variable scan techni que and were
correct ed onj0g13zjr Koreniie: pahdbotah iflask wWvactiarged vBackputoih(b-Ghicoun{s wer e
collected at .the extrenes of the scan for half of the tine. of.  the scan.

Al t er nat el y, legradgr@ethxjsn onylrhernyliedr @oc bR 1disidepysd i t-sromiraidiicos Kappa

CCD 2000 j i ati . i 0g.:
pr ocessi nzyi‘ga?‘ﬁ%@%né;@é %ég@fr%@ei%%%dté}gwgﬁraﬂev%%%ﬁ@é%?@élw (k)é&ﬁg B\:\}&?ﬂmﬁﬁ% HKL2000
sof twar e packegenésifonio w5 .44l 891akmol) wabiehekldel fclthareaCligshditiuegr aphy,

Vol . 276, pp. 307-326, 10Carter, WC , Jr. et al., eds., Academc, NY
(1997)) in tWes egtedde 50 SEdgr ARvwsi Valle pesitaiapg treaction at S0 CC 0?0 Canly of

pr ocessing-user-daterfacaLaklect .  Data.coklbectiaon saftware R _Hooft., .
Noni us B. g@@éj‘g%&if' %%rgﬁ%(&ei%)‘%/vﬁwslla ﬁﬁ%&éﬁg‘%&%%ma&%ra\ga{@ﬁ%& ed on a
Br uker - AXS ARm@letef hé yisbensidiswagcooledHa récad teadi peptufeXvemight 8dd theAlurthendexi ng

and processing of the nmeasured intensity data were_carried out with the -15
cooled to 0 °C for 2 hours. The product was collected by filtration, thoroughly rinsed

APEX2- sof t r i.te- - [.OR: qQcessi ng
aser 1 ner ! ash CABLASEEAOHAN Bl ol S Erph B R PR B RPAE
Cheryl Par kwenes Vedi)sea,gralf soBid 7HLNNVEA) DMSIRAS 2D0 Whigs) 3 f1dD ¢at 8d), 8e1syst,al s
were cooled in the cold streamof an Oxford cryo system (Oxford Cryosystens
Or yost r & cHd) 814 (EdDef.027 8.3 (i 1H), 39Appi 93 @ryidD), 78307686105 1F0BeY)

during data go tg,0on 1 u r €50 j rect
met hods and éH{ﬁgcﬁ Zon't égl%bg@ﬁso’jggﬁs’z%@ég'égJ%?Zae%cﬂi}]ﬁo%\ségg%?%%Fie'? her the
SDP (SDP, Stz.ocim EiPetsarm paihorHRackage4oEn(i-HNoni us, Bohemia NY 11716.

Scattering factors, including 1' and f', in the SDP software were taken
fromthe "International Tables for Crystallography”, Vol. 1V, 25 Tables

2.2A and 2.3.1, Kynoch Press, Bjrni.ngh ngal an 1974)) software package
with mnor |ocal nodificati onsB%rreg%Iﬁ%mg&yI@EﬁF@Sgaﬁ(c)hi c packages MAXUS

(maXus s@ uti on samidofoef NETTERIbropOfifnivih-2- i Wi peidilVAskay)pyBidieL(18l)-one MAXUS:  a
conput er programfor the solution and refinenent of crystal structures from
diffraction data or SHELXTL4. Thederived at gwr aneters (coordinates
and tenperature factors) 30 were fefined through| full matrix |east-squares.
The function mnimzed in the rigf nmen \q% |Foi - IFcl)2. Ris
defined as E Foi - 1Ecl VEI Fol whi ke

o]

Ci

[00136] To a 200 mL recovery flask was added triphenylphosphine (7.34 g, 28.0
mmol) and DMF (40 mL) to produce a nearly complete solution with 2-3 minutes of
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[EV(I FO - 1Fel)2i Ew | F012]1/2 where wis an appropriate weighting function
based on errors in the observed intensities. Difference maps were exam ned
at all stwgesitiof27ref i nenent. Hydrogens were introduced iPaTiusealiozsdo
positions with isotropic tenperature factors, but no hydrogen paraneters
were varied. 5 X-ray Powder Diffraction Data (PXRD) [00164] PXRD data were
obt ai ned usi stigrime. Bfathés mB2ur6ARRSddedTie-dicle] af dzome- wdsliubd&ylatel® . $OvnL40mA) .

Th I t dis 15 Powd I di
ol od 6l as o kGEpPoM: (AT NS qPnBBHS RO || ary vas 10
rotated duri S@Fﬂeﬁgfz'( A i)x’fHI(GxB@Ia@ﬂ eCO%Qb'oexﬁﬁa%ﬂ &é%radéé?%?té» Mkl @

sanpl e exposure east 1000 The resul ting
t wo- di mensi anabomidnfpeattiiedor Amisutess l 5ichicegpyainadint Dyhpipetidina-olr(@Ai7tg, onal

1- di mensi onal . PXRD patt th a step size of 0,02 degrees 20 in the range
of 3 to 35 5 adged. EiIIIII“? TERGIRDI TR USE AR P e@}darﬁ%ﬁqggn fl%&}th[aooms]
DSC experi me‘;}% I 000 or 2920.
The sanpl e (about gceerqr%%q&ggév@lrbﬁ?yﬁ%@l@%n@%ﬁ#ﬁﬁ%@n QIIlecorded

accur at el y rtempedene, tth)e dedribmolve ekiabtiaf mixtatelWasguided tod®G0 mlaoidtkerrveith t o t he

DSC. The instruynen urged with nit en gas,at 50pl/mn. Data were 20
col | ected betifdh™W Gbﬁ?sﬂl FHEY F@Q@aﬁﬁfaoéﬁ)g’n@’ Oliﬁop@lﬁ’itﬁfehg&t"@ﬁ&“ﬂé‘l“’e The

pl ot was na m Gavinetric
hnal yor s (1O 1B ST EUHRET (hoRRlR R Bt ol I i LG R
| NSTRUNVBNIT S(allowed de bet 2508 0@nintte2 95h: mTﬂtﬁesmniaare(dalmugh 4 OredDinrpgroviays

pl aced in a platinum pan preﬁaousl tare Thevve t. of the sanple was

measur ed ac leltye Hnopipie s¢f é@ttvf?r%re@%%‘ﬁﬁat ‘ﬁlﬂFnII)(I F‘é‘rqm by t he

i nstrunent. r e Data
were col | ect egggig%&mdég?ﬁr oo@n#1II (ﬂeré}ItIII}fICIgogIﬁhfo 8%% W? %n(];ﬁ eat| ng rate.
30 PREPARATI MAN&IﬁMbM&ISS&I&Ee% cbhi¥datefl 0OI6 g]of dbkatplé alﬁbderl liggat.a and

ot her properties for_ these es are presented in Table |. The unit cell

par amet er s wBHam3kg] Wé%jdlﬁfi‘%\‘ﬁdslp é@P sl pfathd jacstate ad gaghadayithy g xa0ipk of

anal ysi A &‘%% 3..0f

St out e?lsal \g%%f%%de@ﬁ %I(E:III%II:eQIBeIIIQIII?‘IS ﬁIngI %ﬁﬁ%ggﬁé%?%tba Ia%ECM 1 an
Co., 5 New Y@mkerth@@8) 203003684 sditBc Thizxneds cbthifed widothd St @sf thepidkxanpl es
13a and b, and the conditions at which they were neasured are resented in
Tabl es 2 ancsobds frommboye aprtpurif éﬂGIaan%ﬁO @H’a’rdd%I(é)rWﬁlIéc pmg efytipg as
diffraction ﬂ%ﬁ% positions (degrees 200.1) @RT for Exarrpl es 13a b, c, d,
and e are presen?ed in Table 4, all of 10 which are based on high quallty
patterns collected with a diffractonmeter (CuKa) with a spinning capillary
with 20 calibrated sith.a NLSL other suitable. standard ..[00170] Finally,
Figures 1, 2, 3, 4, Bacliva E\ﬁrle@ent Fsmm)atterns for Exarrpl es 13a, b, c,
e, d and f. Figures—8—and ti-set-ese—the—TGA—~of—bxan p-es—13b and 13f,
respectively. Figured® ang 094Id|e§‘31 osMeIthDIIé’nBOBFIe Exarrpl es 13b and 13f,

5respectively. For reparation,PXRO, i NETAGRRL T Zpt i on [00171]
Exanpl e 13a, Form A.'5-1: 5-th oro-4I:'I:I1/GI§ % gropyymgggﬁl% gé

yl) pi peridin-4-yl oxyg - 1- (2-filor o- 4- (mWh@wlfﬁﬂaﬁIy)eabeHMh)i@yr di n-2(1H)-on
e, free 20 base, s _suspended at caoncentration in excess of O nmg/mL in
acetone. The susperdi on wag ld | owed tMé@h&ﬂ%Imﬁ@Y@eﬁbI@ﬁﬂ@enper ature to

provi de a sonewhat thrnsugpenst-om B u‘ ens was| filtered and
both the filtrate and the EIIISI)I;nsi on %M%IP%IIOIIT%IITXI@SC Oﬁge Cto provide

crystals of the henagy-acet gng §9! vat|eso, KRe&HArd Dmbt [e%@cﬁl%ﬁ@e S
characterized by a PXRD pat/itern which matches the 25sinulated pattern

generated fromthe [si-igl e qrig§mal st |ritéMetbardd! methylene chloride
15-30 125 mlL 25% Methanol / methylene chloride

20
[00137] Fractions G, H, and 1-5 were combined and concentrated to provide 2.89 g
(40% yield) of solid Intermediate 6. 'H NMR (DMSO-ds, 500 MHz) & 11.39 (1 H, br
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[00172] Exanple 13b, Form N-2: 1 g of 5-chloro-4-(1-(5-chloropyrimdin-2-

yl ) pi peri di n-4-yl oxy)-1-(2-fiuoro-4-(rnethyl sul fonyl)phenyl)pyridin-2(1H)-o0
ne, free wezeinvasiodi ssolved in 10 nL of water-free Et OAeCRUSIN1@313Ihe
solution was cooled to 70 C. 10 ng of seeds of N2 were added. To the
slurry, 18 nL of n-heptane was 30 added over 1 hour with a syringe punp.
The slurry vwgs8.¢b@ Hds)f 7.6M(ITH, &, 6@32DI’ESD\4@6 -KB.9olrH, mpd.8gi4. B @Hah),20 C

overni ght. The, soli f|| ti , she i of

o hept ane, arsbasal BHE I REE B et aveh Buer G R 3488 & 5 i
5-chl oro- 4- (dz{fy.chl oropyri mi di n- 2-yl )p| peri di n-4-yl oxy)-1-(2-fl uoro-4-

(met hyl sul f onyl ) phenyl ) pyri di n-2(1H)-one, free base, a neat form (w thout
addi ti onal nol ecul es of water or solvent). Form N2 was characterized by a
DSC t her nbgr am havi ng an endot hermc onset typj.cally ca. 232 C, at higher
tenperat ures other events 5 nayf ERRERREOD § ‘hatﬁ/gs char act erl zed by a PXRD
pattern which matc QR r . Singl e
crystal structure gg@%&%&e%ﬁn %Elgg)ﬁg]lgﬁs%&@ har acé’g&?‘gg@% GA curve

havi ng negligi bl e wei ght | oss at o ca. 200 C and in agr eerrent with the
single-crystal structure. [0017 a@\ﬂg Form AN. 5-1: A suspensi on of
5-chl oro-4-(1-(5- 10chl oropyri mdin-2 pi peri di n-4-yl oxy)-1-(2-fl uoro-4-
(et hyl sul fonyl ) phenyl ) pyri di n-2( 1H) base, at -200 ng/nL was
prepared in acetonitrile and allowed to equililpbrate at roomtenperature to
provi de a sonmewhat thin suspension. Part of emuspensi on was filtered and
both the filtrate and the suspension were regrigerated at 5 C to provide
crystals of the hem -acetonitrile 15sol Vate. [00174] Exanple 13d, E.5-1:

5- chl or o- 4- ([P6138]c hilToraofrmbh atcdwery Zlayk wps pdded dreildro-4-hydroxypyridin-2(1H)-

yl oxy)-1-(2-fl uoro-4-(nethyl sul fonyl)p pyridjn-2 free base
was crystal I‘Prhee(ﬂ @Wrrg& Wﬁﬂt)vl‘i?ﬁp‘?i"f(l)é9qlf§?lé2)3 %{gi‘@l_b >8@J’.L75] Exanpl e

205. 1 ppert e e SiAHhe BEM BERD RO Gly 9%’18%?%?% SATO i n-2( 1+

) -one,-free. hﬁﬁ&l\&ﬁﬂ(l@lmﬁty iNitbopen-whd Iibbidd subopfoopitr 18lseaindb andthesl.urry.  was
gently heated, to dissalve the remaining soljd, The solution was cooled to
RT and al | owB#KIS Capregupd %vaseg% Al ’ff"’cgrf9"s§ é}lgm%rlé’r%@é'rved [ 00176]

Exanpl e 13f, r
25y|rr§)p| peri d ng’”ﬁg’a{%&i é@ﬂﬁg ”34?\1(11(%39i %?/T g&lﬁe?gﬁ{i/’ & nyI T di n-2(1H) -
one, free baﬁﬁ)bm&ubak&neﬂﬁ 10rveddhdel Thé nﬁﬂﬁfeabasqﬂan‘edmder nfﬁlﬂ@ea@htlti on was

heated to 50 C to_ful di ssalve all of th
5- chl or ol%- (¥ent smi:hlﬁ@ﬁdéwrlﬁﬁl it Fwﬂ?@%ﬁﬁww@&pmm temperature,

2-fl 4- nL of
ghep . ;g;oms&gﬁj dél%ilé&gx%é{% o&ﬁﬁ&ﬂ%ﬁ& h&é'de'a 16 0BT O thy1 6D ARE wadi 0
4- (1- (5- chl owihyrx 30 GLL 22N TP he @i gemdk- 1agd was dried with magnesium sulfate,
yl oxy) -1-(2-f] uoro-4-(nethyl sul fonyl)phenyppyridin-2(1H) -one, free base/ THF
sol ution wasfilgradand goncestated dhvargo &ecdn @t aredyrelapiengolit sBiipi t at e was

|l ected b d d

coll e 24 byl SistAEHA, 414y ARRLAS: By DBER SBRADY, hber O

was charZrt emkeidl beyodiddSGdibernn eramihr\orden nA fiadeblieg to ©opnset bet ween
ca. 80 Cto 120 C, at_ higher tenperatures other events nmay ensue., The

material P- 6lompsTaarthe suspensian s Alteresh veghede iR g ixd gnla Oﬁélietjmenﬁ sklorige,
gac %FOEOOA) Zp ( %n% (ﬁ‘?ed ’%%&%‘9 to ?J[‘OQ%&E7¥§ @W} ?716%(1’3% h%&'rﬁgedleée 9%3 gygﬁow tan
yl) pi peri di np&wderoi@NMR((DMsmg O500-NIReS Syl sgl(f Blnyj ys5e1Ry09) (), e, 1:73( 1H) - on

e, free base was taken up in a m xture of 2. of salicylic acid in 80 nL

et hanol . -10@Hgidf8§éﬁz)c§»35&i He )kl 3 981 8- ﬁd@dér@)rlm(mt =7.1 Hz); MS

5-chl or ( rimdin-2-yl)piperidin-4-

yl oxy) - 225?2 e LY 1 sul fonyl ) phenyl ) pyri di n-2(1H) - one, free base
were added 10 and the resulting slurry was heated to 50C where it stirred
for about 16 hours. After this time, the solid was isolated by filtration,
washed with 75 ni of ethanol anBreparetionieflstermadigtefacuum oven for about 48

hours to yield Form SC 3. 4-(Ethylsulfonyl)-1,2-diflaorobenzene
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[001781 Exanple 13h, BZ-3: -50 ng of 5-chloro-4-(1-(5-chloropyrimdin-2-
yQpi peri di n-4-yl oxy)-1-(2-fluoro-4-(nethyl sul fortyl)phenyl)pyridin-2(1H)-on
e, free -wbhasei2nmws slurried-in 2 nL of .25 M b-enzoi c acirdseor1estsanci | .
Sedi s of co-crystals of form SC-3 were added. The m xture was heated to 50
C where the slurry was stirred for about 48 hours. After this tinme, the
resulting slurry was anal yzed by PXR®agm®d proton NVR, which indicated the

presence of co-crystals of forms SC~3-8rg-BZ-3. Form 13Z-3 was col | ected by
filtration fromthe slurry to yield For 3. N'""i- NNNNNDOA (
1)6 t* 61. 06 (l)IfeL (6)81 I '6L ( IG L(2 60E?01 T)520I1
0j (6)C8L* 8 (8)C98.96 84.14(1) 84.482(9)(l)t76" 8 (E) 6 80" 0 0 |

[00139] To thick-walled reaction pressure tube was added 3,4-difluorobenzenethiol

(1500 mg, 10.26 mmol), iodoethane (1.095 mL, 13.34 mmol), acetonitrile (20 mL),

and triethylamine (1.860 mL, 13.34 mmol). The vessel was capped and heated at 80

5  °C for 2 hours. After cooling to room temperature, the reaction mixture was

concentrated. Methylene chloride was added and the mixture was washed with water

three times. The organic layer was concentrated to provide crude 4-(ethylthio)-1,2-

difluorobenzene which was used without further purification. This material was

combined with 2-propanol (20 mL) and water (10 mL). To the mixture was added

10  OXONE® (8388 mg, 13.7 mmol). Afier stirring at room temperature overnight, the
reaction mixture was evaporated in vacuo and the residue was extracted with ethyl
___acetate. The ethyl acetate was washed with water three times followed by saturated
aqueous sodium bicarbonate and then brine. The organic layer was dried with sodium
sulfate, filtered, and concentrated. The resulting residue was purified by flash
15  chromatography (silica gel, 0-100% ethyl acetate/hexane) to give Intermediate 8 (2 g,

99% yield) as white solid. "H NMR (CDCls, 500 MHz) § 7.67 - 7.82 (m, 2 H), 7.38

(dd, J=16.22, 9.07 Hz, 1 H), 3.13 (g, J=7.70 Hz, 2 H), 1.25 - 1.32 (m, 3 H); MS (ESD)

207.1 (M+H).

20 Preparation of Intermediate 9
1-(Ethylsulfonyl)-2,4-difluorobenzene
0.0

N

1L
F F

[00140] To thick-walled, reaction pressure tube was added 2,4-

difluorobenzenethiol (1500 mg, 10.26 mmol), iodoethane (1.095 ml, 13.34 mmol),
25  acetonitrile (20 mL), and triethylamine (1.860 mL, 13.34 mmol). The vessel was

capped and heated at 80 °C for 2 hours. After cooling to room temperature, the

reaction mixture was concentrated i vacuo. Methylene chloride was added and the
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mixture was washed with water three times. The organic layer was concentrated to
provide crude 4-(ethylthio)-1,3-difluorobenzene which was used without further
purification. To this material (1700 mg, 9.76 mmol) in acetic acid (10 mL) was added
hydrogen peroxide (30% in H,0, 4.7 mL, 48.8 mmol). The mixture was refluxed for
2 hours. After cooling to room temperature, the reaction mixture was added to
methylene chloride and washed with water three times. The organic layer was dried
with sodium sulfate, filtered, and concentrated. The resulting residue was purified by
flash chromatography (silica gel, 0-100% ethyl acetate/hexane) to give 1-
(ethylsulfinyl)-2,4-difluorobenzene (1.2 g, 6.31 mmol) as white oil. 'H NMR (CDCl,
500 MHz) 8 7.69 - 7.86 (m, 1 H), 7.03 - 7.17 (m, 1 H), 6.80 - 6.94 (m, 1 H), 3.05 (dd,

J=13.75, 7.15 Hz, 1 H), 2.83 (dd, J=13.75, 7.15 Hz, 1 H), 1.22 (t, /=7.42 Hz, 3 H);

MS (ESI) 191.1 (M+H). To a solution of 1-(ethylsulfinyl)-2,4-difluorobenzene (1100
mg, 5.78 mmol) in 2-propanol (10 mL) was added water (10 mL) and OXONE®

(4622 mg, 7.52 mmol). The mixture was stirred at room temperature for 16 hours.

15

20

25

(istE

The reaction mixture was then filtered and the filtrate was concentrated. The resulting
crude material was dissolved in ethyl acetate and was washed with saturated aqueous
sodium chloride twice. The organic layer was dried with sodium sulfate, filtered, and
concentrated. The residue obtained was then purified by flash chromatography (silica
gel, 0-100% ethyl acetate/hexane) to give Intermediate 9 (600 mg, 50% yield) as a
white oil. "HNMR (CDCl;, 500 MHz) § 7.90 - 8.02 (1 H, m), 6.90 - 7.12 (2 H, m),
3.30 2 H, q,/~7.3 Hz), 1.30 (3 H, t, J=7.4 Hz); MS (ESI) 207.1 (M+H).

Example 1
5-Chloro-1-(4-(methylsulfonyl)phenyl)-4-(1-(5-(trifluoromethyl)pyrimidin-2-
yhpiperidin-4-yloxy)pyridin-2(1H)-one

(9]

N

O
PR o NF CF;
PNy
UG
X O
Ci

CH4
[00141] To a 200 mL recovery flask under nitrogen was added Intermediate 1
(2.997 g, 10.00 mmol), Intermediate 2 (2.72 g, 11.00 mmol), triphenylphosphine (3.41
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g, 13.00 mmol), and THF (5 mL) to produce a tan-amber suspension. To this mixture
was added (E)-diethy] diazene-1,2-dicarboxylate (2.055 mL, 12.98 mmol) over 1
minute. A small amount of heat was generated and the color became dark brown.
Within two minutes, most of the solids had dissolved. By 10 minutes, a thick, tan-
brown precipitate had formed. After 15 minutes, 100 mL of ether was added. The
thick tan suspension was stirred for 5 minutes, filtered, and the solids washed with 4 x
15 mL of ether to give 4.19 g of a tan powder. This material was loaded onto a 70

mm id x 110 mm silica gel column as a suspension and eluted as follows:

Fraction | Volume | Solvent

A 1.8L 75% Ethyl acetate / hexane
B 0.7L 100% Ethyl acetate

1-2 125 ml, | 100% Ethyl acetate

3-15 125 mlL | 5% Methanol / ethyl acetate

10

15

20

[00142]) Fractions 1-8 were concentrated to 4.3 g of a damp, pale tan solid. This
material was suspended in 50 mL of ethanol and heated to reflux, at which point only
partial solubilization occurred. The suspension was then allowed to cool to room
temperature and was filtered. The solids were washed with 2 x 10 mL of ethanol and
2 x10 mL of hexane followed by drying overnight under high vacuum. This provided
2.72 g (52% yield) of Example 1 as an off-white crystalline solid. "H NMR (CDCls,
400 MHz) 8 1.85-2.24 (m, 18 H) 3.10 (s, 14 H) 3.92 - 4.23 (m, 18 H) 4.63 - 4.85 (m,
5H)6.08 (s, 5 H) 7.45 (s, 4 H) 7.64 (d, /~8.79 Hz, 9 H) 8.10 (d, /=8.35 Hz, 9 H) 8.51
(s. 8 H); MS (ESI) 529.2 (M+1).

Example 2

5-Chloro-1-(2-fluoro-4-(methylsulfonyl)phenyl)-4-(1-(5-(trifluoromethyl)pyrimidin-2-
yDpiperidin-4-yloxy)pyridin-2(1H)-one

-44 -
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[00143] To a4 mL vial was added a 60% oil dispersion of sodium hydride (53 mg,
1.33 mmol), DMF (10 mL), and Intermediate 3 (250 mg, 0.67 mmol). The mixture
was stirred at room temperature for 30 minutes and then 1,2-difluoro-4-
5  (methylsulfonyl)benzene (192 mg, 1.00 mmol) was added. The mixture was heated at
100 °C for 12 hours. After cooling to room temperature, the reaction mixture was
diluted with ethyl acetate (40 mL) and washed with water three times. The organic
layer was collected, dried over sodium sulfate, and filtered. The residue obtained was
purified by flash chromatography (silica gel, 0-100% ethyl acetate/hexane) to give
10 Example 2 (139 mg, 37% vield) as a yellow solid. "H NMR (DMSO-ds, 500 MHz) 3
. 8.72(2.H,5),8.11.(1.H,s),7.97-8.06(1.H, m),7.78-795(2.H, m), 631 (1L H,s), .
490-501 (1H,m),4.06-422(2H, m),3.74-3.89(2H, m),3.36 (3H,s), 1.98 -
2.16 (2 H, m), 1.62 - 1.83 (2 H, m); MS (ESI) 547.1 (M+H).

15 Example 3
5-Chloro-1-(3-fluoro-4-(methylsulfonyl)phenyl)-4-(1-(5-(trifluoromethyl)pyrimidin-2-
yl)piperidin-4-yloxy)pyridin-2(1H)-one

o]

N

o
L T
F N ; N \N
X O
cl

[00144] A mixture of a 60% oil dispersion of sodium hydride (34 mg, 0.87 mmol),

20  Intermediate 3 (216 mg, 0.58 mmol), and DMF (10 mL) was stirred at room
temperature for 30 minutes. 2,4-Difluoro-1-(methylsulfonyl)benzene (144 mg, 0.75
mmol) was added and the mixture was heated at 100 °C for 16 hours. After cooling
to room temperature, the crude mixture was diluted with ethyl acetate and washed

with water three times. The organic layer was dried with sodium sulfate, filtered, and
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Exanple 133, FRLM AP acetatehexnne 1D give Brammld3 (80 mg, 25% yield) as yellow solid.
'H NMR (500 MHz, CDCl3) § 8.53 (s, 2 H), 8.10 (t, J=7.70 Hz, 1 H), 7.32 - 7.49 (m,
3 H), 6.06 (s, 1 H), 4.67 - 4.79 (m, 1 H), 3.99 - 4.19 (m, 4 H), 3.25 (s, 3 H), 1.91 -
5 2.16 (m, 4 H); MS (ESI) 547.2 (M+H).

Example 4
5-Chloro-4-(1-(5-chloropyrimidin-2-yl)piperidin-4-yloxy)-1-(4-
(methylsulfonyl)phenyl)pyridin-2(1H)-one

O

o]
N
SsUeA
~ O
Ci

[00145]. .. To.a 2 dram vial was added Intermediate 1.(276.mg, 0.92 mmol),

10

Intermediate 4 (206 mg, 0.96 mmol} and triphenylphosphine (314 mg, 1.20 mmol)
followed by THF (3 mL) to produce a thin suspension. To this mixture was added
(E)-diethyl diazene-1,2-dicarboxylate (0.19 mL, 1.20 mmol) over ten seconds. All

15  solids appeared to have dissolved although the reaction was a turbid yellow-brown
mixture. Approximately 3.5 minutes after the addition of (E)-diethyl diazene-1,2~
dicarboxylate, a thick tan-yellow precipitate had formed. After 48 minutes from the
addition of (E)-diethyl diazene-1,2-dicarboxylate, ether (5 mL) was added. The
mixture was stirred for 5 minutes, filtered, and the solids were washed with 3 x 2 mL

20  of ether. The tan powder obtained after drying in vacuo (330 mg) was suspended in 4
mL of ethanol at reflux. Much of the solids did not dissolve. The mixture was cooled
to room temperature. The solids were isolated by filtration and were washed with 2 x
1 mL of ethanol followed by 2 x 1 mL of hexane. Drying in vacuo gave Example 4
(256 mg, 54%) as a pale tan powder. 'H NMR (CDCls, 500 MHz) § 8.25 (2 H, s),

25 809QH,d, 83Hz),7.63(2H,d, ~83Hz),744 (1 H,s),6.07(1 H,s),4.58-
4,79 (1 H, m), 3.96 -4.10 (2 H, m), 3.83 - 3.96 (2 H, m), 1.83 - 2.15 (4 H, m); MS
(ESI) 495.0 (M+H).
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Example 5
5-Chloro-4-(1-(5-chloropyrimidin-2-yl)piperidin-4-yloxy)-1-(2-fluoro-4-
(methylsulfonyl)phenyl)pyridin-2(1H)-one

o\\ 4

o
cHy S 0 me/c'
sYSA
PN
cl

5 [00146] A two liter round bottom flask was charged with Intermediate 5 (100 g,
201 mmol), NMP (501 mL), 2,5-dichloropyrimidine (30.0 g, 201 mmol), and N,N-
diisopropylethylamine (70.3 mL, 402 mmol). This mixture was heated at 70 °C for 6
hours and then cooled fo room temperature. The reaction mixture was diluted with
dichloromethane (500 mL) and then washed with saturated aqueous sodium

16 bicarbonate (500 mL). The organic layer was separated and concentrated in vacuo at

................................... room temperature to.obtain a crude oil (=400 g). The oil was transferred totwo liter 3-

necked flask with minimal NMP (50 mL) rinse and heated to 80 °C. To this mixture
was added 500 mL of ethanol slowly via an additional funnel while keeping internal
temperature at 80 °C. After the addition of 150 mL ethanol, precipitates gradually

15 formed. The suspension was stirred at 80 °C for 40 minutes and then cooled to room
temperature overnight. The suspension was further slowly cooled to 0 °C and then
kept at 0 °C for 1.5 hours. After filtration, the filtering cake was washed with 4 °C
ethanol (2 x 200 mL). The filtering cake was dried under vacuum for 2 hours and then
vacuum dried overnight at 45 °C to yield 5-chloro-4-(1-(5-chloropyrimidin-2-

20 yDpiperidin-4-yloxy)-1-(2-fluoro-4-(methylsulfonyl)phenyl)pyridin-2(1H)-one (68.9
g, 67%) as a white solid. 'H-NMR (CDCls, 400 MHz) 6 8.28 (s, 2H), 7.82 — 8.00 (m,
2H), 7.59 - 7.72 (m, 1H), 7.35 (s, 1H), 6.09 (s, 1H), 4.65 ~ 4.73 (i, 1H), 3.89 - 4,12
(m, 4H), 3.13 (s, 3H), 1.95 - 2.17 (m, 4H); MS m/e 513.2 (M+H"); Anal. Calcd for
Ca1HoN4JO4CLFS: C, 49.03; H, 3.78; N, 10.86; S, 6.18; Cl, 13.8%; F, 3.66. Found: C,

25  49.17;H,3.67; N, 10.86, §, 6.15, C1, 14.02, F, 3.88.

Example 6
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5-Chloro-4-(1-(5-chloropyrimidin-2-yl)piperidin-4-yloxy)-1-(3-fluoro-4-
(methylsulfonyl)phenyl)pyridin-2(1H)-one

)]':Jcs

o0

N

S

CHy” :@\ 0
F N [ N

"o

cl

5  Step A. Preparation of tert-butyl 4-(5-chloro-1-(3-fluoro-4-(methylsulfonyl)phenyl)-
2-0x0-1,2-dihydropyridin-4-yloxy)piperidine-1-carboxylate
[00147} A suspension of fert-butyl 4-(5-chloro-2-oxo-1,2-dihydropyridin-4-
yloxy)piperidine-1-carboxylate (400 mg, 1.22 mmol), sodium hydride (60 wt% in
mineral oil, 58 mg, 1.5 mmol) and DMF (8 mL) was purged with argon and then
10 stirred at room temperature for 20 minutes. To the reaction was added 2,4-difluoro-1-

-—{methylsulfonylbenzene (351 mg, 1.83 munol).and-then heated at 130.2C for L hour.

The resulting mixture was quenched with H,O and extracted with EtOAc. The organic
layer was concentrated in vacuo to a brown oil. The oil was purified by flash
chromatography (SiOs, 0 to 100% EtOAc in CH,Cl,) to yield 321 mg of the desired

15 product as an off-white solid. TH NMR (400 MHz, CDCls) 8 ppm 8.07 - 8.14 (m, 1 H)
7.35-747 (m, 3 H) 6.01 (s, 1 H) 4.57 - 4.64 (m, 1 H) 3.60 - 3.69 (m, 2 H) 3.44 - 3.55
(m,2H)3.26(s,3 H) 1.93-2.03 (m, 2 H) 1.83 - 1.93 (m, 2 H) 1.49 (s, 9 H). MS
(ESI) 445 (M-56+H).

20  Step B. Preparation of 5-chloro-1-(3-fluoro-4-(methylsulfonyl)phenyl)-4-(piperidin-
4-yloxy)pyridin-2(1H)-one hydrochloride salt
[00148] A mixture of fert-butyl 4-(5-chloro-1-(3-fluoro-4-(methylsulfonyi)phenyl)-
2-0x0-1,2-dihydropyridin-4-yloxy)piperidine-1-carboxylate (300 mg, 0.599 mmol}
and hydrogen chloride (37% in H;O, 5 mL) was stirred for 15 min and then

25  concentrated in vacuo to yield 261 mg of the desired product as an off-white solid. 'H
NMR (400 MHz, DMSO-ds) 8 ppm 8.88 (brs, 2 H) 8.11 (s, 1 H) 7.97 (t, /=8.16 Hz, 1
H) 7.78 (dd, /~10.92, 1.88 Hz, 1 H) 7.57 (dd, /=8.28, 1.76 Hz, 1 H) 6.30 (s, 1 H) 4.80

-48 -



0. 25822 0.51796 C36 0.8663 0.5127 0.9935 N9 0.595 0.8385 0.30754 H33A
1. 23356 -0.2369 0.61499 N10 0.5153 1.0328 0.2515 1133B 1.33708 -0.3071
0.70145 w2801/ MB7106PCT/ US2011/ 031320 Atom 0.5046 NRICT/US2011/031320

-4.91 (m, 1 H) 3.39 (s, 3 H) 3.05 - 3.26 (m, 4 H) 2.10 - 2.20 (m, 2 H) 1.85 - 1.98 (m,
2 H). MS (EST) 401 (M-+H).

Step C. Example 6

5 [00149] A suspension of 5-chloro-1-(3-fluoro-4-(methylsulfonyl)phenyl)-4-
(piperidin-4-yloxy)pyridin-2(1H)-one hydrochloride salt (260 mg, 0.595 mmol),
potassium carbonate (205 mg, 1.49 mmol) and 5-chloro-2-iodopyrimidine (172 mg,
0.713 mmol) in dry DMSO (5 mL) was stirred overnight at room temperature. The
reaction mixture was diluted with H>O and extracted with EtOAc. The organic layer

10 was concentrated in vacuo 1o a light yellow oil. The oil was purified by flash

chromatography (810, 0 to 100% EtOAc in CH,Cl) to yield 228 mg of Example 6 as
a white solid. "H NMR (400 MHz, CDCl3) 8 ppm 8.25 (s, 2 H) 8.07 - 8.16 (m, 1 H)
7.35-7.49 (m, 3 H) 6.06 (s, 1 H) 4.66 - 4.73 (m, 1 H) 3.97 - 4.06 (m, 2 H) 3.86 - 3.96
(m, 2 H)3.26 (5,3 H)2.01-2.11 (m, 2 H) 1.91 - 2.01 (m, 2 H). MS (ESI) 513

15 (MFH).
[00150] Alternatively, Example 6 may be prepared as follows:

Step A. Preparation of fert-butyl 4-(5-chloro-1-(3-fluoro-4-(methylsulfonyl)phenyl)-
20  2-o0x0-1,2-dihydropyridin-4-yloxy)piperidine-1-carboxylate

o, 0

&
CHy” D\ )
_ Boc
F N l N
A o)
Cl

[00151] A suspension of fert-butyl 4-(5-chloro-2-ox0-1,2-dihydropyridin-4-
yloxy)piperidine-1-carboxylate (400 mg, 1.22 mmol), sodium hydride (60 % wt in
mineral oil, 58 mg, 1.5 mmol) and DMF (8 mL) was purged with Argon and then

25  stirred at room temperature for 20 min. To the reaction was added 2,4-difluoro-1-
(methylsulfonyl)benzene (351 mg, 1.83 mmol) and then heated at 130 °C for 1 hour.
The resulting mixture was quenched with H,O and extracted with EtOAc. The organic

layer was concentrated in vacuo to a brown oil. The oil was purified by flash
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chromatography (Si0, 0 to 100% EtOAc in CH,CL) to yield 321 mg of the desired

product as an off-white solid. "H NMR (400 MHz, CDCl;) § ppm 8.07 - 8.14 (m, 1 H)

7.35-7.47 (m, 3 H) 6.01 (s, 1 H) 4.57 - 4.64 (m, 1 H) 3.60 - 3.69 (m, 2 H) 3.44 - 3.55

(m, 2 H) 3.26 (s, 3 H) 1.93 - 2.03 (m, 2 H) 1.83 - 1.93 (m, 2 H) 1.49 (5, 9 H).MS (ESI)
5 445 (M-56+H).

Step B. Preparation of 5-chioro-1-(3 -ﬂuoro—4-(methylsulfonyl)phenyl)#~(piperidinu
4-yloxy)pyridin-2(1H)-one hydrochloric acid salt
o, .0

N

Cl
10 [00152] A mixture of ferf-butyl 4-(5-chloro-1-(3-fluoro-4-(methylsulfonyl)phenyl)-
2-0x0-1,2-dihydropyridin-4-yloxy)piperidine-1-carboxylate (300 mg, 0.599 mmol)

and hydrogen chloride (37% in H,O, 5§ mL) was stirred for 15 min and then
concentrated in vacuo to yield 261 mg of the desired product as an off-white solid. 'H
NMR (400 MHz, DMSO-ds) 8 ppm 8.88 (br. s., 2 H) 8.11 (s, 1 H) 7.97 (t, /=8.16 Hz,

15 1H)7.78(dd, /~10.92, 1.88 Hz, 1 H) 7.57 (dd, /=8.28, 1.76 Hz, 1 H) 6.30 (s, 1 H)
4.80-4.91(m, 1 H)3.39(s,3 H)3.05-3.26 (m, 4 H) 2.10-2.20 (m, 2 H) 1.85 - 1.98
(m, 2 H). MS (ESI) 401 (M+H).

Step C. Example 6

20 [00153] A suspension of 5-chloro-1-(3-fluoro-4-(methylsulfonyl)phenyl)-4-
(piperidin-4-yloxy)pyridin-2(1H)-one hydrochioric acid salt (260 mg, 0.595 mmol),
potassium carbonate (205 mg, 1.49 mmol) and 5-chloro-2-iodopyrimidine (172 mg,
0.713 mmol) in dry DMSO (5 mL) was stirred overnight at room temperature. The
reaction mixture was diluted with H>O and extracted with EtOAc. The organic layer

25  was concentrated in vacuo to a light yellow oil. The oil was purified by flash
chromatography (Si0,, 0 to 100% EtOAc in CH,Cly) to yield 228 mg of Example 6 as
a white solid. "H NMR (400 MHz, CDCl3) & ppm 8.25 (s, 2 H) 8.07 - 8.16 (m, 1 H)
7.35-7.49 (m, 3 H) 6.06 (s, 1 H) 4.66 - 4.73 (m, 1 H) 3.97 - 4.06 (m, 2 H) 3.86 - 3.96
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(m, 2 H) 3.26 (s, 3 H) 2.01 - 2.11 (m, 2 H) 1.91 - 2.01 (m, 2 H). MS (ESI) 513
(M-+I).

Example 7
5 5-Chloro-1-(4-(ethylsulfonyl)phenyl)-4-(1-(5-(trifluoromethypyrimidin-2-
yDpiperidin-4-yloxy)pyridin-2(1H)-one
o._.0

N

oL T
sUeA
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[00154] To a mixture of Intermediate 7 (100 mg, 0.319 mmol), Intermediate 2 (87
mg, 0.351 mmol), and triphenylphosphine (109 mg, 0.414 mmol) was added THF (1
10 mlL) to give a tan-brown suspension. (E)-Diethyl diazene-1,2-dicarboxylate (0.066

mL, 0.414 mmol) was added and all solids dissolved within 10 seconds. By 3 minutes

from the addition of the (E)-diethyl diazene-1,2-dicarboxylate, a thick tan precipitate
had formed. After 10 minutes, 3 mL of ether was added. The suspension was stirred
for one minute, filtered, and washed with 3 x 1 ml ether. The solids were dried in

15 wvacuo to give 121 mg of a tan powder. To this solid was added 2 mL of ethanol and
the mixture was heated briefly at reflux at which point not all was soluble. After
allowing this mixture to cool to room temperature, it was filtered and the solids were
washed with 2 x 0.5 mL of ethanol and 2 x 1 mL of hexane. The solids were dried in
vacuo to yield 98 mg (57% vield) of Example 7 as an off-white powder. '"H NMR

20 (CDCl, 500 MHZz)3 8.51 (2 H, 5),8.05(2 H, d, /=82 Hz), 7.63 (2 H, d, /=8.8 Hz),
7.45(1 H,s),6.07(1 H,s),4.74 (1 H, br. s.), 3.94 -4.21 (4 H, m), 3.16 2 H, q, /~7.1
Hz), 1.81 - 2.17 (4 H, m), 1.35 (3 H, t, J/=7.4 Hz); MS (ESI) 543.1 (M+1).

Example 8

25 5-Chloro-1-(4-(ethylsulfonyl)-2-fluorophenyl )-4-(1-(5-(trifluoromethyl)pyrimidin-2-
yhpiperidin-4-yloxy)pyridin-2(1H)-one
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{00155] To a 250 mL round bottom flask was added Intermediate 3 (3.00 g, 8.01
mmol) and DMF (60 mL) to produce a suspension. To this mixture was added a 60%
oil dispersion of sodium hydride (432 mg, 10.81 mmol). The mixture was stirred for
5 30 minutes under an atmosphere of nitrogen during which time it became a clear

yellow solution. To this solution was added Intermediate 8 (1816 mg, 8.81 mmol).
The mixture was then heated under nitrogen at 120 °C for 12 hours. After cooling to
room temperature, the reaction mixture was added to ethyl acetate (600 ml.) and
washed with water (4 x 200 mL). The ethy! acetate was dried with sodium sulfate,

10 filtered, and concentrated to a yellow oil. This material was dissolved in methylene

—-chloride.and purified by flash chromatography (silica.gel, 0-100%.ethyl

acetate/hexane) to give Example 8 (2.85 g, 62% yield) as a white solid. A number of
samples of this material, prepared in the same way, were combined to give 4.0 g of
material. The 4.0 g of material was added to ethanol (140 mL) and heated to reflux at

15 which point only a very small amount of insoluble matter remained. The hot solution
was filtered through a medium porosity sinctered glass funnel and the funnel rinsed
with 10 mL of hot ethanol. The hot filtrate began to crystallize immediately. Upon
heating the filtrate to reflux, most of the solids dissolved. This mixture was allowed
to cool to room temperature and then stirred for two hours. The mixture was filtered,

20  washed with room temperature ethanol (2 x 15 mL) and hexane (25 mL), and the
solids were dried in vacuo. This yielded 3.18 g of an off-white solid. The main
portion of this material (3.17 g) was heated to reflux in ethanol (130 mL), allowed to
cool to room temperature, and then stirred overnight. The mixture was filtered,
washed with room temperature ethanol (2 x 15 mL) and hexane (25 mL), and the

25  solids were dried in vacuo. This recrystallization provided 2.91 g of an off-white, fine
powder. 'H NMR (CDCl;, 500 MHz) 5 8.51 (2 H, 5), 7.84 (2 H, dd, /7.1, 4.9 Hz),
7.57-770(1 H,m), 734 (1 H, s), 6.07 (1 H, 5), 474 (1 H, t, /3.3 Hz),3.96 - 4.19 (4
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0. 82646 0.54212 C20 0.5156 0.91685 0.23859 H21B 0. 70969 0. 82744 0.5671 C21
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H, m), 3.18 2 H, q, /7.1 Hz), 1.91 - 2.16 (4 H, m), 1.37 (3 H, t, /=7.4 Hz); MS
(ESI) 561.2 (M+H).

Example 9
5 5-Chloro-1-(4-(ethylsulfonyl)-3-fluorophenyl)-4-(1-(5-(triftuoromethyDpyrimidin-2-
yl)piperidin-4-yloxy)pyridin-2(1H)-one

o0

N

~_-$ = CF;
FD\T\&\O /OL/J
¢l

[00156] A mixture of Intermediate 3 (91 mg, 0.242 mmol) and a 60% oil
dispersion of sodium hydride (10.67 mg, 0.267 mmol) in DMF (1.5 mL) was stirred

10 for 20 minutes, Intermediate 9 (50 mg, 0.242 mmol) was added and the mixture was

—-heated-at-100-2C-for-10-hours.--After-cooling to-room-temperature,- water-(3mL) was. .

added to the reaction mixture. This mixture was then extracted with ethyl acetate.
The extract was concentrated and the resulting residue was purified by flash
chromatography (silica gel, 0-100% ethyl acetate/hexane) to give Example 9 (24 mg,

15 17% yield) as a white solid. 'H NMR (CDCls, 500 MHz) & 8.50 (s, 2 H), 8.07 (t,
I=7.97 Hz, 1 H), 7.32 - 7.49 (m, 3 H), 6.05 (s, 1 H), 4.67-4.79 (m, 1 H), 3.96 - 4.14
(m, 4 H), 3.35 (q, J=7.15 Hz, 2 H), 1.93 - 2.12 (m, 4 H), 1.36 (1, 3 H); MS (ESI) 561.1
(M+H).

20 Example 10
5-Chloro-4-(1-(5-chloropyrimidin-2-yl)piperidin-4-yloxy)-1-(4-
(ethylsulfonylphenyl)pyridin-2(1H)-one

0.0

N

~_ 8 o N O
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-0.302 0.7898 1132A 0. 77305 0.86479 0.3707 C24 1.0371 -0.0723 0. 77362 H32B
0.63878 0.96056 0.41064 C25 0.431 1.10856 0.1848 H30 0.30902 0.92182
0. 04073 G262011601660. 64039 0. 3979 H25 0. 42609 PCT/US2011/031320

[00157] To a suspension of Intermediate 7 (50 mg, 0.16 mmol), Intermediate 4 (41
mg, 0.19 mmol), and triphenylphosphine (50.2 mg, 0.19 mmol) in THF (1.5 mL) was
added (E)-diethyl diazene-1,2-dicarboxylate (0.030 mL, 0.19 mmol). After stirring at
room temperature for two hours, ether (2 ml.) was added to the reaction mixture. A
5  white precipitate formed and was collected by filtration to provide Example 10 (33
mg, 40% yield) as a white solid. "TH NMR (CDCl3, 500 MHz) & 8.27 - 8.40 (m, 2 H),
8.00 - 8.11 (m, 2 H), 7.62 (d, /=8.80 Hz, 2 H), 7.38 - 7.50 (m, 1 H), 6.07 (s, 1 H), 4.65
-4.80 (m, 1 H), 3.87 - 4.33 (n, 4 H), 3.05 - 3.23 (m, 2 H), 1.97 - 2.15 (n, 4 H), 1.34
(t, J=7.42 Hz, 3 H); MS (ESI) 509.1 (M+H).
10
Example 11 _
5-Chloro-4-(1-(5-chloropyrimidin-2-yl)piperidin-4-yloxy)-1-(4-(ethylsulfony1)-2-
fluorophenyl)pyridin-2(1H)-one

O

0
\\/5\,[/\ o ,‘;4\1/(3
I\{LN ! OA\NJ
F 2 o
Ci

15 [00158] A mixture of Intermediate 6 (30 mg, 0.09 mmol) and a 60% oil dispersion
of sodium hydride (7 mg, 0.18 mmol) in DMF (0.4 mL) was stirred for 20 minutes.

Intermediate 8 (27 mg, 0.132 mmol) was added and the reaction was heated at 110 °C
for 12 hours. After cooling to room temperature, water was added to the reaction
mixture followed by extraction with ethyl acetate twice. The combined extracts were
20 concentrated. The residue was dissolved in methanol and purified by preparative
HPLC (Cig column; 40-100% methanol in water containing 0.05% trifluoroacetic
acid) to give Example 11 (8 mg, 16% yield) as a white solid. 'H NMR (CDCls, 500
MHz) & 8.25 (s, 2 H), 7.83 (s, 2 H), 7.55 - 7.68 (m, 1 H), 7.32 (s, 1 H), 6.07 (s, | H),
4.61-4.74 (m, 1 H), 3.80-4.07 (m, 4 H),3.17(d, =770 Hz,2 H), 1.87 - 2.11 (n, 4
25  H), 1.36 (1, 3 H); MS (ESI) 527.0 (M+1).

Example 12
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1.19284 0.19124 C27 1.0509 0.0211 0.84145 H36A 0.8232 0.55762 0.92973 C28
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0. 49064 H86CIO/ABGRE9 0.56425 1.05842 Table 3 PCT/US2011/031320

5-Chloro-4-(1-(5-chloropyrimidin-2-yl)piperidin-4-yloxy)-1-(4-(ethylsulfonyl)-3-
fluorophenyl)pyridin-2(1H)-one
o, .0

N
\/S o NZ Cl
s
F N | /Oq N
X [¢)
ci

[00159] To a suspension of Intermediate 6 (50 mg, 0.13 mmol} in DMF in a 4 mL
5  vial was added a 60% oil dispersion of sodium hydride (7.9 mg, 0.20 mmol). The

mixture was stirred for 30 minutes. Intermediate 9 (27 mg, 0.13 mmol) was added
and the mixture was heated at 110 °C for 12 hours. After cooling the mixture to room
temperature, it was diluted with ethyl acetate (10 mL) and washed with water three
times. The organic layer was concentrated. The residue obtained was dissolved in

10 methanol (4 mL) and was purified by preparative HPLC (Cy3 column; 40-100%
methanol in water containing.0.1% TEA).to. give Example.]12 as.a white solid (11.mg, ...
16%). "H NMR (DMSO-dg, 500 MHz) & 8.44 (s, 2 H), 8.11 (s, 1 H), 7.91 - 8.00 (m, 1
H), 7.80 (d, J=12.65 Hz, 1 H), 7.55 - 7.65 (m, 1 H), 6.30 (s, 1 H), 4.84 - 5.00 (m, 1 H),
3.98-4.10(m, 1 H),3.97 - 4.14 (m, 2 H), 3.60 - 3.73 (m, 2 H), 3.47 (4, J=7.70 Hz, 2

15 H), 1.93-2.07 (m, 2 H), 1.61-1.78 (m, 2 H), 1.19 (1, J=7.42 Hz, 3 H), MS (ESI)
527.3 (M+H).

Example 13
Crystal Forms of 5-chloro-4-(1-(5-chloropyrimidin-2-yl)piperidin-4-yloxy)-1-(2-
20 fluoro-4-(methylsul fonyl)phenyl)pyridin-2(1H)-one |
[60160] Various crystal forms of 5-chloro-4-(1-(5-chloropyrimidin-2-yl)piperidin-
4-yloxy)-1-(2-fluoro-4-(methylsulfonyl)phenyl)pyridin-2(1H)-one, free base were

prepared and characterized as described below.

25 PROCEDURES FOR CHARACTERIZING THE FORMS
Single Crystal Data
[00161] Data were collected on a Bruker-Nonius (BRUKER AXS, Inc., 5465 East
Cheryl Parkway Madison, W1 53711 USA) CAD4 serial diffractometer. Unit cell
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Fractional Atom c Coordinates for Exanple 13b, Form N2, at T= 25 C Atom
-11MEll Atom M NI MM -0.39590. 04841 Cl11 0.86027-0.0535 0.03838 0.4067
11111 11MWORM 101280643 0. 65016 0.28459 C28 0.5246 -0. 326PCO/UB4H3A31320. 1221
-0.5168 -0.1537 C29 0.0028 -0.3574

parameters were obtained through least-squares analysis of the experimental
diffractometer seftings of 25 high-angle reflections. Intensities were measured using
Cu Ka radiation (A = 1.5418 A) at a constant temperature with the 8-28 variable scan
technique and were corrected only for Lorentz-polarization factors. Background

5  counts were collected at the extremes of the scan for half of the time of the scan.
Alternately, single crystal data were collected on a Bruker-Nonius Kappa CCD 2000
system using Cu Ko, radiation (A = 1.5418 A). Indexing and processing of the
measured intensity data were carried out with the HK1.2000 software package
(Otwinowski, Z. et al. in Macromolecular Crystallography, Vol. 276, pp. 307-326,

10 Carter, W.C., Ir. et al., eds., Academic, NY (1997)) in the Collect program suite.
(Collect Data collection and processing user interface: Collect: Data collection
software, R. Hooft, Nonius B.V., 1998.) Alternately, single crystal data were collected
on a Bruker-AXS APEX2 CCD system using Cu Ka radiation (A = 1.5418 A).
Indexing and processing of the measured intensity data were carried out with the

—15—APEXZ2 software package/prograny suite (APEX2 Data collection and processing user
interface: APEX2 User Manual, v1.27; BRUKER AXS, Inc., 5465 East Cheryl
Parkway Madison, WI 53711 USA).
[00162] When indicated, crystals were cooled in the cold stream of an Oxford cryo
system (Oxford Cryosystems Cryostream cooler: Cosier, J. etal., J. Appl. Cryst.,

20 19:105 (1986)) during data collection.

[00163] The structures were solved by direct methods and refined on the basis of
observed reflections using either the SDP (SDP, Structure Determination Package,
Enraf-Nonius, Bohemia NY 11716. Scattering factors, including f" and {7, in the SDP
software were taken from the “International Tables for Crystallography”, Vol. IV,

25  Tables 2.2A and 2.3.1, Kynoch Press, Birmingham, England (1974)) software
package with minor local modifications or the crystallographic packages MAXUS
(maXus solution and refinement software suite: Mackay, S. et al., maXus: a computer
program for the solution and refinement of crystal structures from diffraction data or
SHELXTL". The derived atomic parameters (coordinates and temperature factors)

30  were refined through full matrix least-squares. The function minimized in the

refinements was Zyw({Fo| - ]Fcl)z' R is defined as X ||Fg] - [Fc|l/Z [Fpl while Ry, =
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2 2172 . .
[Zwl|Fol - IFe) 7Zw [Fol T~ where w is an appropriate weighting function based on
errors in the observed intensities. Difference maps were examined at all stages of

refinement. Hydrogens were introduced in idealized positions with isotropic

temperature factors, but no hydrogen parameters were varied.

X-ray Powder Diffraction Data (PXRD)

[00164] PXRD data were obtained using a Bruker C2 GADDS . The radiation was

CuKa (40 KV, 40mA). The sample-detector distance was 15 cm. Powder samples

were placed in sealed glass capillaries of Imm or less in diameter; the capillary was
10 rotated during data collection. Data were collected for 3<20<35° with a sample

exposure time of at least 1000 seconds. The resulting two-dimensional diffraction

arcs were integrated to create a traditional 1-dimensional PXRD pattern with a step

size of 0.02 degrees 28 in the range of 3 to 35 degrees 20.

15 Differential Scanning Calorimetry (DSC)
[00165] DSC experiments were performed in a TA INSTRUMENTS® model
Q1000 or 2920. The sample (about 2-6 mg) was weighed in an aluminum pan and
recorded accurately recorded to a hundredth of a milligram, and transferred to the
DSC. The instrument was purged with nitrogen gas at S0mL/min. Data were

20 collected between room temperature and 300 °C at 10 °C/min heating rate. The plot

was made with the endothermic peaks pointing down.

Thermal Gravimetric Analysis (TGA)
[00166] TGA experiments were performed in a TA INSTRUMENTS® model

25 Q500 or 2950. The sample (about 10-30 mg) was placed in a platinum pan previously
tared. The weight of the sample was measured accurately and recorded fo a
thousandth of a milligram by the instrument. The furnace was purged with nitrogen
gas at 100 mL/min. Data were collected between room temperature and 300 °C at 10
°C/min heating rate.

30

PREPARATION AND ANALYSIS OF THE FORMS

-57-



0. 57348 0.13963 0.26131 C32 0.0038 -0.4627 -0.0971 C9 0.662 -0.0568 0.12021
C33 0.6959 0.684 0.34384 N10 0.29855 -0.3261 0.02283 H33A 0. 70516 0.76375
0. 35989 N0 2011023688 - 0. 3115 -0. 0205 H33B PCT/US2011/031320

10

[00167] The unit cell data and other properties for these examples are presented in
Table 1. The unit cell parameters were obtained from single crystal X-ray
crystallographic analysis. A detailed account of unit cells can be found in Chapter 3
of Stout et al., X-Ray Structure Determination: a Practical Guide, MacMillan Co.,
New York (1968).

[00168}] Fractional atomic coordinates for Examples 13a and b, and the conditions
at which they were measured are presented in Tables 2 and 3.

[00169] Additionally, characteristic powder X-ray diffraction peak positions
(degrees 2630.1)@ RT for Examples 13a, b, ¢, d, and e are presented in Table 4, all of
which are based on high quality patterns collected with a diffractometer (CuKa) with
a spinning capillary with 28 calibrated with a NIST other suitable standard.

[00170] Finally, Figures 1, 2, 3, 4, 5 and 6 present PXRD patterns for Examples
13a,b, ¢, e, d and f. Figures 8 and 10 disclose the TGA of Examples 13b and 13f,
respectively. Figures 7 and 9 disclose the DSC of Examples 13b and 13f,

15

20

25

30

respectively.

Form Preparation, PXRD, DSC and TGA Characterization
[00171] Example 13a, Form A.5-1: 5-chloro-4-(1-(5-chloropyrimidin-2-
yDpiperidin-4-yloxy)-1-(2-fluoro-4-(methylsulfonyl)phenyl)pyridin-2(1H)-one, free
base, was suspended at concentration in excess of 150 mg/mL in acetone. The
suspension was allowed to equilibrate at room temperature to provide a somewhat
thin suspension. Part of the suspension was filtered and both the filtrate and the
suspension were refrigerated at 5 °C to provide crystals of the hemi-acetone solvate.
Form A.5-1 free base was characterized by a PXRD pattern which matches the
simulated pattern generated from the single crystal structure data.
[00172} Example 13b, Form N-2: 1 g of 5-chloro-4-(1-(5-chloropyrimidin-2-
yDpiperidin-4-yloxy)-1-(2-fluoro-4-(methylsulfonyl)phenyl)pyridin-2(1H)-one, free
base was dissolved in 10 mL of water-free EtOAc at 77 °C. The solution was cooled
to 70 °C. 10 mg of seeds of N-2 were added. To the slurry, 18 mL of n-heptane was
added over 1 hour with a syringe pump. The slurry was cooled from 70 °C to 20 °C
over 1 hour, and agitated at 20 °C overnight. The solid was isolated by filtration,
washed with 3 mL of n-heptane, dried at 50 °C in a vacuum oven overnight. Form N-
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2 is 5-chloro-4-(1-(5-chloropyrimidin-2-yl)piperidin-4-yloxy)-1-(2-fluoro-4-
(methylsulfonyl)phenyl)pyridin-2(1H)-one, free base, a neat form (without additional
molecules of water or solvent). Form N-2 was characterized by a DSC thermogram
having an endothermic onset typically ca. 232 °C, at higher temperatures other events
5  may ensue. Form N-2 was characterized by a PXRD pattern which matches the
simulated pattern generated from the single crystal structure data. Form N-2 was also
characterized by a TGA curve having negligible weight loss at up to ca. 200 °C and in
agreement with the single-crystal structure.
{00173] Example 13¢, Form AN.5-1: A suspension of 5-chloro-4-(1-(5-

10 chloropyrimidin-2-y!)piperidin-4-yloxy)-1-(2-fluoro-4-
(methylsulfonyl)phenyl)pyridin-2(1H)-one, free base, at ~200 mg/ml was prepared in
acetonitrile and allowed to equilibrate at room temperature to provide a somewhat
thin suspension. Part of the suspension was filtered and both the filtrate and the

suspension were refrigerated at 5 °C to provide crystals of the hemi-acetonitrile

solvate:

[00174] Example 13d, E.5-1: 5-chloro-4-(1-(5-chloropyrimidin-2-yl)piperidin-4-

ot
wh

yloxy)-1-(2-fluoro-4-(methylsulfonyl)phenyl)pyridin-2(1H)-one, free base was
crystallized from a solution of ethanol and heptane.
[00175] Example 13e, Form IPA.5-1: 40 mg of 5-chloro-4-(1-(5-chloropyrimidin-

20  2-yDpiperidin-4-yloxy)-1-(2-fluoro-4-(methylsulfonyl)phenyl)pyridin-2(1H)-one, free
base was slurried in <lmlL of isopropyl alcohol. The slurry was gently heated to
dissolve the remaining solid. The solution was cooled to RT and allowed to slowly
evaporate until crystals were observed.

[00176] Example 13f, P-6: 200 mg of 5-chloro-4-(1~(5-chloropyrimidin-2-

25  ylpiperidin-4-yloxy)-1-(2-fluoro-4-(methyisulfonyl)phenyl)pyridin-2(1H)-one, free
base was taken up in 10 mL of tetrahydrofuran. The solution was heated to 50 °C to
fully dissolve all of the 5-chloro-4-(1-(5-chloropyrimidin-2-yl)piperidin-4-yloxy)-1-
(2-fluoro-4-(methylsulfonylphenyl)pyridin-2(1H)-one, free base. 100 mL of n-
heptane was cooled to 30 °C and then the 4-(1-(5-chloropyrimidin-2-yl)piperidin-4-

30 yloxy)-1-(2-fluoro-4-(methylsulfonyl)phenyl)pyridin-2(1H)-one, free base/THF
solution was added in less than 10 seconds. The resulting precipitate was collected by

filtration, washed with about 5 mL of n-heptane and then dried under reduced
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pressure to yield the material P-6. The material P-6 was characterized by a DSC
thermogram having an endothermic onset between ca. 80 °C to 120 °C, at higher
temperatures other events may ensue. The material P-6 was characterized by a TGA
curve having a weight loss of ¢a.12.3% up to ca. 150 °C.

[00177] Example 13g, SC-3: 5.01 g of S-chloro-4-(1-(5-chloropyrimidin-2-
yDpiperidin-4-yloxy)-1-(2-fluoro-4-(methylsulfonyl)phenyl)pyridin-2{1H)-one, free
base was taken up in a mixture of 2.68 g of salicylic acid in 80 mL ethanol. ~100 mg
of salicylic acid salt seeds of 5-chloro-4-(1-(5-chloropyrimidin-2-yl)piperidin-4-
yloxy)-1-(2-fluoro-4-(methylsulfonyl)phenyl)pyridin-2(1H)-one, free base were added
and the resulting slurry was heated to 50°C where it stirred for about 16 hours. After
this time, the solid was isolated by filtration, washed with 75 ml. of ethanol and then
dried in a vacuum oven for about 48 hours to yield Form SC-3.

[00178] Example 13h, BZ-3: ~50 mg of 5-chloro-4-(1-(5-chloropyrimidin-2-
yDpiperidin-4-yloxy)-1-(2-fluoro-4-(methylsulfonyDphenyl)pyridin-2(1H)-one, free

13

base was shurried in 2l of .25 M benzoic acid i ethanol. “Seeds of co-crystals of
form SC-3 were added. The mixture was heated to 50° C where the slurry was stirred
for about 48 hours. After this time, the resulting slurry was analyzed by PXRD and
proton NMR, which indicated the presence of co-crystals of forms SC-3 and BZ-3.
Form BZ-3 was collected by filtration from the slurry to yield Form BZ-3.
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0.92398 0.65714 0.32632 H23B 0.41431 -0.1283 0.00475 C21 0.1972 -0.3751

-0. 0143 1426A 0.22043 -0.1731 0.04195 C22 0.6285 0.0951 0.21155 H26B

0.28421 -wW02817201061479 C23 0.407 -0. 1441 0.05672 H27A PCT/US2011/031320
Table 1 (continued)
Unit Cell Parameters
Example | Vm Sg R Dcalc
13a 610 | Pbarl | 0.047 | 1.476
13b 559 | P2y/c | 0.044 | 1.525
13c 609 | Pbarl | 0.050 | 1.457
13d 603 | Pbarl | 0.042 | 1.477
13e 614 | Pbarl | 0.045 | 1.471
13g 711 | Pbarl | 0.029 | 1.522
13h 704 | Pbarl | 0.039 | 1.499
The variables used in Table 1 are defined below:
5 T = temperature in Centigrade for the crystallographic data;
Z = number of drug molecules per asymmetric unit;
Vm =V (unit cell} / (7 drug molecules per cell);
$g = space group;
R = residual index (I>3sigma(l}); and
10 dcalc = calculated crystal density.

Table 2
Fractional Atomic Coordinates for Example 13a, Form A.5-1, at T=25°C

Atom X y Z Atom X y z

S1 1.13374 | -0.2169 | 0.80291 C30 0.3621 0.9496 | 0.09716

Cl2 | 0.54743 | 0.5327 | 0.83243 | C31 0.3527 1.0704 | 0.10576

C13 | 0.24737 | 1.17145 | 0.01993 | C32 0.6729 | 0.8773 0.3969

N4 0.83684 | 027374 | 0.68828 } (33 1.272 -0.2343 | 0.6888

05 0.6526 | 0.61583 | 0.60375 | C34 1.0186 | 0.4614 0.9539

Fé 0.80225 | 0.07827 | 0.56904 | O35 1.0397 | 0.3945 0.8718

07 0.98475 | 0.25822 | 0.51796 | C36 0.8663 0.5127 0.9935

N9 0.595 0.8385 | 030754 | H33A | 1.23356 | -0.2369 | 0.61499
N10 0.5153 1.0328 0.2515 | H33B | 1.33708 ; -0.3071 | 0.70145
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0.40174 -0.4183 0.09963 N24 0. 2093 -0.4822 -0.0437 H27B 0. 40991 -0. 4645
0.01797 C25 0,5993 -0.0136 0.17587 H31 0.11339 -0.6003 -0.1077 C26 0.2911
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Atom X y Z Atom X y z
C11 0.7195 0.5046 | 0.6241 | H33C | 1.32159 | -0.1683 | 0.68754
NI12 | 0.4407 | 0.87201 | 0.16221 | H27 | 1.10568 | 0.00687 | 0.90781
C8 0.9017 | 0.15453 | 0.72147 | H19 | 0.94098 | -0.1195 | 0.63348
C13 0.8856 | 0.05898 | 0.65699 | Hi8 | 0.99441 | 0.20103 | 0.8599
Cl4 0.7357 | 0.34098 | 0.76488 | H14 | 0.70497 | 0.30857 | 0.84012
Cl5 0.6768 0.4527 | 073543 } H16 | 0.84967 | 0.46876 | 0.47342
Cio 0.8212 | 043747 | 0.54976 § H29 0.7871 | 0.65411 | 0.4647
C17 0.889 | 0.31944 | 0.5796 | H26A | 0.50188 | 0.65627 | 0.4249
C18 0.9828 | 0.13564 | 0.81385 | H26B | 0.6314 | 0.55695 | 0.3828
C19 0.9527 | -0.0552 | 0.68092 | H21A | 0.55211 | 0.82646 | 0.54212
C20 0.5156 | 0.91685 | 0.23859 | H21B | 0.70969 | 0.82744 | 0.5671
C21 0.6506 | 0.80633 | 0.51148 | H28A | 0.57027 | 0.692 0.22915
022 1.1937 -0.214 | 091181 | H28B | 0.72779 | 0.68967 | 0.25629
023 1.0458 -0.302 0.7898 | H32A | 0.77305 | 0.86479 | 0.3707
C24 1.0371 | -0.0723 | 0.77362 } H32B | 0.63878 | 0.96056 | 0.41064
C25 0.431 1.10856 | 0.1848 H30 | 0.30902 | 0.92182 | 0.04073
C26 0.6018 : 0.64039 | 0.3979 H25 | 0.42609 | 1.19284 | 0.19124
C27 1.0509 | 0.0211 | 0.84145 | H36A | 0.8232 | 0.55762 @ 0.92973
C28 0.6291 0.7112 | 0.2859 | H36B | 0.81533 | 0.44929 | 1.01757
C29 0.6872 | 0.67504 | 0.49064 | H36C | 0.86319 | 0.56425 | 1.05842
Table 3
Fractional Atomic Coordinates for Example 13b, Form N-2, at T= 25 °C
Atom X y Z Atom X y z

Cli | 0.86027 | -0.0535 | 0.03838 ] C27 0.4067 | -0.3959 | 0.04841
S2 0.80743 | 0.65016 | 0.28459 | C28 0.5246 | -0.3261 | 0.04582
Cl3 -0.1221 | -0.5168 | -0.1537 |} C29 0.0028 | -0.3574 | -0.0623
F4 0.55509 | 0.32858 | 0.1507 030 0.7846 | 0.71873 | 0.21817
06 | 0.63209 | -0.1518 | 0.07863 | C31 0.1108 | -0.5244 | -0.0853
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WO 2011/ 127106PCT/ US2011/ 031320 Table 4 [00179] Characteristic powder X-ray
diffraction peak positions (degrees 200.1) @RT for Exanples 13a, b, d, c,

d, and e we=ed/amoa hi gh quality pattern col |l ected w t hpaTdistéinastonet er
(CuKa) with a spinning capillary with 20 calibrated with a NI Sl other
S5suitable standard. Exp 13a Exp 13b Ex. 13c Exp 13d Exp 13e 16.9 9.9 10.8
15.7 15.4 21A80mh1} 2 8.3 [16.9 16.0 23.0 LAdm22. 4 48.3]17.9 13.5725.8 18.5

07 0.57348 | 0.13963 | 0.26131 | C32 0.0038 | -0.4627 | -0.0971
C9 0.662 -0.0568 | 0.12021 | C33 0.6959 0.684 0.34384
N10 | 0.29855 | -0.3261 | 0.02283 | H33A | 0.70516 | 0.76375 ; 0.35989
N11 | 0.09381 | -0.3115 | -0.0205 | H33B | 0.7057 | 0.63351 | 0.38679
Cl2 0.6592 0.3585 | 0.19311 | H33C | 0.61568 | 0.67307 | 0.31778
N5 0.72625 | 0.15622 | 0.18479 | HI14 | 0.60814 | 0.52726 | 0.20393
C8 0.7484 0.2744 | 021022 { HI15 | 0.94768 | 0.44195 | 0.30658
C13 0.7685 0.0044 | 0.10187 } H17 | 0.92015 | 0.24928 | 0.26365
Cl4 0.6731 0.4723 0.2167 Hl6é | 0.86712 | 0.15028 0.119
C15 0.8733 0.4202 | 0.27682 | H25 | 0.53269 | -0.0574 | 0.19289
C16 | 0.79685 | 0.1083 | 0.13306 | H28A | 0.53407 | -0.3085 | -0.0057
C17 0.8567 0.3063 | 0.25223 | H28B | 0.59354 | -0.3713 | 0.06684
C18 0.7822 0.5013 | 0.25912 | HI19 | 051264 | -0.2262 | 0.14093
C19 0.5187 | -0.2126 | 0.08858 | H23A | 0.40236 | -0.0718 | 0.08336
020 | 0.92398 | 0.65714 | 0.32632 | H23B | 0.41431 | -0.1283 | 0.00475
C21 0.1972  -0.3751 | -0.0143 | H26A | 0.22043 | -0.1731 | 0.04195
c22 0.6285 0.0951 | 0.21155 | H26B | 0.28421 | -0.2317 | 0.11479
C23 0.407 -0.1441 | 0.05672 § H27A | 0.40174 | -0.4183 | 0.09963
N24 0.2093 | -0.4822 | -0.0437 | H27B | 0.40991 | -0.4645 | 0.01797
C25 0,5993 | -0.0136 | 0.17587 | H31 0.11339 | -0.6003 | -0.1077
C26 0.2911 -0.216 | 0.06277 | H29 | -0.0794 | -0.3159 | -0.068
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19.3 14.4 23.1 17.5 ASSAY(S) FOR GPR119 G PROTEI N- COUPLED RECEPTOR
ACTIVITY [00180] The in vitro nodul ation of reconbi nant human GPR119
was det erworeed/120ms fol | ows. Tet-induci ble cAMP Assay [ @0T8Kpo1Avobisa®N- NDUSE
chimeric GPR119 expression construct encoding 3 copies of the FLAG epitope
tag, the first 198 am no acids of human GPR119 and the C 15 term nal 137
anm no aci ds of the nouse receptor was Tidnéd into a tetracycline inducible

vect or /T vi trogen, #V6520-20), h i.ncludes a

hygrorrym n- i@ 3 angé‘g'ﬁ’ﬁ feREHC PO R 1457y ta?tefm P@%@B@%&e@w&&%@ was
achi eved by Ratd N, tr

specific hosltﬁ?@{%ah{yrl]%gwa %:ah ’%I&g ﬁ&%@? lﬁg 1IéladsﬁstjiD %g&%&g@g@% i ne
repressor (|diffrdcromgsen)(Culog evith aspirilirgg c&@ﬂm}gvmhﬂémhbre&dmmrﬁl\?m} bthéd ne was
generated, the cells were maintained at 37 Cin a humdified 5% CO2

at rmspherSe i svitablestapdarfedi um consi sting of Dul becco's nodified Eagle's

medi um (DVEM | nvitrogen #11960) supplenented with 2 mM L-glutam ne, 10%
fetal bovine serum 200 ug/nilhygronmycin B, and 15 ug/nil bl astici din.

[ 001. 821 Fortyy- egghizghours lmpp_}b to t@,{ P aCCLEﬂ.y Bd on assagyi3ecelil s
stably exprespgim MTET TGy ameny m)y(?? RITITORSTTUCt W g seqded at
a density of 4 xl&) cellls/wel'l” in 384 polly- D-1'ysi ne jcoated solijd white
pl ates (BD #35-666{1 and grownzat 37 C ifiza hum di f6.ed 5% CR1@bnosphere in

culture nediu nted with [1p g/ol tetiracycline tlo induce
expression of| the23.8ceptjor. Th2the day 2)34t he assa1183rredi um whs0r engved and

cel | s were i ncubated—for50 T at 5 ti-d 5%-COR-atmogpher e
in 20 RI/well| of assay bluffe:l léphosphatb% guffered L%FI ne with 24 and
My2+, 12 mM gfucose, 0.1 nMyggabutyl - methyl-xanthise; 0, % fatty-acild free
bovine serumpalbumn) with the desilred concentiration of clonpound 10 added
froma concentrated stock di $86l ved in dinethyl sulfoxideg (DVMSO tojgive a
fi nal concent kati-on--0f-—-1%-DMSO+h—the—assay—eAMP—accurdt-aten—was—Aeasur ed
using the G sBio hompgeneous tine resolved fluorescence (HTRF) assay kit
(#62AMRRPEC). foll.owi.ng.-.the_ manufacturer' s prot.ocol Briefly . .10_t.t1 each of

the cAMP- HTRF fASSA¥6DdHR PRIAOG BRQT%&QQPL«BD&E@EBBOM@EMT%H and
he - | b df
I or ccooncBGHS REHE SO Se S5t e Bl PR PERES Y85 v

the Envigj omdabwsiment (Perkin Elnmer), the fluorescence ratio of 665/620
was cal cul ated and converted to nanonol ar concentrations of cAMP in each
wel | by interpol ation froma cAWP standard curve. The

concentratl g‘gqfq?q W es and EC50 val ues were calculated with a four
20 par anet er Tdﬂ ce S¥¥t equation utilizing Excel /XLfit software
(Mcrosoft amgd184BS)a hikhéh-FReast dhihbigc @?Rw%ﬁﬂikﬁlcﬁ%oﬁ%ﬂd@@n&@ﬁfg@%dﬁ&' on of
agoni st which increased the cAVP concentration to a val ue hal fway between
t he basel i neofahed FLAG apitopertag the first 198 amino acids of human GPR119 and the C-

15  terminal 137 amino acids of the mouse receptor was cloned into a tetracycline
inducible vector pcDNAS/FRT/TO (Invitrogen #V6520-20), which includes a
hygromycin-resistance marker. Tightly controlled receptor expression was achieved
by stable integration of this construct into the genome of a specific host cell line, Flp-
In-T-Rex-HEK293, expressing the tetracycline repressor (Invitrogen). Once a stable

20 hygromycin-resistant cell line was generated, the cells were maintained at 37 °Cin a
humidified 5% CO; atmosphere in culture medium consisting of Dulbecco’s modified
Eagle’s medium (DMEM; Invitrogen #11960) supplemented with 2 mM L-glutamine,
10% fetal bovine serum, 200 pg/ml hygromycin B, and 15 pg/ml blasticidin.
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[ 001831 Conpounds of the present invention were tested in the Tet-inducible
25 cAMP assay described i nmedi ately above and the results shown in Table 5
bel ow werwoabtiaiznwd. Tabl e 5 Exanpl e GPR119 EC50 (nM 1 @CTAR2011M83800] €
GPR119 EC50 (nM 455364889 13102116

10

..,.m.l..s_m.m‘...‘...

20

25

[00182] Forty-eight hours prior to the cAMP accumulation assay, cells stably
expressing the chimeric human/mouse GPR119 construct were seeded at a density of
4 x10° cells/well in 384 well poly-D-lysine coated solid white plates (BD #35-6661)
and grown at 37 °C in a humidified 5% CO, atmosphere in culture medium
supplemented with 1pug/ml tetracycline to induce expression of the receptor. On the
day of the assay, medium was removed and cells were incubated for 50 min. at 37 °C
in a humidified 5% CO; atmosphere in 20 pl/well of assay buffer (phosphate-buffered
saline with Ca®" and Mgz"'", 12 mM glucose, 0.1 mM isobutyl-methyl-xanthine, 0.1%
fatty-acid free bovine serum albumin) with the desired concentration of compound
added from a concentrated stock dissolved in dimethyl] sulfoxide (DMSO) to give a
final concentration of 1% DMSO in the assay. cAMP accumulation was measured
using the CisBio homogeneous time resolved fluorescence (HTRF) assay kit
(#62AM2PEC) following the manufacturer’s protocol. Briefly, 10 pl each of the
cAMP-HTRF fluorescence detection reagents were added to each well, and the
sampleswere incubated for 40-minat roonr temperature.Fluorescence was excited at—
320 nm and measured at 665 and 620 nm using the Envision instrument (Perkin
Elmer), the fluorescence ratio of 665/620 was calculated and converted to nanomolar
concentrations of cAMP in each well by interpolation from a cAMP standard curve.
The concentration-response curves and ECs, values were calculated with a four
parameter logistic curve fit equation utilizing Excel/XLfit software (Microsoft and
IDBS). The ECsg value was calculated as the concentration of agonist which
increased the cAMP concentration to a value halfway between the baseline and the
maximumn.

[00183] Compounds of the present invention were tested in the Tet-inducible
cAMP assay described immediately above and the results shown in Table 5 below

were obtained.

Table 5
Example | GPR119 ECs (nM)
| 8
2 12
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Mouse O al
m ce (8-10 weeks ol d,

G ucose Tol erance Test [00184] Twenty four (24) male C57BL/6J
average weight 28 g) were random zed into 4 groups (1

nouse/ cageP 20f1/R716ce per group based on fed plasma gl ueasasand/obsdy

weight. Prior to initiating
next norning they were weig

t he study,

ed _and

l.aced in the. exp

m ce were fasted overni ght and the

erinental |lab. After 30
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ned by gne-way A
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NOVA fol | owed by
(JMP sof twar e,

20rel ease 5.1.2). [001851 Fi

nd bel o

(See WD 2009/ 012275 Al). The

v i n Tablée 6 data

for conpared conpounds

oOrn-ar -2

ht 1 v Aot o ol
TTve Udati a STTUwWwo

he unexpect ed

significant reduction

t he conpounds of the present

culrpai

i nventi

on.

in plasma glucose at significantly | ower doses of
Tabl e 6 5Conparative In vivo Data -

Conmpound M n¥igsa Yrabfycese Folgunestest (ng/ kg) G ucose Lowering (% Exanple 3
VO 2009701224818 3Q e Bt @R kG107 BIG AR BA9WRKE b1 artFale weight 28

g) were randomized into 4 groups (1 mouse/cage) of 6 mice per group based on fed

plasma glucose and body weight. Prior to initiating the study, mice were fasted

overnight and the next morning they were weighed and placed in the experimental lab.

After 30 min in the environment, the mice were bled via tail tip at -60 min and

immediately given their first oral administration of vehicle (40% PEG400, 10%

Cremophor EL, 50% water) or compound solutions (5 ml/’kg). At time 0 the mice

10

were bled and given 50% glucose (2 g/kg) to initiate the oral glucose tolerance test

(oGTT). The mice were bled 30, 60 and 120 min after the glucose load. Blood

samples were drawn into potassium EDTA, placed on ice during the study and

subsequently centrifuged for 10 min at 3000 rpm at 4 °C. Plasma samples were
diluted 11-fold for glucose analysis in the COBAS MIRA® System (Roche

15

Diagnostics). Area under the curve was calculated from the plasma glucose time

course data using the trapezoid rule with fasting plasma glucose as the baseline

(GraphPad Prism Software). The statistical significance of the changes in the glucose

AUCs resulting from the different treatments was determined by one-way ANOVA

followed by Dunnett’s test using the vehicle group as the control (JMP software,

20 release 5.1.2).

[00185]

Find below in Table 6 data for compared compounds (See WO

2009/012275 Al). The comparative data shows the unexpected significant reduction
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Exanpl e 190 WO 2009/ 012275 Al 10 -18% Exanpl e 224 WD 2009/ 012275 Al 0.3

- 30% Exanpl e 229 WD 2009/ 012275 Al 1 -20% Exanpl e 265 WO 2009/ 012275 Al 3
- 25% Exampbeo26@7M® 2009/ 012275 Al 3 -23% Exanpl e 1 Pr egemiuskonpstszon 0. 1
-24% Exanpl e 2 Present Invention 0.1 -29% Exanple 3 Present Invention 0.1

in plasma glucose at significantly lower doses of the compounds of the present

invention.
Table 6
5 Comparative In vivo Data
Compound Minimally efficacious Dose | Glucose Lowering (%)
(mg/kg)
Example 3 30 -29%
WO 2009/012275 Al
Example 142 I -33%
WO 2009/012275 Al
Example 190 10 -18%
WO 2009/012275 Al
Example 224 0.3 -30%
WO 2009/012275 Al
Example 229 1 -20%
WO 2009/012275 Al
Example 265 3 -25%
WO 2009/012275 Al
Example 268 3 -23%
WO 2009/012275 Al
Example 1 0.1 -24%
Present Invention
Example 2 0.1 -29%
Present Invention
Example 3 0.1 -28%
Present Invention
Example 4 0.03 -24%
Present Invention
Example 5 0.06 -29%
Present Invention
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-28% Exanpl e 4 Present Invention 0.03 -24% Exanple 5 Present |Invention 0.06
-29% WO 2011/ 127106PCT/ US2011/ 031320 Conpound M ninmally efficaci ous Dose
(my/ kg) Gvocosen2tmdering (% Exanple 6 Present |nventi orCO/UB20136%3kxanpl e 8
Present Invention 0.03 -26% Metabolic Stability in Liver Mcrosones Test
1001861 Human liver mcrosones were purchased from BD Bi osci ences (Wburn,
MA) . The test, coapaad Was I eqeMyghall$ edicacioud Dbdd $iGIakose dlowetiag (Jom 100
percent di metihyl sul foxide ("DVSO', Sigma Aldritch). The compound sdl ution
was diluted § to create a 50 M acetorﬁmfkigDe ("ACNl, Sigma Aldritch)
sol uti on cont et S-PVSO—wheh—s—=thernr—used s—a—1+00=f-otd—st-eck for
I ncubation wit¥ Tre test conpound, P-njcoti nan??% adeni ne
di nucl eot i de pﬂs}g& ﬂ.}vg éc';d\lADPH', AppliChemiInc.) and liver m crosone
solutions are corr I ne i ngubation in three steps: 101)450 t1 of |liver
m crosone susjpéxsmpas8 proteinjconcentrdt®dn of 1.1ing/m i-26%00 nM sodi um

(+)/ phosphat edﬁ" NaPi ", pH 7.4, Sigma Aldritch) bufter, 5 nmM nmagnesi um
chloride ("M TESenSPb’ﬁﬁn%thltch) buffer, is pre-warned at 37 C 2)5
pl of 50 pM test—compound (987 6% ACN, 1 4% DVBO s added—to thesane t ube

and pre-incubated at 37 'V for 5 mnutes; and
Metabolic Stability in Liver Microsomes Test

100186] Human liver microsomes were purchased from BD-Biosciences (Wobuin,
MA). The test compound was received as a 3.5 mM stock solution in 100 percent
dimethyl sulfoxide (“DMSO”, Sigma Aldritch). The compound solution was diluted
5  tocreate a 50 uM acetonitrile (“ACN”, Sigma Aldritch) solution containing 1.4%
DMSO, which is then used as a 100-fold stock for incubation with microsomes. The

test compound, f-nicotinamide adenine dinucleotide phosphate (“NADPH?”,

AppliChem Inc.) and liver microsome solutions are combined for incubation in three
steps:

10 1) 450 wl of liver microsome suspension, protein concentration of 1.1
mg/ml in 100 mM sodium (+)/phosphate (“NaP;”, pH 7.4, Sigma Aldritch) buffer, 5
mM magnesium chloride (“MgCl,, Sigma Aldritch) buffer, is pre-warmed at 37 °C;

2) 5wl of 50 pM test compound (98.6% ACN, 1.4% DMSQ) is added to

the same tube and pre-incubated at 37 °C for 5 minutes; and

15 3) The reaction is initiated by the addition of 50 pl of pre-warmed 10 mM
NADPH solution in 100 mM NaP;, pH 7.4.

[00187} Reaction components are mixed well and then 65 ul are immediately
transferred into 130 pl quench/stop solution (zero-time point, Tp). The reactions are
20  incubated at 37 °C for 5, 10, 15, 30 and 45 minutes and at each time-point a 65 pl
aliquot is transferred into 130 pl of quench solution. ACN containing Internal
Standard (100 ng/ml), is used as the quench solution to terminate metabolic reactions.
The quenched mixtures are centrifuged at 1500 rpm (~500 X g) in an Allegra X-12
centrifuge, SX4750 rotor (Beckman Coulter Inc., Fullerton, CA) for fifteen minutes to
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t he unexpect@ﬁlé I @yf

present invention. 15Ta

09/ 012275 Al).

e 7 Additional

the conparati

corfparative In vitr

[00188] Find below in Table 7 data for conpared
Ceneral ly,

w T ARRE 2R0kIt6r ShndRirdd domPundd@es oounds of the

ve data shows

o Data Conmpound

Human Li ver N08rdedneAtal Gererdlly, (heicoutpesivEdatrshewd g unXR0©ed/ 012275 Al 33

338, Y0, 2P0, A2 hid? Exarm

Exanpl e 151 WD 2009/ 0122
224 WD 2009/ EFyovRseat in me

75 Al

7 I
tabolic stab%t?z%?ﬂ?e

15 Table 7
Additional comparative In vifro Data
Compound Human Liver Microsome
Half-life (minutes)
Example 142 33
WO 2009/012275 Al
Example 151 71
WO 2009/012275 Al
Example 190 122
WO 2009/012275 Al
Example 224 4
WO 2009/012275 Al
Example 229 30
WO 2009/012275 Al
Example 265 47
WO 2009/012275 Al
Example 268 59

-70 -

of pre-warned 10 mM
pH 7.4. 1001871 Reaction conponents are

A



Exanpl e 229 WD 2009/ 012275 Al 30 Exanpl e 265 WD 2009/ 012275 Al 47 Exanpl e
268 59 Conmpound Human Liver Mcrosone Half-life (m nutes) WO 2009/012275
Al Exanpwe 2011Prement | nventi on 180 Exanple 2 Present | meentsean/0ivZo Exanpl e
3 Present Invention 108 Exanple 4 Present Invention 57 Exanple 5 Present

| nventi on 105 Exanpl e Present lnvention 39 Exanple 8 Present |nvention

Compound Human Liver Microsome
Half-life (minutes)

WO 2009/012275 Al

Example 1 180

Present Invention

Example 2 147

Present Invention

Example 3 108

Present Invention

Example 4 57

Present Invention

Example 5 105
Present Invention
Example 6 39
Present Invention
Example 8 120

Present Invention

Example 9 88

Present Invention

Example 10 35

Present Invention

Example 11 51

Present Invention

[00189]  Surprisingly, it was discovered that the compounds of the present
invention possess beneficial pharmacological characteristics, such as, the combination
of potent GPR119 efficacy, improved glucose reduction at lower dosage levels and
metabolic stability in comparison to compounds know in the art. See Tables 5, 6 and
5 7. For example, see Example 1 of the present invention and Example 224 of WO
2009/012275 Al. Example 1 of the present invention has a GPR119 ECsp0of 8 nM, a

24% reduction in glucose at 0.1 mg/kg, and a half-life of 180 minutes. In comparison,
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120 Exanple 9 Present Invention 88 Exanple 10 Present Invention 35 Exanple
11 Present Invention 51 [001891 Surprisingly, it was discovered that the
conmpoundswof2otihie7wsesent i nventi on possess beneficial piraTrsealogiseal
characteristics, such as, the conbination of potent GPR119 effi cacy,

i nproved gl ucose reduction at |ower dosage |levels and netabolic stability
i n conpari sobfxdngple dbolivds 200960 2275 A ewldlet havBeesimdél et vy agimnGPRIT? For

2000/ 032275 (A CHELH3iGe0 3 b D ookt STRRR YR TR R @ Ecs0 of

nM a 24%rr i i : -aif: fi
nutes | g Rt 508 LBEfehn ucbsin s (B85 ($538ble (¢ i balfitlo).

simlar activity against GPR119 (an GPR119 EC50 of 4 nM is three tines

| ess effective in reducing glucos 0. [ a 30% reduction in

gl ucose) and 45 times |ess spiﬁg?ﬁéﬁﬁmwggﬁlﬁﬁé). S5UTI LI TIES AND
COMBI NATI ONSp A. Ut jfifitdses [00190] The conpounds of the present invention
possess activity as agoni sts of the GPR119 receptor, and, therefore, may he
used in the [0Eed]meThe obmgowmed o€ thegssent iavadionpobsefPiRlilRy neagpisty ofabe i vity.
Via the actiyation of GPRI 19 receptor, the 10 conpounds of the present

i nventi on me§PRLET eeamry apd tharplony amyids usetindhe Beatmepl ofifissassg assoristedor
increase QP $95419b1 N F : LG 16, ounds of the
pr esent i nventton clg% r%pgé?naﬁ%‘@t glgg&%%llxﬁm%ﬁ%rlgfgé%&@ﬁ umans, for

t he tr eatorensonpdouddyaf the pyesaft inentdod man prefindblgibe @bdunyed té hetdast ingulidut not
limted to, treatjng, preventing, or, slowing the 15 progression 6f-di abetes
and rel at ed PEAHONGE&CTeRse BhPakeasraion®5Rphi cati ons associated with

di abet es, scuy| C L cati I - \M i tes.: :
cardi ovascmp?%ﬂs e%scgér,dﬁwgt%eo%ﬁﬁc& @%%?%ﬁ%bgeﬁﬁgf%h{g%%%ﬁ%n@%t ﬁdl ons,
i nf | anmat or yiothaaaskspefttatdl hehaiadhegeatconsgguantty ol coddifisnsk@tli eved t hat

t he conpounds of the present invention may be used in preventing,

i nhi bi ting, #sordpisainringingobntaptlimied Ky Fantyley peneing ppdevd the ucose

tol erancg, i D _resi. rinsylinem a  refl o VI europathy,
nephr opathy, DB ERIoh S T R e il B DA o0

coronary syngkedBed MyBGcREted) mhdbadsellbothmRgling eeiadd with gRbepsher al
vascul ar di sease, intermttent claudication, ocardi al ischem a, stroke,

heart fail uredrdionsscalppdiseassy Miptdndic Sypdiomednd iits womppeait egndiv®y s| i pi deni a,

0 vaScut ar Rk el G5 B gt COLAPAFIR R SRRl s 8 O

bone di seasecdmpihiébilic pEs@ARVAGDS Inay BEWS:d inlpyeRheh € asabilins O itab etk
| i podystrophy, and glaucoma, and treatment of side-effects related to
di abet es20 | i%@w% hypsigly el a0stna pd Elisoss tolermce dntulingetdansed treat nent. 30

'[6\?”0192 1 et ag}(f)pleiri%su‘?%gr%ga? re in%E)atB S,ynrégnto%g%y?( ﬁepilfop%ﬁls ?\r;violtljx?cfjhéaﬂnglz,or detal.,J
atherosclerosis and its sequelae (acute coronary syndrome, myocardial infarction,
angina pectoris, peripheral vascular disease, intermittent claudication, myocardial
ischemia, stroke, heart failure), Metabolic Syndrome, hypertension, obesity,

25  dyslipidemia, hyperlipidemia, hypertriglyceridemia, hypercholesterolemia, low HDL,
high LDL, vascular restenosis, peripheral arterial disease, lipid disorders, bone disease
(including osteoporosis), PCOS, HIV protease associated lipodystrophy, and
glaucoma, and treatment of side-effects related to diabetes, lipodystrophy and
osteoporosis from corticosteroid treatment.

30 [00192}] Metabolic Syndrome or “Syndrome X” is described in Ford et al., J. Am.
Med. Assoc., 287:356-359 (2002) and Arbeeny et al., Curr. Med. Chem. - Imm.,

Endoc. & Metab. Agents, 1:1-24 (2001).
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Med Assoc., 287:356-359 (2002) and Arbeeny et al., Curr. Med. Chem - Imm,
Endoc. & Metab. Agents, 1:1-24 (2001). WD 2011/127106PCT/US2011/031320

B. Conbi nawoens/200893] The present invention includes wprChius20ti®3secoOpe
pharmaceutical conpositions conprising, as an active ingredient, a

t herapeutically effective anount 5 of at |east one of the conpounds of
Formula 1, alone or in conbination with a pharmaceutical carrier or

di luent. Opt] onal({:%(h ,co‘g)ounds of the present invention can be used al one,
in conbinati®n witHBPAYISconpounds of the invention, or in conbination

w th one or ot apeutihgi s 10 @%ng Idiabetic agent or
ot her phar m@&%lca?ﬁép?gﬁtve n%{)gﬁ%g{?l@é (f(%an[no%l%%e e g%é‘r%g%%nds of the
present i nvegunijeitivay cdeprésind, ay edadtivedagrbdiost & drrapetticatip effoctivemmeuat her

sui tabl e t herapeutic agents usef$l in the treatnment of . the atgrenentioned
di sorder & i rifiddesipne ghheompoupdcofdgantie I alfrg o sembinpeeréidgent s,

ant i - yper | ngpl ARG AAFRE S giftRhi, “OtdrRP AohibuRBSRIS: il rREMIARGRNT C
agents, antinephropathic agents, anti-atherosclerotic agents, anti-ischemc
agent s, ant ibe usel nlppatiarsmbmatigenith otentompediss of thedgestien, or in
anti-dyslipidenm.c agents, ariti:dyslipidem c agents, anti-hyperlipidemc
agent's, ant i CoRpIRAtIon; Wik Qe qrdagH: @¥h§g gistapeutigrgent(yy  8r AR gNELRIEIG REFRtOT
agents, anti ’tﬁ@h@ﬂﬁé&ﬁﬁ@aﬂﬁ%&ve ARblizpancreatic agents, lipid |owering
agents, appetl suppressants, treatnents for heart failure, treatnents for
peri pheral apoesdjal THE sempeurdld df diztpresent inanrhanay roainilsyeda0 ORbREtion
Exanpl es of suitable anti-diabetic agents for use in conbination wth the
conpounds  of Withengpiagaretothessaable therapeptirreents seivhinghel resmgnt of thal ogs
(e.g., LysPrg. ] ] I Fdl atal . L Si i L0
glucagon-lik%b%%%ﬁpgggfhgg@#gﬂ§4%% wﬁﬁ?ﬁgagﬁgﬁggg&?%ﬁgQ?Q%ﬁ%%?%¥*B%ﬁide,

gl i bencl am dgnti-hyglelibdudifittie, agenlspaminiet Bopatit e hgdnex anti-deuroghtitioiagenls, anti-

gl yburide, glinmepiride, repaglinide, 25nmeglitinide);. biguanides (e.g.,

met f ormi n, peePhiapethihagepis griayrosdeptia 2eiy agbischemicagants.Aliazol i nes

fl upar oi?asﬁ) % {gﬁl%ifgi‘fena?u |h&§]é%eélﬁgég%egtsé%ﬂf gysélb{%f@fnﬁlﬁ%éﬁsr %ﬁg?ﬁ%1demzc

i nsul i not r opagentsexeRENpRrithidemic agents, anti-hypertriglyceridemic agents, anti-

N, N-di met hyl - N 42- (4-nor phol i nyl') phenyl | guani di ne (E)-2-but enedi oate salt

( BTS675820) , hypeychpiesteradgsicagenippng pystenptic saed s sat Hepgrsgio agenishlang| al ani ne

Ci gl tayone, CBEOOF FraboRBR N OEPraRlu LORRTER RAITNS. B f,

agoni sts e. gporipheabikdi-dtiReass afdl hidl-adiamatHARedk pha/ gamma dual
agoni stsnuraglitazar, peliglitazar, aleglitazar); - 73 - SGT2 inhibitors

(e.qg., 32U belBd9H) f bixampkspi puitzblegantiiipletic aggntg far use in combination with the

t hyl i oph - 2:.30-(6-0-net b -05d-gi. ird T-1095
Tanabe Ser y RSO S 3 Piroeat a0 YRR SNt i sl GO Cay Seero
sergiflozin fnkhigs ﬁiﬁazedﬁyﬁmaaﬁﬁls(csaméﬂnigﬁmnhj; %)Lﬂca%&ﬁﬁlaeglbd{)ftiﬁébz,i n;

11- bet a- hydroxysteri od 5dehydrogenase type | inhibitors (e.g., AM321,
| NCB13739) ; sliliveplurady kndanplégsde g- chlogmppayide.rghibbhalenisle( elhytamidaxagl i pti n,

itagliptin,. vildaglipti 1 oglii pt i d d Li pti,n).:_al. -Tik
R L M B e L A
(Li ragl uiy degedanpddyoridhstides _(%E%lﬁnﬁﬁa RnifortMe Nufsomin RhpBa2-aghast psen) ,

SUN E7001 (Dairchi/Santory), ~GSK-716155 (GSK/ Human Genone 10 Sciences) and
Exendi n- 4 ( PexdDadTeplined (dgs enideglizoleatseglidulé, detighdolg, édagoxan, kssexagi scl osed in
WD 99/ 26659) ;; RXR agoni sts (.e.qg., reglitazaf TT-501). 54[.64(2- ..

{uor ophony] FHETRSR) LU HptiRisciruabTas (e Tnceafde dRlpaRriitregidng
(MCC-555), 5N N-dimethyl-N'-[2-(4-morpholinyl)phenyl]guanidine (E)-2-butenedioate salt (BTS-
[[3-(5, 6,7, 8-tetrahydro-3,5, 5,%], 8-f)ent at'net hyl- 2-napht hal enyl)-4-(trifluoro
net hoxy) - ph€B2Phe) iy (learet4-Bopropicaglobdxdnenathonys-R-whersddaine GRAREVR,
farglit r, -9 . . - .

[ (2, 4- di kot H’ﬁ%ﬁg?@ﬁ%@@ﬁﬁﬁ?&ﬁ@mﬁg%ﬁﬁ8&%2 Riefiferans Pioel#8rBiet hy! ) pheny
| 1 met hyl ] bengzgfitdRnt KBRuRRZdne); PPAR-alpha agonists eg fenofibrate, gemfibrozil);
641-(5,6,7,8-tetrahydro-3,5, 5,8, 8-pent anet hyl- 2-

napht hal eny| PR4R| abghadgayirha Suabpgondsts Gomr ioreglifagarapeliplitdzay Bgbydr); fatty acid
oxidation inhibitors (e.g., clornoxir, etonoxir; a-glucosidase inhibitors:
precose, acarbose, mglitol, enmglitate;7%oglibose,

2, 6-di deoxy-2,6-imno-7-0-0 -D- 20 gl ucopyranosyl - D-gl ycer o- L-gul o- heptitol
(MDL- 25, 637), cam glibose); beta-agonists (e.g., nethyl ester

[41(2R) - 24[ (2R) - 2- ( 3- chl or opheny1l) - 2-

hydr oxyet hyl i am no] pr opyl i phenoxy] -acetic acid (BRL 35135),
2-[4-1(29)-2-[[(2S)-2-

T T . I . T T R T 1 e s e p—



25[442-[[(2S) - 2- hydr oxy- 3- phenoxypr opyl ] am nol | et hoxy] phenoxy] - N42-

nmet hoxyet hyl )-acetam de (I Cl Dr7114), 54(2R)-24[ (2R)-2-(3-chl orophenyl) - 2-
hydr oxyetwol2pami2nmp pr opyl | - 3- benzodi oxol e- 2, 2- di car boxyIPCE/tseo1d/ 03326 0di um
salt (CL 316, 243) TAK 667, AZ40140); phosphodi esterase inhibitors, both
CAWP and cGWP t (e.g., sil denafi| .

9- ((1S, 2R) - 6L rrﬁllblton%&emy,l Dtspyalplizranet HpRy6 glifyrrogopi per azi ny! ) puri ne

Y powygenasepipEIRare ey Ot akpeRR o SRR bt er i i Bge o

| anreoti de, 'Ba@bé Sél?ﬁqu) QS 6182, Thed33 @a%@ﬂgﬂpa%ﬁﬂégi‘ﬁrmﬁsi) §BgiflozinBAY

276-9955); insulin - - Si naI ing agonists, insulin mnetics, PTP1B
i nhibitors (@;(1@61), @X’E-Q(Z@ ;(S@oﬁﬁezﬁhmlsﬂ, canaglzﬂozm 11 beta-hydroxysterxod

PV "5 8. oyl ainintvee T gy LR a NC AR b Bipdg TV 1

gl uconeogenegirp4h MMk Ol (s%xa%hptﬁﬁﬁéﬂﬂtm, SRIRLREH b éﬁmhegs and

ant agoni sts; antilipol ytic agen g., nhicotinic aci aci pi nox,
N- cycl ohexy 1dezagla}tmtgiwagamélh@ scm@e(w&tﬁm Oreyepteri agonises (e.gakispmiide

t | at t.s t I f I
benzenchept Aar et 20 b Es098) §o RN tEbRE AYHOP ST RAB R Hior s
(e.g., lit h'(‘l‘i@cﬁéﬁ éri dSUNGTAR ﬁax @I/%%Qt%%)) Ggﬁlﬁ@lﬂs (@?@H MarPGdns S
Chermkl ne receptor ani agoni st g., NCB3284, MK-0812, 1NCB8696,

mar avi r od ( Fdieree)) aad Exeddin i (EIE}DACCTM), aldhwmduhtaseaelpbmmrséggm}mss (e.g
1(B-2115 ( Ka(ilscl?osezi 131 \&538&%6%3%& aEglo\r/u% so([e(sg geglﬁazar 5? T25701£)1357 F[(S -[(2- 28- 1675

(Roche),

6-[[3-[(19) f?ud?g;sﬂéﬁ FYmdRBLvS- ﬁ&&ﬂﬁr&ﬁ&%{e&@r %4%‘%11&1%@@8%@@%”@enzoyl

i am no] - 3- pyridi necarboxylic acid trazeneca
modul at or s( el[3(3,6 Stettahydro-3,5,5,8,8- pentamethyl -2 naphthalenyl)-4 (inﬂuoromethoxy)

gggg;nggﬁg} }rllioglﬁliliné l(ef{e]nfa h1¥1azo%1d?netd?0|n\él (ﬁ& %5504)'15%53659%a@§f%%£h&9y1) "4
6- chl.or.ox
I benzordl f[ﬁzﬁiﬂé‘%{%ﬁﬁ%ﬁﬁ%@@%ﬁ%ﬁ%&%&%@% R e o

sui t abl e | i puethyjvewimgled &P 3973;@[]&6&,6 7§tth1eahyslrd 85dt8.8-paglemethyl-3r  use in

conbi nati on he co oun S Of ol

MTP/ :Apo BI sec‘?a@ilfh@r ny eycIPE Pl 111@ ﬁ%@qz@ @Slédz%ﬁ)) Pany Udg one or rnore
( L 1 I’lantaI’S ClOmOXll‘, etOIIIGX I' (44 luCOSIdase IIﬂllbltOl’S. precose,

200 4-[[[4' - (tr uoromet hg %[’ T¥B phenyl ] ¥ 5y 1}

car bonyl - j amcadbosd mupiiet, |ed11glythtebmgib])se Q}G—dxﬂemayéhé—uﬁirma?-ﬁb&eim de,

Feduct a | rpBRYBRES D gh Rty m&aw@ﬁ&&é&%;{ﬁ% &Ry SRS
pravastatin, (teggp’\éﬁ%ﬁﬂeg g{ Ll(gr@g‘z;[ R (3%guﬁ%ﬂ{%gygggnt het ase i nhl bitors, PPAR

al pha agonis cid atlves fenofi brate,
genfi brozil )hydAﬁzsmhaﬂmnmo@prbpylajhehmm%zgmsb(]amhBbi 505 [4-Ehe)- 228 )l -
absor ption roi d receptor ists (e.g.

as set fortIh{] e Oﬂe%ﬁée% Bidiotyet) m ) iaroe{sﬁ hepepdraceiic Faih( o EYEST RS

d

ES?ESEPJO?ZK%#‘?%B@?[?%%L% SRR 9@?*5%{“% uffideretil QR ia . o
oxot et r atbec yﬂ4|-[25[[(’28ﬁiizMﬁm&ﬁlﬁﬁb&yprsgbmm@]uﬁmnﬂ@hm@m -8h@- Phar maceut i cal
Co. 30Ltd.) and (3 4a 5a) e chol estan-3-ql (Eli Lilly); bile
261 0" sequentPaAPLaty ] Gice e deliBl D7) DR B ol O oA QUESTRANG

dfib
chol est er o D gBEbHBRlASop S beifodipl b 2. R BN s AR L
and (2R) - 3- 43132489, CIF]@.IQJFG@-’]SAEG@MO) mﬁﬁphoyi)est&hsa)&ﬁlﬁo%s both cAMP and ¢cGMP

(1,1, 2, 2- tetrafluoroethoxy%rfhe% ].met hyl i am no} 1- trlfluoro 2- propanol )
. ni coti ni c BB (- Grtldgaatily a1y )t%ﬂv&arsfl W@thgfpronvﬂ)a thox¥itilnox) ;: PCSK9

o O LOKE KRR KB LRl AS 1036600 My 5@%&%@??"' eatton

| i poxygenas epramtibiidd)oligoxiygergise inhitdiora@. ghanasopiodall tlotmattBtitanhlegs(e. &
di sclosed in WO 97/ 12615, 15-LO.inhibitors, as disclosed in WO 97/ 12613
i sot hi azol onl@sreotde, @?@kﬂd@s@(ﬁrepﬁdwlg@g% satagonisisl (1%, BAY HHr9130driasulias

di scl osed by Sendobty et al. Attenuatlﬁn of diet-induced




atherosclerosis in rabbits with a highly selective 15-1i poxygenase

i nhi bitor lacking 10 significant antioxidant properties", Brit. J.

Phar macolwQyp11120t04199- 1206 (1997), and Cornicelli et alPCT/USE1l0BBoXYygenase
and its Inhibition: A Novel Therapeutic Target for Vascul ar D sease",
Current Pharmaceutical Design, 5:11-20 (1999)). [00197] Preferred

hypol i pi denisigmdjegtgoraste iprulivaseticn PTPOBashibitem (e gi tj2<t dtdimgthyl-2-

5 00106 - - Erepepilipbenobp-s G B FR T P o ieri DR P s 1
conbi nation 2’,"55-tcgélbhe'xhéi'eﬂé—m9—&915@)@}“7‘@328@, TERA 701 £SHK) 7'5@9‘)‘3 Qﬁlic&{bg-,lg&gsiéd e beta

adrenergi c bl'ockers, cal cium channel blockers (L-type and " T-type; e.g.,
diltiazem viehhparsik.g., iFB6d4)p soreatostatirnaialigsend aotagyrhes;raatdlip)lytidagentst i cs

(e.g., chlorothiazide, hydrochlorothiazide, flu hi,azi de,
hydr of | uret HES2TERONSEASH BFIPIRR ‘%lgﬁf{%ﬁ%té?%egﬁh“&ﬂ%}m}“&i%%q 994));

20t ohl or org 8% G AL MERLER: (HETELRLAZL YO mER RRENTIELBRIT

tricrynafen, one, fuUrosem musol i m ne, bunetani de,
t ri am r enenehenacricheptamé; acd(BRRDIEES Dnghicose eyrithase hiniakd inbitstofse(e .,

S o 1 RGN 2Bab B BiosiaB) Slebt e ke AR PRt
rampril, 1ig] i T r r 1 TNeER . ]

i rbesartan, %% sgﬁ g?ﬁzﬁgg zgggg%gtaéfmg??g%oni st g é’?’e‘.ﬂﬁ?‘,"l“?@%@z&?‘én,
atrsent aif), avicrivicogpahyndil degediogenisisie.bl, RB-Phleiiard®is)); slubddndb9 and

001 01389) ) SRR (EAGHEHT TSGR T RFEIob Ot U2 (SN SHBAPRSALE | nhi bi tors

dual NEP- ACE..& 0fnihi . I arilat), nitrates,
f:ent ral al p%eeggfgtn@g%g?gs g".q,"rg%tf%lg%g?ﬁg%e?ﬁdﬁ z)%?g?&tl) oC @fés (e. g? :

prazosi neg : mﬂﬁ&@bﬂgﬁgmhﬁ@%m%%ﬁimz%egam G(Bﬁﬁdiﬂo%ipia%s(p@'ggﬁzg; Céx (e. ? :
resperine), renin inhibitors (e.g., Aisldren vartis)). anpl es
Of "4 t abl & @D DYBBHOI -G R T I OD N MRS the. conpounds

of the..present.inu LanclLacl.ude. ( nahi Izdskecent. [a T or...
Phver e Byorg e uER kAN B Mo e AR O EE ARGl AR
chl or opheny| )B-behaj§jihidzde dI AKB76; CNDEK hydind421yBény| - 1H pyr azol e- 1-

5car boxi m danai de (SLV 319), CP-945598 (Pfizer), Surinabant (SR 147778,
Sanofi - AveniPt36]l = Examples of suitable lipid lowering agents and anti-atherosclerotic agents

N-[ (1S, 2S) - 3 (4= chl - (3 - 1- D - 9.
ot hy 1 2- 1 [ 50 674 FieEPRAER igot yfiaRapREN ek TR M RERRCIE or g
t hose di scussmet MTPHeidRzegretibh inhibitpes ¢., @bpatidENEF(2, 2BRtrifhiosoethiyl)-9485- 1452

(2004)); a beta 3 a_drenere%;c agpn,l st ie.g., r af abegron (AJ9677,
Takeda/ B¥l ni [gploldy-(trifupremephyi) .3 Syiphenylj-2-y1] carbonyl-jamino]-1-piperidinyl}butyl]-

10[ (6-am no- &~ Ryt.Ldi ~2- I ' r4-(1-nmeth
ot hyl ) ber kBl Da R e B HREARLRRY, CPTI S PIgR (5, T
ot her known {eifacsal.agon BV Caa diltdse ydtbitors (8. 5, atbiahentin Nosivasiathd 1, 204,
5,770,615, 5,491,134, 5,776,983, and_ 5,488,064, with rafabegron,

N4442- [ [ ( 2S)siBwvpgiging Rfayestatin yovadiaigbrapptatin); squalene synthetase inhibitors, PPAR

hydr oxypr opyl,i.an n t hyl []1-4-(1- h - am de, and
AT R e G R e T S (et
cetilistz; wwhibodf libSty@tnase inhibikes;iHoREEioE EbRMtiondnBidltelsqR g eBlihibe);

nor epi nephrine reuptake inhibitor (e. si butram ne, Abbott and

t esof ensi ne, thxesig %@ﬁ@t&@oﬂiﬁmﬂﬂgsiaﬁ@ﬂrfgﬁfl akovisesi Hepl prastlilerasist codrapsnostss ne

reupt ake i nhi biitor (e.q. upy opr.i Cor . b- i

| or (F:)aseri n h bétgfﬁ (%‘lgi’ggméﬂgwg(%zf? ,dlsg\%%%d@? of 9'9 lﬂ_’%ﬁe%&ého ((169%’
7bR, 10aR) - B35 LDIOred SRo0stiatty 0 ©; (3R)-3-[(13R)-13-hydroxy-10-

[287bH- cycl z)p%prftgga‘??tb]s 1, 41(ﬁ aéz%cr))i no1 gygf;%h(l ] i)nd[(gl e ) _vvi){ﬁmi{j(r)r caserin

hydr ochl or i dexdiiradecspl-af elimedpxy-3 (e soeaspfumnonnt uibai Fpgniesutiesh Co.

Biovitr i . X) ti-epj tics t.opiranmat h ] Johnson). ,.and

zoni sam Bk, T TSRk TP phioee PR TR S ol PO CRED Pl AR e
(Regener on) ; (y awmi der0v@dCOeERTID@PhéChdiat hid QUBINRAN®E &xd fibraddcd@oni st s,
hi stam ne receptor-3 (H3) nodul ators, mnel ani n-concentrating hornmone 25
receptor ( vativesagishias tdropad gL OPIBK a8d Bz et ); (cbb lexie e stndrans ey profein 910792
(Angen)); diacylglycerol acyltransferase (DGAT) inhibitors (e.g.,

BAY- 74- 4113 (Bayer)" PF-04620110, and LC{P08): acetyl- CoA carboxyl ase
(ACC) inhibitors (e.g.,

N-(4-(4-(4-isopropoxyphenoxy) phenyl ) but - 3-yn-2-yl ) acet am de (A-80040,
Abbott), (R)-anthracen-9-yl1(3-(norpholine-4-carbonyl)-1,4'-bipiperidin-1'-
30yl ) met hanone (CP-640186, Pfizer)), SCD-1 inhibitors as described by Jiang
et al., Diabetes, 53 (2004), (abs 653-p); anylin receptor agonists (e.g.,

VAN A= AN~ r—o,~ A o



- 77 - hornone secretagogue receptor (GHSR) antagonists (e.g., A- 778193
(Abbott), leptin and leptin mnetics (e.g., OB-3 (Aegis/A bany Medi cal

Col | ege) ,wbeptiim7anal ogs A- 100 and A-200 (Angen), CBT- @OTAEZOl(l;@anMi dge
Bi ot echnol ogy), M.-22952 (M Il enniun)), PYY receptor agonist (e.g

AC- 162352 (%%l in), PYY-3-36 5 (Em shere), PYY(3-36)NH2 (Uni gene)[) NPY- Y4
agoni sts (7 rbﬁarsrfag\z\@rzmmmgsa A2{[A%3-chipro-Riethyb-phencxybnhenyl-

NPYORA 972 (Aol 13 e e R A AR R S 04REC B .yﬁ) )

agent . [ 00208Lothfi€acid h€adrivatideaRbre¥VeGh nidRYn, RBipaRGE O PERKY isBlayadKR N
conmbi nation 10 with conpounds of the present invention include

dexanphet ani #gonisp{est, dhose rd@clqsﬁbmylﬂ Pr Benichpplicaiéon Rublwatémided., with

T

receptor agoﬁcﬁfa§bé&1rﬁrdaz<§8d&7v%%5§9 as 8RE1BRdNN W@@W%l@%ﬁ%%}%ﬁmsw 4
ant agoni sts (e.

N acetyl - L. ndisdleisdyh WO GTULAH), Aydthintrilencs chy Hisclqshdin WA %/981% andji MO D=t r yp

bi el ngpy ot B Re sl fer 5y PR PaRe S o ANEY bR BESFFIpeed  [o0202)
Further, theyRQORIUBHS irPfabbitewii %Fgl‘ﬂy dIBCRDE 1| M, Bﬂgeﬁﬁselﬂ%ﬁgitdrﬁa&dﬁ?' nation
W th H v protease inhibitors, including but not ' limted to REYATAZ(r) 20

and KALETTRA( sijnifif00 206]xi¢eut pipesiesT, Bsiti &blrenaeingyy 1 Bnhdei 206 (2ghiad

anti-dementig agepts, ,of nition pr e use [.n. co nati on
Wth the: conpBaal gty hehBakiet Rl i Rt R ab el fherimali 46 I T e o
ARI CEPT(r), Vés%éﬁa)'Eﬂ‘sea&é@”@%éﬂzt‘ﬁhaﬁn&@e%bﬂ@é}%n gah ant@oogqg, nmemantine,
tacrine, netrifonate, nuscarine, xanonelline, 5depr enyl "and

physosti grni iﬂél9’{]002’@at]:rr@<@qphpsiemic agentsabd praeastating wivhdiatmg Sonvyasagent s f or
use in conbination,. W[ftgh t he cor ounds of the present invention include, but

are not |im fteyastain. expesiin, Gerivisiebpaiavasabin. A0 S PWa s pi ri n, codei ne,
fent anylyz-ib e,n, hhhhh
ylys-t- %39 Exhﬁgfé?%ﬁ %&g%;t/)ﬁ' anlﬁq{ﬁéﬁ’%ﬁgve aggﬁtg?dr e npé’d?ﬁtfiﬁﬁ{bn with—

phenacet| n, i cam Ornterferon a
pr edni sol one‘r,he ltmmbwmilsetﬂﬁlegﬁéaanﬂnvd&mnmimmmréﬂangaﬁ)iMme calcmm

ENBREL( 1) . {IB0BSIORRE ;?r&?e%segbmﬁfs'@%e”%é?, TEHes, SHPIRCSMTRR | cat | ons are.
agent o, nhor e e P o R OB IREATE et

i nvention na&urbethmsreld h)fdoasﬂmahiahég bendﬁoﬁmt}ﬂmdmh&ﬂﬁﬂammmﬁﬁﬂdia n the

ot bor vi 9 deFERISFBN By doriohiseies e il ?th?%m%ééla?ﬁ?r?%@%&aiND

such oral dodagaiiipty BxeamRRY s Al bamplaath SEchal, BB Gee ° '

sust ai ned r edpe@aslactont), raath mﬁibaage(efgqramm&m (:MSE inhpbitdrs (e. posaperpsil, gr anul es,
elixirs, tinctures suspen5|ons syrups,, and enul sions. They nmay al so be
adnmi ni st er ed?9fEPPRL a%mﬂserrdlf’@rlb@@fwm# @&qzami d?lﬁlemla%mrén@anapn

Subout aneousytil IURARIPCHT el lbobluls (00, HO3R0C 0GR, Walnkown O

t hose of ordr n the ar naceu

adm ni stx& edET%ce@ﬂo@ﬁﬂagdmits gﬁglglaktemam htrschianpghd dmngioaﬁﬁﬁiwmded in U.S.
a- pharmaceutjcal -carri er-sel ected on - -- - - basjs of the chosen route

of admi ni st r BateANQEN2684.3nY a0, B%?@C@H@IFCHAII@“%P@E(B -§00208ndhe dosage

regi nen for h o] vary
regimen 1 or 508, STRAHIHD/A588) e RP SRR bIMEOINR M blors lastRifiRfe
inhubitors (dual NEP-ACE inhibitors) (e.g., omapatrilat and gemopatnlat) nitrates,
central alpha agonists (e.g., clonidine), alphal blockers (e.g., prazosine), arterial
30  vasodilators (e.g., minoxidil), sympatolytics (e.g., resperine), renin inhibitors (e.g.,

Aliskiren (Novartis)).

- 76 -



characteristics of the particular agent and its node and route of

adm ni stration; the 20speci es, age, sex, health, nmedical condition, and

wei ght ofwohelwreciopi ent; the nature and extent of the syaptuses;/0813e0 ki nd of
concurrent treatnent; the frequency of treatnent; the route of

adm nistration, the renal and hepatic function of the patient, and the
effect desir#8199 plsreinplesof wtab@tfmﬁlrMSlhaageu‘arde@&een aombinatieh pitedler i be t he
ef fective anmpunt of, t dru red prev ounter. or arrest the
ot 0gr ess of TalEPoRgy Ee Bl hGBIBIT By e Sr o SESE Lafbe M RE a1y

oral dosage BkeRasibrglis ¥e h{@,gﬁl%t 3-phsRorpBehyiPKN-fkfe i ndicated effects,
w Il range bet\?veenébabogtgéuom 0} MI OH)(? body [\tNSI ght, or between

about 0.01 tdllaltophmgl)k@fmwl]bdoﬁ’ﬂlmaérgﬁt mpéryl dﬂ)}l?n)dfll"épyremiaﬂr vely, between

adri ni 5t o e A ok eRs s et orureba G RO4E TR Yesve
adm ni st er edakghifd \N ﬂqg 2@}?—%9(3, &ioréf!&n DLBEyaRbpHeRH- 1 Ih&RIpRpyl¥2- | n one
enbodi ment, the dal dosage ‘of e active ingredient is between 3 and

600 ng eit hemeﬂlyvg—{{s (taﬂnvmrwde'ﬂ)wnm&eylémmymmnamdd (Medgpandbbes:

adm ni stered. tw ce daily. ativ actl

admi ni st er eddgs 6‘?513183&65&‘)%@’ Eﬂfﬁ &gﬁ’%@fe St %é‘d‘gg ?{;}B @:&bﬁ)@ aiIIE)":l%z_’LOO gy
d t d VA -

S i ot o od” SASRgR dgbnis/ e e rRRbIAEN Y k% PRLEYDa RS ML RS

5Al t er nat0 vel(y; armme3qmldmgl)nxgddeychypmyl]lamnadﬂhyﬂEphmylédl (Iﬂndhs]e‘ehyt)f 3,

[00210] CompbaiesaRorge (FRsDats, MEEanoLor SRR CEEPeof ol FEPEALE ¢ or m

via topical é’%%%is%g a$ Wist18RlaGn NS rﬁ@&x’i?ios@ﬂﬁi@ﬁb‘ 790,615 wlaw'@rm'gsﬁout es,

usi ng transd skin patches. Wien adm™ni stered in the form of
transder mal ael 5,488,064 ydtheafabedren, M@W@W(mmmaﬁrmldmyﬂ)bxybl cour se,

be conti nuou at her han i.n t hr t. the d
1002111 The ﬁ%@flg%nqlvéyléﬂ%ew aﬁ%lﬁ?@i’ﬁg $i-teprzengp] fﬂtﬂg?@%ﬁ%cﬂ's sui tabl e
phar maceiq.i- 5@?3?!6‘4@%%%’ RGPS Rpase- 119{11)“1?(?1"(@?3%?115@&{% Eﬁﬁﬁ'ﬁa‘f%ﬂh bekeEred-to

herei n as pharmaceutical” carri‘ers) suitab el ecte respect to the

i nt ended f or beiog prbSackdi;ra sstatarin and ndstapmephmmr@pﬂahdnirﬁi‘tﬂtor(@@smbmsammb; Xirs,
syrups- and- th i ke d consj st ent conventi onal ar maceut i cal

practi ces. b%éjmdﬂs?o FiRen 6@05?86?1’1%1@1 sirarHPS byiag p erreﬁi £ HEPFRPFn of a

tablet or c % @;@mn Jh an oral,
non-t oxi c, Sﬁgwﬁag%le%)?ﬁ?gl% %/ Guclgg)%%rg iﬁlggr%ﬁ?é;rgﬁu ch as act ose,
starch, sucrhgkochipridea@ecnaleW iy - zmmq(mwm}mnw Mﬁ&at—eaaalqﬁm-

di cal ci um phosp?l(;t e, I%n r? sul f.at e, tlci rb| tol ~and the |ike;, for
oral adntthi s?lP%ICV‘dHPWP L Hﬁélaﬁwﬁ?ﬁﬂhﬂ?ﬁﬁaéﬂ edwg S%Sﬁaﬁéﬁé@c}éaﬁd%e

carri or  such aat bRty MLy PURIRE BUhiR LA REE SO LR

desired or nepaasate)Jolssorn &bbansvinhaet snidatitidd, aailisy nelirsiroghegfaator ag)m.gent S,

and col oring agents_can also be incorporated into the 25m xture, Suitable
bi nders i ncl {feie> AXDKINE %@%@?@#@n)nh&aﬁré?n@dglsw@t@d@ﬁ fagdord BiabJeorsKin

bet a- | act OseorE@nghtss‘ﬁ?s‘?arﬁﬂﬁe%ep@%ld%lgi(zyr%m[}&iﬁ%}’ éérfkﬁér{;&c&&&%ﬁtrzﬁ}fg}hy offaci a,

tragacant h I'dm a nate, car t hy ose ene

gl ycol , Maxefecepoo MOHR) ak@goristb(d. ga@SK-m’ﬁadéL (Glakb®mrhKNssgE-0000TH2 | ncl ude
sodi um ol eate, sodium stearate, nagnesium stearate, sodi um benzoate, sodium

acetate, sodfAimgenhdiacyielycsiod 3%%‘6%5?@2@@ (368 BiAkieHPE{ 6 &s BANCTtdd 13 wi t hout

ke, v 200 tP 107 PERBET UG RG HEET50, AR, AR Ve B (RRC AR, 0ot

invention cafe @ Nq4ige-(adwipripskestedotyphdiel)bar3nnd-fjapaanide (deso04er y
systens, such_ as snall unilanellar vesicles, | arlg"g uni l.arnel | ar vesi cl es,

and mul ti | amdbbatd), (Rsanghracen-3-yldémarholingrtsarboaybid of “DiRipRIvAT i ety of
phosphol 4pi d&;  SHELRTCPIA0T8E, F10ke)), BRI YHRBLAS us YscRPOFR ALY s ol 1 nes.

Diabetes, 53 (2004), (abs 653-p); amylin receptor agonists (e.g., compounds disclosed

in WO 2005/025504); thyroid receptor agonists (e.g., as set forth above); growth
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5 [00214] Conpounds of the present invention nmay al so be coupled with

sol ubl e polyners as targetable drug carriers. Such polyners can include
pol yvi nylwonroolizdmee, pyran copol ymer, PCT/US2011/031320

pol yhydr oxypr opyl net hacryl am de- phenol , pol yhydroxyet hyl aspart am dephenol ,
or pol yet hyl eneoxi de- pol yl ysine substituted with pal mtoyl residues.

Fur t her nor e, harhene seepaiagegse ofcepthe((HER pantagonistn(eigard-Tayl Bd Abbottblgptied to a

cl ass of biodegradabl e polyne ful .i.n achiev cont.rol | ed, rel,ease of a
Gr g, for exRgPan BURSIA Fe ORet Heeauyarg Sbidiel EENGE) otk Gines 261
p0|y|?Ct'C_aﬂﬂhﬁﬁb¥gbﬂEQ&?&Q?@B@AKHQBY@Eﬁﬂhﬂ&eEﬁ&k&h@%ﬁ@ﬂ%ﬂLgﬁbibydrOXy
butyric acid, polyorthoesters, polyacetals, polydi hydropyrans,

pol ycyanoacy(Mitlesniumpg PY¥Yosséritorkegdnist (canphiC a2 b (Aochpok), R8Eel-§orer s of

hydrogel 5. -s:-. -15-= < ) h tjcal
c)c/)r nggi ts5| on@mls}%ﬁﬁ%t ggyéﬁg%ﬁb‘%ggfg’& ﬁ?‘ygﬁf‘%g?f%?mtfdﬁgniwrﬁﬁ ligramto
about 100 m 3d0saisaEe(@k, &BL1HVRPYIILAMBNs @gd,ir@p@% mi(hgumnrel&g,s%gv-

phar naceuti cal conpositions ‘the active ingr ent will ordinari

present in afP4&8bAGlabSmithKiing), 51048300 Bangi)y M TPapeR sanetiduanhibitads (swei ght
of the corrposi%i n. 2% %@216 CGel atin capsules may contain the active

i ngr edi ent affl Oﬁg\/ﬂ?é’?’ o AP recle, a#fhs | act ose, starch, cellul ose
derivati ves, estk ShieRLd ' is I A AT

di l uents canlﬂbe selc’Irlﬂ ?‘gﬁ (?rlgﬁ{eca&cgg’r%p‘?@ggédggtbgg)?g?%@@%éﬁ tegﬁﬁg?rglﬁg%&gapsul es
can be n#Enufaith vompowsls sfitegiresest inedntias dnghudedisstimphaapimeypldateiminecont i nuous

Sugar coat edP Y BT RGaDeHeiB o SIch Ay a5 B REE HETSSnd pr ot eot ¢ he
tabl et from t j t: Gt | S ation
n the gastrio0adls; CRRR e fpofiasiBiyShh e GRAR(onBnadth FEh tECmARLFH

adm ni st r at i iha pegentdovendon ireblderGQIg ravepiof hgordsts (ege. f SR2A89 EHs galpdni ent
acceptance. [002181 In general, water, a sui tabli oi | saII i ne, agueous

dextrose (gl GeeenantaganissoM(Rt-4rateenigisle-go Nt -aaleugylegliamithlas

r opyl.eng. gl AL ‘ Y=o BV _al I.L.abl.ex el S . of
Bar gﬁt e?%l gs%ﬁéxzﬁg%gg%? %éohsgfl gfﬁggﬁ’g‘)ﬁiﬁ gﬁgﬁag%i‘%ﬁﬁi (s%g%gl)gﬁl%ﬁ%@ﬁcont ain a
wat er sol ubl mimetids, ORF ahagadtts\adiCRIT Bidt®mtprotsint (@l mispadiond RUKgR6)gent s, -

81 - and if necessary, buffer substances. Antioxidizing agents such as
sodi um bi sul‘ﬂl‘PP‘?}’,ﬂnbodi umsulfite, or ascorbic acid, either alone or

conbi ned, ar hita tahiljzi agen i.hric acid and
its salts an@ﬂg%ﬂdi UE‘J]U%B%A. Ichl@g%%si on, %ggfdé\lh?lg{raaf&lso%% 1ggr(i:Esl lI%:an contain
pr eservat i vesomisthglonasittbEIV atdent uihisidrgindedin® bed dwy limied tPREFA FAaRaben,

and chl or obut anol . &00219] Sui t abl e pharmaceutical carriers are described
in Remi nit onandsKAhEIBA® Ut i cal Sci ences, Mack Publishing Conpany, a

standard ref El{ﬂﬁ%e tES{XaJ%IxB!,ergré)E‘ .i’?abfeidﬁélgmgf e@g%%%%%ﬁﬁﬁ&&ﬁ&%%%? O&Jsef ul

phar maceutic sage- or ‘admnrstra e conp S of this
i nvention cagvgagtionlprésabiat 8enaTof @eligvsmbinapeiivah tHl2bblnds dfahgpresember of

unit capsul es can be prepared by filling standard two- piece_hard gelatin
capsul es eachveitida mdod%% Bt grg hahmied i @.oeradeng sgpengizdnt | 15-
150-m | ligrapgs-0ofl act w2 20-rnil 1i grans-.of -cel.l ukyse: . .
“ande. i | 1 ap bR, Py i Rehth B TRERE oMK Burearine vanpmelig

[00222] & m&pﬁ@19{dﬁg@b§t@ﬂimredi ent in a digestible oil such as soybean
oil, 20 cottonseed oil or olive oil nmay be prepared and injected by neans

of a positi vi0a04p| dzemples of suitrblerandi-igdhamatpry 62dnsy tor 9&f in cgaibinatian &adsul es
containing 100 mlligra of the active_i,ngred]ent.. . Th I shoul d be
washed and P SamPeuRisef hemsssabisiamophindid. B Ars pordiad ThRSAIRS vent i onal
procedures sgrelifigénet AR UANASSHRNUNplrid, Sodddtt, MrltdrydiBifoRh, @EshMBadingr edi ent

0.2 milligrams of colloidal silicon dioxide, 5 milligram of magnesium
stearate, 27&cteioldci gomhineohaprpxsrophgnseetin, piexicand wiladanyl, sunlindat gr ans of

starch 98.8.m | l.igra of . | act ose. ropriate coating be applied

o i ner edte Pt P §RgpRgiond e Sor bR A mEBRo R Bonk
betamethasone, hydrocortisone, beclomethasone, REMICADE®, ORENCIA®, and
ENBREL®.
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Di spersion [00224] A spray dried dispersion can be prepared for oral

adm ni stration by nethods known to one skilled in the art. 5Injectable
100225] Awpanani2eral conposition suitable for adm ni str@&Crars2@g/08r3p@ct i on
may be prepared by stirring 1.5% by weight of active ingredient in 10% by
vol ume propyl ene glycol and water. The solution should be nade isotonic

wi th sodi um ARG} ddbaatpranentionpd pefents endspaipnd seplinstipuome Gcomeraiedieous
suspensi on can.: d for oral admnistration so that each 5 rnL
contain 100 %ﬁlg?)y?%fﬁ%ﬂéee'di vided active ingredient, 200 ng of sodium

car boxymet hyjo02ed]| ulThs ebove oMerahergmaitit axdaed) 20eh employed & @misigstintwith
solution, U S P., 5 and 0.025 InL of vanillin. [00227] Wwere two or nore of
t he foregoi nge sempewnds aéhgpaerenicinyesiongnayrhe usednipn evasipded imibobe atheurd®npound

of the exanpl rally the of each.conponent in.a typical daily
Gosage and TyRueHSE8ETciont: AERAR Slca RaR tROPRRIGR! ot B d KB o
dosage of thathager!devhihaadiyiont o 6fdshrakldNen thetrtyi ew of the additive or

synergistic effect of the therapeutic agents when adm nistered in
conbi nati on. [00228] Particularly when provided as a single dosage unit,

the potential exists for a chgm i L en the conbi ned active
i ngredients. For this reason,ﬁﬁﬁgﬁﬁig%ﬁ%&gﬁs he exanples and a
second ther ajpep47]C FUE BbmPsEds @ RiNEdclbsurd cADNd AMhifisRASRgQuitNbral 4h8Ye ar e
formul ated such that although the active ingredients are conbined in a

si ngl e ddésagermsnpg tabletsecapaylss cabh ebwhigh indbetepeentaingrbreleasd ergimeyrebdsent s i s
mnimzed (that i eduyced) .. For exanpl.e ne active ingredi ent y be
enter | o coatSimiaonnad Sokgst HreTURmenrty RBSHES PR vt | s
possi bl e notemilkivnd. OTHEy AV A& bdRinsiaRtA&t inhBkWRASus (B61uS BFRifgsh)act i ve
ingredients, but also, it is possible 30 to control the releasé of one of

t hese conporietegeritoneah sulpataneaisnorigtramascular dom, sdlcisingliasagsrfernaf welhese
conmponents i,s not, rel eased..i n t.he.st.omach but,.rather..is released.in the
oot nes.  Eapatp tiers oh ardinly S e mean syl el pER st b AP mistged

mat er.ialisuhi ghne bieneralPwiR bLAIREAAGEEH HSZHLEA AR AR LRI on the——

sust ai ned-rel ease throughout the gastrointestinal tract and al so serves to
m ni m ze phykassalf theorhosen robstoledministetioo mhi seddad phareracergiceldiractics.

cont od such INAIT hah dPGee BERER fir ScOpBIEN Sabe s BRI PHG oF ¢
intestine. Sljulde, AR HERHARRRHEAKHWR Wcthrb YO xseghéphé}ﬁqaw&yﬁ%gé' on of a

conbi nati on product”in which“"the one conponent Is coated wth a sustained
and/ or ent erdheractshistesef|iiad yaréeylaraagdnt dnd iGtoheie and mpoe efisdminisahton;dbat ed with

a pol such .as a | ow.viscosit rade of dr ox opyl .net hyl cel | ul ose
(HNG) 90 ouEr o 3B o ke gt it R RO HE GG YL GReER 1o
further sepajldcnher i LifofRIMONEN ScolliirdiP IniiRlent ARt AdileRggfes Lo for m

an additional barrier to 10 interaction w e ot her conmponént. [002291
These as wel treatrsenst the rostaypSadihinistmtion, zhangnaeantl depaticdtmeton dfle: moiepionent s of
conmbi nation pr.oduct.s qf .t he present invention, ether administered in a
si ngl e dosagﬁdftg? Fa ggﬂwgnr‘\swﬁf@&ni%vsféaawap feEmgEnd preserdestiite time
by the same JRRAGE am¥ihdilor B drb@flighite ARARERAL cbfnkh 88 Srs lel Flurb ditfe art,
once armed with the -15- pr esfg%t-q %?s@ﬂgsur g’ OOZSO%TéA%J{Ftp?%% y, certain
conpounds didisdrdsred herein may be useful as netabolites of other conpounds.
Therefore, i epbodi ment, conpounds y. be useful either, as a
subst ant i al | Dozl @gmﬁ@}’»ﬂm BES f%qng%lym%lﬁi%gw@_é?wla_@ed into a
82?2 MACEUt | GlreARAR Wbeh O foP the TYcRE HTEAY! it arB 8RR GBI (U1 b

1000 mg/kg of body weight, or between about 0.01 to 100 mg/kg of body weight per

day, or alternatively, between about 1.0 to 20 mg/kg/day. Compounds of this
30  invention may be administered in a single daily dose, or the total daily dosage may be
administered in divided doses of two, three, or four times daily. In one embodiment,

the daily oral dosage of the active ingredient is between 3 and 600 mg either
- 79 .



20 after adm nistration of the prodrug of that conpound. In one enbodi nent,
a conpound may be useful as a netabolite by being useful for treating
di sor der swaoderersbed herein. WD 2011/ 127106PCT/ US201 PLOAKR3RA0G/08HAT | S

CLAIMED 1 S: 1. A conpound of formula | d 5 or an enantiorrer di ast er eoner,
tautoner, or salt thereof wherein: ni is 0 or!; %\ém Oo)al kyl; R2 is
hydr ogen or ddatinisteldgiR@ice éalby@Tloglend@ddsaﬂ &ﬂmlaﬁtbrem\llﬂ: Eh}a’t ddtenwaﬂvglé’c

cnant oner | B RtE RRREP aGR O ER B Pt B30 G p Y SRR i n

2011/ 19710600 U800 L DA550 s e e, Cnn s ma‘:ea‘g%f:?isg&m
t aut omer, ormgwabe adnhivistenéd a ddseof AR Mg twihea danoRAS ing opGla &) al kyl . ’
5  Alternatively, the active ingredient may be administered in doses of 3, 10, 30, 100,
300, and 600 mg administered either once or twice a day.
[00210] Compounds of this invention can be administered in infranasal form via
topical use of suitable intranasal vehicles, or via transdermal routes, using fransdermal
skin patches. When administered in the form of a transdermal delivery system, the
10 dosage administration will, of course, be continuous rather than intermittent
throughout the dosage regimen.
[00211] The compounds are typically administered in admixture with suitable

pharmaceutical diluents, excipients, or carriers (collectively referred to herein as

pharmaceutical carriers) suitably selected with respect to the intended form of

—15-administration; that is; oraltablets; capsules;elixirs; syrups-and the-like; and
congsistent with conventional pharmaceutical practices.
[06212] For instance, for oral administration in the form of a tablet or capsule, the
active drug component can be combined with an oral, non-toxic, pharmaceutically
acceptable, inert carrier such as lactose, starch, sucrose, glucose, methyl cellulose,

20  magnesium stearate, dicalcium phosphate, calcium sulfate, mannitol, sorbitol and the
like; for oral administration in liquid form, the oral drug components can be combined
with any oral, non-toxic, pharmaceutically acceptable inert carrier such as ethanol,
glycerol, water, and the like. Moreover, when desired or necessary, suitable binders,
lubricants, disintegrating agents, and coloring agents can also be incorporated into the

25  mixture. Suitable binders include starch, gelatin, natural sugars such as glucose or
beta-lactose, corn sweeteners, natural and synthetic gums such as acacia, tragacanth,
or sodium alginate, carboxymethylcellulose, polyethylene glycol, waxes, and the like.
Lubricants used in these dosage forms include sodium oleate, sodium stearate,
magnesium stearate, sodium benzoate, sodium acetate, sodium chloride, and the like.

30  Disintegrators include, without limitation, starch, methyl cellulose, agar, bentonite,

xanthan gum, and the like.
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4. The conpound, enantioner, diastereoner, tautomer, or salt thereof,

5claim1l, wherein: nlis 1; RLis (C-05allcyl; R2 is hydrogen or halo;
i s hydr ogwo 20r1/h2aloe; and 10R4 is hal o or

enanti oner,
is 1; 15 Rl

di ast er eoner
is methyl or

t aut oner,

5

10

15—--{00215] -~ Dosage forms (pharmaceutical compositions) suitable for administratior———

20

25

30

or

of

R3

hal o( Cl - C3) al kylcT/UB20ihe3Beepound,

di astereoner, tautoner, or salt thereof, of claim11, wherein:

I s met h\é_l orethyl, R2 is hydrogen or halo; R3 is hydrogen or
hal o; and R40031}al dhe

copdendert te)raeskyt invagien Thie also bp edministerad it thorre

r,

t aut.omer . salt thereaf, of .clajim wherein: nlis 1; Rl
togp Y HiBOR e BliyB3 byt ohha Srabulls el oRlSefiesT = “and ra
is hal o or hgliRbfeliaGRsrldsYdnd nfulfilenHIaPQust. 19pR0hIcO BRI be fimsd ROBOITET
salt thereof, of claim1l, wherein: 30ni is 1; R is methyl
ethyl; R2 i svangtragdaspholipids, meh pschojestasole sicwylamine ot phosphatidylcholines.

[00214] Compounds of the present invention may also be coupled with soluble
polymers as targetable drug carriers. Such polymers can include
polyvinylpyrrolidone, pyran copolymer, polyhydroxypropylmethacrylamide-phenol,
polyhydroxyethylaspartamidephenol, or polyethyleneoxide-polylysine substituted with
palmitoyl residues. Furthermore, the compounds of the present invention may be
coupled to a class of biodegradable polymers useful in achieving controlled release of
a drug, for example, polylactic acid, polyglycolic acid, copolymers of polylactic and
polyglycolic acid, polyepsilon caprolactone, polyhydroxy butyric acid,
polyorthoesters, polyacetals, polydihydropyrans, polycyancacylates, and crosslinked
or amphipathic block copolymers of hydrogels.

may contain from about 1 milligram to about 100 milligrams of active ingredient per
dosage unit. In these pharmaceutical compositions the active ingredient will
ordinarily be present in an amount of about 0.5-95% by weight based on the total
weight of the composition.

]00216]  Gelatin capsules may contain the active ingredient and powdered carriers,
such as lactose, starch, cellulose derivatives, magnesium stearate, stearic acid, and the
like. Similar diluents can be used to make compressed tablets. Both tablets and
capsules can be manufactured as sustained release products to provide for continuous
release of medication over a period of hours. Compressed tablets can be sugar coated
or film coated to mask any unpleasant taste and protect the tablet from the
atmosphere, or enteric coated for selective disintegration in the gastrointestinal tract.
[00217] Liquid dosage forms for oral administration can contain coloring and
flavoring to increase patient acceptance.

[00218] In general, water, a suitable oil, saline, aqueous dextrose {(glucose), and
related sugar solutions and glycols such as propylene glycol or polyethylene glycols
are suitable carriers for parenteral solutions. Solutions for parenteral administration

may contain a water soluble salt of the active ingredient, suitable stabilizing agents,
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R4 is halo or hal o(Cl -C3)al kyl. 8. The conmpound, enanti oner,

di astereoner, tautonmer, or salt thereof, of 5 claiml1l, wherein the conpound
i s sel ectwo 2brionrmee of t he Exanpl es. 9. The conpCwM$201@/0a1320 ONEr ,

di astereoner, tautoner, or salt thereof, of claim®8, wherein the conpound
Is selected fromthe grouF consisting of: 07 0 S/0 CF13"- 01101 N
1...,-",>, .. andif geagpsaly, buifer substancey.- Andpgdiging agenis sugit asgodium bisulfiteg/ -

sodium sulfite, or ascorbic acid, either alone or combined, are suitable stabilizing
agents. Also used are citric acid and its salts and sodium EDTA. In addition,
parenteral solutions can contain preservatives, such as benzalkonium chlonde,

5  methyl- or propyl-paraben, and chlorobutanol.
[00219]  Suitable pharmaceutical carriers are described in Remingfon s
Pharmaceutical Sciences, Mack Publishing Company, a standard reference text in this
field.
[00220] Representative useful pharmaceutical dosage-forms for administration of

10 the compounds of this invention can be illustrated as follows:

Capsules

[00221] A large number of unit capsules can be prepared by filling standard two-

piece hard gelatin capsules each with 100 milligrams of powdered active ingredient,
15— 150 milligrams of lactose; 50 -milligrams-of cellulose;and 6-milligrams - magnesinmy

stearate.

Soft Gelatin Capsules

[00222] A mixture of active ingredient in a digestible oil such as soybean oil,
20 cottonseed oil or olive oil may be prepared and injected by means of a positive

displacement pump into gelatin to form soft gelatin capsules containing 100

milligrams of the active ingredient. The capsules should be washed and dried.

Tablets

25 [00223] Tablets may be prepared by conventional procedures so that the dosage
unit is 100 milligrams of active ingredient, 0.2 milligrams of colloidal silicon dioxide,
5 milligrams of magnesium stearate, 275 milligrams of microcrystalline cellulose, 11
milligrams of starch and 98.8 milligrams of lactose. Appropriate coatings may be
applied to increase palatability or delay absorption.

30
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Dispersion
[00224] A spray dried dispersion can be prepared for oral administration by
methods known to one skilled in the art.

Injectable

[00225] A parenteral composition suitable for administration by injection may be
prepared by stirring 1.5% by weight of active ingredient in 10% by volume propylene
glycol and water. The solution should be made isotonic with sodium chloride and

sterilized.

Suspension
[00226] An aqueous suspension can be prepared for oral administration so that
each 5 mL contain 100 mg of finely divided active ingredient, 200 mg of sodium

carboxymethyl cellulose, S mg of sodium benzoate, 1.0 g of sorbitol solution, U.S.P.,

and-0:025 mE-ofvaniliin:

[00227] Where two or more of the foregoing second therapeutic agents are
administered with the compound of the examples, generally the amount of each
component in a typical daily dosage and typical dosage form may be reduced relative
to the usual dosage of the agent when administered alone, in view of the additive or
synergistic effect of the therapeutic agents when administered in combination.
[00228] Particularly when provided as a single dosage unit, the potential exists for
a chemical interaction between the combined active ingredients. For this reason,
when the compound of the examples and a second therapeutic agent are combined in a
single dosage unit they are formulated such that although the active ingredients are
combined in a single dosage unit, the physical contact between the active ingredients
is minimized (that is, reduced). For example, one active ingredient may be enteric
coated. By enteric coating one of the active ingredients, it is possible not only to
minimize the contact between the combined active ingredients, but also, it is possible
to control the release of one of these components in the gastrointestinal tract such that
one of these components is not released in the stomach but rather is released in the

intestines. One of the active ingredients may also be coated with a material which
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effects a sustained-release throughout the gastrointestinal tract and also serves to
minimize physical contact between the combined active ingredients. Furthermore, the
sustained-released component can be additionally enteric coated such that the release
of this component occurs only in the intestine. Still another approach would involve
the formulation of a combination product in which the one component is coated with
a sustained and/or enteric release polymer, and the other component is also coated
with a polymer such as a low viscosity grade of hydroxypropyl methylcellulose
(HPMC) or other appropriate materials as known in the art, in order to further separate
the active components. The polymer coating serves to form an additional barrier to
interaction with the other component.

[00229] These as well as other ways of minimizing confact between the
components of combination products of the present invention, whether administered
in a single dosage form or administered in separate forms but at the same time by the

same manner, will be readily apparent to those skilled in the art, once armed with the

present-disclosure:
[602306]) Additionally, certain compounds disclosed herein may be useful as
metabolites of other compounds. Therefore, in one embodiment, compounds may be
useful either as a substantially pure compound, which may also then be incorporated
into a pharmaceutical comnposition, or may be useful as metabolite which is generated
after administration of the prodrug of that compound. In one embodiment, a
compound may be useful as a metabolite by being useful for treating disorders as

described herein.
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WHAT IS CLAIMED IS:

1. A compound of formula I

0n1
R é/

& KJ\ ) )N\;T/ Ra
Rz T N7 O SN

N

Ci
I

or an enantiomer, diastereomer, tautomer, or salt thereof wherein:
nyisQorl;
R; is (Ci-Cyplalkyl;
Ry is hydrogen or halo;
R3 is hydrogen or halo; and
R4 is halo or halo(C;-Cs)alkyl;

15

provided that the compound is not:

F
o\,\\//o F

\/3\©\ o NT y
AN
sYon
¢G
Cl

2. The compound, enantiomer, diastereomer, tautomer, or salt thereof, of

claim 1, wherein the compound is a compound of formula Ia

0
Ry \éf R
g 0 Nﬂ/ 4
N | N/KN
R; S o
Cl

Ia.
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0 Cl ; 10. A pharmaceutical conposition conprised of a
therapeutically effective amount of a conpound of any one of clains 1-9, or
an enant iwoenil/27®6ast er eomer, or a pharmaceutical ly aceeptisbéie/osesbkae
thereof, and optionally a pharnmaceutically 5acceptable carrier. 11.
The pharnmaceutical conposition of claim 10, further conprising a
t herapeutical |y e¥f ect Thecomanynd. espnigonecrodiasipreamer, raromere pugsdithereed. pi
active agents,. . r. eut.j.cal conposition conprising a
t her apeuti ca‘ﬁfﬂf/]%g’fj‘%%ég\?lﬁ\% I%G%)Mg?l‘the conpound of any one of clains 1-9
and a therapeutically effective anmount of a di peptidyl peptidase-1V (DPP4)
inhibitor. 13. The pharnmaceutical conposition of claim 12, wherein the
di pepti dyl 15pept4-dasellecquprmayl, snapfignerodiasigregmsn ddutprnet or sajfghereof, of
2011/ 12z;|]:§0R?P§TJ Ugrzoz%eléio_?,lBZO 14. A method of nodul ating the activity
of the 1948 pr'6te H'—coupl ed receptor conprising admnistering to a
mammal i an patientpjijgineed thereof a therapeutically effective amount of at
| east one conpound of any one of clains 1-9, or an enantiomer, a
di astereonmer, or B EK@E’&}?@Q’M cal ly acceptable salt thereof, and
5optionally an adﬂé 1tslh%)“gf_amlgelt1 Qieﬂ;ﬁg;eutl c agent.

R3 is hydrogen or halo; and

10 R4 is halo or halo(C;-Cs)alkyl.

5. The compound, enantiomer, diastereomer, tautomer, or salt thereof, of
claim 1, wherein:

nyis 1;

Ry-ts'methyl-or-ethyl;

ik
Lh

Rz is hydrogen or halo;
R; is hydrogen or halo; and
Ry is halo or halo(C;-Cs)alkyl.

20 6. The compound, enantiomer, diastereomer, tautomer, or salt thereof, of
claim 1, wherein:
nis 1;
R; is methyl or ethyl;
R is hydrogen or halo;
25 Rj is hydrogen or F; and
R4 is halo or halo(C;-Cs)alkyl.

7. The compound, enantiomer, diastereomer, tautomer, or salt thereof, of
claim 1, wherein:
30 nyis1;
R; is methyl or ethyl;
Ry is hydrogen or F;
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15. A method for preventing, inhibiting, or treating the progression or
onset of diseases or disorders associated with the activity of the GPR119 G
pr ot ei n- cwopbadi2r®eept or conprising adm nistering to a mwamskéian3pati ent in
need of 1O0prevention, inhibition, or treatnent a therapeutically effective
amount of at |east one conpound of any one of clainms 1-9, or an enantioner,
a di ast er eoner, ORB f%ﬁ%%ﬁh@@ﬂﬁméally acceptabl e salt thereof, and
optionally an ad ort agent wherein: (a) t he di seases
or disorders are S?Q }gﬁ%gfeﬁkhéioup consi sting of --15-

di abet es, --hyperglyeelrnpalred gl ucose tol erance, insulin resistance,
hyperlnsullnenla reti nopat hy, neuropathy nephr opat hy, del ayed wound

heal i ng, at her osc¥-er osThs compound, @é@ft@ﬁeﬁlaﬁﬁﬁ@mﬂfaﬁam% of sgrtdhereet; of

nmyocar di i e bol ndr one erten si on, obesity,

o ot e 005 5 Pror b IR o Bl e Ao Y REROBES: dor

hyperchol esterol em a, |ow HDL, high LDL, 20non-cardiac ischem a, vascul ar
restenosis, pancreatitis, neurodegenerative disease, |ipid disorders,
cognitive inpairn®nt aRe esmennd.enanimrerddisgersemeritantomen el thersefepht ed

oyt 0B . S e s st Yo DR AL SRRl 0ot © 2o

anti - hypergl ycem c agents, anti-hyperinsulinenmc agents, anti-

25r et i nopat hic anpn'r s, anti-neuropathic agents, anti-nephropathic agents,
anti- atherioscPerBtic agents, antl-lschem%p agents, anti-hypertensive
agents, ant eabé gemts anti-d émiclagents, anti-dyslipidenic

agents, ant e c agen s ant -hyper1rig|yceridenic agents,
anti-hypercholestero ey gen S, Phntw-resteno1|c agents, anti-pancreatic
agents, Iipid | oweri ng ap etite suppressants, treatnents 30for
heart failure, and treat ntQ for peripheral arterial disease and
anti-inflanmatory agents.Cl ;

¢4
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10. A pharmaceutical composition comprised of a therapeutically effective
amount of a compound of any one of claims 1-9, or an enantiomer, a diastereomer, or
a pharmaceutically acceptable salt thereof, and optionally a pharmaceutically

acceptable carrier.

11.  The pharmaceutical composition of claim 10, further comprising a

therapeutically effective amount of one or more other therapeutically active agents.
12. A pharmaceutical composition comprising a therapeutically effective
amount of the compound of any one of claims 1-9 and a therapeutically effective

amount of a dipeptidyl peptidase-IV (DPP4) inhibitor.

13.  The pharmaceutical composition of claim 12, wherein the dipeptidyl

peptidase-1V (DPP4) inhibitor is saxagliptin.
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14. A method of modulating the activity of the GPR119 G protein-coupled
receptor comprising administering to a mammalian patient in need thereof a
therapeutically effective amount of at least one compound of any one of claims 1-9, or
an enantiomer, a diastereomer, or a pharmaceutically acceptable salt thereof, and

optionally an additional therapeutic agent.

15. A method for preventing, inhibiting, or treating the progression or
onset of diseases or disorders associated with the activity of the GPR119 G protein-
coupled receptor comprising administering to a mammalian patient in need of
prevention, inhibition, or treatment a therapeutically effective amount of at least one
compound of any one of claims 1-9, or an enantiomer, a diastereomer, or a
pharmaceutically acceptable salt thereof, and optionally an additional therapeutic
agent wherein:

(a)  the diseases or disorders are selected from the group consisting of

diabetes; hyperglyeemia;- impaired-glucese toleranee;-insulin-resistance;
hyperinsulinemia, retinopathy, neuropathy, nephropathy, delayed wound healing,
atherosclerosis and its sequelae, abnormal heart function, myocardial ischemia, stroke,
Metabolic Syndrome, hypertension, obesity, dislipidemia, dyslipidemia,
hyperlipidemia, hypertriglyceridemia, hypercholesterolemia, low HDL, high LDL,
non-cardiac ischemia, vascular restenosis, pancreatitis, neurodegenerative disease,
lipid disorders, cognitive impairment and dementia, bone disease, HIV protease
associated lipodystrophy and glaucoma; and

(b)  the additional therapeutic agent is selected from the group consisting of
anti-diabetic agents, anti-hyperglycemic agents, anti-hyperinsulinemic agents, anti-
retinopathic agents, anti-neuropathic agents, anti-nephropathic agents, anti-
atherosclerotic agents, anti-ischemic agents, anti-hypertensive agents, anti-obesity
agents, anti-dyslipidemic agents, anti-dyslipidemic agents, anti-hyperlipidemic agents,
anti-hypertriglyceridemic agents, anti-hypercholesterolemic agents, anti-restenotic
agents, anti-pancreatic agents, lipid lowering agents, appetite suppressants, treatments
for heart failure, and treatments for peripheral arterial disease and anti-inflammatory

agents.
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