WO 2011/ 008663PCT/ US2010/ 041645 X18674 GPR119 AGONI STS GPR119 is a
G protein-coupl ed receptor largely confined in humans to pancreatic

(13- cel | swoand/iosdeast i nal tissues (enteroendocrine cell erTarsdoiasicheen
studi ed andxXthksseri bed 5 using various synonyns includi ng SNORF25, RUPS,
GPCR2, 19AJ, OSGPR116 and gl ucose-dependent insulinotropic receptor.

The pharnmacol ogy and therapeutic potential for GPRL19 has been revi ewed
recently (Br. J. Pharmacol. 2008, 153, S76-S81), disclosing GPR119 as an
interesting target for the treatnment ofj.di abetes and obesity. 10A nunber of
synt heti c agonists of GPR119 have been disclosed for the treatnent of

di abet es and obesity, for exanpl 6PRId$AGONIETISsed in WO 09/ 038974. There
remains a need for alternative GPR119 agoni sts as anti di abetic and
antiobesity therapies. Oral administration is typically the
preferred route @RIAHMN NGProtahicomplédiccapntr iladp ednfincdinthuanhs tolpesdréayic

t herapi es. FEor . conpounds . t.o displ a ood oral Dbioavail ahilit 15t hey

yot oal Ty rSEITAB TR iR CRoRn SRt RR v W siPe e el o, and
suf fici ent waigahfibisGysdnghis lincludidgSNORFIF, REPR | GBCRDASA], dxgirdatamn i n t he
liver. Thg corrpo.un‘gs of [Fornula | have been found to be agonists of
GPRL19 in V8IPGo8c-dRBspd<at INSHBRBRINEFERIY" t he present invention have been shown

to stimulate G RBhspairfhtdby dhdVicYHeuticeiokcntil f6OOPRUNG RS Béentrbigeviidesent
invention exhibit greater potency than existin

) g 20agoni sts. Certain
compounds oFciHe (B Eddammacnly &8 ,ﬁ%ﬁ@%o@j%fl%r%(?‘ﬁqld%@w IRESTISHRS)
The presentajcav@Pihk @RathentdrliRet8add®b ounds of Formula | which are
agoni sts of tthe G protein-coupled receptor GPR119, pharmaceuti cal

conposi t0 ons corft By gl pEwiGazoaitsiof EPRAG baye batn disginged ©r thedicptmesle in the
treat ment Ofy RiEXERMd PRsiBf fo@h%ﬁﬁ@&o&rdisg%éd ih&&wo'oﬁ/oﬁgéﬁ! Pilr@femb¥RE ! |

di abetes. 25The present i1'nvention provides a conpound of the formula: WO

2011/ 00866 3R fwWSRANGIMO LRI S) }a@G s aptidigbefeg)d gntiogsitptherapics.
Oral administration is typically the preferred route of administration for
antidiabetic and antiobesity therapies. For compounds to display good oral bioavailability,
15 they typically must have sufficient aqueous solubility to allow absorption, and sufficient
metabolic stability to minimize first pass degradation in the liver.
The compounds of Formula I have been found to be agonists of GPR119 i vitro.
Certain compounds of the present invention have been shown to stimulate GIP secretion
in vivo. Certain compounds of the present invention exhibit greater potency than existing
20 agonists. Certain compounds of the present invention have good oral bioavailability.
The present invention is directed to compounds of Formula I which are agonists of
the G-protein-coupled receptor GPR119, pharmaceutical compositions containing them as
active ingredient, and to their use in the treatment or prevention of diabetes or obesity, in
particular Type II diabetes.

25 The present invention provides a compound of the formula:



1 R2 0 (l) RIRa c.Rb wherein; X is selected fromN and CH Ra is selected
fromF and CF3; 5Rb and Re are independently selected fromF and nethyl or
conbi ne twoRormoss6@3_5 cycl oal kyl ring; Rl is sel ected fPcomskhiandicaet hyl ;
R2 is selecx&h7#irom H and F; or a pharmaceutically acceptable salt thereof
10The present invention provides a pharmaceutical conposition conprising a
conpound of Fornula I, or a pharnaceutically acceptable salt thereof, and a
pharmaceutically acceptable diluent or carrier. The present

i nvention provides a conpound of Formulm |, or a pharnaceutically
acceptabl e salt thereof, for use in therapy. The present invention al so
provides a 15conpound of Formula I, or a pharmaceutically acceptable salt

t hereof for use in the trea=®nt di abetes and obesity. The present

i nvention further provides aé& oy d of Formula I, or a pharnaceutically
acceptabl e salt thereof for use\(n e XL eat nent of diabetes or obesity. In
anot her aspect of the present inventi e is provided the use of a
conmpound of Forrmula I, or a pharnmceut acceptabl e salt thereof, for
the 20 manufacture of a nedicanment for the freatnent of diabetes and
obesity. The present invention further p he of a conmpound of
Formula I, or a pharmaceutically accd@ta%le salt thereof, for the

manuf acture of a nedi canment for the treatnent ~Qf N RS or obesity The
present invention also provides a nethod for the treaRfent of diabetes and
250besity, which conprises adm nistering an effective anount of a conpound
of For mul a Whereigyp 2011/ 008663PCT/ US2010/ 041645

X is selected from N and CH;

R* is selected from F and CFs;

5 Rb and R are independently selected from F and methyl or combine to form a C; s
cycloalkyl ring;
R' is selected from H and methyl;
R’ is selected from H and F;
or a pharmaceutically acceptable salt thereof.

10 The present invention provides a pharmaceutical composition comprising a
compound of Formula I, or a pharmaceutically acceptable salt thereof, and a
pharmaceutically acceptable diluent or carrier.

The present invention provides a compound of Formula I, or a pharmaceutically
acceptable salt thereof, for use in therapy. The present invention also provides a

15  compound of Formula I, or a pharmaceutically acceptable salt thereof for use in the
treatment of diabetes and obesity. The present invention further provides a compound of
Formula I, or a pharmaceutically acceptable salt thereof for use in the treatment of
diabetes or obesity. In another aspect of the present invention, there is provided the use of
a compound of Formula I, or a pharmaceutically acceptable salt thereof, for the

20  manufacture of a medicament for the treatment of diabetes and obesity. The present
invention further provides the use of a compound of Formula I, or a pharmaceutically
acceptable salt thereof, for the manufacture of a medicament for the treatment of diabetes
or obesity

The present invention also provides a method for the treatment of diabetes and

25  obesity, which comprises administering an effective amount of a compound of Formula I,



X18674 -3- or a pharmaceutically acceptable salt thereof, to a human being
or animal in need thereof The present invention further provides a nethod
for the twoeanmsssdf di abetes or obesity, which conprisesTasdmiogtees i Nng an
effective avtigigt of a conpound of Forrmula I, or a pharnaceutically
acceptable salt thereof, to a human being or aninmal in need thereof 5It is
preferred that the conpounds of the present invention be used in the

treatment of diabetes or obesity, in particular type Il diabetes. A
preferred species of the conpounds of Eornmula | are conpounds of the
formula: 1 0=S, 01 ....,...... [, ---.. ... ", . X, 10 RANVWF---Rb
Rc ; oor agphpinzcericayt dccaitdbje bt dleptodlsb e hsmbi bdilgeereoimal whercéiherckf. Ra, Rb,

and Re are @5 p‘ilgs‘:emﬁvdeaf"r&l‘ﬁhfi%{gﬂ?v@ae‘@ ’é?ﬁe%{orf‘?gr _‘[Egg%lf%gnt O ahBGeCRTBRHPIS Of
Forrmul a | are ‘conpounds o orfrul a: =S,
......... " -which ¢qmpfisek ddministeringlan\ dffictive-anf@uiRoof;a compound of Formula I, or a
pharmaceutically acceptable salt thereof, to a human being or animal in need thereof.
5 Ttis preferred that the compounds of the present invention be used in the treatment of
diabetes or obesity, in particular type II diabetes.

A preferred species of the compounds of Formula I are compounds of the formula:

O=S.
I N
o |
X
| ~N
Z >0
(I R
N%Rb

or a pharmaceutically acceptable salt thereof, wherein X, R®, R®, and R® are as defined
10 herein.

A preferred species of the compounds of Formula I are compounds of the formula:

R
(111) 1 \/&Rb

or a pharmaceutically acceptable salt thereof, wherein X, R?, R®, and R° are as defined
herein.
15 Certain classes of compounds of Formula I, IT or III are preferred. The following
enumerated selections describe such preferred classes:
1) Xis N;
2) X is CH;



or a pharmaceutically acceptable salt thereof, wherein X, Ra, Rb, and Re
are as defined herein. 15Certain classes of conmpounds of Forrmula I, Il or
11 are pweferwmwsee3The foll owi ng enunerated sel ecti ons ®#€Fars2e/0s16¢H
preferred cka®ges: 1) Xis N 2) Xis CH WO 2011/ 008663PCT/ US2010/ 041645
X18674 -4- 3) RRis H 4) Rais F;, 5) Rais CF3; 6) Rb and Re are

i ndependently selected fromF and nethyl or conbine to 5form C3 cycl oal kyl ;
7) Rb and Re are nmethyl or conbine to form C3 cycloalkyl; 8 X is N and Rb
and Re are nmethyl or conbine to form C3-cycloalkyl; 9) Xis CH and Rb and
Re are nethyl or conmbine to form C3 cycloal kyl; 10) Rb and Re are nethyl
and Ra is F; 10B)) RoRaidLRe conbine to form C3 cycloal kyl and Ra is CF3.
Phar maceuti cal | y,,acc pk%ple salts of each of the conpounds of the present
invention are contenplatéd within the scope of the present application.
Preferred conpounds @&fistCHe; present invention include

5-[1-(2-Fl uoro-2-net hyl propyl) - pi peri di n-4-yl met hoxy] -1' - met hanesul f onyl- 1
.2, 3", 6 -tetralydr oR] 8048 pirpindeRindgatly Si@%{ﬁﬁf@mwﬁlﬁaﬁé%wf@mbine@

{441-(1:§rif|uoronet@Mhnﬁxghggkﬂpylnethyl)-piperidin-4-
yInethoxy]-phenylI-1,%,3,6-tetrahydro-pyridine.
7 R’ and R® are methyl or combine to form C; cycloalkyl;

8) X is N and R” and R® are methyl or combine to form C; cycloalkyl;
9 X is CH and R” and R® are methyl or combine to form Cs cycloalkyl;
10) R" and R® are methyl and R*is F;

10 11) R" and R® combine to form C; cycloalkyl and R* is CFs.

Pharmaceutically acceptable salts of each of the compounds of the present
invention are contemplated within the scope of the present application.

Preferred compounds of the present invention include 5-[1-(2-Fluoro-2-methyl-
propyl)-piperidin-4-ylmethoxy]-1'-methanesulfonyl-1',2',3",6'-tetrahydro-[ 2,4' bipyridiny];

15  and 1-Methanesulfonyl-4-{4-[1-(1-trifluoromethyl-cyclopropylmethyl)-piperidin-4-
ylmethoxy]-phenyl}-1,2,3,6-tetrahydro-pyridine.

As used throughout this specification, it is to be understood that where a group is
qualified by “defined herein” or “herein defined” that said group encompasses the first
occurring and broadest definition as well as each and all of the particular definitions of

20  that group.

As used above and throughout the description of the invention, the following
terms, unless otherwise indicated, will have the following meaning:

As used herein the term “Cs-Cs cycloalkyl” is taken to mean cyclopropyl,
cyclobutyl and cyclopentyl. Preferred Cs-Cs cycloalkyl groups include cyclopropyl and

25  cyclobutyl; another preferred group is cyclopropyl.

As used herein the terms “isomer 17 and “isomer 2” relate to the specific
enantiomers of final compounds or intermediates, “isomer 1 relating to the first
compound to elute from the described chromatographic process and “isomer 2 the
second. Where the term “isomer 17 or “isomer 2” is first attributed to an intermediate, the

30  term is retained through to the final compound.



As used throughout this specification, it is to be understood that where a
group is qualified by "defined herein" or "herein defined" that said group
enconpasswe 20hoBéeBst occurring and broadest definitionpras/usedtb/oasseach and

all of the y®waricul ar definitions of 20that group. As used above and
t hroughout the description of the invention, the follow ng terms, unless
otherwi se indicated, will have the foll ow ng neani ng: As used
herein the term"C3-05cycloal kyl" is taken to nean cycl opropyl, cyclobutyl
and cycl opentyl. Preferred C3-05cycl oalkyl groups include cyclopropyl and
25cycl obutyl ; another preferred group is cycl opropyl. As used herein

the terms "i someks uktd lameln thesomeiph@mareitiatly acoeptdvls sspgorfeisco esltant thener s of
final co MPOLIIS %%HISPJS 8If Hlteigeggng niavegédn \}/ﬁl&oﬂg ubjstantlaﬁfa/%toh nc%ué 2 ,hvt}l% oréan%nsc onpound

to elute from escri chro ogr a and
second. WheSwehtdia ahdacasmfhbmmnﬁoddlwgmrﬁmlsamrmgnheﬂi'are svefl knotn mtthaarbSted to an

i nternedi ate 0Ot [ ned t o the ound.
D011/ 00860 CEsd fof b i auBol b R BEPSER: PRobHE At PR T er m
" phar maceut (veaiA/ wikgcwpi cdobe); sial k SharmeBdr 66, LA IFWTS P@éfeﬂrehie conpounds of the

present invention which are substa t| non- tOXI to livin ani sns.
Such sal t s RFEMCEHIB ?f’é?ﬁﬁ%ﬁ%?%@i}lc ugF }S‘L %‘F}dﬁgm‘fsﬁ anfl dumer tf%rR?fgwn in the

art. See, eprgfe;restah&aI@mgzdroaﬂo@de and HRRdieok of Pharnmaceutical Salts: _
Properties Selection and Use, 5(VCHA/ W] ey-VCH 2002); and J. Pharm Sci.

66, 2-19 (1977). hpﬁ%m%%néﬂofﬁh%@rﬁ%@e@mf@@av pip Pigfevably APwlaedias s i ncl ude

hydrochl ori Iﬂﬁrmd&&%‘a%o%p@ﬂﬂoﬂs%ﬁﬁﬁrﬁét&ed BPs GarREyeS @bkt &d VR fr8feRbE, such
hydr ochl ori de and nesyl at e. he conpounds of the present invention

are prellr aompo waﬁaweaﬁoraarah%dnﬁwaﬁrwe@{ch@harrr@wﬂ@éF@mmﬁﬁloawﬁdm stered by a
variety of LEuk&s for%%%rllﬂgﬁhl%ra?ebdvam kel n HRGRANRQSL gl RBRindoR: fiRr oral

adm ni stration. Such pharnaceutical conpositions and processes for
preparing sSegncaptd Riedtice RhRrmiqy (Aheenpero, eRbegdse 19, ed Rémm@fobﬁnngr@@, Sci ence

and P r a.Ct' C%ng, ﬂfg%é%ﬂﬁ% e%%eut% smgﬁs 1ﬁélude ec%ﬁlgoun]dgc}flf'he esent Ma‘Ck

Publ i shi ng erre ar maceut i ca npositions I nclude a
conpound ofinyénioppdsised withvendlé mlﬁca:drﬁoneﬂie Womh cuehiieg ef G Magerhoficom t he

0100 SR=La 1 5 DSBS OB R T L R
anti f oam ( 08(1)(9%%’ \x/‘)*) anxfoanlte(wb?i%s@d) anﬂtderon(s&dmatngmm mgaxdi maximaoncent r at ion);
MBI R R TR R Rl
concent r at i @Bginate) (10% v/v), antifoam (0.05% v/v) and deionised water (250 mg/ml maximum
concentration).
20 In a further aspect of the invention the present compounds are administered in
combination with one or more therapeutic ingredients. Such therapeutic ingredients
include for example metformin or a DPPIV inhibitor e.g. sitagliptin.
Administration in combination includes simultaneous, separate or sequential
administration.
25 For administration in combination for the treatment of diabetes it is preferred that
the compounds of the present invention are simultaneously, separately or sequentially
administered with metformin. For administration in combination for the treatment of
obesity it is preferred that the compounds of the present invention are simultaneously,
separately or sequentially administered with sitagliptin.
30 The following Schemes, Preparations and Examples are provided to better
elucidate the practice of the present invention. Suitable reaction conditions for the steps of

these Schemes, Preparations and Examples are well known in the art and appropriate



20l n a further aspect of the invention the present conpounds are

adm ni stered in conbination with one or nore therapeutic ingredients. Such
t her apeutwo 20nge@dent s i ncl ude for exanple netform n oPCa/UBERRLN4iIcARI bi t or
e.g. sitaglXmara. Adm ni stration in conbination includes

si mul t aneous, separate or sequential adm nistration. 25For adm nistration
in conbination for the treatnent of diabetes it is preferred that the
conpounds of the present invention are sinultaneously, separately or
sequentially adm nistered with metform@. For administration in conbination
for the treatnent of obesity it is preferred that the conmpounds of the
present i nveedifigationperesitivnicomhamsshglydisgpdrtatadnoferlverganemoiredgets are

adm ni st er ed. wi it agl g pl N, |.owi Sch reparations and
Exanpl es ar\glt%%l %ﬂ\%iagiel@ ?rjothggel?l egraﬁgsgrgﬁg&géeéa?wﬁ%ﬁ%?%g {Eglze tgﬁ OYﬁ‘g pr esent

i nvention. Bwdrabhearddhapts caossportd tonstedalrbathhiempéreps, oiless héseviSchenes,
Prepar ati ons .an[d Exanpl es are well known in the art and appropriate WO
2011/ 00866315@?‘? %2010/ 041645 X18674 -6- nodification of reaction

condi ti ans, i nclRuethérhosabistskilled artisunofill apprecintt shadind omo clr@agents, iee W t hin
the ability of .the skilled artisan. .Tenperatures indjcated in the follow ng
Prepar at i on%rg%m‘awé?ﬁﬂﬂwé@s w5 IVEdBEd 1 C’é%aie?h};ﬂpaﬁﬁfl r?rélﬁ"p%J %PUre, unless

ot herwi se i Rglikat&prodReulid APIVER of FhgnusKi ik ig@dnd@dt isoanhdpdrficudppr eci at e t hat
in sone circunstances, the order in which nmoieties are introduced is not

critical. TIREWEERY fedty syptheyizedy theftading pampaugehiand freprglathyedehit® A HE conpounds

of Formul a dypitRuteeReRA&Nks HRRN apftecifad by MbkaNccAIRRY MthLRIIRY 28X DEIST zed,
the starting con&gund, and the relative lability of the substituted
a

noi eti e) adppresiaehat ngipdlsabstitveat apycompatitli vith al Teaptien copditippe TRRE| | ed

artisan w | oy RRRTRSR LR A or ARkirRl i SURSLLHBONPindhe, AOIRALY Dle with all

reaction conditions. "These conpounds nmay be protected orf nodified at a
conveni ent Ppetheds woll knpwn gythe pési s by met hods wel | known in the art.

Sui t abl e protectd i S | i « ,
"Protective G ougﬁggqlgﬁ%%g%}% %&g}éynt l&edsgi(t)%%f3 g%%ﬁ%éda\??éy'n%%%o%,%a@w Yor Kk,
N. Y., 1991, GhepeafQremidSyndfesis ¥, dchnt WilgsanliGoes ety Y gkeldiYe, 198 dilcanie
approprjate [ tiaQ I ~.pr ion" "dex. . ection" .of syitable
o ot cct | g DL o hh B GatEbRbeE by Rl g B 7 RoylpaSil

i nt er medi at@steaivot” bt naéthblp pothedtsgrofipstthbe pyed Se e skileé attison nmay be furt her

DT e 1 e SRR LR R GBS B DAL St
conpound napwSicll,af ddshel lsXamph@Sedhidubesupli SSedtsthlixioh bochranh&ogesgr at ed
using Aut ONOC{,rQr s20 '(c)i(gilpports such as silica gel or alumina.
20 The compound names for the Examples of the present invention are generated
using AutoNom 2000.
Abbreviations used herein are defined as follows:
“h” means hours; “min” means minutes; “cAMP” means Cyclic Adenosine
Monophosphate; “DMEM” means Dulbecco’s Modified Eagle's Medium; “HTRF” means
25  Homogenous Time-Resolved Fluorescence; “PBS” means Phosphate Buffered Saline;
“IBMX” means Isobutylmethylxanthine; “BSA” means Bovine Serum Albumin; “FBS”
means Fetal Bovine Serum; “EBSS” means Earle's Balanced Salt Solution; “EDTA”
means Ethylene Diamine Tetraacetic Acid; “NADPH” means Nicotinamide Adenosine
Dinucleotide Phosphate; “HEC” means Hydroxyethyl Cellulose; LC-ESI/MS” means
30  Liquid Chromatography - Electrospray lonization Mass Spectrometry; “Pg” means

Protecting Group; “Tf” means trifluoromethyl sulfonyl; “Ts” means para-toluene

sulfonyl; and “Ms” means methyl sulfonyl.



Abbrevi ations used herein are defined as follows: "h" neans hours; "mn"
means m nutes; "cAMP' neans Cyclic Adenosi ne Monophosphate; "DMEM neans
Dul becco'wokbdidosed Eagl e' s Medi um "HTRF" means 25 HomBPGErSae10/041645

Ti me- Resol vetRaFiuor escence; "PBS' neans Phosphate Buffered Saline; "IBW'
means | sobutyl met hyl xant hi ne; "BSA" neans Bovi ne Serum Al bum n; "FBS" neans
Fetal Bovine Serum "EBSS' neans Earle's Bal anced Salt Sol ution; "EDTA"
means Et hyl ene Diam ne Tetraacetic Acid; "NADPH' neans Nicotinam de

Adenosi ne Di nucl eoti de Phosphate; "HEC!7.means Hydr oxyet hyl Cell ul ose;
LC-ESI/M5" neans 30 Liquid Chromatography - Electrospray |onization Mass
Spectronetry; "PghemeAns Protecting Goup; "Tr' neans trifl uoronethyl

sul fonyl; "Ts" means gara-tol uene sulfonyl; and "Ms" means nethyl sul fonyl.
WD 2011/ 008663PCT/ USB£§1’O/ 041645 X18674 -7- Schene A (i) RCHO or (ii) 1)
R COCH 2) reduction aon(iii) ROY (1) R=CRaRbRc Y = Tf, Ts or Ms
=
(a)
2 [ X
R \I
OH

MsO
1) >_CN"P9
R1

2) de-protection

. (i) RCHO
X NH 2 \ \_/<
e N\ g o=p~N \, 7/ ©
0’5 \ | / (ii) 1) R'COOH o] " 1>—<:/\N—\
R® 2) reduction RO R R
(b) or
@O
(i) ROY
R' = CRaRPR¢
Y =Tf, Ts or Ms

The starting hydroxyl (a) is reacted with a mesylate bearing a piperidine with an
appropriate protecting group such as carboxylic acid zert-butyl ester and a suitable base
5 such as potassium carbonate in a suitable solvent such as acetonitrile at elevated
temperature. The isolated product is de-protected under conditions well known to the
skilled artisan to provide compound (b). Compound (b) is reacted with an aldehyde under
standard reductive amination conditions, with a suitable reducing agent such as sodium
triacetoxyborohydride in a suitable solvent such as dichloromethane to provide the final
10 compound (I). Alternatively compound (b) is reacted with an appropriately substituted
acid using a coupling reagent such as o-benzotriazol-1-yl-N,N,N', N'-tetramethyluronium
tetrafluoroborate and a suitable base such as diisopropylethylamine in a suitable solvent
such as dimethylformamide at elevated temperature. The isolated product is reacted with
a suitable reducing agent such as lithium aluminum hydride in a suitable solvent such as
15  tetrahydrofuran at elevated temperature to provide the final compound (I). Alternatively
compound (b) is reacted with R’OY and a suitable base such as potassium carbonate in a

suitable solvent such as acetonitrile at elevated temperature to provide the final compound

(D).



The starting hydroxyl (a) is reacted with a nesylate bearing a piperidine
Wi th an appropriate protecting group such as carboxylic acid tert-butyl
ester andwe28ui/wsdsBe base 5such as potassi um car bonat e POTAISSUOLAIBHE

sol vent sucki&S4acetonitrile at el evated tenperature. The isol ated product
is de-protected under conditions well known to the skilled artisan to
provi de conpound (b). Conmpound (b) is reacted with an al dehyde under
standard reductive am nation conditions, with a suitable reduci ng agent
such as sodiumtriacet oxyborohydride im-a suitable solvent such as

di chl oronet hane to provide the final 10 conmpound (I). Alternatively
conpound (b) i s Aleamwtiedy.witiche Rifis Bppd bph Rite] § mubisthyt the eemmonds Disiang a
coupling r t -benzoty -1-yl-N, N, N\Wtetramet hyl uroni um
tetrafl uor g@%&%ﬂe@%&%ge%ﬁg%q%gom%%g%éeoﬂg'uch as diisopropylethylamne in a
sui t abl e sol ventScbem&iBas di net hyl f ormam de at el evated tenperature. The

i solated product is reacted with a suitable reducing agent such as |ithium

al um num hydride_in @_suf{ abf e\spl vent such \as t hydr of uran at
el evat ed tegﬁgi t \to OV\ t he {1 nal” @grpaund N )/ éj_t@atively
conpound (b) &s actl¢d with R O, apd\a sui t @bl e bas 2S |l S 'ﬁo assi um

carbonate in a spitabRe sol vent such assacetonitrile at el evated
tenperature to provide the final 2dompeupgNgd.). WO

2011/ 008663PCT/ US2010/ 041645 X18674 -8- Alternatively, where Rais F
and bot i’ Rb and TRe S@rtBepieHdne {hés eanigblifis 2 1dimsglogeng prdshpeieds descri bed

bel ow i n SchREBhBe sRHNE TRrdBen in 2IEHISIAht H9h N REHAD. MEhdiQIatb$plog@et €d W th
2, 2-di met hyl oxi rane under an inert atnosphere such as nitrogen in a

sui t abl e sobwapted wifh s suiéableeilueainging aZens sichigh AsedmpthodgthyDpginpadigt ed with a
sui table fl I nat] : J -gggn : 1 r
trifluori deﬁgﬁbﬁﬁéf&??ﬁ Pg%élg%{gﬁ%ha%gc ﬁ)zg%n I c%%%@%?%ﬁhl{%ﬁ%%% de the
final conpodind (1'). 10The requisite hydroxyl (a) may be prepared as

describ bel ow : g iferidi n-4-ol
(c) is fdgact ed v?n!ht@ ﬁélr%’rgﬁ gg%%%ﬁ?@%&? bgﬁfeg?rie & %{eﬁ%f%ggggl,}"?é‘%?%%[}%gg such as
triethyl am ne orSchpgme i ne in a suitable solvent such as

_ D) \
0= | = o=
Pd,(dba), !

W
H S o=s" s”
N N N N
CH,SO0,Cl pTSA tert-Butyl XPHOS
OH —» on ——— = —_ Pz
Ay KOH
R2 | , P X » P X » @ X
~ R | R | R |
N N x
Br Br Br OH
(d) (e) (a)

(c)
The starting piperidin-4-ol (c) is reacted with methanesulfonyl chloride and a
suitable base such as triethylamine or pyridine in a suitable solvent such as
15  dichloromethane or tetrahydrofuran to provide compound (d). Compound (d) is reacted
with p-toluenesulfonic acid in a suitable solvent such as toluene at elevated temperature
to provide the tetrahydro-pyridine (e). Compound (e) is reacted by the method described
in J. Am. Chem. Soc 2006, 128, 10694-10695 using potassium hydroxide, 2-di-tert-
butylphosphino-2',4',6'-tri-i-propyl-1,1'-biphenyl and
20  tris(dibenzylideneacetone)dipalladium in a suitable solvent such as dioxane/water at
elevated temperature to provide the tetrahydro-pyridine compound (a).
Alternatively, the requisite bromo (e) and hydroxyl (a) may be prepared as
described in Schemes D and E.



15di chl or omet hane or tetrahydrofuran to provide conpound (d). Conpound (d)
Is reacted with p-toluenesulfonic acid in a suitable solvent such as

t ol uene avoebevms@d tenperature to provi de the tetrahydPoTseoldionss4ge) .
Compound (eX18654reacted by the nethod described in J. Am Chem Soc 2006,
128, 10694- 10695 usi ng potassi um hydroxi de, 2-di-tertbutyl phosphino-2' ,4'
,6'" -tri-i-propyl-1, 1 -biphenyl and 20tri s(di benzyli deneacet one)di pal | adi um
in a suitable solvent such as di oxane/water at el evated tenperature to
provi de the tetrahydro-pyridi ne conpoungd (a). Al ternatively, the
requi site brono (e) and hydroxyl (a) may be prepared as described in
Schemes D and E.Schéiix PO11/ 008663PCT/ US2010/ 041645 X18674 -9- Schene D PgPg
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The starting piperidone (f) is mixed with a suitable base such as lithium
diisopropylamide in a suitable solvent such as tetrahydrofuran at reduced temperature and
5 reacted with N-phenylbis(trifluoromethanesulfonimide) to provide the compound (g). The
tetrahydro-pyridine compound (g) is reacted with bis(pinacolato)diboron, (1,1'-
bis(diphenylphosphino)ferrocene)palladium(II) chloride, 1,1'-
bis(diphenylphosphino)ferrocene, and potassium acetate in a suitable solvent such as 1,4-
dioxane at elevated temperature to provide the compound (h).

10 Scheme E

Br N
[pd] cat CH 3S0,Cl
2 \X + Z
R _ de protection where Y = OCH, A
.B. R? 2) de-protection RZ X
O O = (i)

Y =OCH, and Br
Z=0H and Br

The starting bromide is reacted with a boronate compound (h) bearing an
appropriate protecting group such as carboxylic acid tert-butyl ester, a suitable palladium
catalyst such as tetrakis(triphenylphosphine)palladium and a suitable base such as cesium

15  carbonate in a suitable solvent such as dioxane/water at elevated temperature. The
isolated product is de-protected under conditions well known to the skilled artisan to
provide compound (i). Compound (i) is reacted with methanesulfonyl chloride and a
suitable base such as triethylamine in a suitable solvent such as dichloromethane to

provide the compound (j). Where the substituent Y is OCHj; an additional deprotection



The starting piperidone (f) is mxed with a suitable base such as |ithium
dii sopropylamde in a suitable solvent such as tetrahydrofuran at reduced
t enper at Wwe 2ando8¢seact ed wi t h N-phenyl bi s(trifl uor omet haogdiskélonitsitsie) to
provi de t hextgsmpound (g). The tetrahydro-pyridi ne conpound (g) is reacted
wi t h bi s(pi nacol at o) di boron, (1,1'-

bi s(di phenyl phosphi no)ferrocene) pal l adiun(11) chloride, 1,1'-

bi s(di phenyl phosphi no) ferrocene, and potassium acetate in a suitable

sol vent such as 1,4- dioxane at el evated-tenperature to provide the
compound (h). 10Schene E B Y=0CH, and Br Z = OH and Br 1) [Pd]
catL..J 1) @H3s0aCHnditiogewdt lotomattp drwhidledartisan, QBkquink] Rrodde gmagioend i on (i)
Y The starting bromde is reacted with a boronate conpound (h)
beari ng an appropriate protecting group such as carboxylic acid tert-butyl
ester, a suit ablAdtepativaylicompoatds st RS urch naig be prepared as described below in
tetrakis(tré hen¥lphosphine)palladiun1and a suitable base such as cesium
15car bonat €98 " sui t abl e sol vent such as di oxane/ water at el evat ed

t enper ature. Theschané Bt ed product is de-protected under conditions well
known to the skilled artis to provide conpound (i). Conpound (i) is
react ed mﬁth\hpthanesulfon chloride and a suitable base such as
triethyl am ne dgoa SUiY-abPe Bol v@nt such as dichl oromet hane to provide the

conmpound (j). er egthdgtgubsti t ue Y (& OCH3 an—addix=honal deprotection
- — mﬁwwoﬂ
N N Mitsunobu ° R® N_\R-
H ' ) conditions
R
am
(k)
R'= CRaRPR¢

An appropriately substituted acid is reacted with 1,1’-Carbonyldiimidazole in a
suitable solvent such as tetrahydrofuran, to which is added piperidine-4-carboxylic acid
ethyl ester. The isolated product is reacted with a suitable reducing agent such as lithium

10 aluminium hydride in a suitable solvent such as tetrahydrofuran to provide the compound
(k). The compound (k) is reacted with compound (a) using standard Mitsunobu
conditions such as diisopropyl azodicarboxylate and triphenylphosphine, at reduced
temperature, in a suitable solvent such as tetrahydrofuran to provide the final compound
I ).

15 Preparation 1

4-(1-Methanesulfonyl-1,2,3,6-tetrahydro-pyridin-4-y1)-phenol

1: 4-(4-Bromo-phenyl)-1-methanesulfonyl-piperidin-4-ol.
Methanesulfonyl chloride (21.91 g, 14.81 mL, 191.30 mmol) is added slowly (10
20  min) to a solution of 4-(4-bromophenyl)-4-piperidinol (50.00 g, 191.30 mmol) and
triethylamine (29.04 g, 40.00 mL, 286.95 mmol) in tetrahydrofuran (575 mL) at 23 °C
(internal temperature) under nitrogen atmosphere. The mixture is stirred at 23 °C for 30
min. 500 mL of 1 M aq hydrochloric acid are added and the mixture is stirred for 10 min.
The mixture is extracted with ethyl acetate (2 x 500 mL) the organic layers are
25  combined, dried over anhydrous sodium sulfate, filtered and the solvent is removed to
obtain 60.0 g of the title compound as a white solid. MS m/e (“Br/*'Br) 333, 335 (M+1).
2: 4-(4-Bromo-phenyl)-1-methanesulfonyl-1,2,3,6-tetrahydro-pyridine.
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known to the skilled artisan, is required to provide conpound (I).

Al t er nat iwel2gi11/msesspounds where RL is H may be prepared asTdssawiobsds bel ow
in Scheme FX1&3¢hene F (k) R = CRaRbRc An appropriately
substituted acid is reacted with 1,1'-Carbonyl diimdazole in a suitable
sol vent such as tetrahydrofuran, to which is added piperi di ne-4-carboxylic
acid ethyl ester. The isolated product is reacted with a suitable reducing
agent such as lithium 10 al um nium hydnide in a suitable solvent such as
tetrahydrofuran to provide the conpound (k). The conmpound (k) is reacted
wi th conpound (&) mugum@f ${&hearephivhyls limoithancsotdiyt-poesdisded] (6E0ME.i sopr opyl
azodi car box n 0s in a

sui tabl e soyﬁgﬁsmﬁﬁgﬁ&ggglw &uﬁgﬂ Q&ﬂf% %3g?ggﬁgymf%gggﬁﬁggigonpound
(1'™). 15Pr epiarcdbi 90 °C for 16 h. The reaction is cooled to 23 °C and successively washed with 2

4-(1- Met ha ul f r ahydr o ridi n-4- - phen 1. .

4~ (4. Br ono- SRRl P LR 6 b B R ey

chlori des (2aydQ1s (g1edMer&hhiﬂrousk@&uﬁ@u]lﬁﬂﬂlﬁ)lteteﬂ aAdlthe dols¢maw rgm(ldd. 2Dnmhyl) to a
sol ution of 4-bro 0 91. 30 ) and
trlethylanlﬁ@t%ﬁ@‘%ﬂqg&pwg¥ Gdﬁﬁ ‘éyga/8?%??%ﬁ?hpﬁﬁgygﬁz(575 L)
at 23 C (i rﬁlﬁ}‘l@ﬁﬂer foBRe! B.olg Gfthblﬂd@éonﬁpohﬁ@ma@ém&ﬂ@@fde M hge m xture is
stirred at for 30 mn. 500 mL of 1 Maqg hydrochloric acid are added

and the n1xQﬁ?/ 53 P @5 Wor 10 min. The mixture is extracted with ethyl
acetate (2 x 5—@QM§H%nésﬁ§0®|I§l@@' @tehmf&?ﬁrﬁa -230q)Kbidied, dried over

anhydrous sodium sul fate, filtered he solvent is renoved to obtain

60.0 g Hf the ti4 m&t%réﬁf)ﬁmarow rhepH -1 encshsnesylfonys 1 4 B0-(crolBrdrappidin333, 335
(Mr1) . 20 40640 Bramr RRSHY olasduBl BRRAS 4PNy 3239 Zmiob; 3. 81Lahydr o- pyri di ne.

butylphosphino-2',4",6'-tri-i-propyl-1,1'-biphenyl (2.52 g, 5.95 mmol) and
tris(dibenzylideneacetone)dipalladium (0) (1.36 g, 1.49 mmol) is purged with nitrogen,
and then deoxygenated 1,4-dioxane (150 mL) and deoxygenated water (150 mL) are

15 added. The mixture is stirred at 100 °C for 1 h. The mixture is cooled to 23 °C and 1 M
aq hydrochloric acid is added until pH 2-3. The aqueous layer is extracted with ethyl
acetate. The organic layers are combined, dried over anhydrous sodium sulfate, filtered,
and the solvent is removed to obtain a red solid. Diethyl ether is added and the solid is
filtered to obtain 16 g of the title compound as an off-white solid. MS (m/z) 254 (M+1).

20 Preparation 2

1-Methanesulfonyl-4-[4-(piperidin-4-ylmethoxy)-phenyl]-1,2,3,6-tetrahydro-pyridine

1: 4-Methanesulfonyloxymethyl-piperidine-1-carboxylic acid zert-butyl ester.
Methanesulfonyl chloride (29.26 g, 19.77 mL, 255.47 mmol) is added slowly (10
25  min) under nitrogen atmosphere to a solution of tert-butyl 4-(hydroxymethyl)piperidine-
1-carboxylate (50.00 g, 232.24 mmol) and triethylamine (35.25 g, 48.56 mL, 348.36
mmol) in anhydrous dichloromethane (700 mL) at 9 °C (internal temperature). The
mixture is stirred at 23 °C for 16 h. The reaction mixture is successively washed with 1
M aq hydrochloric acid, water, and brine. The organic layer is dried over anhydrous
30  sodium sulfate, filtered, and the solvent is removed to obtain 60 g of the title compound

as a white solid. MS (m/z) 316 (M+23).
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4- (4- br onp- phenyl ) - 1- met hanesul f onyl - pi peridi n-4-ol (60.00 g, 179.51 mol)
and p-tolwereswlog@ai c acid (9.37 g, 53.85 mmol) in tol uene/US20108416)5 i S
stirred at X0%7€ for 16 h. The reaction is cooled to 23 C and successively
washed with 2 M aq. sodium hydroxide to pH 10, and water. The phases are
separated and the organic 5layer is dried over anhydrous sodium sul fate,
filtered and the solvent is renoved. Methyl tert-butyl ether (200 m.) is
added and the solid is filtered and waghed with nethyl tertbutyl ether to
obtain 35.0 g of the title conmpound as a pale brown solid. M5 nme

( 79Br / 81Br ) 2:34-H4- (BMEth@lMﬁlllfonyBl 2,3,6-tetrahydro-pyridin-4-yl)-phenoxymethyl]-piperidine-

4- (1- Met han rahydro- pyri di n-4-y1)-phenol. 10A m xture
of 4-(4-br oﬁ%é%%"gﬂg%‘}“}?f”b“{%ae%tg‘tsm fonyl-1, 2,3, 6-tetrahydro-pyridine (23.50

g, 74.32 mmol), Apmh)alsrsDﬂmy&dn@mlfoigflc(szmewl—gperm BEarhtmyll@ a01d tert-butyl
2-di-tertbutyl 4 tri 1,1 (2.52 g, 5.95
ol ) and t ISP BEnb)R? BenaRisbBHi 5D Rl T s B, 5 mar )% <
purged W t hcarbohito g1 @nol. 8 hemothan xyegaitaited d2(Lmdly dlh@a\t&i’lﬁld(aﬂ.ﬁﬂuﬂfo) 1&hd
deoxygenat ed water (150 are added. .The m d at. 100 C
for onm e h el & ped et el P50 B s ironom gty Be R P ECARih 1 o
added untila pktde 3f1 Efaed@mumah@mrsoo%mﬁm&taﬂdpms&hreﬁépyﬂateac%@t e. The
organi c | ayers are conbi ned, dried over anhydrous sodiumsulfate, filtered,

and the sol Y&HC pxerisyaNedVith being diicd oyer %)&l%wl%te Htesedand cygnosted s added

and the sol i doBd bbthih&d 8editd Qbﬁ kMmO 1 cheyl AeABulyll bih6r 16 AIHRAUND AsF an
of f-white solid. 254 is %39 20Pr eparation 2
|

n z)
1- Met haHbsu‘thjﬂ%/IlfD@ngl |(H’é?r)|4a net hoxy) - phenyl ] -1, 2, 3, 6- t et r ahydr o- py

d 1: l 1 I 1H€C.
et buty %Zféi%ﬁistd‘hféﬁ’éfu%%?&%hYE*??%WB%%J* e
g

i s added sl ow y Triflyoaentia peid (ALY 2.l Y 7rralgeld. 18tmmelp ﬁeildéedtt@ agolytinefido- of
ol ) and 107 ST (4L BuREbd O AR ey Grous.
di chl or orretd?adwaylé07®m tmll)bua’ﬂ eﬂer@ 00 et 26 Inamot)empiehlatonrediane MRenlni Aher e i s
4L, BB Rnd B I8 R TR0 KSR DY R0
anhydr ous 3®kiedirenipitite i ﬁttapd imdl Wahﬁdwnlawaltelt Hlélesndthee hitjuarss mmv@dith 0 obtain
60 g of t hed1£ﬂlgrlor%et an nép e comgmed grw?gélr}lg layers are drllé/(réoxger ar%l}ydrous scch- lfate,
filtered, and the solvent is removed to obtain a white solid which is combined with the
initial precipitate and dried under high vacuum for 16 h. Diethyl ether is added and the
20 solid is filtered and washed with ethyl acetate to obtain 0.810 g of an off-white solid. MS
(m/z) 351 (M+1).
Preparation 3
4-(4,4,5,5-Tetramethyl-[1,3,2]dioxaborolan-2-yl)-3,6-dihydro-2H-pyridine-1-carboxylic
acid tert-butyl ester
25  1: 4-Trifluoromethanesulfonyloxy-3,6-dihydro-2 H-pyridine-1-carboxylic acid tert-butyl
ester.
In a 3 necked flask with addition funnel, temperature probe and magnetic stirrer, a
solution of diisopropylamine (32.30 g, 44.93 mL, 319.20 mmol) in tetrahydrofuran (160
mL) is cooled to -10 °C (internal temperature). n-Butyl lithium (133.0 mL, 332.50 mmol,
30 2.5 M in hexanes,) is added dropwise (10 min, temperature change from -10 °C to 1 °C).

The mixture is stirred at -10 °C for 10 min, and then cooled to -60 °C (internal

temperature, -75 °C bath). A solution of N-tert-butoxycarbonyl-4-piperidone (53.00 g,
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[ 4- (1- Met hanesul fonyl-1, 2, 3, 6-tetrahydro-pyridin-4-yl)-phenoxynethyl] -p

i peri di neyocariogesBi ¢ acid tert-butyl ester. A m PCUMS2@0/041645

4- met hanesuXfamiyl oxynet hyl - pi peri di ne- 1-carboxylic acid tert-butyl ester
(17.95 g, 61.19 mmol), Preparation 1 (15.50 g, 61.19 mmol) and potassi um
5carbonate (16.91 g, 122.37 mmol) in acetonitrile (120 nL) is heated under
reflux for 18 h. The reaction is cooled to 23 C and the solvent is renoved.
The residue is dissolved with a m xturg3of 1 L of dichloronethane and 500
m. of water and phases are separated. The organic |layer is washed with

bri ne, drieU%d@emn@@demmSWbﬁameﬂ6@hﬂD@n@deHQmévaﬁﬁmanbd%eﬁﬁgusd$id

gPt i‘lo?ﬁg ![ Issttllti—% § %t? gg HI\%S? ré’ﬂ‘ otion O;JF E)l{%_%]gis%1h§$%81%1¥tlhane&n8ﬁongrgld%f ford 22.0 g
- Met hanesul 099 Ay &; 217[9ZBO(rmnq)i§3m tdura:hydroﬁdrare(fﬁtﬂxyl))-lphmiteg! H]]Olese at -60 °C (5 min).

L 23, 0t el A 0 U Sl T LS ORCS e RS froWrdo Ty e 2610
- met hanesul fdjnySIzmikath 2 @dived hna:hwifaa»(p(w ind) R-addadio ﬂphmmm)ey mhtchysl t}len- p

i peridine-1 - carbo ic acid,t - butyl est in

WP oht o oretriaded PR fny Cacils U b AP ol oLymSRed el Brergiye Siaisa ™ Jin” 2
ag. sodium mmr&i@u@eeﬂaﬁhﬁﬂagdnagﬁmrﬁ affikd Fngeid Rnidneeie®i TiRlesulnef i 1 t ered
and washed with water. The nother quor is extracted with dichl oronethane.

The combi ne@ ™ grgMrEcd el asflisa a?llpét% pvne withareicnd sertaint 4 e gt e,

filtered, aTEbd%&‘tﬁ@ﬁt‘Yeed@)hlpblinda%Wﬁvaﬁ oR! @hiBrid ivRbd B tBOhdxdswhi ch i's
conbined with the initial ecip i'tate and dried under high vacuum for 16 h.

Di et hyl 1®t h‘éﬁhqusfuaf&ieréwlﬂéﬁ%leﬂhé{ DOEDIGIRACHSD fpitmp:elrEds. 20, Aéd (wi 3. et hyl
acetate to Qggelﬂ{)oétg}g 19(18‘:2@)”5%@ te solid. M5 (mlz) 351 (M+l).

Preparati on

4- (4, 4, 5, 5-Zet-fbietIietrafndth@l [2]3cH] dmmborodﬂna?ﬁylz-3;61c)ih381,r@26ﬁmyidme-l2H- pyri di ne- 1-
car boxylic acti id terts tbrL}thljf 1 ester 251:

4-Tri fl uor ofre nes ony yoxy 3, 6-di hydr o- 2H- pyri di ne- 1- carboxylic acid

tert-butyl esten- Tr1ﬂuoromdt1|1anasu:&‘om5dc>k3e3164‘dilaﬂio 20 - phuﬂdﬂi{:hrbmyﬂmanéltgrt-

| STper a4 SyRASRE, A0, TRINEUGS) 1 Sy SR Pl SRRV 1
-10 C (int asronmlon isatepssat for &jnin. BiBpindtolitd fdivorin (64.38 g,025|819,7 nd3d),50'-mmol ,
bis(diphenylphosphino)ferrocene (6.53 g, 11.77 mmol), (1,1'-
bis(diphenylphosphino)ferrocene)palladium(II) chloride (9.61 g, 11.77 mmol) and
potassium acetate (69.32 g, 706.28 mmol) are added, and the mixture is stirred under
20 nitrogen at 85 °C for 3 h. The mixture is cooled to 23 °C and stirred for 16 h. The mixture
is filtered through diatomaceous earth, washed with ethyl acetate, and concentrated in
vacuo. The crude product is purified by flash chromatography on silica gel, eluent
hexane:ethyl acetate (12:1 to 4:1) to give 72.00 g of the title compound, which is used in
the next step without further purification. MS (m/z) 254 (M-55).
25 Preparation 4
4-(1-Methanesulfonyloxy-ethyl)-piperidine-1-carboxylic acid fert-butyl ester

1: 4-(1-Hydroxy-ethyl)-piperidine-1-carboxylic acid fert-butyl ester.
To a solution of N-tert-butoxycarbonyl-4-piperidinecarboxaldehyde (32.20 g,
30  151.45 mmol) in tetrahydrofuran at -78 °C is added methyl magnesium bromide (2 M in
diethyl ether, 100.96 mL, 302.89 mmol). The reaction is stirred at -78 °C for 4.5 h, and

then warmed to -50 °C for 30 min. The reaction is quenched with water at -50 °C and



302.5 Min hexanes,) is added dropwi se (10 m n, tenperature change from-10
Cto 1 C. The mxture is stirred at -10 Cfor 10 mn, and then cooled to
-60 C (i nverndloos@aperature, -75 C bath). A sol ution of PCT/US2010/041645
N-tert-but oxygsanbonyl- 4- pi peri done (53.00 g, WO

2011/ 008663PCT/ US2010/ 041645 X18674 -13- 266.00 nmol) in tetrahydrofuran
(160 nm.) is added dropwise (10 min) The mxture is stirred at -60 Cfor 1.5
h, a solution of N-phenyl bis(trifl uoronethanesul phoni m de) (99.78 g, 279.30
mmol) in tetrahydrofuran (160 nL) is added dropwi se at -60 C (5 m n) Mre
tetrahydrofuran (40 nL) is added and the m xture is allowed to warmto 23 C
for 516 h. fHawad atedmaq rewdicopebivcaiobdmbt Ehq hOEniviaye emowdded theo t he

m xture, V\’hﬂlgtemh 35 eéa\?\tggﬁg&éﬁ%v%‘g tn aﬁeﬂwrl eﬁllelga;[, '&36 dl ﬁ%ehl%tcﬁlﬂl(lg‘ adtd. 4Phe Im‘}ure 1(5:0 mbi ned

organi c |layers ranhydrous magnes
sul fate, fi éxttrectendwa]n dieﬁlghﬁhmt Ta¢ ecdnbﬂ'daleorgaemjhyarme washedl methiosl Mas S ed t hr ough

ili th h th t 1.t 78. 00 f
The 11 £ he Bt Sat oD fistebest i Bl RS e e bl e et st o

10w t howt fmagnleeﬁmpullfaté ifittatet cand cdﬂdehﬂxd{ec(tﬁla@més. @hé praa} is plrifdd ysflasBH) ,
2.43-2. 47 211 (m . 2H), 5.76 (s,, 1H). 2:
4-(4,4,5,5-5 %]é‘{f?agzﬁ%? fZiir %lcﬁﬁapt&%é léégﬁ-ofglgflt)t@?‘élpﬂinﬂ%%8919‘11—1,_%%?'$di ne- 1-
car boxyl i ¢ ®msi(gh/4) erd eNput)y! est er

4-Trifl uororret hanesul f onyl o 6- di hydr o- 2H pyri di ne- 1-carboxylic acid

tert- 15but¥l +esMsth a%%sﬁorw@xaﬁ?myb preereeleglyca.r@xmlew %dmm% eer4” di oxane

(1170 nmL) and t hg sS@ludbh 8- Sh Sél?ﬁ)- pE icBndTl- Gab&' S Rinasoh 1(&*@1‘ boron
(65.76 g, 258.97 mol ), 1, ( )g)?s hen1 K phos |rnogferrlocenelﬁ§

11 77 1 )(1824 g17% SW@eaulrpqifelﬂyqogﬁ@emMH pachiEsthelnpanc GAPURL §7 49:h| ori de
(9.61 g, 1144)3®40 1s%H&’edl?ﬁét%%éu%hﬁ%ﬁfoﬁh@(%ﬁ%ﬁ2119,30%91%1)2%{@?@&10@e

added, and the mxture is stirred under 20nitrogen at for 3
mxture is iedbived to apstagoamdenpdratnig@verdio h 'ha mifthes 1Wﬁ&h9¢ @ith§. lfMl ter ed

through_di aﬁeﬂ%gﬁﬁ%ﬁﬂlﬁ}asﬁﬁﬁme ‘é%?%bﬁ?ecg! ‘%ﬂbﬁ %atéa%{e?taﬁd pAfd ﬁl%%?é?fa[ ated In

vacuo. The e pro I'S ¢hronat ography on silica gel,
el uent hexalnén@t bt magiesiamesulfaiR,: filtetagl, mdlc)oncte@trgﬁd/w dIne®0 Theofude matariat | e

E:(r)dmz);) ug A \%\E‘[}edsogg‘%?lgcﬂé&g%tog nﬂﬁlxotvels Stll?(B gve\'i tto Q?flo'}d 52%5tgho%rtheot'ﬂ{ei Cfohl%glgl{.do n. M5

4-(1- Met harmsau:lofoﬁlflws@)dy I@NMRI(_ZIDCQB& ipginier- 10-£.30 boxeH)j L3REl 8HY, est-(Hut v
To a sol uti Bh: b IR ERPTOUe] B oy R DGt et ekt boXih denyde (32, 20 g,
Preparation 5
4-{1-[4-(1-Methanesulfonyl-1,2,3,6-tetrahydro-pyridin-4-yl)-phenoxy]-ethyl}-piperidine
20
1: 4-{1-[4-(1-Methanesulfonyl-1,2,3,6-tetrahydro-pyridin-4-yl)-phenoxy]-ethyl}-
piperidine- 1-carboxylic acid tert-butyl ester.
To a solution of Preparation 1 (2.35 g, 9.27 mmol) and Preparation 4 (2.85 g, 9.27
mmol) in acetonitrile (93.00 mL) is added cesium carbonate (3.02 g, 9.27 mmol) and 18-
25  crown-6 (0.49 g, 1.85 mmol). The mixture is heated to 80 °C for 72 h. The mixture is
concentrated in vacuo and the remaining material is partitioned between ethyl acetate and
water. The organic layer is washed with 1 M sodium hydroxide and brine. The material
is dried over magnesium sulfate, filtered, and concentrated to dryness. The resulting
material is diluted with 10 mL of diethyl ether, sonicated for 3 min, and the remaining
30  solid filtered, and dried under vacuum to afford 2.02 g of the title product as a white solid.
MS (m/z) 487 (M+32), 365 (M-55).



30151.45 mml ) in tetrahydrofuran at -78 Cis added nethyl magnesium
bromde (2 Min diethyl ether, 100.96 nL, 302.89 nmmol). The reaction is
stirred awo-298/0@466r 4.5 h, and then warnmed to -50 C foPC3WSro10/04ibhe
reaction i sxepeemched with water at -50 C and WO

2011/ 008663PCT/ US2010/ 041645 X18674 -14- allowed to warmto room
tenperature for 16 h. The solvents are renpved and the material is
partitioned between diethyl ether and 0.1 M hydrochloric acid. The m xture
is extracted with diethyl ether. The casbi ned organic |ayers are washed
with 0.1 M hydrochloric acid, saturated agueous sodi um bi carbonate and
brine, driedt €\ kif4-Onkigthesisulfionylil R3ttetetriliytoepyadin-ant-pbomeghtthdted t o
dryness. The (ffd e is purified by flash chromatography over silica gel to
afford 16. 9‘81) “the title compound as a colourless oil. M5 (nfz) 229
(M+1). 2: 4- (1 thzhs@hmsmbf HiH Blymethimekylfopy PE2,B @i toeehy diogrybidioyd-ylg- aci d

tert-butyl ester 0,a.solution of 4- eridi.ne-

1- car boxyl i@egﬁy& eg;élr}tpl% ST fbofiy]i%%ci%ﬁ%i) §'>f¥s} (Eﬂs)ﬁ’r% ‘30 it

di chl or airet dianerofméBenanRy nAnds dddedtrifyb@ndetie adid 2. Z20mn] 17 .48 /imhol), rﬂi’lﬁl ) at 0 Cis
added net hanesul fonyl . chl ori de 9. 30 mmol The reaction is

all owed to Rﬁ%ﬁtlﬁ?f5§tl¥r8%?ﬁr9%‘ﬂ-&é?p§§%F8§%a1gﬁl- %e Ruxtgds ‘?PE“&‘(‘{‘UP‘@ dinvagu iy wi t h
0.1 M hydr ogifuke@arwith ﬁﬁlL@fet&iﬁltddétaﬁeed M EYROUSoFREH nymd&idéag meéﬂfoﬁ)rod&@é@r, and
brine. The rraterlal is dried o magnesium sul fate, filtere and

concent r at etilifcoodty heslid vrﬁslte&daa@ drieet tayaffard Oy &0t tiYs compeynds M3 h

chr omat ogr 39 err+$). | 1R Ait18 8bmpRind (6. 9700, 336 @) RisefaliRed ihioli@ compound as a
col ourl essa((%?%/) 1&MNI\/1R (CD1013 m% at Odg 19-1. 3%) %Seﬁa ?—I)l 1.39 (d, 3H),

pm
1. 44 (slO gmnantlongefq_usglg(qmehgpjr) of O@‘Vé@n(eﬁhyleﬂmlamlge og: gcetogp;ﬂll’e ngetllagol(qﬂ a 2H)
4.62 (t, 1H ¢ REeRM @f‘lﬁ'ﬁﬁ)&l RDAH cbihinn at ImL/min to afford 0.115 g of isomer 1

[4-(1- I\/bt hanesul fonyl1-1, 2, 3, 6-tetrahydro-pyridin-4-yly-phenoxy] -ethyl}
- pi peri di ne(190@¢%ge, RF=5. 27 mln) MS (m/z) 365 (M+1) and 0.112 g of 1somer 2 (100%ee, RT =

{1-[4-(1- Nbég@]%g@a%soql}y% i v3i -t etrahydro-pyridin-4-yl)-phenoxy] -ethyl}

- pi peridine- ‘tert-butyl ester. To a sol ution of
Preparation 1(2.35 g, 9 27 mml) afurepratier @t i on 4 (2.85 g, 9.27 mmol) in

o 25ckbun-o (b s b BRAEIr e AR Bk 8T Tor 72

The m xture i s concentrated ipipevidmiion dihgldrbdtdorideryalt ni ng material is
partitioned between ethyl acetate and water. The organic | ayer is washed
with 1 M sodi um hydroxi de and brine. The materi al

1: 5-Bromo-3',6'-dihydro-2"H-[2,4']bipyridinyl-1'-carboxylic acid fert-butyl ester.

A mixture of 2,5-dibromopyridine (50.00 g, 211.07 mmol), Preparation 3 (71.79
20 g, 232.17 mmol), 2 M aqueous sodium carbonate (158.30 mL, 316.60 mmol) and
tetrakis(triphenylphosphine)palladium (0) (7.32 g, 6.33 mmol) in 1,4-dioxane (633
mL) is heated at 100 °C under a nitrogen atmosphere overnight. The reaction is allowed
to cool to room temperature, filtered through diatomaceous earth and washed with ethyl
acetate. The organic layer is washed with 500 mL of water, dried over magnesium
25  sulfate, filtered and evaporated. The crude material is purified by silica gel
chromatography eluting with hexane:ethyl acetate 6:1 to afford 55 g of a white solid. MS
m/e (PBr/*'Br) 339, 341 (M+1 of both isotopes).
2: 5-Bromo-1',2",3",6'-tetrahydro-[2,4'lbipyridinyl-1'-ium; dihydrochloride salt.
4 M Hydrogen chloride (170.24 g, 162.13 mL, 648.52 mmol) in 1,4-dioxane is
30  added to a solution of 5-bromo-3',6'-dihydro-2'H-[2,4'bipyridinyl-1'-carboxylic acid tert-
butyl ester (55.00 g, 162.13 mmol) in dichloromethane (810 mL). The mixture is stirred

at room temperature for 12 h and heated at 40 °C for 6 h. The mixture is evaporated and



is dried over magnesiumsulfate, filtered, and concentrated to dryness. The
resulting material is diluted with 10 nL of diethyl ether, sonicated for 3
m n, and wbeorigosdedi ng 30solid filtered, and dried underPCraseuniotw4af f ord
2.02 g of tkma7utle product as a white solid. Ms (mz) 487 (M32), 365
(M55). WD 2011/ 008663PCT/ US2010/ 041645 X18674 -15- 2: 4-

{1-[4-(1-Met hanesul fonyl-1, 2, 3, 6-tetrahydro-pyridin-4-yl)-phenoxy] -ethyl}

- piperidine. To a solution of 4-

{1-[4-(1-net hanesul fonyl-1, 2, 3, 6-tetrahgdro-pyridin-4-yl)-

phenoxy] - et hyl | - pi peridine-|-carboxylic acid tert-butyl ester (1.16 g, 2.50
mol ) i n 5dihehldriofirodand waBBedmkifh metheldded ttherf IThosdalcietliial iaeh dvnlat32 i,
17.48 mol ), Fhe, {z‘ﬁfﬁ‘fg}é&’}déﬁ) Sh4hd £l %Eqpo%l&d%%ﬁe{s@ér}“ﬁ E&f/ f%Ml%The

m xture is concen i'n vacuo and tate.
M aqueous shdi-Bnonydlrmothalesulfongedda'sh’ 6'aetmhydiue{é 4gbipgmidieyl.sol i d The solid i s

filtered and dri.ed oaffor 0. 86 |tIe 365
(s STt o R sl et it cente pie RSB AR A T D

10enant i Drekstngsbhiogodn2'sl elegtahodro 02, 2%0ishir gtyhy H@inh yihadroteoride s2lt &
acetonitril e: net hanol a 4 5 alcel AD-H colum at Ink/mn to
afford 0. 115 S e S ’T/eéiggtfcy@é 1@%‘@5@ bY' n) M5 (nfz) 365 (M+l) and
g- 112 g of 4spm5thazle£uli@(&>9me2' 3R -ty &-[DUMipI¥Rlify1sZ9l. 365 (M+1l). Preparation
154- (1' - Met hanesidefigfgamnound is psepagpd cpseptialipypy ity pethodh of Bssnaradiony 43192 3| oxynet h

yl)- piper '1@51&' %ﬂbhyﬂ{e@lﬁﬁgsﬁfd £1'98b't6"-irahydro-[2,4'bipyridinyl as starting
5- Brono- 3', 6' -di hydro-2' H[ 2, 41bi pyri di nyl-1'-carboxylic acid tert-butyl

ester. W m@%@tﬁfrl%l S @VB235 KMakbpyri di ne (50. 00 g, 211.07 mmol), Preparation

3 (71.79 20 . 8.30 ni,
316. 60 mmls)g%n%%%a}gﬁfgﬂ(l}?ﬁ %ﬁ(';@n@él %ﬁ%fﬁh??gdl%ﬁdﬁg’g?ﬁ”n@ E“’*‘h? 32 g, 6.33

mol ) in 1,Rpatidikanenif@3Be g reiidundatted at 100 C under a nitrogen
Filtorea ¢hroug "arar shaRebe Ty Seft IRy G Rl o a0t (PP e ©
or gani ¢ | ayweing 1$methehesdlforiyi-h',250'0 -tetralmfdrane £lbjpydidingdS-olvas s tanengrrea ¢riamn
15  MS (m/z) 452 (M+1).
6: 4-(1'-Methanesulfonyl-1',2".3' 6'-tetrahydro-[2,4' |bipyridinyl-5-yloxymethyl)-
piperidinium; dihydrochloride salt.
The title compound is prepared essentially as in step 2 of this preparation. MS
(m/z) 352 (M+1)
20 Example 1
4-{4-[1-(1-Fluoro-cyclopentylmethyl)-piperidin-4-ylmethoxy]- phenyl}-1-
methanesulfonyl-1,2,3,6-tetrahydro-pyridine

\
o Oy

25 A 1 M solution of potassium fer-butoxide in fert-butyl alcohol (184.4 mL, 184.4

1: 1-Oxa-spiro[2.4]heptane-2-carbonitrile.

mmol) is added slowly to a solution of chloroacetonitrile (10.8 mL, 167.6 mmol) and
cyclopentanone (15.0 mL, 167.6 mmol) in anhydrous z-butyl alcohol (33 mL). The
reaction is stirred at room temperature for 16 h. The mixture is filtered through

diatomaceous earth, the solvent is removed, and the residue is diluted with water. The



25sul fate, filtered and evaporated. The crude material is purified by
silica gel chromatography eluting with hexane:ethyl acetate 6:1 to afford
55 g of awoiwtieos@Bi d. M5 me (79Br/81Br) 339, 341 (M+1Ppofi/usedi/osmes opes) .
2: 5-Bronp-Xi18a24, 3',6' -tetrahydro-[2,41bi pyridinyl-1'-ium dihydrochloride
salt. 4 MHydrogen chloride (170.24 g, 162.13 nL, 648.52 mol) in
1,4-dioxane is 30 added to a solution of
5-brono-3',6' -di hydro-2'H[ 2, 41bi pyridinyl-1 '-carboxylic acid tertbutyl
ester (55.00 g, 162.13 nmol) in dichl onemet hane (810 nmL). The m xture is
stirred at roomtenperature for 12 h and heated at 40 C for 6 h. The
m xture i s wixaporaeethliaetivitvgdo204d.4¢d08 6 BIMCTIUBREHBIRALB6dbandk868Fded 16- t he
solidis filter. e it h t 1 - : ether. . T idis dried
Th an oven SITAEMARE" 1B Gl kTR Rhaphebdi ot bl Bhng. ' Ve o
(79Br / 81Br )sulf3@/ fAdkfed, Midlthe sol&nt 5+r8nowd- The residue is purified by flash
' -met hanesul.fonyl-1'. 2" 3. 6'-tetyahydro- 41bi pyri di nyl . . The
i the comotthumepBaraiiea s bh A S e R By M scaloupas eBn 1 (st ep
1) 5usi ng SHONPMOCDGIA's (BpmpP 346, nahyidsses ba (dlipyri di nyl- 1" -ium
di hydrochl oride salt as starting material. M5 me (79Br/81Br) 316/ 318
(M) . 4 1*-N@@Wﬁﬁé&ﬁﬂ%ﬁﬁ@@mTﬂﬁﬁmfgngﬂQtetrahydro-[2,41bipyridiny175-ol.
(Thte ti g I) e ConNPOUiyilduPdiENaoRRH8SS@NAIL Bl ¥ 76% /e oEbRefhytodth BRMRL i on 1
step usin : - o
5- br ono- | -@é@mﬁnégﬂﬂmwnmm@m? are ngxed igppahydylsng potda HilpGrindsry | as
starting 10;ppiahidlaphd!® A Wigtiortord -ddshiko2 4Meptane-2-carbonitrile (3.30 g. 26.76
& (1 Vot hameg penygna® 3Rgomad GkREl 5 RepgngZicubonicle (60 8 2076 ot ny
) - pi peld di mew))icanhydieyd dichlewmgthpes (-2onk )i addedelowly. The reactiomietitrgd dte
compound is ' ]Qgﬁ- f logt I ep 2)
usi ng 1'-n€%ﬁgﬁ£g% Sﬁaﬁﬁg&#@h%%m?%rgﬁg¥ra %gg%gf%§§§§?p93?§?ﬁyTééﬁol as
starti ng nadobrtionbf sollfinMBrifamate)is atldRd ¢dvefilly. Ti@:aqueous layer is extracted with

(0P o A SR ) g
prepar ed ess@pdrbed dogtivassuifate sfileped2amifthé duilenpis egasvatll e refBue(impar)ficddy ( Mt1)
ZOExanWSe 1chr0mat0graphy in a 20 g silica gel cartridge eluting with hexane:diethyl ether (100:0 to
80:20) to obtain 1.7 g of desired compound as a colourless oil. 'H NMR (CDCl:) &
(ppm): 4.47 (d, 1H), 3.50 (bs, 1H), 2.12-1.67 (m, 8H).
3: 1-Fluoro-cyclopentanecarbaldehyde.
A solution 25% of sodium hydroxide (7.00 mL, 72.8 mmol) in water is added to a
20 solution of (1-fluoro-cyclopentyl)-hydroxy-acetonitrile (0.50 g, 3.5 mmol) in ethanol (10
mL) and the reaction is stirred at room temperature for 15 min. The mixture is diluted
with water and diethyl ether and the aqueous layer is extracted with diethyl ether. The
organic layers are combined, washed with water and brine, dried over anhydrous sodium
sulfate, filtered, and the solvent is removed under vacuum to obtain 430 mg of a yellow
25  oil that is used without further purification.
4: 4-{4-[1-(1-Fluoro-cyclopentylmethyl)-piperidin-4-ylmethoxy]- phenyl}-1-
methanesulfonyl-1,2,3,6-tetrahydro-pyridine.
Acetic acid (0.024 mL, 0.42 mmol) and 1-fluoro-cyclopentanecarbaldehyde
(0.367 mL, 3.70 mmol) are added to a suspension of Preparation 2 (150 mg, 0.427 mmol)
30  in dichloromethane (4 mL) and the mixture is stirred at 40 °C for 45 min. Sodium
triacetoxyborohydride (236.22 mg, 1.07 mmol) is added and the mixture is stirred at 40

°C for 1.5 h. Saturated aqueous solution of sodium bicarbonate is added and the mixture



4- {4- [1-(1-Fluoro-cyclopentyl nethyl)-piperidin-4-yl methoxy]- phenyl}

nmet hanesul fonyl-1, 2, 3, 6-tetrahydro-pyridine 1:

1- Oxa- spiwo[2811400B@pt ane- 2- carbonitrile. 25A 1 M sol uti orCoOfUSp@iDASEIHTIM

t er - but oxi de1gai4t ert - butyl al cohol (184.4 ni, 184.4 mmol) is added slowy
to a solution of chloroacetonitrile (10.8 nL, 167 6 nmol) and

cycl opentanone (15.0 niL, 167.6 mmol) in anhydrous t-butyl alcohol (33 niL).
The reaction is stirred at roomtenperature for 16 h. The m xture is
filtered through di atonaceous earth, the solvent is renoved, and the
residue is diluted with water. The WD 2011/ 008663PCT/ US2010/ 041645 X18674
-17- m xt urie extsacted ontithaekliy? ectand. t%emadamrmmr@iwdwm@ed\wph(W@pvhaltde

sol ution anlgrl %X& 1e%%§7§rdan}é\$/&rgus%l sulfa%qfl\efed-r d o %?V%h 1s¥ hd Al conbi ned,
dried over anh J um-su ttere e’ Sof verit 1's renoved.
The resi dueresléuepslchmmMgﬂayhefdloaslhogmlmbhgrtagbgqelmmgmﬁu lica gel to obtain

346 (s, 10T OTRT TR 900 GRS Uotan 2plt PR GRE AN, © (PP

(1- Fl uors- cyvedpop@nit yri@wa{fexdd\nmxyetl@deﬂaemﬂdrﬂlﬂe&d té\oliryid 26 ug ditiehitier omet hane (3
m.) and a 70% w w sol |on H an oride (2.68 nL, 20.44 mmol) in
pyridi ne ar@MROREASaY teﬁB @el\/[ Vg Mthe at 0 C under a nitrogen

at nosphere. A solution of 1-oxa-spi rm{aallﬁdhept ane 2-carbonitrile (3.30 g,
26. 76 10mmol ) |n anhydr ous di chl or onet hane is added slowy. The
reaction i s*atikteliugio-methylgpropy)-iReridin-+1 BB%IQX@ ?Iatlhﬂéneﬂmleﬁuﬁon%he
mxture is cooled at 0 C and a ;583 ghat8dirsPyHihen of sodi um carbonate is
added careful ly. The aqueous layer is extracted with diethyl ether. The
organi c | ayers are conbi ned, washed with water and, brine, dried over

anhydrous sodi um sul fate, flltered and the golwe is removed. The residue
is purified by 15chromat ogre i sikNicga gel cartridge eluting with
hexane: R%ethyl et her (100: 8 02 o obtain 1.7 g of desired conpound
as a cotourless oil. 1H NWR (CDC13) 6 (ppm: 4.47 (d, 1H), 3.50 (bs, 1H),

2.12-1. 67 (Im2-8Kpro-B:{4-14-HI- mmmmn@pemmemwwmmm@ym sol ution 25% of

sodi um hydr gxi de erm) ter is added to a 20sol ution of
(1-fl uoro- %(?Poxﬁlén%&)yﬁ}p%erlgr 0X ace tlh l'lfr?l?ﬁwal .50 g, 3 5 Mmol) in ethanol

(10 Diisopropylethylamine (1.60 g, 2. 16 mL, 12.40 mmol) is added to a suspension of
Preparation 2 (1.60 g, 4.13 mmol), o-benzotriazol-1-yl-N,N,N',N'-tetramethyluronium

15  tetrafluoroborate (1.99 g, 6.20 mmol) and 2-fluoro-2-methyl-propionic acid (0.48 g, 0.54
mL, 4.55 mmol) in anhydrous dimethylformamide (20 mL) and the mixture is stirred at
40 °C for 1 h. The reaction mixture is diluted with ethyl acetate and washed successively
with 1 M aqueous hydrochloric acid, water, and 2 M aqueous sodium hydroxide. The
organic layer is dried over anhydrous sodium sulfate, filtered, and the solvent is removed.

20  The residue is purified by silica gel chromatography on a silica gel cartridge eluting with
dichloromethane:ethyl acetate 0%, 5% then 10% to obtain 1.0 g of the title compound as
a pale brown solid. MS (m/z) 439 (M+1).

2: 4-{4-[1-(2-Fluoro-2-methyl-propyl)-piperidin-4-ylmethoxy] -phenyl}-1-
methanesulfonyl-1,2,3,6-tetrahydro-pyridine.

25 To a solution of 2-fluoro-1-{4-[4-(1-methanesulfonyl-1,2,3,6-tetrahydro-pyridin-
4-yl)-phenoxymethyl]-piperidin-1-yl}-2-methyl-propan-1-one (1.00 g, 2.28 mmol) in
tetrahydrofuran (23 mL) at rt is added via cannula a 1 M solution of lithium aluminum
hydride in tetrahydrofuran (7.18 g, 7.98 mL, 7.98 mmol). After 1 h, sodium sulfate

decahydrate is added carefully. The mixture is stirred for 15 min and the solid is filtered



m.) and the reaction is stirred at roomtenperature for 15 mn. The m xture
is diluted with water and diethyl ether and the aqueous |ayer is extracted
wi t h di etwol20atdoese3 The organic | ayers are conbi ned, waghedsaivio4ieat er and
brine, driexigw’er anhydrous sodiumsulfate, filtered, and the solvent is
renmoved under vacuumto obtain 430 ng of a yellow 250il that is used

W thout further purification. 4. 4-

{4-[1-(1-Fl uoro-cycl opentyl nmet hyl ) - pi peri di n-4-yl met hoxy] - phenyl} -1-

met hanesul fony1-1, 2, 3, 6-t et rahydro-pyriidi ne. Acetic acid (0.024 niL, 0.42
mol ) and 1-fl uoro-cycl opent anecar bal dehyde (0.367 niL, 3.70 mml) are added
t o a suspensf onl wishé@ eipadiahlpmmethaiel 5ther$glvelﬁ id2ihowmerpdnyl tiBOresidueds pirifedomet hane

L1 acbt onyboh SHguR HeSphdgabh! KEneY 8 Sk lende e 200 L0 L o 1

stirred at dffaifCafdid. Di&hyi. et}féatsuddﬁdenidawebdm fdtotedtahdwashied sdttlidiethybi car bonat e

ext ract ed wiith 6t R HeEe 5t PR O RRF AT EgBRET et BB NGV Ualflod w th

wat er and b4asnei+1gri ed over anhydrous sodiumsulfate, filtered, and the
solvent is renoved.. The residue, is chronmato ed on a 10 silica gel
cartridge el uti S ROV INg GRIPRIRES SR FREFRS eé%%?ﬁggeéb%%a@eﬁ)go%%% and 100%
to obtain aywp@led iyekdngp¢ 30l id. The 5S5conpound is triturated wi th diethyl
ether and filtered to obtain 25 ng of the title conpound as a white solid.
MB (m z) 45@)(2(1]“12) . Exanpl e ©hemical name / structure MS (m/z)

4-14-[ 1- (2 Fruoro-Z-methyl - propyl) - pi peri di n- 4-yl met NoXy][]
- phenyl 1- 1} net hanasul fonyl- 1,2, 3, 6-tet rahydm:%rl di ne |F 1:

t et

2- Fl uor o- 13- {4- [ 4- (1- net hanesul fonyl 1,2 hydr o- pyri di n- 4-|y1) -
phenoxynet hyl ] - pi peri di n- I\-yI c 2- one.
Di i sopropy| et I3yl am ne (106O 0 nmmol) is agdded to a
suspensi on| of Preparation 2 (1 60 g, 4. 13 rrm)l) 476 (M+1)
0- benzotrijazol - 1- yly+ Mema%%ff&{yli grﬂa@yhgﬁ@ﬁur&@ﬂ(ﬁﬁl@ﬁlypfl yor oborate (1.99 g,

6.20 mmol )| and 2-f|l uoro-2-nethyi-propionic acid (0.48 g,| 0.54
propyl)-piperidin-4-ylmethoxy]-1',2",3",6'- tetrahydro—

[2,4"Tbipyridinyl

4
487 (M+1)
1-Methanesulfonyl-4- {4-[1-(1-trifluoromethyl-
cyclobutylmethyl)-piperidin-4-ylmethoxy]-phenyl}-
1,2,3,6-tetrahydro-pyridine
O/
SO0
F
501 (M+1)

1-Methanesulfonyl-4- {4-[1-(1-trifluoromethyl-
cyclopentylmethyl)-piperidin-4-ylmethoxy]-phenyl} -

1,2,3,6-tetrahydro-pyridine

Example 6



m., 4.55 mmol) in anhydrous dinmethylformam de (20 nL) and the m xture is
stirred at 40 Cfor 1 h. The reaction mxture is diluted wth ethyl acetate
and washesozotoessBdvel y with 1 M aqueous hydrochl ori c aeca/usaaomsicsand 2 M
aqueous sodklge7hydr oxi de. The organic layer is dried over anhydrous sodi um
sulfate, filtered, and the solvent is renoved. 20 The residue is purified
by silica gel chromatography on a silica gel cartridge eluting with

di chl oronet hane: ethyl acetate 0% 5%then 10%to obtain 1.0 g of the title
conmpound as a pale brown solid. M5 (m2)- 439 (Ml). 2:

4-1441- ( 2- Fl uor o- 2- net hyl - propy1l) - pi peri di n-4-yl met hoxy] -phenyl} -1-

met hanesul f ony 1- 3:[R(23F18eroeX-methylehropypypipdidied-yReHooxa]-¢ ehethinosulohyl-

2-fl uoro- 1- 1444- (1- net hanesul f,gny 1- ~t.et.rahydro- pyri di n-

4-y1) - phenoxynet hy11- pi peri d.h%%f%‘“%ﬁr‘@ﬁﬁﬁﬁ%%%%& 1-one (1.00 g, 2.28
mol ) in tetrahydrofuran (23onL t rg—ls added via cannula a 1 M solution
of lithium alum num hydri de_gmm%@ran .18 g, 7.98 nL, 7.98
mol ). After 1 h, sodium sul#fat ec rat\e—{s ad@(ia;areful ly. The

m xture is stirred for 15 mn and the solid i s/ -19- off and
washed wi th di chl oronmet hane. The solvent is renoved/and the residue is
purified via silica gel chromatography, eluting wth dichl oronet hane: et hyl
acet ate 5.6: 11t d-(2:Mecthancoifoaylnl'2',3,6HedahyDioglR Hibipetidiayl-S-dogdugdDand t he
solid issfiltgf?rcii and washed with diethyl ether and ethyl acetate to obtain
0.245 g of th it e compound as a white solid. M5 (mz) 5425 (M+l).

The foll owi ng cOngpoatands6&7ee, piepamed) edssritddah DWW byuebinesobsine ofeilivad as

1" Vot nancabth B0 3 B0 (B Tt et LTy TR i i - 4. y

| met hoxy] - lis dded @/er agresiimadniptlite-fil2redind pyapothtedytd okkdi 40 Mot theditl® - - N
compound as a light yellow solid. MS (m/z) 352 (M+1).
10 2: 1-[4-(I'-Methanesulfonyl-1',2",3',6'-tetrahydro-[2,4"bipyridinyl-5-yloxymethyl)-

piperidin-1-yl]-2-methyl-propan-2-ol
To a solution of 4-(1'-methanesulfonyl-1',2",3",6'-tetrahydro-[2,4'|bipyridinyl-5-
yloxymethyl)-piperide (40 g, 113.81 mmol) in methanol (230 mL) at 25°C under nitrogen
atmosphere is added 2,2-dimethyloxirane (15.18 mL; 170.71 mmol) in one portion and
15  the reaction is stirred at 25°C for 16 h. Water (500 mL) is added and the precipitate is
filtered, washed with methyl #-butyl ether (250 mL) and dried to obtain 33 g of the title
compound as a light yellow solid. MS (m/z) 424 (M+1).
3: 5-[1-(2-Fluoro-2-methyl-propyl)-piperidin-4-ylmethoxy]-1'-methanesulfonyl-
1',2",3',6'-tetrahydro-[2,4"bipyridinyl
20 To a solution of 2-methyl-1-[4-[[6-(1-methylsulfonyl-3,6-dihydro-2H-pyridin-4-
y)-3-pyridyl]oxymethyl]-1-piperidyl]propan-2-ol (33 g; 77.91 mmoles) in
dichloromethane (155 mL) is added bis(2-methoxyethyl)aminosulfur trifluoride (16.63
mL; 85.70 mmoles) at an internal temperature of 22-23°C. The reaction is stirred at 25°C
for 2 h. Aqueous saturated solution of sodium bicarbonate is added to pH 7. Layers are
25  separated, the aqueous layer is extracted with dichloromethane (2 x 500 mL), the
combined organic layers are dried over magnesium sulphate, filtered and concentrated.
The crude material is purified by silica gel chromatography eluting with 98:2
dichloromethane:methanol. The solid is triturated with 500 mL of methyl #-butyl ether



. \F F 8(ini F 1-Methanesul fonyl-4-

{4-11-(1-trifluoronethyl-cyclobutyl nethyl)-piperidin-4-yl methoxy] -phenyl|-1
, 2, 3, 6-t ewoahyidssspyri di ne 487 (Mrl) 5 'S -N 501 (M+1l) PAT/US2010/041645

1- Met hanesuXf&smyl- 4-

{441-(1-trifluoronethyl cycl opentyl met hyl)-pi peridi n-4-yl met hoxy] - pheny11-
1,2,3,6-tetrahydro-pyridine W) 2011/ 008663PCT/ US2010/ 041645 X18674

D1-
and filtered. The solid is dried in an oven at 40°C for 3 days to obtain 24 g of the title
compound as a white solid. MS (m/z) 426 (M+1).
An alternative method for the preparation of Example 6 is as follows:
1: 4-[4-(1-Methanesulfonyl-1,2,3,6-tetrahydro-pyridin-4-yl)-phenoxymethyl]-
S piperidine-1-carboxylic acid tert-butyl ester
To a 3-necked flask with a mechanical stirrer are added 4-(1-hydroxy-methyl)-
piperidine- 1-carboxylic acid tert-butyl ester (350 g, 1.63 mol), triethylamine (247 g, 2.44
mol) and dichloromethane (1750 mL). The solution is stirred at 0 °C for 30 min.
Methanesulfonyl chloride (223.5 g, 1.95 mol) is added slowly at 0~5 °C. The mixture is

10 stirred at ~5 °C for 1.5h. 1050 mL of 0.5 N solution of aq. hydrochloride are added to the
mixture dropwise at 0~15 °C and the resulting solution is stirred for 30 min. Layers are
separated and the organic layer is washed with 1050 mL of water and concentrated to
dryness. 700 mL of methyl fert-butyl ether are added and the mixture is refluxed for 0.5
h. After the mixture is slowly cooled to ~5 °C, the suspension is filtered. The solid is

15 stirred with 500 mL of methyl zert-butyl ether and filtered to dryness to provide 434 g of
an off-white solid with 98.6% HPLC purity.

2: 4-(1'-Methanesulfonyl-1',2',3',6'-tetrahydro-[2,4' |bipyridinyl-5-yloxymethyl)-
piperidine-1-carboxylic acid fert-butyl ester
To a 3-necked flask is added 1'-methanesulfonyl-1',2',3',6'-tetrahydro-

20  [2,4"bipyridinyl-5-01 (254.3 g, 1.0 mol) followed by 4-(1-methanesulfonyloxy-ethyl)-
piperidine-1-carboxylic acid fert-butyl ester (396.1 g,1.34 mol) and potassium carbonate
(248.8 g, 1.8 mol). Dimethylformamide (3800 mL) is added and the mixture is heated at
80~90 °C for 6 h. 3810 mL of water are added dropwise at 70~80 °C. The mixture is
cooled slowly to 20~30 °C and filtered. The cake is slurried with 1000 mL of water,

25  concentrated and dried under vacuum to provide 407 g of a solid with 97.13% HPLC
purity.

3: 4-(1'-Methanesulfonyl-1',2',3',6'-tetrahydro-[2,4' |bipyridinyl-5-yloxymethyl)-
piperidine
To a 3-necked flask with a mechanical stirrer is added 4-(1'-methanesulfonyl-

30 1,2',3",6-tetrahydro-[2,4"bipyridinyl-5-yloxymethyl)- piperidine-1-carboxylic acid terz-butyl
ester (407 g, 0.90 mol) and 6N aq hydrogen chloride (2000 mL, 12.0 mol) is added
dropwise at 25°C. The mixture is stirred mechanically at 25°C for 0.5 h. 1000 mL of



-20- 5 -[1 -(2 -F luoro-2-nethyl-propyl)-piperidin-4-yl net hoxy]

-1'-nmet hanesul fonyl - 1',2',3 ',6'-tetrahydro- [2,4"]b ipyridinyl 1
4-(1' - Metwenesudos@ny1-1', 2", 3", 6' -tetrahydro-[2, 41bi pyr ipdirnis2e154yicexynet hyl
) - 5pi peri de18674 Preparatlon 6 (47 g, 114 5 mmol) is dissolved in 2 M

aqueous sol ution of sodi um hydroxide (500 nL) and extracted with
di cl oronet hane (2 x 500 nL). The organic |layer is dried over nagnesi um
sul phate, filtered and evaporated to obtain 40 g of the title conpound as a
light yellow solid. M5 (nfz) 352 (M+1)22102:
1-[4-(1' - Met hanesul fonyl1-1',2',3",6" -tetrahydro-[ 2, 41bi pyri di nyl-5-yl oxymet
hyl ) - pi perdidiloromethaie a2e adsict ¢ 255¢ ephthe thixghre is stirred fFQO03GoiuL e af
4-(1' -meth I t
yl oxymet hyI %lgtﬁjéfgl d%q %iﬁ%aoéll(]l_go%éfﬁ ha(%q%(‘g{)ﬁs Jﬁé%cﬁ I(B)‘Flg‘% Jfghgérﬁuféat 25C under
ni trogen at smhmpin&nﬂﬁ%l&ddﬁd’@32)0dmkmﬁmg&ilmmemam: afd &dde@amd the hQuréls mmol ) in
one portion_an t on s stirred r 16.,h. Wt (500 m.)
o alided artiTena Aol REH0 5 dofed v JauRBRT I dacilTeRdt g1 et o
(250 )5 arkﬁoldmseﬂb pH> B tigtil BoidPle@ didsoltfien dfithd ®li¢ahp@lnidn asstiarell f@l?d yel | ow
solid. M5 (m_ z) .424 3: 5 -[1-(2-F . .
| uor o- 2- et ﬁ“ﬂ? e Xeri)%rﬁé?ﬂab"i“ﬁ‘: i‘}}%‘lﬁ%‘f‘ﬁ&?ﬂ is priratedng ReYlP Mdrfl 1, 21, 31, 6
-tetrahydr Odl&am'@ﬂa@ih@lyd’ TEE EYhhbi 2 TPgaRicI DY el dr@Wadhibd with 900 mL of water and
2- met hyl - 1-[ 4- gg 1- n'eth | sul fonyl-3, 6-di hydr o-2H- pyri. di n-4-

¥

y1) - 3- pyri d5PRF: Thyirgsidpe g ysed foamnﬁwo%&w@oai fu{t@%rpgﬂﬁeﬁ?lom mol es) in

di chl oromet hane 4 1 5 MhetHaSesR@AG D1 i 3 6 Je iR HOXY £ Jidk Sthnfethy1)-
trifluoride (16. 63§ L 865a7e(§ rmgl es) at angll n?er%gﬂltleﬂnpgggaturee of 22-23C.

The reald i onpsrdinglyl-Pwsthyl-ompan-3e 2 h. Aqueous saturated sol ution of

sodi um bi car bonat@ ismardedniia’ pht 67tetrh1aj>aﬁf§ﬁslgyr?eﬁ@w@[oayﬁ@lhyﬂ he aqueous
| ayer is extracted with dichl or onet hane he conbi ned organic

| ayers are Rip§rdHe gy apsperdghBsiol mlsell peibanel andaddedtagn é‘ﬁ@ld?:‘iﬁ’ﬁ’é‘%‘rﬁ rated. The

crude mat erjhalhahisal Rirdr! 1596 nfly ofShdth£:d1 Q@bd&ﬁ%ﬁ%@&&%ﬁﬂ%x@rbﬁ{ﬂ_@ﬂ Widh 98:2
di chl oronmet hane: met hanol . The solid is triturated with % met hyl

t-butyl et heel isaddaloThy mowes 3POTFUE 01 ) 640645 xadeie 25530°Cand i | t er ed.

The sol 'c%néén'n%féd kd- 1300 ﬁl\Le@h@ﬁnxéi Q1sf}f%5t 3 a Y50 40arfbB) M 2t vhiPlirct NE title
corrpoun white solid. Ms (nf f . An alternative nmethod for

t he prepar aqd|dgch The re@(lgn@mext@e |1ssstlargd ﬁtcﬂOhM durmg 30 min and cooled slowly to
0~5°C in 1.5~2h. Tt is stirred at this temperature for 30 minutes and filtered. The cake is

slurried with H,O: MeOH=3:1 (600 mL) pre-cooled to 0~5 °C and concentrated (2x). The

product is dried under vacuum at 40~50°C to provide 320 g of off-white solid with 98.3%

20  HPLC purity.
5: 5-[1-(2-Fluoro-2-methyl-propyl)-piperidin-4-ylmethoxy]-1'-methanesulfonyl-
1',2',3',6'-tetrahydro-[2,4'bipyridinyl
1-[4-(1'-Methanesulfonyl-1',2".3' 6'-tetrahydro-[2,4'bipyridinyl-5-yloxymethyl)-
piperidin-1-yl]-2-methyl-propan-2-o01 (300 g, 0.58 mol) is dissolved in 3000 mL of
25  dichloromethane and the solution is concentrated to 1 L volume at <35 °C. This process is
repeated with a volume of 500 mL of dichloromethane and then with a volume of 1000
mL of dichloromethane. After the concentration to 1 L volume at <35 °C, the solution is
diluted with 1000 mL of dichloromethane. In another flask deoxofluor (173 g, 0.74 mol)
is dissolved in 1250 mL of dichloromethane and cooled to -30~-40 °C. The solution of 1-
30  [4-(1'-methanesulfonyl-1',2',3',6'-tetrahydro-[2,4"bipyridinyl-5-yloxymethyl)-piperidin-1-y1]-

2-methyl-propan-2-ol in dichloromethane is added to this solution while maintaining the



1: 4-[4-(1-Methanesul fonyl-1, 2, 3, 6-tetrahydro-pyridin-4-yl)-phenoxynet hyl] -
5pi peridine- 1l-carboxylic acid tert-butyl ester To a 3-necked flask
with a nmewbanimBesstirrer are added 4-(1- hydroxy- et hyl peTaiSpewiodicns-

1- carboxyl ix1&cud tert-butyl ester (350 g, 1.63 nol), triethylam ne (247 g,
2.44 nol) and dichl oronmethane (1750 nlL). The solution is stirred at OC for
30 m n. Methanesul fonyl chloride (223.5 g, 1.95 nol) is added slowy at 0-5
C. The m xture is 10stirred at -5 C for 1.5h. 1050 nL of 0.5 N solution of
aq. hydrochloride are added to the m xprre dropw se at 0-15 C and the
resulting solution is stirred for 30 mn. Layers are separated and the
organic | ayleixtlirsatwa@héQfGMThhrewm iyrivarpfed watvdy to0d3 @ Crandntired @dhit 0 dr yness.
700 niL of t.h t he | uxed for
0.5 A arpadiot PG ol O QLB aREReR RGeS S0 ¢
filtered. Thiearlsmlaicds ackied&@t)wrseeﬁpﬂwﬁo’r@%aﬁnimﬁretmttihyﬂ fdréf)trminautcyﬂhe et her and

0
];)Iulr ;[ ? ;ed t Olayer ggge:spa%a?edp{"ﬁ: aqueous :I)’ayelgls extracped Ih I\M}b T, osf%lclhfjorometﬁ'a 9.8' 6% HPLC

4-(1'-Met h al’le:soahlfbﬁmy brghnic Ziyel'arGvashat walh y((dlochL 3f Wt 40yl I‘cblﬁﬁeﬁtyalecﬁtoyl laxymet hyl

) - piperid| -l - carboxy d.tert-hut er., To a 3-necked flask is
g 1 ot Hreh S50 17 sB8L Sl Bl e o R s mRe R RG]
(254.3 g, 1.10L oPhjxtdrobd doed. iw)nélL6ﬂace@ﬁllﬂﬂ@a&uhmrmh%m@tuk’eﬁkheated at

pi peridine-| -car box%l ic acid tert-but ¥10n ester (396 1.34 nol) and

pot assi um cHrBorfafe 3P aum togobipin 4 clgarglujion. p st W@Wﬁﬁrmae@ (dgtmoserﬁ) is

added and t&egPrachi Be h&tﬁ%%&@la@%lo&%%&o@dm Tﬁe Fbsulaﬁéglsﬁaﬂsi%fl igvat er are
added dropwi se at 70-80 C. The m xture is cooled slow %Z{gto 20- 30 C and

filterel) ThiEeredakhe sake & slppieditipQ0mh 9o 1 hmigfurepftasgtonipre yyyeadsit ¥t ed and
dr i ed under pacusiah Mihe &AM #8drfd infer hc@nSB ot b B ldd St HleCrRidri ty.

4 (1' - Met hainewifiqddmehromatazraphy ogsilicegdl alvjieg with dichiprainsihenemethand-3¥bxy et hyl

21' ( 2' Prg{ Ihg.:’lgguq ?deal6? g%?%q‘?le c&%ﬁ&un‘ﬁ‘n& &@p%?/h@?\h%'% S‘FO'OMI‘FZS 3 Sg. §9ded

301',2', 3 @i neum&my G40 24, Al M8/ 8T NA ¢dld; yfﬂdxym Bi) 6.56 (bs, 1H),

e oS SRR PR b M RSt R L 00 b 3 S0

is stir red mbam(rﬁaﬂ}[)yzas 226 Gnf 1), 0.08-2103 (H00Q), rm1qf67 MO3H), 1.31 (s, 3H),
2011/ 008663PCT/ US2010/ 041645 X18674

5 (s, 3H) ppm.
Example 7
4-{3-Fluoro-4-[1-(2-fluoro-2-methyl-propyl)-piperidin-4-ylmethoxy]-phenyl}-1-
20 methanesulfonyl-1,2,3,6-tetrahydro-pyridine
F
O
5 —
pu

1: 4-(3-Fluoro-4-methoxy-phenyl)-3,6-dihydro-2H-pyridine-1-carboxylic acid tert-butyl
ester.
4-Bromo-2-fluoroanisole (2.68 g, 12.94 mmol), Preparation 3 (4.40 g, 14.23
25  mmol) and (1,1'-bis(diphenylphosphino)ferrocene)palladium(Il) chloride (528.40 mg, 0.
647 mmol) are placed in a resealable tube and purged with nitrogen. Dimethylformamide
(40 mL) and a 2 M aqueous solution of sodium carbonate (23.71 mL, 38.82 mmol) are

added and the tube is sealed and stirred at 90 °C for 1 h. The reaction is partitioned



-22- dichl oronet hane are added at 25C and the m xture is stirred for 20-30
mn. Layers are separated and aqueous NaOH (1500 nmi, 11.6 nol) is added
dropwi se WO 20h#0&@@eous sol ution to pH=9-10 at 25C. 320@CwIUSe#10/041645

di chl oronetXte4are added and the m xture is stirred at 25-30 C for 40 mn.
Aqueous solution of NaCOH (300 nL, 2.3 nol) is added 5dropwi se to pH >14,
until conplete dissolution of the solid, the solution is stirred for 20 to
30 min and | ayers are separated. The aqueous |ayer is extracted with 1700
nmL of dichl oronmet hane. The conbi ned organic | ayers are washed with 900 niL
of water and concentrated. The residue is used for the next step w thout
furt her purbelt\il@ateﬂwhacetate and wated.: The aqueous layer is extracted with ethyl acetate. The

Lo 14 (L - MDA LADNA A prBunicd B WGl AR bR BB AL Sl Y1 oxyme

4 (1' - Met hafflesed, fuahophechtrad f3dryfiss. t”ﬁterredn@&drls)pl[rﬁi,ed]ob clrgmaegnply tring oxynet hyl

i th 5 recrirs i STTFPaR: <l et Ranare o B GeBehT as i o =
di met hyl oxi doatpeufdlds 4 vehite Lil6 21$1ah/Y) 152 (Rdstsd. The m xture is stirred at

60- 70C for 88 cool o 25-30 15 concentrate 0 -1000 nL. The
mxture is ﬁe%?zéﬁluﬁﬁo WG%X@}&HHD iz’%gmm@fd%%@b egl} YAroghlgEde S&the resul ti ng
mxture i s stirrreeanld OlntldlyGs PrebirBGon3(sith ) @ik copfiedoalmthokyt 0 0-5 Cin
1.5-2h. It is stirred at this terrperature for 30 m nutes and fylltered The
cake is sl utiEnds (i dpdf-prEdRe-3-carberdls aridyerpPeyLstr agstargngmatetalgng
concentr at elqs((g];g?zogl'er roduct is dried under vacuum at 40- 50C to provide
320 g of off e solid with 98.3% 20 HPLC purity

5-1- (210F| ubr %(%FWWHL@%@@@W}WWp@@thémeﬂﬂ@mglrln%% ﬁﬂ%WyCiFOPWE@IH%nesuI f ony1-

1", 2,3, 6 -t et rahydisoliandh 3 P¥|36tthd idine hydrochloride salt
1- [4 (1 - Met hanegdal fon;o/ &Iy% )q frgr@ rroo-pyi1 meblypr)%lglrll r%/si 5-yl oxynet

hyl) - pi per@6i-0 meyhgQ @ththPWM@W%@m@B@@( mg) 5Briaipilgmipg  di ssol ved
i n 3000 m-<((3329 %8591,%(3(%@0(% H%ﬂﬁncﬁj‘ﬂldtrﬂe‘?hag%uﬁ%ﬁﬁthoﬁ?@%@.ﬁ?&@og‘%ﬁb{t 8 . 1L

vol ume at ess I's repeate a volu
di chl or onet Ware 7amdol) hlemddﬂdtamdale\r@dcmmsaﬁppm@md stirredfat WowhtopaatetcHane. After

the Conf:SE nt f()aﬁ n’@‘[& rga{%‘ug‘n {‘s R‘é&tlgft{’%e Ev‘gqe’h; ﬁﬁﬁgrotnbe%}aﬁg Luycf \2/% I"[she g%&e&}ﬁsel%%% t Ih s 1000

mL of di‘chloro hane. anot h eoxof  uor
di ssol ved iin edi2s@d mithafichttireinétbanemdhé emnbmmbrgmdﬂ lejdarst ac waﬂred&ritﬁ brifle

| ut f.1- 3 f h
oyt iy - SRRy Ry FE Be it g TS b e,
et o s st
e reaction
is warmed sPEMY fjs % %@%l%r?anlg?‘i“}draéaWﬁtefﬂﬁsﬁ/{sgé%@ig?ﬁ}%a 16 h. The

m Xt urex) s £:00(EHube- aﬂhﬂc@o;&} Iﬂiéﬁlylﬁiﬁw}ﬁth&dlfsﬂllptpeﬁmnmf olsodi um b| carbonate is
added dropwi se to _pH=6 ture is stirred for 30 mn_and the

| ayers are sepalAa(t3equorQ‘ﬁén%ﬂéﬁi‘é(dﬁ‘anlbi/‘&}etqagesékf?l}yéét2e3’d6 Y QRIS of
di chl or omethane, 353 mm@amqu iRt ganiforb@VBAR é@(ﬁ ﬁﬂ@%@?ﬂnfﬁgénh The00 ni of

wat er and concentrated to - 1L of nmixture at < mL of acetonitrile
are added awWwHltiopd Gopled (i d8i°S apbbrrantribgnade ¢1d. 52E:K8%fn1n*7§§ feolhip added C. 500

nL of acet oy sfyhh«};ee e GeRAGET w%ﬂﬂecitb?odi‘ﬁfé E@trSaltgak el h80ndedbyf or 30
mn to obtai'n"a cl ear sol ution. wat er are added dropw se at
the addition of 5% aqueous sodlum blcarbonate and dichloromethane. An insoluble solid

is formed and filtered to provide 729 mg of the title compound as a pink solid. 'H NMR
(CDCI3) & (ppm): 7.21 (dd, 1H), 7.09 (m, 1H), 6.89 (t, 1H), 3.30 (m, 2H), 3.18 (td, 2H),
2.88 (m, 3H), 2.06 (m, 2H), 1,80 (m, 2H).
5: 2-Fluoro-4-(1-methanesulfonyl-1,2,3,6-tetrahydro-pyridin-4-yl)-phenol.

30 4-(3-Fluoro-4-hydroxy-phenyl)- I -methanesulfonyl-piperidin-4-ol (726.00 mg,
2.51 mmol) is dissolved in 1,4-dioxane (10.36 g, 10.04 mL, 117.57 mmol). p-
Toluenesulfonic acid (43.65 mg, 250.93 umol) is added and the mixture is heated at 60



80-82 C and the mxture is cooled slowy to 20-30 C. The resulting
suspension is 10filtered. The cake is slurried with 500 nL of a 1:1 mxture
of acet orwonrniosssd wat er and concentrated. The resi duePC3/useéiom41easier
vacuum to gkve7210 g of crude solid. The crude is purified by

chromat ography on silica gel eluting with dichloronethane/ nethanol: 98/2 to
provide 165 g of the title conmpound in 98% purity. (DVSO d6, 400VHz), 6 =
8.23 (dd, 1H, J=2.8 Hz), 7.49 (d, 1H, J=8.8Hz), 7.36 (dd, 1H, J=8.8,
2.8Hz), 6.56 (bs, 1H), 15 3,89-3.86 (mps54H),3.37-3.33 (m 4H), 2.91 (s,
3H), 2.90-2.88 (m 2H), 2.65-2.63 (m 2H), 2.42-2.39 (m 1H), 2.38-2.36 (m
1H), 2.08- 2Q3olidpodiky carbonate-id a@led omd thg Kactioh i8doncentragid) Thd r@du¢ s, 3H) ppm

Exanple 7 %artglone(% Re‘%Tvee{n wat(g f§4(9 %ﬁacetate thipH adrgéJFtﬁd 10 7] Wlth hM lﬁd}roge&

[ 1-(2-fl uoro- propy erl
20met hanes udhaily hndl_e;)&;a&pﬁwhthteﬁl&]’lquﬁa@- e Dtbame laydr is washed with brine, dried

4(3Fluoro4rret (07 Y, 0- 2H pyri di ne- 1- car box IlcaC|d
Cortbuty ot re B S e re el o B B R IR s epar at i on
3 (4.40 g, tike cZBlpBﬁmmSla)w}ﬁtﬁdohd MS (m/z) 272 (M+1)

(1,1 -bis(dip hi n er oce paII I i de 40 nmg, O.
Ol et N R A bR bt e e R R U i

Di met hyl f or sipdridile- (-&Podklyic i red-bhtVe@glueous soI ution of sodi um carbonate
(23.71 nm., 38.82 mvl) are added and the tube is sealed and stirred at 90 C

for 1 h. The reddthesd eﬁ%ﬂ%%aﬁ freppration 3xsiep a1 wyinp s e Seeerriiayirromedisas

X18674 - 24-piheliRenc@bdxylic A¢EleAtrinARde Rt el fluold e ARKBBMSulfGYEN 2i3%-eXt ract ed
with ethyl acetate. The conbined organic |ayers are washed with water and

brine, Hti egravdio-priginesyimhandl patasiing ppiegdled!S e tdrideMrated to dryness.
The resi dués.i s ppfbil @ﬁnﬁmdﬁm ﬂmﬁ&gwﬁﬁxym'nﬁ%aﬁes%ﬁo%ﬁ'j3 GaudfldarGartridge

eluting with hexane et acetate (8:1) to provid of the title 5
compound aspyaldmhvéroghlorldewslt(m(z) 252 (M55) 2:

4-(3-Fl uoro-4- m%tr eE’JéﬁPa)f )asheéaéu&ég%gﬁgmﬁ 4 Phc%@t hydrOCh' oride

salt. Pr epar essen as pr ratio step 2) using
4-(3-fl uor omelthmmﬁbnylphé&@i?tt'c@y@romyhsimrébyl}}bhqmyxfrmhthbé}blpcrmnhfek—yI ic acid

tert-bufyl te £ 103:
4- (3-Fl L%r o%% ]tlcﬁa ldstte% bu]?ﬁ%g%g gta%tﬁgrr{leagﬁ § ﬁnﬂ%?% %)et rahydr o- pyri di ne
o o 4- tg :34-K8 THhmmAg{rrél ﬂmrg—zpimml dyopd] )agqﬁxﬁfnt@yluafgh%jody]ephgwl%{ljr ne )

rochloride, salt IS suspended | n di chl oronet hane
( 10 m). Trigp#y ‘3??5%1 E%’g’%éet y%‘ﬁ pyé‘gn‘)s? [IL, 2774 ol ) and
met hanesul f onyI P@é}iaﬁﬁ’dle@k&ntﬁ%ﬂl@@s Bamle 2 186ind Fropd 4-[3-Bud-4npipkiidiare added and
the reacti Ori eﬁloxy%%%enyl]ap gleﬁltanesul?ony?tl 2r3060 ‘vrp[rg}%/rglPoelgyar}dlilr{e%ydrochlorlde salt

20 and 2-fluoro-2-methyl-propionic acid. MS (m/z) 443 (M+1).
Example 8
4-(4-{1-[1-(2-Fluoro-2-methyl-propyl)-piperidin-4-yl1]-ethoxy}-phenyl)-1-
methanesulfonyl-1,2,3,6-tetrahydro-pyridine

P
FOC Oy

25 Prepared essentially as Example 2 using Preparation 5 (racemic) as starting
material to provide the title compound. The title compound (0.194 g) is separated into its
enantiomers using an eluent of 0.2% dimethylethylamine in 100 % methanol on a 420 x
250 mm Chiralpak OJ at 8 mL/min affording 77 mg of isomer 1 (96% ee, RT = 10.7min).

Example 9



15 16 h. The reaction is partitioned between dichl oronet hane and water. The
aqueous | ayer is extracted with dichloronethane. The conbi ned organic

| ayer s arwowasli®ssedi t h brine, dried over magnesi um sul f aC&/uskotloersesl, and
concentr at edigsg4dryness. The crude material is purified by chromat ography
using a 5 g silica gel cartridge eluting with dichl oronethane to provide
349 ng of the title conpound as a white solid. M5 (mz) 286 (Mtl). 204:

4- ( 3- Fl uor o- 4- hydr oxy- pheny1) - 1- net hanesul f onyl - pi peri di n-4-ol .

4- ( 3- Fl uor o- 4- met hoxy- pheny1) - 1- net hanggul f onyl-1, 2, 3, 6-t etrahydro- pyri di ne
(1.12 g, 3.93 mmol) is dissolved in dry dichloronethane (20 nL) under

ni trogen. The4s36i U2, 5Rifl®repobditpiperidii@dantiotdpbenyt -1orednndel f¢yl-. 52 g,

7.85 nL, 7.85 mmol) is added by, i . The .peaction is warned to room
tenperature and stirred for 1 hl’%s’ééﬁlt%%eﬁﬁdrg;éy]ﬂé%?he addi ti on of 5% aqueous
A

sodi um bi car bonat e and di chl oronet hane. An | ,Ql/ug;e solid is fornmed and
filtered to provide 729 ng of the titleoc\%rqr)@ndF a pink solid. 1H NWR
(CDC13) 6 (ppm: 7.21 (dd, 1H), 7. ~6.89 (t, 1H), 3.30 (m 2H),
3.18 (td, 2H), 2.88 (m 3H), 2. H, 1,80 (m 2H). 5:

2- Fl uor o- 4- ( 1- met hanesul f onyl- 1,\2 3, 6-tetrahydro-pyridin-4-yl)-phenol .
304- ( 3- Fl uor o- 4- hydr oxy- phenyay~4- met hanesul f onyl - pi peri di n-4-ol (726.00
mg, 2.51 nmol) is dissolved jn 1, 4-dioxane (10.36 g, 10.04 nl, 117.57

mol ). pTol uenesul fonic acid (43.65 ng, 250.93 !'Inp') is added and the
m xture i s hebhdlecheat-suffonic W 2Q21dif10H8HEPYLHLIIS2010/ 041645 X18674 -25- C.

Solid sodium carbonate is and th ctiogn is.concentrated. The
Cosi due s s 2beahiion Bt SodnReRPead o ST 5 Mekbu RS RE RIS dated to
7 with 1 M@ydmagend etdioldntdee @1 £B178 adl, s@0wihdél) &Pyl is agRtipt €. The organi c

| ayer is washed wi.th brine, i ed over nesium. syl fate, filtered, and
concent r at efa{%%esruﬁfwégeortdﬁ <?y§§>6a e lﬁlﬂlﬁg%mtws l%éfliowitoc%%esa%an& a white
solid. M5 (@bmterdpbfatiMbddr-24 1O The mixture is concentrated and is partitioned between

4-[ 2- Fl uor 0-4- (1- net hanesul fony1-1, 2, 3, 6-t et rahydr o- pXr i.di n-4-y1) - phenoxyne
thyl] - pi petietBylséer endayvaieix e eTeapic dpveleis tvaphed yyitheggtegand brine, dried ovpt epar ed

essenti g | ym@seHhBRAFAL, iPRred, 4nd LER chtkatdiBtb ABness. The material is purified over
4- et hanesul fonyl oxynet hyl pi peri di ne-1-carboxylic acid tert-butyl ester and

2- f | uor o- 4-ilicaget thghagul-§ epfthe title canpuind ax dear sryyidlso My miei 3304My1). - phenol  as
starting mej.efial s MBid é J PU-yimdthoxy]-phenyl} -1-methanesulfonyl-

4-[ 3- Fl uor o- 4- ({pi[p ri di1 nlﬂ%l(; rloﬁ%lélﬁ%%gﬁ pl‘?’err?gz/tﬁ)iyi-pn%r}tyh}an(ranseltjIa?eosﬁy?f{yl, 2,3,6-tet
r ahydr opyr i U2.Aé-tkiyediy diotiyodinde sal t . Prepared essentially as
Preparation 6 ( ; i - f - A S

et hanosul T ony 1.1 Gt Fihiio 2 ABE A o and joluencetosuifois geidy o gi e
1- 15caltdhox3P-ddlvaci-ghopyd ested 029 Ig, @81 exmodiss sddad tl 3Amapthyle?-inalazoMBnéma (Z) 369
(M) . 8: 4: {3 -Fluor.o-4- .. . . .
[1-(2-f1uor®- -ﬁrrlé*t“H;’}ffepFB%ﬁ} in 8 B IPISIOR YT Bt Ry reathigry Py € gt

met hanesul flany dndithéh ROGCtfet T by dTbe pixtird ispartitioned betweenRihgparced aadsenti al | y
as Exanple 2 starting from 443-fl uaro-4-(piperidin-4- .

o ot nowy) - KGNy 1} AR RAS St et 50 BN B wosypivm e

hydr ochl or i iler&ihid cdaednétaidd td dipnas. 2FHeaiiie | m4ddrdpis@atificd®ictsiliddpe( 1@ z) 443
(M) 5%( anﬂ“lro?d 8.03 g of the title compound as a white solid. MS (m/z) 429 (M+1).

Example 10
1-Methanesulfonyl-4- {4-[1-(1-trifluoromethyl-cyclopropylmethyl)-piperidin-4-
ylmethoxy]-phenyl}-1,2,3,6-tetrahydro-pyridine

F
X

25



4-(4- { 1- [1-(2-F luoro-2-nmethyl-propyl)-p iperidin-4-yl]-ethoxy }
-phenyl)- 1- nethanesul fonyl-1,2,3,6-tetrahydro-pyridine \ 0 I\ SN &6
25Pr epar edioagssi@sdcal | y as Exanpl e 2 using Preparation 5PCTAISRNM0®)163S
starting mexXega7al to provide the title conpound. The title conpound (0.194
g) is separated into its enantioners using an eluent of 0.2%
di net hyl ethylam ne in 100 % net hanol on a 420 x 250 mm Chiral pak QJ at 8
m./mn affording 77 ng of isoner 1 (96%ee, RT = 10.7m n). Exanple 9 WO
2011/ 008663PCT/ US2010/ 041645 X18674 -269-4- {4- [1 -(2,2-D
i fluoro-propyl)-p ip eridin-4-ylnmethoxy] -phenyl} -1 -nethanesul fonyl-
1, 2,3 , 6-t et r &hydtdrifipeiodicthgl-dychpyopendeai®onyl)-pipoidievecatbeylif eeifl cthaci d
2,2-di fl uoro-pitopyl ester. 5To a solution of 2,2-difluoropropanol (0.50 g,
5.20 mml ) in dilclf'HCaI‘oonﬂﬂililaidezo(léS(2’7B6|gL4}67ﬁdnmoll)EtddyléchtMarselu(im6101 g, 0.73 ni,
5.20 mol) @t 0 C |

e

The. moctut coiLoneRuR PSSR e S ot SRl Lyt ai e
m xture 3s ©Onmenivhat eetpmgdhd 1ﬁtepﬁrﬁempemm&£beh®i MQnP@erﬁhIh:w cz&bdi)@rﬂlc and water.
sur fat ot A G Bord afrime R e GG BLam s Bebteafy BoreBar 11 eq
over under nitrogen atmosphere at room temperature for 16 h. The solvent is removed under
controlled vacuum and the residue is partitioned between 2 M aqueous solution of sodium
hydroxide (200 mL) and dichloromethane (300 mL). The organic layer is washed with
10 brine (100 mL), dried over magnesium sulphate, filtered and concentrated to obtain 93.45
g of the title compound. MS (m/z) 294 (M+1).
2: [1-(1-Trifluoromethyl-cyclopropylmethyl)-piperidin-4-y1]-methanol
1-(1-Trifluoromethyl-cyclopropanecarbonyl)-piperidine-4-carboxylic acid ethyl
ester (50 g; 170.48 mmol) in tetrahydrofuran (350 mL) is added to a solution of 1 M
15  lithium aluminum hydride (170.48 mL; 170.48 mmol) in tetrahydrofuran. The reaction
mixture is allowed to warm to room temperature and stirred for 1 h. The reaction mixture
is cooled at 0°C and water/2 M aqueous solution of sodium hydroxide/water (1:3:1) are
added sequentially (8.5 mL : 12 mL: 8.5 mL). The resulting slurry is filtered over a
celite® pad and washed with tetrahydrofuran (200 mL). The organic layer is concentrated
20 under controlled vacuum to afford 17 g of the volatile title compound as colorless oil. The
crude material is used without further purification. MS (m/z) 238 (M+1).
3: 1-Methanesulfonyl-4-{4-[1-(1-trifluoromethyl-cyclopropylmethyl)-piperidin-4-
ylmethoxy]-phenyl}-1,2,3,6-tetrahydro-pyridine
Diisopropyl azodicarboxylate (27.43 g; 128.87 mmol) is added to a solution of
25  triphenylphosphine (33.80 g; 128.87 mmol) in dry tetrahydrofuran (330 mL) at 0°C. The
reaction is stirred for 20 min. A suspension of [1-(1-trifluoromethyl-cyclopropylmethyl)-
piperidin-4-yl]-methanol (24 g; 99.13 mmol), Preparation 1 (25.89 g; 99.13 mmol) in dry
tetrahydrofuran (200 mL) is added dropwise. The reaction is stirred at 0°C for 10 min and
it is allowed to warm to room temperature and reacted overnight. The solvent is
30  evaporated and the resulting slurry is diluted with dichloromethane (350 mL) and washed
with 2 M aqueous solution of sodium hydroxide (2 x 30 mL) and brine (2 x 30 mL), dried

over magnesium sulfate, filtered and concentrated. The pink solid is purified over silica



silica gel to obtain 1.0 g of the title conmpound as clear crystals. M

(mz) 250 (MF1). 2: 4- {441-(2,2-Di fluoro-propyl)-piperidin-4-ylmethoxy]

- phenyl } wo-2nattdesssesul f onyl 1, 2, 3, 6-t et rahydr o- pyri di ne PoTAISRdROUT6RS Of
Preparati onXZ¢/9. 25 g, 0.71 mmmol ) and tol uene-4-sulfonic acid

152, 2-di fl uoro-propyl ester (0.25 g, 0.91 mml) is added

1, 3-di nethyl-2-imdazolidinone (7 nm.). The mxture is placed in a Biotage
m crowave reactor and heated to 175 C for 1 hour and then 180 C for 1 hour.

The m xture is partitioned between et hyk- acetate and water. The organic

| ayer is washed with water and brine, dried over nagnesium sulfate,

filtered, agﬁdielutimg:‘einln heﬂaeazlaqewndrljbﬂ%s% 5;T90¢l O¢c B anviatOc3li wlaffosd ug off i ed over

silica gel t titl ) ite solid. M5
(i 2y 435 (Ve TBREE oo HaRold beSuEOVRE Aol OBl

[ 1-(21-trifldndorlees leite sotell pogipotaiek et i Yilltpre hypedriedi Thodoliy Isnktsbloxd/in- phenyl |
-1,2,3,6- tetrah(

2011/ 00866318/ @‘6&8?@&1&%&%‘%@%2 ‘;?S°§Em hydfOxide pelles. The resulting

1- (1- Trif | uotionefilkydd; ¢yl ap copanechw o mythy phuperethdi (100 Alo diitbedywhd ¢ aci d

ethyl ester 1,1'-Carbon dazol e added to a
sol ution ofdrigd l?tthfalof’?%%hﬁet?%ia 8&Ph %?B’ﬂ) ?Pé%’&%‘gl\ﬁé’&/mg%h{ % 04 g;
467.52 mol ) i n Aedifeahyed aétHsenr be®eParitipn WElatplee®pi agolihes: i nt er nal
tenperature bel ow 30C.. _Piperjdine-4-carboxylic acid ethyl ester (50 g;
311.68 mMmol ) is aézﬁbaﬂ%w@whsd chilopreppeceen Rl Bf- 4rC§rb§?f3th e etB}‘tlder
nitrogen atgmsphere at roomtenperature for 16 h. The solvent is renpved
under controll ed vacuum and the residue is partitioned between 2 M aqueous

sol uti ol of sod.1dﬁrlﬂw?fa%hsd)syq%@aﬁic?rbaw&ca% M08onErieae dewbEdfty-2 The
organi ¢ | ayepf fefa ﬂgaﬁﬁer@ln MdtRo@RY i0ne0 (d%rﬂaa}muﬁﬁda%ie QeI JTRIREHk UM

sul phate, filtered and concentrated to obtain .
added in portions. The mixture is stirred at 25-30 °C for 20 m1n Then piperidine-4-
carboxylic acid methyl ester (445.6 g, 1.2 eq) is added dropwise at < 30 °C. The mixture is
stirred at 25-30 °C for 18~20 h. 3.2 L of water are added dropwise at < 30 °C and the
15  solution is concentrated to ~ 1 L of volume to remove most of tetrahydrofuran. The
resulting solution is extracted with dichloromethane (2x). The combined organic layers
are washed with 3 volumes of 0.5 M hydrochloric acid and concentrated. 500 mL of
methyl fert-butyl ether is added and the solution is concentrated. This process is run
twice. The organic layer is concentrated to provide 567g of the title compound in 95%
20 purity.
2: [1-(1-Trifluoromethyl-cyclopropylmethyl)-piperidin-4-y1]-methanol
Lithium aluminum hydride (208 g, 5.0 eq) is suspended in 3.9 L of methyl ferz-
butyl ether and the suspension is stirred for 10 min. A solution of 1-(1-trifluoromethyl-
cyclopropanecarbonyl)-piperidine-4-carboxylic acid ethyl ester (260 g, 0.93 mol) in 1.3 L of
25  methyl fert-butyl ether is added dropwise at < 30 °C. The mixture is refluxed for 20 h and
cooled to 0~10°C. 500 mL of water are added at 0~10 °C and the mixture is stirred for 30
min. The suspension is filtered and the cake is washed with 1.8 L of methyl fert-butyl
ether. The filtrate is concentrated to ~ 3 L of volume at <35 °C under vacuum. The
solvent is displaced with tetrahydrofuran (1.0 L x 2) and concentrated to provide 212 g of
30 the title compound in 96.8% purity.
3: 1-Methanesulfonyl-4-{4-[1-(1-trifluoromethyl-cyclopropylmethyl)-piperidin-4-
ylmethoxy]-phenyl}-1,2,3,6-tetrahydro-pyridine



g of the title conmpound. M5 (mz) 294 (Mm+l). 2: [1 -(1

-Trifluoronet hyl -cycl opropyl net hyl ) - pi peri di n-4-yl ] - net hanol

1- (1-Tri fwoenomesdsyl - cycl opr opanecar bonyl) - pi peri di ne- 4Pcarusexiploisms4uci d
et hyl esterX{(&04g; 170.48 mml) in tetrahydrofuran (350 nlL) is added to a
solution of 1 M 15lithium alum num hydride (170.48 nmL; 170.48 nmol) in
tetrahydrofuran. The reaction mxture is allowed to warmto room
tenperature and stirred for 1 h. The reaction m xture is cooled at 0C and
wat er/ 2 M aqueous sol uti on of sodi um hydroxi de/water (1:3:1) are added
sequentially (8.5 nL : 12 nL: 8.5 nlL). The resulting slurry is filtered
over a celite0 padl-andhowastied cyildpropl btethahypdreoflinriani]-H@aohd3y | ¢ Th or gani ¢

| ayer is ¢ t e n | t I f the
volatile i Pa e A SR SAMLLRGRR R RP 200, 25 APland

wi t hout furﬂhhenxtpmns dooltzdtte @O @/S\/[éﬁhiiuze)sulﬂﬁl& ¢hdeiklp (2153, 1 P-clyktshddvdsul f ony1- 4-

{4- [1-(1-t |quor rreth cIo i er|d|

yl met hoxy] - ﬂ%‘?‘l’y? I Sqree nf‘}s%' g@&geéra%{% tﬁ%d 6%833/?f YRS & ar boxyl at e
(27.43 5 138QeBdropwidt.)Lay&s addaﬁrdtai and SIgd ddutcB 1a9br i 1s 2)'&ratct’et1pxhﬂil‘lyjl phosphi ne

i( 235.[8 ior ? e dlcf %}lorggletrlwrﬁ) kngqﬂ%%ehgo}r%ﬁpcyge%f aLrlcE, \%Qshgg’ ith th)S Laéf \x(l)atcer cﬂé reaction

[ 1- (1-triflueramptlud so@meﬂ QP RPY BBHcBttated 19 hREIde db Ng 41 Mildit tRetibaralio 24 g;
99.13 mml ), Preparation 1 (25.89 g; 99.13 mml) in dry tetrahydrofuran

(200 ni) i sthe Aerd CRIFIPRI&ENSSThe reaction is stirred at OC for 10 nin and it

is allowed to waiPat@or @@mﬁ@{n@eﬂg%w)qs R veaart 8d AviardhdRtmanlide sol vent
is 30 evaporated and the res slurry is diluted with dichl oronet hane

(350 L0 ampdgaclpd Grild H--2A Milyipne agta%mert&ﬁtoesfd%%@ g R drdki de (2 x 30
nL) and briggofvéd ¥ BOLBENimeyIBHAYVIEE is %@&%&M&H Itlfe%%ﬁltloﬁ hid®e ed and

concentrated. The pink solid’is purified over silica
2011/ 008663PEIYruS201e] B29635 COfegymin. Agolugen ofdl tﬁhtlm@lomftlﬁh}ﬁex ane/ acet one:

100% 95 5. 905 AR A AN T0% Aok R AP KPLY AR B o L compounl

around 80% I's t aqueous hydrogen chloride. A
white sol i ddiplﬁ‘éylftplhtdmi@sis adhldd idwpiviske tethe dolamah. dhé mikturT sehestodl mtd-60SCdi ssol ved

|0 vat s (150 hly A0 oy Dol iash aoRH g it Iy oodi M Eigs e el et s

The resutln |d|s ere dried an
t-butyl et hﬁmt(r&@@tmtc) atf3()|°Cécl$rddl anddildradethis proté‘selsai(l)ﬁﬂw&h tie@&o batcladst ain 8 ¢

BT_ e:)ra]‘re aE : E)lneféf ?Eggﬁﬁfogle%l-g%d%}gogygrp?tmpr)perlda\ n- 4—y1 met ano andt resﬁ)lgnf or the

1- (1-Tri f | uvakenes &mﬁbllmﬂdbqpﬁﬁpanﬁcmdmmys«mmrwlm 300 -dl- 6far hoxytting ofici d

ethyl est erdimethylformamide and water. The solid is stirred with 4 L of dichloromethane and

20  filtered. The filtrate is concentrated and purified by chromatography eluting with
dichloromethane to obtain 180 g of the title compound in 99% purity. (CDCI3, 400MHz),
8=7.31(d, 2H, J=8.8 Hz), 6.88 (d, 2H, J= 8.8 Hz), 6.00-5.98 (m, 1H), 3.97 (s, 2H), 3.82
(s, 2H), 3.55-3.52 (m, 2H), 3.04-3.01 (m, 2H), 2.87 (s, 3H), 2.70-2.60 (m, 4H), 2.06-2.03
(m, 2H), 1.85-1.82 (m, 3H), 1.48-1.45 (m, 2H), 1.03-1.01 (m, 2H), 0.74-0.71 (m, 2H)

25  ppm.

Example 11
1-(Methylsulfonyl)-4-(4-(1-(1-((1-(trifluoromethyl)cyclopropyl)methyl)piperidin-4-
ylethoxy)phenyl)-1,2,3,6-tetrahydropyridine

N F
X

Isomer 2



101- (Trifluoronethyl)cycl opropanecar boxylic acid (400 g, 2.6 nol) is
dissolved in 3.2 L of tetrahydrofuran and cooled to 10-20 C.

Car bony| dwvormndamwedee (462.4 g, 1.1 eq) is added in porti ®@a3/USINe/ oMot ure i s
stirred at 8630 C for 20 min. Then piperidine-4- carboxylic acid nethyl
ester (445.6 g, 1.2 eq) is added dropwi se at < 30 C. The mxture is stirred
at 25-30 Cfor 18-20 h. 3.2 L of water are added dropwi se at < 30 C and the
15solution is concentrated to - 1 L of volume to renove nost of
tetrahydrofuran. The resulting solutionois extracted with dichloronethane
(2x). The comnbi ned organic |ayers are washed with 3 volunmes of 0.5 M
hydrochl ori c &dildTafieorenetbinyclapedy)B@nel of methyl tert-butyl ether is

added and the So[lol'ﬁtnllg oll(f suglge%gl%ﬁ' tof ﬁt&l%rdﬂ J\g@vmq{ ﬁlc ?en§3 %)f {rfnyori'est %5 g)nia-rhe

organlc | ayer i s conce to prOV| e conpo in 95%
20purity. diethyl ether (qOIImL)(lé_ added dropw1se over 25 minutes methyl 1-

ol it o TR RB YR B LS Gl Y TR 1 Lertbutyl
AP ptaces vt fndnrain i ettt 20, e ”ﬁﬁi‘ﬁi“f:thed DY TO%ei d et hyl
reter {260 R oY s G oA G PROE PR LSRR R RS b O b Ve 2 a

dropwi se atTie d&i@l@slufﬂm VB MK stiffed ﬁfrwﬂ%pmfurafbrbhaﬁvd TRGhie@rdi® 0-10 C.
500 nL of water are added at 0-10 C and the m xture is_stirred for 30 m n.

The suspensifanterred 13 separaaryfhenct Jiuted pahwatefaaheadracpd with digthylegrer. peny |

tert-butyl @hldled offdRiclidylets s Radhsd GANGHRY UALES ot Ragnediuln s@ffacvalip® at <35 C
under vacuum The solvent is displaced with tetrahydrofuran (1.0 L x 2) and

concent Ft e@dtcenq@nw%@ dpypssg 287 g abthe ditle Femiouad apdetieriasnoibge gbtrpad i ty .

o i e TR R AN eI d g8 7 K0T G SR B TR P P
2011/ 0086??1?@]_/ USZglO/ 041645 X18674 29- . | .
1-(1-Tri | 4-vy1 71
I R by St M VR S M e R S e

(237.3 g, 2.34 Wép)areﬂ@ﬁ%ehﬂ&lyrﬁbkfépﬁ@nd)r& @&@I1¢d51ﬁg)(10milaor&neﬂ@1thanesul f onyl
chloride (215 ¢g g) is added dropw se. action is warned to 20-25

C and std rr“é’GIOP’E?PYIi Hr?thaﬂolgls strtie madgria lgrwgégﬁ’é?@)dir(alﬂw 9621 047ef% are

separ at ed ang {he- @gg@gﬁl@ﬁ)ay@y(gs_;}gm Q%C(g with 1 L of dichloronethane.
The conbi ned organ re wash f L of water, dried over

anhydr ous sodﬁulnﬂ\é@}hﬁrlatl{onalard -(ddhekht Kfa@éarowthg})wm@mbme@ywp%ﬂﬂnbe t hat
is used for thg.RGXSpehRP1 bR LidRRALPHESNe

To Preparation 5 (isomer 2) (62 mg, 0.169 mmol), potassium carbonate (70 mg,
20 0.506 mmol) and acetonitrile (1.12 mL, 21.46 mmol) in a vial is added (1-
(trifluoromethyl)cyclopropyl)methyl methanesulfonate (147 mg, 0.675 mmol). The vial is
sealed and heated at 110 °C for 16 h. The reaction is diluted with dichloromethane and
water. The organic layer is separated and washed with brine, dried over sodium sulfate,
filtered, and concentrated in vacuo to afford an off-white solid. The solid is purified by
25  flash chromatography over silica gel to obtain 0.057 g of a white solid. MS (m/z) 487.2
(M+1).
Example 12
2-(1-(Methylsulfonyl)-1,2,3,6-tetrahydropyridin-4-y1)-5-((1-((1-
(trifluoromethyl)cyclopropyl)methyl)piperidin-4-yl)methoxy)pyridine
30



Preparation 1 (197.8 g, 0.781 nol) is dissolved in 1.8 L of

di met hyl f or mam de 10and cooled to 010C. A solution of potassium

tert - but owoOde11(®Fe68 g, 0. 781 nol) dissolved in 1.6 L of pdirmstéloimsairam de

i s added drxme&i7d¢e to the solution and the m xture is stirred at 20-30 C for
30 mn. A solution of
[1-(2-trifluoronethyl cycl opropyl nethyl)-pi peridin-4-yl]-mnmethanol (246 g,
0.781 mol) in 0.5 L of dinethylformam de is added dropwi se to the sol ution.
The m xture is heated at -60 C 15 and3stirred for 1.5 h. It is cooled to
30-40 C, and 4.4 L of water are added dropwi se. The mi xture is stirred at

30 Cfor 1 h and filtered. Thigs (S done with the two batches of [1
-(1 -trifluoronethyl- cycloppbﬁymne ) Peridin- 4- yI} -met hanol and t he
resul ting cakes are conbi ned for purifNCation\ T Fis washed with 800

mL of a 1:1 m xture of dinethylfornmam de and water h solidis stirred
with 4 L of dichloronmethane and 20filtered. The filtrate is concentrated
and purified by ToHrermedttiogddtyme 036 mgneld, phtaskiph tabantt(Bdhegtlo7obt ai n 180 g

S gthzl)tIe g Rg ace%ﬁi}tﬂﬁ?zgg?’ gﬂéé %h@q)gg%g‘d@wfve ‘ﬁkﬁaefa%&@? s 5 2Hs 82
(s, 2H), 3. (‘ﬁ‘&hﬁ)rcﬁﬂetlﬁyncyabﬁropﬂ)n%ﬂ nRhafenlfate, (225 8z, (1 m&bl)) T}ié 70 2 60 (m
2.06-2.0 03-1.01
5 P piontah vB [k s i hedtutyTho “hor o R SRt st o 1 (L H (Y

- (trifl uor oBietagy micywaveo p’h@&ﬁ&t}dﬂﬁi cﬂl}dte)dpmﬂl (ﬁl’:thldhlBt-héne and water. The

)2/13?]_(]3_; ggg%%gﬁggﬁ%{%ﬁﬁeg%fg&%%@éﬁwp I%%nne g 1ed over sodium sulfate, filtered, and

(1-(Tri f1 uodonpaidaiel i vieh @PTIRMWiAUTE! f@kd with dicthykbheRnd B€1iGOpdagUsPENSi ON
of lithium al um num hydride (33.91 mmuol es; 1.29 n di et hy )ether (90 L)

i s added dr@Hﬁﬁt%w%ku@é‘ﬂwwaﬁ%gb%PH§i epftie fite Bmpaund. NS )%
(triflugyongfhyl)cycl opropanecarboxylate (16.95 nmoles; 3.00 g) in 30 nL of
5di et hyl ether. The reaction is stirred at 0C for 2 hours. The mixture is
quenched by slow addition of 7.5 niLEsamplgtldr  then 15 nL of 5 M sodium

hydr oxi de and 9 Lo f (g eturnhhe. 11 Eeomhitib - Higayrousty. stirred at

roomtenperature for hour s he'm'xture is'transtérred to a separatory
funnel, diluted with matémﬂgmdﬁ@&mnand@dlﬁﬁnﬁmuwﬁWHQWQther The conbi ned
organic |l ayers are washed with brine, dried over gne5|un1sulfate

filtered 10and concentrated to ynes 2.37 ¢ o; he title conpound as a
colorless oil are obtai ned= SZNg%ig—Qéi?%NR F(ppm: 0.762-0.807 (m
2H), 1.018-1.055 (m 2H), 3.3

(1- (Tr|fIuoronethyl)cyclopropyl)nethyl netha ulfonate Pr epar ed

essentlally as ﬁ&ﬁﬁ%ﬂﬁ&thpé (step 1) u3|ng (1-trifluoronethyl -
paration 6 (0.05 g, 0.14 mmol) in acetonitrile (1.50 mL) are
added potassium carbonate (0.07 g, 0.56 mmol) and 2,2,2-trifluoroethyl
trifluoromethanesulfonate (0.06 g, 0.28 mmol). The reaction mixture is heated at 85 °C
for 1 h in a microwave, cooled to room temperature and diluted with water. The mixture
is extracted with ethyl acetate and the combined organic extracts are dried over sodium
20  sulfate, filtered, and concentrated. The residue is purified by flash column

chromatography over silica gel to obtain 30 mg of the title compound as an off-white

solid. MS (m/z) 433 (M+1),

Human GPR119 Activity Assay

25 A stable cell line expressing human GPR 119 off an inducible promoter is
generated in 293 T-REx™ cells (Invitrogen). T-REx™ (Tetracycline-Regulated

Expression) cell line stably expresses the tetracycline repressor protein and, therefore,



15cycl opropyl) - met hanol as starting material. 1H NVR (CDCl13) d (ppm:
0.921-0.975 (m 2H), 1.182-1.223 (m 2H), 3.057 (s, 3H), 4.296 (s, 2H. 3.
1- (Met hylwol2bompdges4- (4- (1- (1- ((1-(trifluoronethyl)cycl eprasgéipoetshyl ) pi per
i di n-4- yl)®¥t3eony) phenyl)-1, 2, 3, 6-tetrahydropyridine To Preparation 5
(isomer 2) (62 ng, 0.169 mmol), potassium carbonate (70 ng, 200.506 mmol)
and acetonitrile (1.12 nL, 21.46 mol) in a vial is added (1-
(trifluoromethyl)cycl opropyl)net hyl nethanesul fonate (147 ng, 0.675 mmol).
The vial is sealed and heated at 110 C3por 16 h. The reaction is diluted
wi t h di chl oronet hane and water. The organic |ayer is separated and washed
with brine, ﬂ@nﬂbdmdwéﬂesumMQMnsﬁ%ﬁamEcﬁmﬁ@t%(@HRHQmwﬁhdnaemﬂheted in vacuo

to afford ag%o%lsts t‘é’%e h Sag ldP%l IJF EC\eps[ aréj cﬂaga %E\%édg ﬁygr?eagyri 5{1&&%9 in

chr omat ogr ap over siica gel ta i n e sol1'd:"° M8 (m2z)
487. 2 ( M+1)CAMP levels in 293 T- REXTM cells expr&xmgbGBRl@ 10,000 cells/well are seeded

(T o oneR AR AE ARy TS DR B P wo
2011/ 00866 3fuhd, UJSQQMD/ Bl4stodim Qﬁll&eapﬂg/mBI{ygromycm B. NéF@ d&3r, egiRragd dti@tuldied 206 ny,

D T GRS L R NG

(trifluor onBlatticldie YAMIPLORYE herri-Myd aﬁ&u@amuétfomaﬂﬁiok?@@hﬁwcAMPw mol ) .
The 5mi crowave vial is sealed and heated at 140 C for h then 150 C for 30

mn in the Siongd uinehegadd Hikgass RARF pony @Shﬁhlmﬁfnéwow t feli*Enl or onet hane

and water. Jbﬁm?@E@PBSah@%@ﬁmﬁﬁm&fﬂ@ﬁ@hﬁﬂwﬁ@ﬁBE@&ﬁM&h&%&ﬂ%ﬂ%urﬁﬁ[ dried over
sodiumsul fate, filtered, and concentrated in vacuo. The residue is

triturat®d ghgne, <9|2éth|IBM?%?nde{hb%ﬁ$é tliept comppyiy dtlutpdinghy predrcabatipna vacuum

filtration ﬁlﬁ'fepg}re%H([Edgnél-gélﬂsQr&{lrtﬁé?%chbété@at?&ﬂﬁp%%gratd}@fog i, zlﬁcu%Zt‘fbn]@ (M-1).
Exanple 13 - -(Methyl sul fonyl)-1, 2, 6-tetrahydropyridin-4-yl)-5-((1
-(2,2,2 - stopped by addition of HTRF reagents dlluted in the lysis buffer, followed by incubation

for 1h and measurements of fluorescence at 620 and 655 nm. The potency of the agonists
is determined as the agonist concentration that gives 50% activation of the hGPR119
15  mediated cAMP increase (EC50).
All of the exemplified compounds were tested essentially as described above and
cach were found to have an EC50 value of <10 nM. Example 1 has an EC50 value of 4.61
nM; Example 6 has an EC50 value of 0.95 nM; Example 7 has an EC50 value of 2.13
nM; Example 8 has an EC50 value of 1.10 nM; and Example 10 has an EC50 value of
20 0.95nM.
Thus, certain compounds of the present invention are shown to act as agonists of
GPR119 in vitro.
Glucagon-like peptide 1 secretion in GLUTag cells

Effects of GPR119 agonists on glucagon-like peptide 1 (GLP-1) secretion are
25  determined in vitro in GLUTag cells. GLUTag cells are an immortalized murine intestinal
enteroendocrine cell line that express the preproglucagon gene and secrete GLP-1 in a
regulated manner (Brubaker PL, Schloos J, Drucker DJ. Regulation of glucagon-like
peptide-1 synthesis and secretion in the GLUTag enteroendocrine cell line.
Endocrinology. 1998 139:4108-14). To measure GLP-1 secretion, 15,000 cells/well are
30  seeded in 96-well-plate and incubated for 3 days in DMEM supplemented with 10% FBS
and 1% Glutamine. On the day of the experiment, cells are washed twice with the

incubation buffer, EBSS supplemented with S mM glucose and 0.1% BSA. 150 pL of the



trifluoroethyl)piperidin-4-yl)nethoxy)pyridine F1 0S-\N =0-0-0F I\ /

\ x--\ ON/ 15To a solution of Preparation 6 (0.05 g, 0.14 mol) in

acet oni t rwbeo(11008@3n.) are added potassi um carbonate (O0POT/U$2010/086B45M0I )
and 2, 2, 2-tXidd7dgoroet hyl trifl uoronethanesul fonate (0.06 g, 0.28 mmol). The
reaction mxture is heated at 85 Cfor 1 h in a mcrowave, cooled to room
tenperature and diluted with water. The m xture is extracted wth ethyl
acetate and the conbi ned organic extracts are dried over sodium 20sul f at e,
filtered, and concentrated. The residug3is purified by flash col um

chromat ography over silica gel to obtain 30 ng of the title conmpound as an
of f - whi t e siotubdtioNBiffentanyaidiBBteftempourtds meadd@RREAh Wt dndictls sbsmaybated5A

t abl L1, Ly i R f f [ ' t [
ckoer o 1 BRSPS RSP FERARae) Lot b BLAu BRI T
(Tetracycl i filerRegudl GLRA chxtputas the ditrate Bldbtetminal witlathe W @x@Raskes Glivel
tet | .ot ej d, .th . .
2011/ 005663RCH U650 307 6 Biga sl B SO PP B 1 Ronisb e r s Sk si on of
t he gene of setti@r ie détenoilak Me anbohibt ddaseyiaytdn the giveg S0 $icseabintd1eP-human

GPR119 receg%&}{r} are characterized by neasuring increases in the cAWP | evels
in 293 T- kel l's expressi ng hGPR119. 10,000 cells/well are seeded into

a 96-wel | pl at e BagprUb bad @ cfeatsteddlischital PMENE S BRI BORNInAdowdih haQ% f et al
bovi ne 5serum 15i.1a9/nL Blasticjdin and 200n/ L Hygronycin B. Next day,
cells are srte?pr%tllVétF&fale(“ﬁ of OCh g3 BoxYcycl ine in DMEM with no further

addi tion of Hygrony ¢kiaiBe@shuRlissttiCirtbichk inCMybh &8 SRYyr 1 hR&Y iR after 18
h incubation w th doxycycline. cAWP is determ ned using the cAMP Hi Range

HTRF askhy ctyispd aearigh pbeTRNSI ¥ virtel | s are washed with PBS and
pre-incubated for 15 min with PBS supplenmented with 2 nM

Bioavailability
Methods for accessing oral bioavailability are well appreciated in the art. One
such reference is Medicinal Research Reviews Vol 21 No. 5 382-396 (2001). The oral
15  bioavailability of compounds of the present invention may be estimated essentially as
follows.
Cohorts of three 250-400 gram male Sprague-Dawley rats or approximately 10 kg
Beagle dogs (female or male) are used. Animals do not need to be fasted for the
intravenous (IV) portion of the study. Dogs are IV administered the compounds by
20  cannulated cephalic vein and blood collections are by jugular vein. Animals are first [V
dosed at 1 mg/kg and blood samples (0.1 to 0.2 mL) are then collected using EDTA as an
anticoagulant at 0.0830, 0.25,0.50, 1, 2, 4, 8, 12, and 24 h. After at least two days and
overnight fasting, the animals are dosed at 3 mg/kg by oral gavage. Blood samples (0.1
to 0.2 mL) are then collected using EDTA as an anticoagulant at 0.25, 0.50, 1, 2, 4, 6, &,
25 12, and 24 h. During the course of a study the total of blood (mL) collected is not to
exceed 1% of total body weight in grams.
Compound plasma concentrations are measured by LC/MS/MS assays. Data are
then analyzed using standard non-compartmental pharmacokinetic analysis. Oral
bioavailability is calculated as:

30 (AUC.infinity, oral / AUCo.infinity, IV) X (Dose, IV. / Dose, oral) X 100%



10 gl ucose, 0.25 nmM | BMX and 0. 1% BSA. Test conpounds diluted in the
pre-incubation buffer are added and cells are further incubated at room

t enper at Wwe 20vooBés3 | ncubati on i s stopped by addition ofPCHIRRIWAAENt S
diluted in Xhs74ysis buffer, followed by incubation for |Ih and measurenents
of fluorescence at 620 and 655 nm The potency of the agonists is

determ ned as the agonist concentration that gives 50% activation of the
hGPR119 15 nedi ated cAWP increase (EC50). Al'l of the exenplified
conpounds were tested essentially as dggcri bed above and each were found to
have an EC50 val ue of <10 nM Exanple 1 has an EC50 val ue of 4.61 nM

Exanpl e 6 has arExE@hR owedsuetadfes@n@BlyabdesEsibatpbevcranddsundrio EGS@ratal ue of 2. 13
nM Exanpl e_.8 has..@an .val . 2 .10 .an, EC50
Ual e of 207 o GRBY oFSPR i Bl Blayle il AL ATR U W IEZRR vent i on
are shown taboacindgsumigohagtsaldioaGRbili®y 0fid3\Vh iir Spragde padyatsi ke peptide 1

secretion in GUlag cel.ls Effects of GPR119 .agpni sts on cagon-Jli ke
bept | de 1 (CLP- ' iCaciut purabE s ddverin negoshror o PR BRI eR | o
GLUTag c®l | @alarievailmbilhyrort al i zed murine intestinal enteroendocrine cell
l'ine that express the preprogl ucagon. gene and. secrete GLP-1 in a regul at ed
manner (Brubaker PL, Sc sUastricanubiiany POyDCRide (0D ALt gl ucagon- 1 i ke
peptide-1 synt hegils CamelL/6aGESsE 0NyvdeRs bge @-Ll/atkcanlehosndRebinbarcel | i ne.
Endocri nol ogy. 1998 139: 4108-14). To nmeasure G.P-1 secretion, 15,000

cel I s/ wel | %@t%d Qg fEghn. v eaged i follvdpemarning praBer Al disesvitlys i n DVEM
suppl ement egnid 194006 FBS AR dbi G Wi@RidIea SR ABeA AN afe ditenioXDgy | ment,
cells are washed twice with the incubation buffer, EBSS supplenented with 5
mM gl ucse @RgasphyrastBror Imigufe; andghenttieod iygylizeied Pergd (SEOLT041645

X18674 -33-_.incHhation b er containing. t oun i s _added to each
wel T and oe TS e rcants hEbuF ST YR, Enf ETROIR ek BN 1L

super nat ant,,ji s G9ppE6kiERraNGIiHbk LISFRM0 105 hP1 PEoBRIIUIIL hitbamhalieyy GLP-1
content in the filtrate is determned with the Muse/Rat Total G.P-1 Assay
(Meso Scal esapipke aigekent)on iqthentihplesipely serfaratddebyGemIifigatigyon 3890k etfey Sminqul at e
GLP-1 5secrgt.i I 1 : 1 I b} jhat gives 50%
i ncrease | nl%('ilh_flé'}lEl %b%ﬁgéﬁﬂsq%l@gﬂg?ggggb%%Qg&ﬁe@gaeEfggﬁhdﬁlgssenti ally aos
descri bbd advelyecdavbasuoumits o tdtalvePrimspocst by MIBQSE kittf ARMO1P-63K )7arand 36. 8
nM 1 ain. f .t i At | re shown
o have furSTPERG DuEEEhEryf 30T RuRen PRGBHETE 1 BHFR dcRRnEE

Bi oavai | abi thyi applying the trapeledith adstofthe timepas spevificavatagbGakeadld. ahitdnctey are wel |
appreciated in the i cinal Resear.ch, Revi ews

Vol 21 No. Eers gﬁ{%%rl%%g%%e\%%gne%f Igfe?p?o@ﬁleonlagrosl)\s{etge &ifd&ion' St esidlisila

GIP AUCs above vehicle from a dose response study. Compound potency is defined as
20  the dose and/or concentration of compound that yielded an increase of 350 pg*hr/mL
above the vehicle group GIP AUC over the timecourse of the experiment.

Using the procedure essentially as described above, a 10 mg/kg dose of Example 3
resulted in an increase in GIP AUC over vehicle of 762 pg*h/mL; a 10 mg/kg dose of
Example 10 resulted in an increase in GIP AUC over vehicle of 762 pg*h/mL; and a 1.6

25  mg/kg dose of Example 6 resulted in an increase in GIP AUC over vehicle of 422
pg*h/mL.

Certain compounds of the present invention have been shown to stimulate GIP
secretion in vivo, which induces insulin secretion, such data indicates potential for use of
compounds of the present invention in the treatment of diabetes.

30



15bi oavai l ability of conpounds of the present invention may be estimated
essentially as follows. Cohorts of three 250-400 gram nal e

Spr ague- Daigi2e/a08d63 or approxi mately 10 kg Beagl e dogs erenmsh@oonionmnl e) are
used. Ani neXs&de not need to be fasted for the intravenous (IV) portion of
the study. Dogs are |V adm nistered the conpounds by 20 cannul at ed
cephalic vein and bl ood collections are by jugular vein. Aninmals are first
|V dosed at 1 ng/ kg and bl ood sanmples (0.1 to 0.2 nL) are then coll ected
usi ng EDTA as an anticoagul ant at 0.0838, 0.25, 0.50, 1, 2, 4, 8, 12, and
24 h. After at |east two days and overni ght fastl ng, the ani mal s are dosed
at 3 ng/ kg by oral gavageMol Shpgk dT¢ ) are then col | ected
usi ng EDTA as a i t . at 0 and 24
o Doring the courde Gt aRind — fafbﬁ%m%dcrﬁeﬁ%gﬁ sS4 i ot o

exceed 1% odralfyodaabd 'imblyehm@ gm HE@ @R &eBween 80, 0.05C0 amifoad) @105 216 and 18

sl mg. st ancAP B VBR! CORANE HORPAFS AV hacalel RUEt & RN JEpaimy of -

bi oavai | ;abi ddintiyisteed Qaice alcalbed oaeﬂly wa 2000 dextrabd yplution al 3 g/kg\ue@amm ty, V) X

Dose, IV. /| Dose, oral) X 100% 008663PCT/ US2010/ 041645 X18674
g34- “Wa(ﬁquoe% O&é%wweastmgﬁl% PiFC 2K TERYSEFT B abBYESMd f ound

to have or apapbi to@¥abhd@Pinki dries0bf B0 thbik ButBeaghe PGS blobX RMRIced dflo Was t est ed
essentially as described above and found to have oral bioavailability of 53

% in SpragueBeickyy glugeretetsyRechepgdelyZ044d hpdbigacost mesarepicais e nvent i on
have been S% Bt i}@\iﬁadg@ﬁz‘dd RERL iPERRYALRBEAAILY, -wilMaHS B diaS 41k

I nhi bitory Pol vpeptide (QP) say Male C57BL/6 mice (8-10 weeks of age,
n=20/ dokk " | kejag repasted ag thabinglalyppye Vatus- Aees tiader hegramglelucoTeuRie)(glugese ghed t he
fol I owi ng myppi Bgalcﬁ’l%d ?&%Qchogr@!lp' %d%@ceﬂaé@de%%&&hﬁle(g:lﬂu/ébwi@}Cor various
doses of test article at Ani mal s are eut hani zed by 1

asphyxi at i overfupthe Fontal graap isirrd @Sn'ceme%sm@é effisaqyoif thecromgowd t@émme punct ur e
at various e I\Sges 1.5, 3, and 6 h post conpound dose) into EDTA plasna
t ubes containin L/mL DPP4 inhibitor (MIIipore, DPP4-010) and 1.1x105
KIU nL aprotini rExaprcﬁdvzeawpﬂd@sseamaélylaeptscolmedl a(oevamrtilfbun}dltaémnssatsepar at ed

by centyd fu i are pl aced
into 96{§\/\/el%%Eévggégg%sﬁgggx&ee%x ﬁpl%@lénaeﬁlﬂ}l nfggdsgllﬁap% gﬂ@asur ement s of
total AP (sngaﬁaaneyddé@yeaMdlﬁostpmnéa]qﬂﬁsnﬁ@ﬁmdwﬁﬂ@ta ﬂ]oe/spiemfheldmcbff or each
time- p0| nt._ For

appl i ng  HE RS BebPRaIET fso PR Bsab S estindd Beshef TEGH T ever s.
Pot enci es wejuel tedHim@ked usi ng p| ecewi se |i near | nt er pol ati on across the
col l ection of calcul ated G P_A above ve [oma dose response st udy.
Corpound pot encalhll% ad:glfnpﬂlg]& oéghe present invention as eens own to decrease plas

20  glucose levels in vivo, indicating potential for use of the compounds of the present

invention in the treatment of diabetes.

Chronic treatment of diet-induced obese (DIO) mice

DIO male C57/BL6 mice are maintained on a calorie-rich diet and have free
25  access to food and water for at least 2 weeks before randomization into groups by weight
(n=8) and treatment. Animals are individually housed in a temperature-controlled (24°C)
facility with 12 hour light, 12 hour dark cycle. Body weights range from 34-40 g. Mice
are administrated once daily vehicle (1% HEC), 30 mg/kg GPR119 agonist, 30 mg/kg
DPPIV inhibitor or a combination of 30 mg/kg GPR119 agonist and 30 mg/kg DPPIV
30  inhibitor. Treatment continues for 3 weeks. Food and body weights are recorded daily
before dark photoperiod. Cumulative body weight change is calculated as the daily body

weight minus body weight before treatment for each animal and presented as an average



20 the dose and/or concentration of conpound that yielded an increase of
350 pg*hr/nL above the vehicle group G P AUC over the tinecourse of the
experi merwo 2011/008663Usi ng t he procedure essentially as destnishadoatseve, a 10
ng/ kg dose xfsdtanple 3 resulted in an increase in AP AUC over vehicle of
762 pg*h/nmL; a 10 ng/ kg dose of Exanple 10 resulted in an increase in GP
AUC over vehicle of 762 pg*h/nL; and a 1.6 25 ng/ kg dose of Exanple 6
resulted in an increase in QP AUC over vehicle of 422 pg*h/ni.

Certai n conmpounds of the present invenggon have been shown to stinmulate AP
secretion in vivo, which induces insulin secretion, such data indicates

pot enti al fior thageupfFad mpaensmeahired dailypioe sash ninral gnltdoomined withe¢het toeht nent  of

di abetes. MWD 0} / - 186 - 35-. u ucose
Tol er ance TGP onniet by i PR SAT p it R o 105 p MR Bonf gt
random zed intak@ vwghichupshed aveGdged fig tier @blpy Addsedd of théstughOGTE i {dbokitd 0. 25%
t ween 80, 0.95@6ant%&%%n2 or 0.9, 2, 6 and 18 ng/ kg GPR119 agoni st
suspended ﬁﬁeﬁgﬁ?%g%.a B%minutes after the conpound i s 5adm nistered, nmce

are dosed oral | yExaimple cavdb@8acdexdchdly as désdtibalmbate Bhegé thg DPRIV waibitotis ti mes
(0, 20, 40, .or.60 mmnutes pos | ucose), the mce are restrajned in cotton
gl oves or  pBIPROWAEIPUAIOE didhes Ty boly wpiehees 1908 itk g S sl | drop. of
bl ood is pl@eahlonilenAGedctdekid dbseQpBl RiHSORALNR aADBRly Wolgddbddey for

gl ucose neasurenents. Threeﬁgluconeters are used to. read glucose in each

col | ect ed sevpiwingfhe fiyst ek Qb HPAmer) ot Qrabingsiprohtitagkpiby and FxawpleRe fi nal

gl ucose val ygduch FR1dNEBErdal& iR bEs Weight URPER d GHAEGh YlcHCASI®INAC) 1S
cal cul ated for each group and theéggrcentage decrease in the glucose AUC

versus the Benehar thgcowpe pishadedy. xamplgdadane or Brcogbfnatien yithfitagHtinc onpound
to decreasedi@ha%ﬁgaif&mg%@dify%@%@cﬁsmlgiﬁsﬁ@gm@asentI ally as descri bed
above and found to denonstrate 15 inproved glucose tol erance. Exanple 6
di d not i nfThyerrceontpaynd efghqiressneingintiewas bisert showgme dgcecas fogd téake erted

post pr andi o UG . l.e 6
whi ch pr o @%@é@%ﬁ%@?‘é@ﬁfﬁ PeRRUBLIRS of AE pRO5E h“%%tl%@gﬁ‘& i s
equal to 0. teatmgynk gf obesity. Thus, a conpound of the present invention has
been shown to decrease plasna 20gl ucose |evels in vivo, indicating
potential for use of the conpounds of the present invention in the
treatnment of diabetes. Chronic treatnment of diet-induced obese (DIO mce
DO mal e C57/BL6 mce are maintained on a calorie-rich diet and have free



25access to food and water for at |east 2 weeks before random zation into
groups by weight (n=8) and treatnent. Aninmals are individually housed in a
t enper at we-20oms@Bl ed (24C) facility with 12 hour |i ghPCTAR26100816dR " K
cycl e. Bodyxwgi7ghts range from 34-40g. M ce are adm nistrated once daily
vehicle (1% HEC), 30 ng/ kg GPR119 agonist, 30 ng/kg DPPIV inhibitor or a
conbi nation of 30 ng/ kg GPR119 agoni st and 30 ng/ kg DPPIV 30i nhi bitor.
Treatment continues for 3 weeks. Food and body wei ghts are recorded daily
bef ore dark photoperiod. Cunul ative body- wei ght change is cal cul ated as the
dai ly body wei ght m nus body wei ght before treatnent for each animal and
present ed aWELL4aNMEr age WO 2011/ 008663PCT/ US2010/ 041645 X18674 -36- for
the group. Food intake is neasured daily for each animal and conbined with
the total amount of food consuned by that animal fromall previous days to
yield cunul ati vd. f ood dontpalel oftld folmuls t hen averaged for the group. At the
end of the study OGIT is perforned after overnight fasting. 5Exanple 6 was
tested essentially as descrtpbd above where the DPPIV inhibitor is
sitagliptin. Sitagliptin al®mnegrthnot alter body weight or food intake in
the study. Exanple 6 al one pPoduced| a njild decrease in both food intake and
body wei ght observed only durin f week of treatnent. Conbination
of sitagliptin and Exanple 6 produced|pro olnd decreases in body wei ght and
food i ntake that were sustained 10 thr t the course of the study.
Exanple 6 alone or in conbination wth sitagliptin did not significantly
nodi fy plasma gl ucose levels in this( del~ a cgghpound of the present
i nvention has been shown to decrease f'ood intpke and pbody weight,

i ndi cating potential for use of the conpounds rBsent invention in
the treatment of obesity. WD 2011/008663PCT/ US2010/ 081645 X18674 -37- WE
CLAM 1A conquggmgf the formula: 0=S, // 0, 9

X is selected from N and CH;
R* is selected from F and CFs;
R” and R® are independently selected from F and methyl or combine to form a Cs.s
cycloalkyl ring;
10 R' is selected from H and methyl;
R? is selected from H and F;

or a pharmaceutically acceptable salt thereof.

2. A compound according to claim 1, or a pharmaceutically acceptable salt
15 thereof, wherein R" and R® are independently selected from F and methyl or

combine to form Cs cycloalkyl.

3. A compound according to any one of claims 1 or 2, or a pharmaceutically
acceptable salt thereof, wherein Rb and R are methyl or combine to form Cs

20 cycloalkyl.

4. A compound according to any one of claims 1 to 3, or a pharmaceutically

acceptable salt thereof, wherein R is CFs.



(1) RL.----- ."."/"\VRa b5Swherein; Xis selected fromNand CH Ra is
selected fromF and CF3; Rb and Re are independently selected fromF and
met hyl orwoaentiaessto forma C3 5 cycloal kyl ring; 10RI - PC3/Usediemtwds from H
and net hyl ;XRB&7#s selected fromH and F;, or a pharmaceutically acceptable
salt thereof 2. A conpound according to claiml, or a

phar maceutical ly acceptable salt 15thereof, wherein Ro and Re are

i ndependently selected fromF and nethyl or conmbine to form C3 cycl oal kyl .
3. A conmpound according to any one of gRainms 1 or 2, or a pharmaceutically
acceptabl e salt thereof, wherein Rb and Re are nethyl or conbine to form C3
20cycl oal kyl . D 20AldofPEGEBRCHIIISROAY/ D4 26AEMX 186 #4or-a3Barmageutidaliyonpound
according to an f i «.Qr a pharmaceutically acceptable
salt thereof, m%%?Q@Wgﬁaﬁkng§“%g%8£éé%ﬁpound according to claim1, or a
pharmaceutically acceptable salt 5thereof, selected from

5-11-(2-Fluoro-2-nethyl -propyl)-pi peri.di n-4-yl met hoxy] -,1' -

ret nanesul fony 11 2 ooyt olBat ot i pRGHRGGAY igepavte e

1- Met hanesul f onytkredt, selected from 5-[1-(2-Fluoro-2-methyl-propyl)-piperidin-4-ylmethoxy]-1'-

14-T1-(1-trifluorgnethyl -cygc 0 t - piperj di p-4-yl met hoxy] - pheny11-

1, 2,[ 3, (6- t et r ahy g _ag?spfﬁeﬂyﬁ—i",g',Q'Pé—teﬁ)%‘tllyrﬁ?o—@,Iﬁlt'?blﬂg/rlﬁmy{; ancr| 1—Me¥hanesuﬂ"on —] P y
{4-[1-(1-trifluoromethyl-cyclopropylmethyl)-piperidin-4-ylmethoxy]-phenyl}-
1,2,3,6-tetrahydro-pyridine.

10 7. A pharmaceutical composition comprising a compound of any one of
claims 1 to 6, or a pharmaceutically acceptable salt thereof, and a pharmaceutically

acceptable diluent or carrier.

8. A pharmaceutical composition according to claim 7 additionally
15 comprising one or more other therapeutic ingredients.
9. A pharmaceutical composition according to claim 8 wherein sitagliptin is

an additional therapeutic ingredient.

20 10. A compound according to any one of claims 1 to 6, or a pharmaceutically

acceptable salt thercof, for use in therapy.

11. A compound according to any of claims 1 to 6, or a pharmaceutically

acceptable salt thereof, for use in the treatment of diabetes or obesity.

25
12. A compound according to claim 11 for use in the treatment of type 11
diabetes.
13. A method for the treatment of diabetes or obesity, which comprises

30 administering an effective amount of a compound of any one of claims 1 to 6, or a

pharmaceutically acceptable salt thereof, to a human being or animal in need

thereof..



107. A pharmaceutical conposition conprising a conpound of any one of clains
1 to 6, or a pharnmaceutically acceptable salt thereof, and a

phar macewpDcallops@ascept abl e diluent or carrier. 8. A plraTrsec@Olsas
conpositionxaxgerding to claim 7 additionally 15conprising one or nore

ot her therapeutic ingredients. 9. A pharmaceutical conposition according
to claim8 wherein sitagliptin is an additional therapeutic ingredient.
2010. A conpound according to any one of clainms 1 to 6, or a
pharmaceutically acceptable salt theregf, for use in therapy. 11.A conpound
according to any of clains 1 to 6, or a pharmaceutically acceptable salt

t hereof, for use in the treatnent of diabetes or obesity. 25 12. A
conpound accord t I

di abet es. t%ﬁg&ﬁ C%#d rea ﬁ%ﬁ?ﬁépgé%éﬁgﬁt t%¥9£%g%?% y, which
conpri ses 30adn1n|ster|ng an effective anmount of a conpound of any one of
clains 1 to 6, or a pharmaceutically acceptable salt thereof, to a human
being or animal in need thereof. -39- 14.A nethod according to claim13
for the treatnent of type Il diabetes.



