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The present invention relates to a new class of cyanopyrazol es,

phar macewocalo/Bemaposi ti ons contai ni ng t hese conmpounds pCcans2oibveizz7use to
nodul ate the activity of the G protein-coupled receptor, GPR119. BACKGROUND
D abetes nellitus are disorders in which high | evels of blood glucose occur
as a 10 consequence of abnornmal gl ucose honeostasis. The nost conmon forns
of diabetes nellitus are Type | (also referred to as insulin-dependent

di abetes nellitus) and Type Il diabetes (also referred to as

non-i nsul i n-dependent di abetes nellitus). Type Il diabetes, accounting for
roughly 90% of all diabetic cage®R 11BSMODIRNATONS progressi ve di sease that
results in mcrovascul ar conplications (including retinopathy, neuropathy
and 15nephropat hy) as well as nacrovascular con&llcations (1 ncluding

accel erated at heroscl erosis, E@%QP T AMENGI9M:se and stroke).
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inhibitors may also influence the tissue levels of other hormones and peptides, and the
long-term consequences of this broader effect have not been fully investigated.

30 In Type Il diabetes, muscle, fat and liver cells fail to respond normally to insulin.
This condition (insulin resistance) may be due to reduced numbers of cellular insulin
receptors, disruption of cellular signaling pathways, or both. At first, the beta cells
compensate for insulin resistance by increasing insulin output. Eventually, however, the
beta cells become unable to produce sufficient insulin to maintain normal glucose levels

35 (euglycemia), indicating progression to Type Il diabetes.



Thus, there has been great interest in the discovery of agents that
function in a glucose-dependent nmanner. Physi ol ogi cal signaling pathways
whi ch furwoi2er/i4mozhi s way 15are wel | known, includi ng gau/ipzpohiesy GP- 1
and G P. These hornones signal via cognate G protein coupled receptors to
stinmulate production of cAMP in pancreatic beta-cells. Increased cAMP
apparently does not result in stinulation of insulin release during the
fasting or pre-prandial state. However, a nunber of biochem cal targets of
CAMP, including the ATP-sensitive potassium channel, voltage-sensitive

pot assi um 20channel s and the exocytotic machinery, are nodulated such that
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condition should be of benefit to such 35i nterconnected di sease st ates.
SUMVARY ORYPRZECERIAENTI ON I n accordance with the present invention,
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15 are well known, including gut peptides GLP-1 and GIP. These hormones signal via
cognate G-protein coupled receptors to stimulate production of cAMP in pancreatic
beta-cells. Increased cAMP apparently does not result in stimulation of insulin release
during the fasting or pre-prandial state. However, a number of biochemical targets of
cAMP, including the ATP-sensitive potassium channel, voltage-sensitive potassium

20  channels and the exocytotic machinery, are modulated such that insulin secretion due
to postprandial glucose stimulation is significantly enhanced. Therefore, agonist
modulators of novel, similarly functioning, beta-cell GPCRs, including GPR119, would
also stimulate the release of endogenous insulin and promote normalization of glucose
levels in Type Il diabetes patients. It has also been shown that increased cAMP, for

25 example as a result of GLP-1 stimulation, promotes beta-cell proliferation, inhibits beta-
cell death and thus improves islet mass. This positive effect on beta-cell mass should
be beneficial in Type Il diabetes where insufficient insulin is produced.

It is well known that metabolic diseases have negative effects on other

physiological systems and there is often co-occurrence of multiple disease states (e.g.

30 Type | diabetes, Type Il diabetes, inadequate glucose tolerance, insulin resistance,
hyperglycemia, hyperlipidemia, hypertriglyceridemia, hypercholesterolemia,
dyslipidemia, obesity or cardiovascular disease in "Syndrome X") or secondary
diseases which occur secondary to diabetes such as kidney disease, and peripheral
neuropathy. Thus, treatment of the diabetic condition should be of benefit to such

35 interconnected disease states.



Zis -C(0)-0-R6 or pyrimdine substituted with C1-04 al kyl, CF3, hal ogen,
cyano, C3-Co6cycl oal kyl or C3-Cé6cycl oal kyl wherein one carbon atom of said
cycl oal kywoOrmoiogt490925may optionally be substituted wi th merhploiens2ethyl; m
is 1l 2, or 3;y nis 0, 1or 2; RLis hydrogen, Cl1-C4 al kyl, or C3-C6
cycl oal kyl; R2a is hydrogen, fluoro or Cl1-04 al kyl; R2b i s hydrogen
or fluoro, with the proviso that when R2a is G -C4 al kyl, R2b is hydrogen;
each R3 is individually selected fromthe group consisting of: hydroxy,

hal ogen, cyano, Cl-C4 al kyl, Cl-C4 al koxy, Cl-C4 hal oal kyl, Cl-C4

hal oal koxy, -S02-R7, - 5P(0)(0R8)(0R9), -C(0)-NRBR9 , -N(CH3)-00-0-(C1-C4)
al kyl, -NH 00-0-(Cl-C4) aIkyI - NH-OO (Cl C4)a|ky| -N(CH3) - 00- (C1-C4)

al kyl, -NH (CH2)2-0H and a 5 tq eteroaryl group containing 1,
2, 3 or 4 heteroatons each ﬁﬂﬁ@M@ﬁﬁéﬂ%ﬂyE§5W§@F$aNfron1oxygen nitrogen and

sul fur, whereil a@c&aér’méﬂmﬂi B8PS ehbihterioh &4 A6 Ylasg bPGPRI 13 9Qﬁédmmadsl y
substltuted with ia or_a nitrogen aton%on said hete oanxl groug
h Wikyl |

optional | Qaﬁ%%‘ix"o‘%!?‘?c’t"ﬁ'ieédTWSterF unds may b iepresentiPY G

Cl- 4 gl kpyygw: C1- C4 hal oal kyl, or hal ogen, wherein said alkyl is optlonally
substituted wth hydroxyl or Cl- C4 al koxy; R4b is hydrogen, Cl1-C4 al kyl,
-CH2- C1-C3 hal oal kyl, -C2-C4 al kyl -OH or -CH2-Cl-C4 al koxy; 15R5 is
hydrogen or when Rl is hydrogen then aﬁ1is hydrogen or Cl-C4 al kyl;

R6 is C1-C4 al kyl or C3-Cé6eycl oal kyl ein qﬁe carbon atom of said

cycl oal kyl noiety may optionally be subst) ed with methyl or ethyl; R7 is
represented by Cl-C4 al kyl, C3-Cé6cycloal Kyl, NH2, or -(CH2)2-0H, R8 is
represented by hydrogen or Cl-C4 al and 20R9 is represented by

hydr ogen, Cl-C4 al kyl, C3-Cé6cycl oal (CH2) 2-0H, - (CH2)2-0-CH3,

-(CH2) 3-0H, -(CH2) 3-0-CH3, 3-oxetaNxh 3- hydr oxycycl obut yl ; or
when R3 is -C(0)-NR8R9, R8 and R9 ca together with the nitrogen
atomto which they are attached to forim an azetwdi ne, pyrrolidine,

pi peri di ne or norpholine ring; r alpharmaceutically acceptable salt

t her eof . Mor eover, the present \ L i i

1- met hyl cycl opr opyl R%
4-{4-[ (4-carbanoyl- 3-fl uor ophenoxy) nmet hyl|] - 5- cyano- 1Hpyr azol - 1-yl | pi peri din
e- 1- car boxyl at e; 1- net c opr opyl

4-{4-[ (4-carbanoyl- 2- quorophenoxy)neNhyI] 5-cyano- 1H
30pyrazol - 1-yl | pi peri di ne- 1- carboxylad i sopr opyl

4- (5-cyano-4-{[4-(1H pyrazol - 1- yI)pheﬁoxy]nethyII-1FprrazoI-
yl ) pi peri di ne- 1- car boxyl at e; 1-met hyl cycl opr opyl
4-{5-cyano-4-[ (2, 3-di fl uorophenoxy) net hyl ] - 1H pyr azol -

yl | pi peri di ne- 1-car boxyl at e;

10 wherein:
(R3)., (R%),
\ X | \/\N
F F
CHs,
LA A VW
Xis I or I :

Y is O, CH(R®), or NR®;

Z is —C(0)-0-R® or pyrimidine substituted with C-C4 alkyl, CF3, halogen, cyano,
Cs3-Ce cycloalkyl or C3-Cs cycloalkyl wherein one carbon atom of said cycloalkyl moiety

15  may optionally be substituted with methyl or ethyl;

mis 1, 2, or 3;

nis 0, 1or2;

R' is hydrogen, C1-C4 alkyl, or C3-Cg cycloalkyl;

R? is hydrogen, fluoro or C1-C4 alkyl;



1- net hyl cycl opropyl 4-{5-cyano-4-[(2,5-difluorophenoxy)nethyl]-1

H pyrazol -1- yl | pi peri di ne-1-carboxyl at e; 1- met hyl cycl opr opyl
4- {5- cyarmwo4o{o(139®26-tri fl uor ophenoxy) net hyl]-1 H pyrazeCTaB2010/052377
yl | pi peri di ne-1-carboxyl ate; 5i sopropyl

4[ 5- cyano- 4- ({2-fl uoro-4[ 1- (2- hydroxyethyl )-1 H-tetrazol -5-

yl ] phenoxyl net hyl )-1 H pyrazol - 1-yl ] pi peri di ne- 1- car boxyl at e;

i sopropyl 4[5-cyano-4-({2-fluoro-4[2-(2-hydroxyethyl)-2Htetrazol -5-
yl ] phenoxyl net hyl )-1 H pyrazol - 1-yl ] pi peri di ne- 1- car boxyl at e;

i sopropyl 4-(5-cyano-4-{[2-fl uoro-4-(1 -nethyl-1 Hi

m dazol - 2-yl) Wem%w}éﬁéfnhyklhorol@/&h treproAZOtal wiién R?ﬂ§01@4fh$&y1-ﬂ?arsboxy| at te;
1- net hyl cycl o ropyI 4-{5-cyano-4-[ (4- cyanophenoxy) net hyl] -1 H pyrazol -
yl | pi peri WH% 8L car boxyl at e; 1- met hyl cycl opr opyl

4-{4-[(4-car bmulﬂﬁhgnmydmy Beaé&te@fr@mﬁ@gaou&d@yiéuam@ oflhydroxy, halogen,

|| pi peridin te
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4-{5-cyano-4- 2 4-dif,) uorophenoxy) met hyl] -1
pyréé Isﬂf${ %1%@?kdrnel car boxyl ate; 251-met hyl cycl opr opyl
(

H
411 5- cyano- 4- {Fg“ezs-hfgmirrdsgdn gy@dlkync&qla)wy]mn@;Hia{bélkﬂ, dﬂh@Wg@zohherem

1, 2l FRREBYL oD il ety bydsRl BNy shi? oo 4L 2 et v -6

H pyr azol - 1- y|R4ﬁI|Wdrd§dneel{ﬁaWDX@H9C603hsl@@ﬁkﬂpﬁz C4 alkyl-OH or -CH,-C4-Cy4
4[ 5- cyano- I£I1< [2-methyl -6-(1 H1,2,4-triazol-1 -yl)pyrid in-3-
30yl ] ami nB hyl )-1 H pyrazol - 1-yl ] pi peri di ne- 1-carboxyl ate; i sopropyl

4[ 5- cygano- 4- ({FREZsr@drbgén Gr\Mﬁﬁﬂ Missnybffogeyltr)q:mwﬁ id hiydirogery bl @pchakget hyly 1
H pyrazol - 1-yl 1€

4 {3 oyano- 4] AerGs ‘1%&}(’15Wﬁerﬂ”ﬁy@ﬁaiol?‘la?%I%F%QFV%IP?JQ'

car boxyl atrgiety m@pbpmﬁallylbé 5ul§7$t|&n@d with) gty UIO(Etﬁy|4 (1-methyl -1
et razol -5+ Yl PRENOAMTRLYI L, akyl R, 87Abaidyi il PLPSELS) A - carboxyl ate
4- (5- cyano- 4- {R%s tépresamtett hy2hyuesdenl or 3+C edlkygyzold- 5- y1 ) phenoxy] net hyl | -
20 RY is represented by hydrogen, C4-Cj alkyl, Cs-Cg cycloalkyl, -(CH2),-OH, -
(CHy)o-O-CHs, -(CH2)s-OH, -(CH;)s-O-CHs, 3-oxetanyl, or 3-hydroxycyclobutyl;
or when R%is -C(0)-NR®R®, R® and R? can be taken together with the nitrogen
atom to which they are attached to form an azetidine, pyrrolidine, piperidine or
morpholine ring;
25 or a pharmaceutically acceptable salt thereof.
Moreover, the present invention is directed at the compounds:
1-methylcyclopropyl 4-{4-[(4-carbamoyl-3-fluorophenoxy)methyl]-5-cyano-1H-
pyrazol-1-yl}piperidine-1-carboxylate;
1-methylcyclopropyl 4-{4-[(4-carbamoyl-2-fluorophenoxy)methyl]-5-cyano-1H-
30  pyrazol-1-yl}piperidine-1-carboxylate;
isopropyl 4-(5-cyano-4-{[4-(1H-pyrazol-1-yl)phenoxy]methyl}-1H-pyrazol-1-
yDpiperidine-1-carboxylate;
1-methylcyclopropyl 4-{5-cyano-4-[(2,3-difluorophenoxy)methyl]-1H-pyrazol-1-
yl}piperidine-1-carboxylate;



1 H pyrazol -1-yl)pi peridine-1-carboxyl ate; 5i sopropyl

4- (5-cyano-4-{[ (2-net hyl pyri di n-3-yl)am no] net hyl | - 1H pyrazol - 1-

y1) pi per iwpretolde@eboxyl at e; i sopropyl PCT/IB2010/052377
4- (5-cyano-4-{1-[(2-net hyl pyridin-3-yl)oxy]ethyll-1H pyrazol - 1-

yl ) pi peri di ne-1-car boxyl ate; i sopropyl

4[ 5-cyano-4- ({[ 2-fl uor o- 4- (net hyl sul fonyl ) phenyl ] am nol net hyl )-1 H
10pyrazol - 1-yl ] pi peri di ne- 1- car boxyl at e; i sopropyl

4- (5-cyano-4-{142-fl uoro-4- (et hyl sul fonyl ) phenoxy] et hy11- 1H pyrazol -
1-yl) pi peridi ne-1-car boxyl ate; isopropyl

4- (5- cyano- 4- {2&étHylcyen yI(Wd}fﬁhéuL[(Z?ﬂ)d|f|h§%9ﬁ&ddx9}rﬁélbfﬂl]11 HidyrigbRzOl -
1-yl ) pi peridine-1-carboxyl ate; 15i sopropyl

4- { 5- cyan¥tRiRgT{dner -GyPeXA2t1 H- t et r azol - 5- yI ) phenoxy] net hyl | - 1H pyr azol -
1-y1) pi peri di nemét &)S/El@?f%bﬁue{&d}@ﬁ@-ﬂc{gﬂ?é,6-trif|uorophenoxy)methyl]-1H-pyrazol-1-

4- (5-cyano- 4-{ ZE 2-?I ugr 0- 4- (met hyl sul fonyl ) phenyl ] et hy1l1l- 1H- pyrazol - 1-
y1) pi peri driREHNER-6YROIARIE: | sopropyl

4- { 5- cyano- 4- [iédbreyangs-2ydr i Fenrcsy)-(eh ity dlyethyh-pyfetagd|-5l -

4210%”5' Ei/gﬁgﬂlﬁp I—‘*B%ﬁ%‘éﬁ&@’ﬁ%@%ﬁ%ﬁMHBWTiéiS‘%?;q%%xéﬂlﬁf?énoxy] nethyl | -1

Hpyr azol - 1- yl )igdesyil dijpydncalaxivtad-£2-(2-hydroxyeS@P2epitrazol-5-
) eGP e b S e e
445- cyano- 4- ({igogrbpi0Bqs4ydic24-ipdiuery Ll Mteitsuh Hamydaleinepgeheh s8] mginyb-1 H-
pyrazol - 1%& i pFri i.ne:di-c?rb xyl at e; i sopropyl
4- (5- Y andt FE[ZQ:W HPEidNg 11920r1a%ol - 1- yI ) phenoxy] met hyl | - 1H pyr azol 1-y1)
ﬂ peri di nle- i C@mbgwwabirbpyl?F:’-@?Mﬁ44(4—@a®ly5ﬂﬁ@m§kl y et yi[d1 H-pyrazol-1-

tetrazol - 1- nNoXx thyl | - pyrazol - 1-
30yl ) pi pe}’lmﬁ’% -’%—'ﬁ'&?@é %th e i sopropyl
4- (5- cyano- 4- {{-2wethylt9cioprépyinetayd-sartbamoy bhgrioapmethynes-byshb- fHEppyraziel 1-yl ) pi
peri di ne- 11 car bo’i%j at F); ﬁgr a pharmaceutically acceptable salt thereof. The
conpounds Y PEENGI -5PORGI ate the activity of the G protein-coupl ed

35recept or. Mor-eeggrRycibpopylly(stdyancanpounssthyptidiaieolGRRIgRNoAgmsthgh), said
1H-pyrazol-1-yl)piperidine-1-carboxylate;
1-methylcyclopropyl 4-(5-cyano-4-{[2-fluoro-4-(1-methyl-1H-tetrazol-5-
yhphenoxy]methyl}-1H-pyrazol-1-yl)piperidine-1-carboxylate;
isopropyl 4-(5-cyano-4-{[2-fluoro-4-(1-methyl-1H-imidazol-5-yl)phenoxy]methyl}-
20  1H-pyrazol-1-yl)piperidine-1-carboxylate;
isopropyl 4-{5-cyano-4-[(2,3,6-trifluorophenoxy)methyl]-1H-pyrazol-1-
yl}piperidine-1-carboxylate;
isopropyl 4-{5-cyano-4-[(2,4-difluorophenoxy)methyl]-1H-pyrazol-1-yl}piperidine-
1-carboxylate;
25 1-methylcyclopropyl 4-(5-cyano-4-{[(2-methylpyridin-3-yl)oxylmethyl}-1H-pyrazol-
1-yl)piperidine-1-carboxylate;
isopropyl 4-[5-cyano-4-({[2-methyl-6-(1H-1,2,4-triazol-1-yl)pyridin-3-
ylJoxy}methyl)-1H-pyrazol-1-yl]piperidine-1-carboxylate;
isopropyl 4-[5-cyano-4-({[2-methyl-6-(1H-1,2,4-triazol-1-yl)pyridin-3-
30  yllJamino}methyl)-1H-pyrazol-1-yl]piperidine-1-carboxylate;
isopropyl 4-[5-cyano-4-({[2-methyl-6-(methylsulfonyl)pyridin-3-yllamino}methyl)-
1H-pyrazol-1-yl]piperidine-1-carboxylate;
isopropyl 4-{5-cyano-4-[(2-methylphenoxy)methyl]-1H-pyrazol-1-yl}piperidine-1-
carboxylate;



WO 2010/ 140092PCT/ 1B2010/ 052377 conpounds are useful for the treatnent of
di seases, such as diabetes, in which the activity of GPR119 contributes to
t he pat howvogyiooro®ynpt ons of the di sease. Exanpl es of s®Ch/IBzNADI2BTNS

i ncl ude hyperlipidem a, Type | diabetes, Type Il diabetes nellitus,

i diopathic Type | diabetes (Type Ib), |atent autoi nmune diabetes in adults
(LADA), 5early-onset Type 2 diabetes (EQD), youth-onset atypical diabetes
(YOAD), maturity onset diabetes of the young (MODY), nmalnutrition-rel ated
di abet es, gestational diabetes, coronary heart disease, ischem c stroke,
restenosis after angioplasty, peripheral vascul ar disease, intermttent

cl audi cation, g6 di(8lcyant-aLPRLfiuerb-4-¢1-EhetHYREHASH S oRBY|)BREHIX PR etyi)-

dysl i pi dem a, st randial |ipem a, conditions of inpalired gl ucose

t ol erance 'itl?(yl'%‘? YEHREi 4 & hs2 XY?ﬁ?al red fasting plasma gl ucose, netabolic
aci dosi s, ket Q%@opwm(brcyénm {[LHRSIJ-¥-2-ARAIBPRALOFA -5 YY) PRETOR VIR By}

congesti vg hear t fa l.ure Eft Vthl’l cul ar hypertrophy, peripheral arterial
di sease, di@yEZRETY ?'P?f@b’é‘?‘ arbeX¥eiear degeneration, cataract, diabetic
nephr opat hy, gbaUBsyILGSeYSROBIE2-nRAy YN ByIRImiAGetys. 1 Hippaesitc

neur opat h{ met aboLl C s ndronme, syndronme X, prenenstrual syndrome, coronary
heart 15dY4degiidines '6?5*?8 Y€t ori s, thronbosis, atherosclerosis, transient

i schem ¢ att ag&sprogl aqk%yan/ca&qut(armétﬁrﬁp;&mﬁwl)o*wélﬁylgh -G FEzal-1-

hyperi nsul nem aeWE\F/%ErI I pi demi a, hypertrygliceridema, insulin resistance,
i mpai red & Fﬂ%@é“ 13 BW condi tions of inpaired glucose tolerance,

condi t i ons of |$d§ﬁ3@;by1 e454‘c§@id DY P @5 6B-Gletg R Fon@PashyiEmiriy@etiyl)e H-

dysfunction, connective tissue disorders, foot ulcerations and

20ul céf at PW@Z@&I ﬂlpi'p;e”d'@ﬁdo(far'ig‘l”iy ®:dysfunction and inpaired vascul ar
conpl i ance. Th@opﬁ@gﬁmﬂls(ﬂdﬁarmaljf{b@ R4t (Metiyeatfomgishenagcual)- th-ppiadelr s such

as Al zhei ne chi zo and inpaired cognition. The conpounds will
al so be béﬂbP‘PE“‘i”e 1r?a83§’§i’lta ‘ntestinal illnesses such as inflammtory bowel
di sease ul ceru@dprd@l 4q54c§/ar&) 4-Q-hmicso-di(sREsulforyjoham)erdpge H-pyagi-one,

etc. ounds may al so be 25used to stinulate wei ght
| oss in ogéfgg'pﬁ”f ﬂTC§%°é¥In§C| ally those afflicted with diabetes. A

furthes enbodiisgmnbpyoh- (smandwqatﬂu@rb -4-¢1 Hltgtegbleslyhshepbay|me gt iHc &razol-
conposi ti on g cont ai I:]ll n | rrpound of Forrmula I. Such formulations will
typi cal | y ¢BRPEIINe &Bﬂi%%ﬂ 'of Fornula | in admixture with at |east one

phar maceut i calisopragt efs-abheo-exX2-{Pilnb-4-(BieatylsuFompatn oty FBIy-gragoldont ai n
at | east ope addlti)(}ag@@ﬁq armaceuti cal 30agent. Exanples of such agents

i ncl ude aM{PYBLE & and/or anti-diabetic agents. Additional aspects

of the i nventngcsprdswl aye-cyand-hduganeb-flubepbenpgimetaypiHpgrarl-& | in the
preparati canents for the treatnent of diabetes and rel ated

condi £ Onglp%ger@&eip%rgaxyfl%tpm n. It is to be understood that both

t he foregoi ng isepromy ¥-(Bdtdaidié-{Hqbinmihaxgplisspablydd-tleseghepbiydmethy-1exenpl ar y
and expl anat ory, E%Féq%nd are, no r_est rictive of the invention, as clained.
5DETAI LEDPYRE¢RT - LY | ON The present invention may be

under st ood rmneoprremdnl(s-cbmd & [@2-arae/idyadinFeRy joxynesthyig1 el@izbled descri ption
of exenpl f the invention and the exanples included

t her ei n. }%F}[ﬁ’%”dfrl?'iigarﬁﬂﬁyé%‘%t ood that this invention is not limted to

speci Bfc synt hedprcpylm[&-ht?@dﬁ4-(){f2-fltﬂaiﬁ fg2thydtoxpediylpgulfcolipsenokginyethyl}-1Hs al so
to be underst ]tff OIthe1 termrail ogy used herein is for the purpose of
descri bi n@yrﬁé(? 3@ {Pef iR s A RN onl y and is not intended to be Iimting.
The pl ural ands@armgmhqﬁ cghraddl g 2ot o-e-41 b t@g o nYigphehaxyg@athlyB- 1 Hopyrerolt han

t he |nd|c t ,on of. (FeRr: a ."hal ogen" refers to a chlorine, fluorine,

i odi ne, YEPBH %e tBHROYEE “c1- o5 al kyl" refers to a branched or

st rai ght Chal risaprapyk y(5-gyanup4-€dHt Bitetawmpl-1-yl)phenoxy]lmethyl}-1H-pyrazol-1-
30  ylpiperidine-1-carboxylate;
isopropyl 4-(5-cyano-4-{[2-fluoro-4-(methylsulfonyl)phenoxy]methyl}-1H-pyrazol-
1-yhpiperidine-1-carboxylate;
or a pharmaceutically acceptable salt thereof.
The compounds of Formula | modulate the activity of the G-protein-coupled

35 receptor. More specifically the compounds modulate GPR119. As such, said

6



from1l to 5 carbon atons, such as nethyl, ethyl, n-propyl, isopropyl,
n-butyl, isobutyl, pentyl, etc. c. "Cl- C5 al koxy" refers to a straight or
branched wbabnn/abiexy group cont ai ni ng f r omPLTHB20B0/6RB10ON
atons, such as nethoxy, ethoxy, n-propoxy, isopropoxy, n- 20butoxy,

i sobut oxy, pentoxy, etc. d. "C-C6 cycloal kyl" refers to a nonaromatic ring
that is fully hydrogenated and exists as a single ring. Exanples of such
carbocyclic rings include cycl opropyl, cyclobutyl, cyclopentyl, and

cycl ohexyl, e. "5 to 10 nenbered heteroaryl” neans a carbocyclic aromatic
system having a 25total of 5 to 10 ring atons and contai ni ng one, two,

three or E@ﬁpomﬂbgf@@ééﬂMOr&ﬂé %étﬂdanlt BE@SSRRAS Ul ab ldRibe%Y@erhichihkr ogen and
sul fur and haV|n8 ane hr ee rlngs wherein sych rings may be fused.

The term 8¢tY&%at CRBAAS C?W{%ﬁt?“t%ls E’éé%ﬁathpl ¥ O SYpRtadis of thej diseage + BdmRiesr
formed) by diguicBadition .a@lu@é:wﬁerlﬁtﬁdyafﬁalwpemmateél Bypesh@iaBétys wieliiftug, he first

rlng The, ter used” is e UIV llent to.the onde The term

"het er oar VFOpag{ﬁ)jfﬁteelsd %996‘?%& yee Padpteq] %“t%'UETPP W‘?%‘Pﬁgunﬁ){}%%%m ne,
|[031/r gzn4 ]Slte e@W?rﬂEedeﬁaZ u.@bétang@D ,-y@gﬂhidn‘tséi ét?plcéllmidﬂ)@?&[(ﬂfoﬁm pytukigi ne,

raz 0 yril e , &y ria azl ne,

[1,2, 4]”9%1%3 @%ﬂfeg Oﬂﬁ) P%?MP 515 faﬂ'aL'[ﬂiorzr%t{e& d@ﬁ&i‘%{ e%atQvaﬁ@teﬁt%. VO
2010/ 14008&8@@1@8%%9@3&%&«: stﬁdR@ﬁ@Ql@Hbé,@aftérYelr@fcfp%ty périgh@eaInt " neans an
anount of a congoun ﬁﬂﬁres i nventi P o% é treats or prevents
the parti ¥gfcHfr iSE%%esg‘te% tley 'Ca%ﬂ“ HYe6?" @ tinfgretion (59t BefGateand
anel i or at ggopt®dis)edysipidames p@ﬂq)r@fdumb@m&yammms of inid2@rePalicbsaioiratiesease,
condi tjon prevents or deu%pﬁcgq onset of 5one or

di sqrder,,
core ooy Gnafe bR g e Detieq el HSEPWSP doscr i bed
herei n. garthfid] oissRity, dsefopbosisPhyEtensibe,adadedine fehis faued) Idisventrizulagxanpl e,

i mpanseBue G heiriera! Sens) oRepse dbolSiaaein b U BRSERIVe, i o

prophyl actataracgrithbpad héghropethy, hRtdrelsclerosie, chrddle Rinabfaurepdibiesticat e, or sl ow
t he progre55|o of t s di seas or conditio '

at | or an t| ssye
darmge asSOUPERRY s R Pgs s K, hameR e SHEAS: etonary has
"noduligt i Glgeaseoénglﬁ@delétatﬁﬁ(ﬂ&bmbo§§ eﬂlS@*dsd’l@rb@ﬂs Ntrakiér@sschemiedtidicks, | ndi cat ed,
refers to the activati on of é%ﬂ éféﬂ(ﬁ n coupl ed. rece GPR119 with
srgvcemy i Bl

conpoundsS?ﬁ %?ﬁ?CHF%E NOSHv YPeIpRLIRRRE YRS M&cept abl e”
i ndi cat eshygeatrydliberideuiis tiganie r@‘st@ﬁépﬁﬁpeﬁr@d@lmﬁ meebosm,adonbitiencoen cal |y

and/ or toxicol ggjcal | with th oth roi di.ents conprisin a
ool at | e B Epse terfiden b sl T Pyl RE ES R PR B qee s
i nt ended *eu@ct‘lefdgsfuhauopha(niran@u@nrmain}eytusau@elpbmteks fdtﬁlutoerambds biod sal ts
suitahle for se in industri,a rocesses, suc |on of the
commathe. USRS ol Aidaiela pPh e ey dieuel O THEBR 0 Lot or to
ei t her phasmpaeidsint d@/umqenbalbiee:r@ogleblaltbdrder@m&adﬁ,tslzh@rmrs
"pharnaceutlca acc ptab dition s on actua
Do S Do i fheen coo g b ey Wil e PE B e B naa ¢ an
salts" i Sgasntoane@mlahmap@é yudhasanfjanastoryt eowet dtseg@:nua:efmlve nolrtgao'rcmnaci d
addition salt of ase conpounds repr.esent ed, 25by For
f0e | nor Bt DR, RRT RGBS S  AS RHES SR GG Pt n A pelbre Lt o
i ncl ude hystdoolstimuiate wbigtlt lobs mm‘b@se suﬂlqmlltmreispecmllydhqﬁe(muhed with altibdteand aci d
metal salts su s sodi en orth sphat e otas i um
o ogen sul 1 8 Brfigs S bodTe O U LSRR LA R R e PR cBREPS R
i ncl ude t bentaming-a, cothipoundptiFdbrimutal. Saxly farmutotkswill ltydictsly catdtamea of such aci ds
are for . . , ,

compound of Formula | in admixture with at least one pharmaceutically acceptable

excipient. Such formulations may also contain at least one additional pharmaceutical

30 agent. Examples of such agents include anti-obesity agents and/or anti-diabetic agents.
Additional aspects of the invention relate to the use of the compounds of Formula | in
the preparation of medicaments for the treatment of diabetes and related conditions as

described herein.



30exanpl e, acetic, glycolic, lactic, pyruvic, malonic, succinic, glutaric,
fumaric, malic, tartaric, citric, ascorbic, nmaleic, hydroxynmaleic, benzoic,
hydr oxy- bwozoioci40q9penyl acetic, cinnamc, salicylic, 2-plremaByben2eit,

p-tol uenesul foni ¢ acid, and sul fonic acids such as nethane sulfonic acid
and 2- hydroxyet hane sulfonic acid. Such salts can exist in either a
hydrated or substantially anhydrous form In general, the acid addition
salts of these conpounds are soluble in water and various hydrophilic
organi c solvents. n. "pharmaceutically acceptable basic addition salts” is
intended to apply to any non-toxic organic or inorganic basic addition

salts of the apRPOYEURJErSRbEFRIbEH tﬁ@fbrE?lﬁﬁ@Jélﬂnﬂnarﬂa'nd&ﬁéffdﬂBwiandetailed .
internediates. Illustrative bases which formsuitable salts include al kal i

metal or dPSCEPIMLAELERPIAEY 2D BXRANGINE Q81Y e R 8O BRITEiYE 9 Hte8GNAY

cal cium pgagarsdddm or barium hydroxi des; ammoni a, and ali phatic,
alicyclic, or aromatic organic am nes such as nethyl am ne, di nethyl am ne,
trimethyl am ne, and picoline. 100. "conmpound of Forrmula I", "conpounds of

the inyention", and "copprANEs DESERIFSEONIOR EHENRVERADNY t hr oughout the
application and shoul d be treated as, synonyns. p.. "isoner" neans

e eot Somer The pioserd BERIATn L B Brc o BT B ibeP g (Rereas o dBs somer
refers tofonewingdetsed Hadcripass6sskenipharg EmBBlithea Y dfdhe ROEitRhSNdMie 15each

center na exist,i@ the R or S configuration. Stereoisoners includes al
di ast ereo rles g H??gﬁﬁﬁ?c and epineric fornms as well as racemates and

m xtures therepf. 'geonetric isgner" refers to.c oun that .may exist in

e U rans et o BE RRTsogE giek T velia S Relifuib T SyeuTG sheuton I as

m xt unes treéiogefof makiog thainmyadt cblvee vatypotisdsoad b heddéretood ittt (He) mMmay exi st

as geonetric.isoners., The ¢ ounds of e For mul ) nmay,.possess one or

o o asy ST PSR aPere i TG PUpp ot S e i B Rrle B uPERR Shifer | ¢

forms. Thenpisanemterided embe dmitingc Thd pliralahd tshguiandhauldibatresteeémeoi sonmer s and
la (1) and m xtures thereof.

geonetric. isomers aof the conpounds of for :

I ndi vi dual™%H F%ﬁﬁT%P%Hﬁa%Emd%ﬁgﬂwe&fngﬁﬂira| separation or using 25the
rel evant enant‘helogen’irefetdte ssghidrinestlsrine, iodine,| or bacldintiatom. t he conpounds of
t he present inyenkio an exi st _in unsol vated as | as sol vated forns

w th Bhar mabeutrcap At e aae i an et i et LGB BABRS and ¢ he
like. In genersgm 1468 caPo¥ licifs, [sQERTEs AlethyE @05, FE58PyIeadh¥ayIenbufyp t he
unsol vated forns for the purposes of the 'present invention. The conpounds

may al so 30exi&WUtyh REAYL.GHC-nore crystalline states, i.e. as co-crystals,
pol ynor phs, cor«ctheYalkERy" fotférslto StraigRI GHRaschedlcheif alkdk) gfiptoh@iniRy ar e
enconpassed by fhe’invéntion and claims. In one enbodi ment of the compounds
of this inventfraom] to 5%ENson Xitahs, ¥uclts ag methaxy, ethaty, B:prepoxy, iIs@ronexy-m8; 5R1 i s
hydr oggn; R2a tiu?o@}'%&ﬂ&& pg@llax§,%té}ydr ogen; and
d. “Cs-Ce cycloalkyl” refers to a nonaromatic ring that is fully hydrogenated and
exists as a single ring. Examples of such carbocyclic rings include cyclopropyl,
cyclobutyl, cyclopentyl, and cyclohexyl,
e. “5to 10 membered heteroaryl” means a carbocyclic aromatic system having a
25 total of 5 to 10 ring atoms and containing one, two, three or four heteroatoms
selected independently from oxygen, nitrogen and sulfur and having one, two or
three rings wherein such rings may be fused. The term "fused"” means that a
second ring is present (ie, attached or formed) by having two adjacent atoms in
common (ie, shared) with the first ring. The term "fused” is equivalent to the term
30 "condensed". The term "heteroaryl" embraces aromatic radicals such as pyridine,
pyridazine, pyrazine, pyrimidine, imidazo[1,2-a]pyridine, imidazo[1,5-a]pyridine,
[1,2,4]triazolo[4,3-a]pyridine, [1,2,4]triazolo[4,3-b]pyridazine, [1,2,4]triazolo[4,3-
alpyrimidine, and [1,2,4]triazolo[1,5-a]pyridine.



each R3 is independently hydroxy, hal ogen, cyano, CF3, OCF3, Cl-04 alkyl,
01- 04 al koxy, S02-R7, -P(0)(OR8)(0R9), -CO NR8R9,or a 5- to 6-nenbered

het er oar yWwognougo®@cont ai ning 1, 2, 3 or 4 heteroatons eathBindepardent|y
sel ected from oxygen and nitrogen, wherein a carbon atom on said heteroaryl
group is optionally substituted with Rzla or a nitrogen atomon said
heteroaryl group is optionally substituted with Rzl b. In another enbodi nent
of the compounds of this invention, (R3),, Xisl 15Yis 0; mis 1 or 2; Z
is -C(0)-0-R8; Rl is hydrogen; R2a is fluoro; 20R2b is hydrogen; and

each R3 is independently hydroxy, hal ogen, cyano, CF3, O00F3, 01-04 al kyl,
Cl-C4 al koxy, SQ%T%utlcdﬂQQﬁé&%M)”,mea@@den@6f & cdmpdundbor tRyTber ed

het er oar yl groug cont ai ni nﬁ@t or 4 heteroatons each |nder)endent|
r

sel ected fromRISSAIEMVEREPN (Bér@ﬁts UEFENts the partisylar diserncorPi(od: Het er oar yI

group is opti ajigdrdier, @.ybﬁéndatgseémw.drategScRZdnmncytesaorry érrrﬁ@@rsymbwmmm@l d
het eroaryl group |%I;)t|onallg substjtuted with Rz nﬁ
2010/ 140092 PCTHRTISHR §)S68%83 Fondition, or disgrdgh g H@rpré}‘ﬁ%ﬁ?r ysithe pRet @bnpounds

of this i nventdn@rbr ne6 Byigtohss df kepateladrtdideabb LsohaitioMBiriidord et Yiasstibed
- C(0) NR8R9, 02-R7, tetrazole, pyrazole, imdazole or triazole. In another
enmbodi ment in Q’i%'”corrpounds of this invention, each R3 is 5independently

fluoro, netkyl“paannefers fé(\ﬂém%dedéiﬁraaBkuclNab!Nob exaMple, Rtihea pigdRdhdda N N
rats, gerbils, cats, rabbits, dogs, monkeys, chimpanzees, and humans.
h. “treat” embraces both preventative, i.e., prophylactic, and palliative treatment, i.e.,

10 relieve, alleviate, or slow the progression of the patient’s disease (or condition) or
any tissue damage associated with the disease.

i. “the terms “modulated”, “modulating”, or “modulate(s)”, as used herein, unless
otherwise indicated, refers to the activation of the G-protein-coupled receptor
GPR119 with compounds of the present invention.

15 j-  “pharmaceutically acceptable” indicates that the substance or composition must
be compatible chemically and/or toxicologically, with the other ingredients
comprising a formulation, and/or the mammal being treated therewith.

k. “salts” is intended to refer to pharmaceutically acceptable salts and to salts
suitable for use in industrial processes, such as the preparation of the compound.

20 I. “pharmaceutically acceptable salts” is intended to refer to either pharmaceutically
acceptable acid addition salts” or “pharmaceutically acceptable basic addition
salts” depending upon actual structure of the compound.

m. “pharmaceutically acceptable acid addition salts” is intended to apply to any non-
toxic organic or inorganic acid addition salt of the base compounds represented

25 by Formula | or any of its intermediates. Illustrative inorganic acids which form
suitable salts include hydrochloric, hydrobromic, sulphuric, and phosphoric acid
and acid metal salts such as sodium monohydrogen orthophosphate, and
potassium hydrogen sulfate. lllustrative organic acids, which form suitable salts
include the mono-, di-, and tricarboxylic acids. Illustrative of such acids are for

30 example, acetic, glycolic, lactic, pyruvic, malonic, succinic, glutaric, fumaric, malic,
tartaric, citric, ascorbic, maleic, hydroxymaleic, benzoic, hydroxy-benzoic,
phenylacetic, cinnamic, salicylic, 2-phenoxybenzoic, p-toluenesulfonic acid, and
sulfonic acids such as methane sulfonic acid and 2-hydroxyethane sulfonic acid.

Such salts can exist in either a hydrated or substantially anhydrous form. In



N6-t.7)--------- NN ---N# /n--, or /; and Rzla and Rzl b are each

I ndependent|ly hydrogen, Cl1-C4 alkyl, or C2-C4 alkyl-OH 1In an(oRt3)he, r'
enbodi nerwoiz2nioftaeoseonpounds of this invention, \N I /\CPBTXBHIN0/AY¥77 s O or
NH, Zis -C(0)-0-R6; nis O or 1; RL is hydrogen; R2a is hydrogen; 15R2b is
hydr ogen; and R3, if present, is Cl1-C4 alkyl or a 5- to 6-nenbered
het eroaryl group containing 1, 2, 3 or 4 heteroatons each independently

sel ected from oxygen and nitrogen, wherein a carbon atom on said heteroaryl
group is optionally substituted with Rda or a nitrogen atomon said
het er oar yl group I's optionally substituted with R4b. 20l n anot her

enbodi ment glgén@reﬂ?(lﬁ@@@iﬂ@ﬂdl%n baltsSof itiaserdoirPBunds/¥Pe soluble in water and
2010/ 140092P B2010/ 052377 (R3)N"CN I CH3 X isl Yis Oor NH Zis

- C(0)-0-R6; n Yagogs ydraphiliorerganic kohupigen;

n. “pharmaceutically acceptable basic addition salts” is intended to apply to any
non-toxic organic or inorganic basic addition salts of the compounds represented
5 by Formula I, or any of its intermediates. lllustrative bases which form suitable
salts include alkali metal or alkaline-earth metal hydroxides such as sodium,
potassium, calcium, magnesium, or barium hydroxides; ammonia, and aliphatic,
alicyclic, or aromatic organic amines such as methylamine, dimethylamine,
trimethylamine, and picoline.

10 0. “compound of Formula I”, “compounds of the invention”, and “compounds” are
used interchangeably throughout the application and should be treated as
synonyms.

p. “‘isomer” means “sterecisomer” and “geometric isomer” as defined below.

“stereocisomer” refers to compounds that possess one or more chiral centers and

15 each center may exist in the R or S configuration. Stereocisomers includes all
diastereomeric, enantiomeric and epimeric forms as well as racemates and
mixtures thereof. “geometric isomer” refers to compounds that may exist in cis,
trans, anti, syn, entgegen (E), and zusammen (Z) forms as well as mixtures
thereof.

20 Certain of the compounds of the Formula (1) may exist as geometric isomers. The
compounds of the Formula (1) may possess one or more asymmetric centers, thus
existing as two, or more, stereoisomeric forms. The present invention includes all the
individual sterecisomers and geometric isomers of the compounds of formula (I) and
mixtures thereof. Individual enantiomers can be obtained by chiral separation or using

25 the relevant enantiomer in the synthesis.

In addition, the compounds of the present invention can exist in unsolvated as
well as solvated forms with pharmaceutically acceptable solvents such as water,
ethanol, and the like. In general, the solvated forms are considered equivalent to the
unsolvated forms for the purposes of the present invention. The compounds may also

30 existin one or more crystalline states, i.e. as co-crystals, polymorphs, or they may exist
as amorphous solids. All such forms are encompassed by the invention and claims.

In one embodiment of the compounds of this invention,

10



R2a is fluoro; R2b is hydrogen; and R3, if present, is Cl-C4 al kyl
or a 5- to 6-nenbered heteroaryl group containing 1, 2, 3 or 4 heteroatons
each i ndemperdentsbop2sel ect ed from oxygen and nitrogen, wreTaBmi1&028Tar bon
atomon said heteroaryl group is optionally substituted with Rda or a
nitrogen atomon said heteroaryl group is optionally substituted with R4b.
I n anot her enbodi nent in the conpounds of this invention, R6 is isopropyl
or 1- nmethylcyclopropyl. In another enbodinment in the conposition of this
i nvention, the conmposition 15 further includes at |east one additi onal
pharmaceuti cal agent selected fromthe group consisting of an anti-obesity
agent and an antlmglabetlc agent. Exanple anti-obesity agents include

di rl ot api de, Yo, i nplitapide, R56918 (CAS No. 403987), CAS No.
913541-47-6, cetilistat, PYY3_36, naltrexone, ol eoyl-estrone,
obi nepitide, tesofensine, | eptin, liraglutide, bronocriptine,
orlistat, exenatidexNAOP»9Y604 20 (CAS No. 221231-10-3) and sibutram ne.
Exanpl e anti - di abet i c fggents include netform n, acetohexam de,

chl or propam de, di abivese, glibencl am de, g|IpIZIde gl yburi de,

gl i mepiride, Qiﬁcla2|db gl i pentide, gliquidone, glisolamde, tolazam de,
t ol but am de, F nlstat trestatin, acarbose, adi posine, camglibose,
emglitate, mglito voglibose, pradinicin-cg sal bostatin, balaglitazone,
ciglitazone, daﬁg1pt&zone 25engl i tazone, isaglitazone, pioglitazone,
rosiglitazone, gr Epﬁmne exendi n- 3, exendin-4, trodusquem ne,
reservatrol, hyrtlos extract, sitagliptin, vildagliptin, alogliptin and
saxaglﬁptln R'is hydrogenin anot her enbodi nent of the nmethod of this

i nvention, tth@gpmﬂwﬂﬂﬁ or conpositions of this invention may be

adnini stered in an effective anount for treating a 30condition selected
fromthe groud?cahhMﬁﬁgaﬁgwmi hyperli pi denmia, Type | diabetes, Type II

di abetes nel i §’R3' %g\@da'eﬁuﬁw o eﬁé?@&{ BFardaT S, OEF gggﬁ%l UL©i mune

di abetes in a S ear’ abetes out h-onset
at ypi cal allkamS@sRZ YB(@)(ORrﬁé@Brh-LC;O URSB oI arbletbernemberteidelrioaiy! rMIDY)

mal nuygi ¢ LafabEhal 8% of ARebRRoAeSiaH hdiRhaghARRIdRed 6 8RRk A

di sease, Fschemc’ stT ok e, restenosis a ter gl opl asty, I pher al

vascul ar gitregers avherain &cathoneiom on saiti heteroan| gr@y@@e@mlpaa"yuawbatrt@heﬁmth( e.g.
necrosi s [ | 4ondi tions of
i npai red grgggggﬂ%%%éggﬂéﬂX%kfm§agagﬂ%P9§%ﬁgmgﬁagégg?¢g eggggﬁng pl asma

gl ucose, net abblenethacembediment@thss¢ampeundp of thissinvestiesi ty, ost eopor osi s,
hypert ensi on, con@%stlve heart failure, left ventricular hypertrophy,
peripheral arteri al se, diabetic retinopathy, macul ar 10degenerati on,
cataract, diabetic athy, gl onerul osclerosis, chronic renal failure,
di abeti c neuropath nmet abol i ¢ syndronme, syndrone X, prenenstrual syndrone,
coronary heart dis gi na pectoris, thronbosis, atherosclerosis,
nyocardi al infarction)ytransient ischemc attacks, stroke, vascul ar
restenosis, hypergly ia, hyperinsulinema, hyperlipidem a,
hypertryglicerX@gem a, Insulin resistance, inpaired 15glucose netabolism
condhggons of\}nggired gl ucose tol erance, conditions of inpaired fasting

pl as gl ucose, “obesity, erectile dysfunction, skin and connective tissue
di sorders, foahisd oez;ati ons and ul cerative colitis, endothelial dysfunction
and |npa|red %?Sﬁgiﬁ Qapllance hyper apo B |ipoproteinem a, Alzheiner's,
schi zophreni a A d cognition, inflammuatory bowel disease, ulcerative
colitis, Cthﬂ?ssﬂymegae, and 20irritable bowel syndrone. In a
further enbodi t he nmethod further includes adm nistering a second
conposition co ﬁ@1ﬁ% at | east one additional pharmaceutical agent

sel ected fron1R4H5mymm@@ncmm$|st|ng of an antl-obeS|ty agent and an

et prent - Thig et i 0feg s BlosSPe IR BREI G S a8l Bt
si mul t anealue*wscaf-Réea(@mRé)l(@@z )aHOD-NR Ry aaﬁdera memberedlhetqrearybgromher

enbodi nen v.enti o nuf act ur e
oo et EanfiorioPRE BRA ReRloate ed BB AR A St frorh Bidd R
nodul at es n'rttrbgera(wriemiim ;a cefboﬁrqhmmtoelsarddmlmberdl greape st aptioGiRLBstitélied twithr nor e,

L1 et fon ot a0 b sh el B AR Bl Berlr By TRHAERE i P et os.

11




Synt hesi s For illustrative purposes, the reaction schenes depicted
bel ow provi de potential routes for synthesizing the conpounds of the
present iwoentoamoas well as key internediates. For a moraBziao/ei2BeEd
description of the individual reaction steps, see the Exanples section

bel ow. Those skilled in the art will appreciate that other synthetic routes
may be used to synthesize the inventive conpounds. Although specific
starting materials and reagents are depicted in the schenes and di scussed
bel ow, other starting Smaterials and reagents can be easily substituted to
provide a variety of derivatives and/or reaction conditions. In addition,

many of the Cqmﬂaﬂhéﬁerﬁb&ﬂméﬁdnlﬂye édrepdiRtS efihisdevstibReshch® @ can be
further m)dl fied in_l |$ L of this disclosure using conventional chemstry
I

vel | knowRdgeendsatellugey mehyh svanRe C%(P?NR&nﬁR?n%sgﬁ'fazP'ﬁepYFﬁ%‘ﬁt| on may be
synt hesi zpslddpolsymntibgaié.c routes that include 10processes anal ogous to those
wel | -known in the hem C%A arts articul arL}t)(1 in li ht 06 t;he description
cont ai ned herél‘ﬁ”o Reesp “inieﬂ'd” gRQUads p &éh\é‘?nél MyFag BlSbl e from
comerci al sources such as Aldrich Chenicals (Mlwaukee, W) or are readily
prepared using nmethods known to those skilled in th ar\tN (e.g., prepared by
nmet hods generally described in Louis F. Fieser an é' Fi eser, Reagents
for Organic Synthesis, v. 1-19, 15 WI ey,, New Yo?ﬂl 67-1999 ed.), or

Bei ! st &i nindppendentihiiunse, m@@ﬂnﬂ@@heﬁ(@ﬁi‘é&% -S0-Ruf1 . edR Sprl nger - Ver | ag,
Berlin, incl ud| ng s%)pl nts (also available via the Bei!stein online

dat abase) N ﬁ%ﬁ N.of Formula | can be prepared using nethods
anal ogousl y'{kno }Nn |n the ar fd}‘ t he production of ethers. The reader's
attention s><dNrected to ¢eRtsNsuch 20as: 1) Hughes, D. L.; Oganic
ReactionS/1L992 42 Ho kem.NJ, Unjyed States; 2) Tikad, A ; Routier, S.;
Akssira, M; Leger J -MI Jarry C ; GlJlIIaurret G Synl ett 2006, 12
1938-42; and F POl &) aareeacivindegprstsindy. Aydrpgen. Baderalieh, Or@2CB8‘|kyl_Q|‘bolla P.;
Collu, G; LodfQnoMRer émb&ﬁhenﬁh%c nd48f thisifdefioqhi ch describe such
reactions in greater detall. W 2010/ 40092PCT/I82010/ 052377 Schene 1
Conmpounds of For nfﬁF)x wherein R2b is H nay be prepared as shown in 5

Schenme 1. In Step unds of Formula C can be prepared via a
condensati on WD 2{]10/ 140092PCT/ 1B2010/ 052377 reacti on of conpounds of
Formula A and the ial conmpound B (Sigma-Aldrich) in a diverse array
of solvents includi ot limted to ethanol, toluene and acetonitrile
at tenperatures rangiffg fron¥'®2C to 130C dependi ng upon the sol vent
utilized for a peri o,ﬁlf\mi 1 to 72 hours. In cases where conpounds of Fornula
A are 5hydrogefischl ori'de or trifluoroacetic acid salts, base nodifiers such
as sogjum acetyafsey gF NFOdi um bi carbonate nmay be added in one to three

equi val ents to neutrali ze the salts. The reaction may be conducted in polar
protic sol ventsissdR)-&sRret hanol and et hanol at tenperatures ranging from
22C to 85C. Typis@adr conditions for this transformation include the use of 3
equi val ents of sodium acetate in ethanol heated at 85C for 3 hours. 10
Conpounds of Rrisly¥ogewsan be prepared via a four-step procedure starting
W th substit utped;on dfl(gﬁf\bstl tuted 4-piperidinone hydrochloride salts (J.

Med. Chem 2004, 47y First these salts are treated with an

approp?i at e aIF?(yI'S ke esrent érr‘qrate or bis(alkyl) dicarbonate in the presence
of excess basex® g fRE&RL BT, XY I BONY! B%-RlblretiISBRYL roTB%oulﬁ@Fnﬂi%a group
is then condensed with tert-but oxycar bonyl hydrazide to ?ormt he

cor r espondi g’ Noeteerataptieastyneerepeaily SeEotyd THoevaeeENRydrasBneheena/at i ve.
This is spghssqHeM széu@‘F\Hfé%’ar&l%réJlﬂs%Bﬁér%fﬁfl)@lm%tlﬂﬂecﬁm\ RrOdreCligsydaydr azi ne
derivative using reduci ngi agent's such as sodi um cygnoborohydri de or sodium
t ri acet ox9196T Yhgaid hateroary rSJéCPHWS ophray pYRsHUIGHWEX F) car bonyl group is

cl eaved under |aGhginer &APSHiMERTA t@@d?n&ﬁmﬁjébfﬂh%qm@fﬁ@ﬁ' c acid or
hydrochloric acid to give conpounds of Fornula A which are
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20typically isolated and used as the corresponding salts (e.qg.,

di hydrochloride salt). In Step 2, conpounds of Fornula D may be prepared
from conpwondey/@boseornul a C via the formation of intermediraBmiddaoni um
salts via the Sandneyer reaction (Conp. Og. Synth., 1991, 6,203) These
salts may be prepared via diazotization of conpounds of Fornmula C with
sodiumnitrite and aqueous acids such as hydrochloric, 25hydrobrom c,

sul furic, nitric, phosphoric and acetic alone or in conbinations. This
reaction is typically carried out in water at OC to 100C. Alternatively,
anhydrous conditions using alkyl nitrites such as tert-butylnitrite with
sol vents such as g@eetonitrile may be utilized (J. Med. Chem 2006, 49,
1562) at tenperaturée nging fromOC to 95C. These di azoni um i nternedi at es
are then allowed t@ reactN with copper salts such 30as copper(l1) brom de,
copper (1) brom de i tribrononet hane to form conpounds of Formula D.
Typi cal conditions ks transformation include the use of
tert-butylnitrite, c er (I ™gnoromi de in acetontrile at 65C for 30 m nutes.
In Step 3, conpounds Formula E may be prepared from conpounds of Formul a
D via the use )is redﬁﬁ?ﬁg agents such as |ithium al um num hydride, sodium
35bor ohydride, | ithi um borohydride, borane-dinethylsulfide,

bor ane-t et r ahydiSd? QF 3R in WD 2010/ 140092PCT/ 1B2010/ 052377 pol ar aprotic
sol vents such ag iroy-ahgdr of uran, diethyl ether, 1,4-dioxane or 1,2-

di met hoxyet hane at tenperatures ranging fromOC to 110C for 1 to 24 hours.
Typi cal condi t18%" "¢l ude the use of borane-di met hyl sul fide in

t et r ahydr of ur &' jghydridgerd;or 14 hours. 5In order to prepare conpounds of
Formula F fromgonpounds of Fornmula E, a cyano group nust be introduced
(Step 4) This Tay® BEAchi eved via a range of conditions. One method of
cyano group i ¥ eduelégen; amy be the use of a copper salt such as copper

cyanide in a ar apratic, solyent such as N, N-dj nmethyl formani de, ),
o el by pol R AR RS Cr o 2 e R S hioRrAC B BHR S'2bb CRNSEna ) bs 10
LI aRIgi ng 1;] Q,flimrzﬂﬁ?et_bg)ai’&ﬁ)@h édglrindeﬁfgg%rﬂ:cy%lﬁgfeﬁ f@ﬁbﬁgeﬁmirﬁiﬁ)g{eﬁ, Whereinei f

\ | t or m de te at (e]8 ours. I.s a.,t ] Ca Jprot oco or
DS 0B e bo b said Rorogi g s parg i St 60 Hith B o A are on 1 o
suchI as petoassi suwagtemdyl@ﬁ@*gagﬁagggu&w;mddim R*conj unct i gn w: th

catal ysts such _as -Cr - U 5 564 nd or . 15 4.etrabut nmoni um
booni e 01° vin3neher SmBommantip Ta qomoun s B e in it B 8 Sp@w Lo Jnen

acet oni t r iMethyiylopiopwt hyl sul f oxi de at tenperatures ranging from22C to 100C

0" s 2o 52 ShoCoBkaRSA B3R fenk it STRA R Eionibpouep B oy o U°°
Commons cy amthgeinslatiésatusasd oha additialay bharnpicodtealagest selettad@omi the geyupni de,

et al " cat SYPELES £57 B BRARIE Pot et e R i SR B PR U R or
pal | adi umagaitaingiitie dileedpides ntitratagide, bepiitsbidd eRE6D0 6 CAS)ND. @aBH&W| OAS
o B AR LR T e

cat al yst sprmylintige, tsseteralneniepti, liray|tiag, isrombichistineporliviat, kxemtidof AODe6BSabove
SR T e T e Tl kA,
copper netatformiheaceamekarile, ci@prpamided dabinese, glibérolaraide odlipizideol vent s such
carried otvbutde aifberdk, el g g Re ABRn g ST aintfs, LEaRTEN: | onal “or

m cr owavetdieadmidg, todaristag teStatiolscartzose, atipodies, 3Baiylidoss!, emiglitate seal ed or
A e ey e A L g P
m cr oRav eefigltazbnbdseigli(azond/mdogliGzens, ra€ifidazehd, trddid2one,| exebtiefs, Bxeratimpounds
of Forml ﬁo&]sq\llj\/gr%{n%i, Peséfva%ol?ﬂgrticlsszﬁe%Fa%t,as?tagl%ftiin,n\ﬁlgag;l%[[in, alogliptin and

saxagliptin.

In another embodiment of the method of this invention, the compounds or
compositions of this invention may be administered in an effective amount for treating a

30  condition selected from the group consisting of hyperlipidemia, Type | diabetes, Type I
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conpounds of Formula I, can be synthesized from conpounds of Formula F via
t he 35M tsunobu reaction. The Mtusunobu reaction has been reviewed in the
synt het i cwowWn02@4®2140092PCT/ 1B2010/ 052377 |l iterature (@Cy/IB20Tveszs77Asi an.

J. 2007, 2, 1340; Eur. J. Og. Chem 2004, 2763; S. Chem Eur. J. 2004, 10,
3130), and many of the synthetic protocols listed in these reviews nmay be
used. The use of M tsunobu reaction protocols utilizing azodi carboxyl ates
such as diethyl azodicarboxylate (DEAD), di-tert-butyl azodi carboxyl ate
(TBAD), diisopropyl 5azodi carboxylate (DI AD) and a phosphi ne reagent such
as triphenyl phosphi ne (PPh3), tributyl phoshine (PBu3) and pol yner supported

tri phenyl piapstebinidit( RGN TREE! Gare)EYpui)Natpiaentsus difssteslina F and a
conmpound of t%eneral st ruct ein X is as defjned for conpounds

ure X-OH, wher ]
of For nul 844!t (58P4e FREY-QP$4tiTYRe 2idabefisd EPPAcXquUihomss) aVRISALHRPEASY ot i ¢
sol vent's sUBAD pédidty st dReBEERE the Widong IMGDY) axaRetriaddreldles alapstetr i | e at
t enper at ur es rang(ljigl?qtfrom 0C to 130C dependi n St‘%}?et he sol vent and

azodi car b8%S/RLR"E p$: LREPNay AfaELIsqaSRd P eI fg5tenoiSAHEf or mat i on are
the use oindAAEMW gehipRsraRRR3ulbndidedbedin@tminatladdEation! miScar@alriffarditn

alternatiye to the Mtsunobu reaction for preparjng conpqounds of Forpula G
wher ei n X{€-@ negrogisgyy aé’PBt"é@)’d’ég]i 8. grost %B@L@%ﬂ? qggg'ﬁﬂrl‘%"fl”,“p?'ée(fg
convert tGRcdse toRraes NIEST)Ofonkifiond binfpalréd fRend plas@s RRIRIsH) gnatabdignesul f onat e
or par at ol yenesuyl phonat e derivati ves usi ng, net hanesul f o

. nyl chloride or
par a- t ol uBHEHT HEIRplS: RIITEIE ehesity. SSiROPPIosiST YP&rigneiR %P@%%‘H‘ége@?f%“?iase such
as n% ri efj hbé!ft?/ﬁhfﬂi@uléfhﬁiérrtgdﬁh ,eperiT)h@ra:I ag&&m@&ﬁ@d@ubi@mh@ ,?fachl%r;hen
(o10) I nea w a Co un ! ener - ) ereln 1S as . detl nef or
conmpoliidsdegeneriRn Cparach HiapRis TRPBIRSRIY. oM HiSRlerasis 1PN HiSABL ALLP L
car bonat ediabetiti nsurdpathy, estal@iic p@idasEe Wynt@ihie RUsremeaigriapsyridedrae,conpounds  of
Formula G wherein § Z, and. R2a are as %e@%j neg f or _conpounds .OL Formula 1.
COnpoundsC‘EfP”%"éS?‘ﬁﬁWt IsRasg,ROPIOR RERPNS-JNIETDEHIS ;3 RGTOSPPTOEs. BYOdifbal kyl and
X, Z and RZactongtrassishafidcheshid atackskpoke)das@fiarfrestendsis, hypdrglycdraiapr epar ed
from conppunds @{'S‘P oxi.dat i.qn of . the @ri mary

Formula FE in three Sli.e S; 1%.
al cohol t BYR&HBSYRPME hyRelliRigemiss Béﬁe&‘é\f%/&%'d&f“' dPSHID L HF1R RS S herre 1)
2) reasti gincede rhaballsee yalditibrst s impslioat gusdbe kasmabtd conaitiéri® @himpaired

organonet al |.i c reagent of the Formul a . wherein Mis Jithium(Li) or

nmagnesi unfﬁ% 9 Bfés’(‘g/ﬁ C?SM’E?S'% ©h Nkij'? dt‘/%il\}/ﬁttlﬁ\?i N gnd EUBIRENSISSHR ohol ~ of

For mul a Jdiswfderssiovt Rtetatiofslaktuladrsive edliti§;Endbthelt ldgeflikation @bt @ppaijed and 3)

reaction of the secondary al cohgl. of Fornul a IJ wWth a henr(])I of the Formul a

X- OH, whel&™ akc?@p'é?é‘cﬁ’ﬁwpﬁ'éﬂo‘? fiPaRyR iPﬁHU%déZB?'”EéF’rﬁ?BOVrOP,rel}'ﬁder M t sunobu

reaction mapathet icomsitidrSirdamBatory bowel disdasSt @peratieSedlieseCrdhn’s disopsy)ads of

Forrrulﬁ H CtaBI ar e Lorged via oxi dation procedures including the use of 1 to

20 eqd? val™@AP'E POVELHUAR%Ed nanganese di oxide in sol vents including but not

limted to di dhladuneetehibodimentahe Ridttiod farthdrexcuisadnidiseongaabcone or in

conbinations for 1 to 72 hours at 2 to 80C.  Alternativel i s ,oxidation

Secan e CUTRRRIOSE RIS o 728 G A6 ion R 2 hads e Rar b SRRt T £ ¥ac i a |

t he presegmp@bnsiMllaQZﬁhﬁlaM—@ﬁ%i?@B’elﬂ:Bﬁﬂﬂ@i Q‘&Qéﬁé’ﬂet&.aﬁehoaﬁd eﬂleiasrtédnents of

2,2,6,6-tetranet hyl pi peri di pe- 1- ox TEMPO)  in dic onet hane qr

chi or of or iaeperibaPL e GrREO iR TORTbE e, s B8 sl o B 5o s, s

Typi cab condpdditns sinaultanbo sy oresegliomtady aodinaarg drée. use of

trichloroi socyanU{i c.,acid i @ th [RLesence of B‘él e%]L{i val ent .of. TEMPO in
S i 19

i
di chl or omet harlB Y&t 384T €50 © BYRROYIE04 P AL St For mul a
| wher ei nménufaciNRSofi smatisamshidontréatin@ahiseasd, cobditipeundisotbr fhat mul a L

wherein X and. R5 e as. defined for d f Formyla | may be
b epar od MeBHeRRd S AR T efp BBt RbaRdesPio RN o (RarafE ¥ by roncts on
wi th an acempowadspotiasefdfin theeprémaratidneoné- ikliRomemti@rthe reatnamt oRbBalsates as

defi ngg for_co gpnds oft For.mul a é.é%%nder reductive am nation 10conditions
(Step9) P2 r%.'yﬁéﬁ'? edygh Sagdiabglos.” org. React. 2002, 59, 1).
Simlarly conpounds of Formula N, wherein R1L is Cl1-C4 al kyl or C3-C6

cycl oal kyBymthesiX, Z, R2a and R5 are as defined for conpounds of Formula I,
may be prepared in two steps fromthe internmediate of Fornula J wherein R1

is Cl-C4 al kyl_or C3-C6 cycl oal kyl , 1), oxidation to the correspondin
ot one of - For it AR T SeaTIsRo. therasion EdnetieseptoiHistow proviie potsiiar ! "9

routes for synthesizing the compounds of the present invention as well as key

14



15 ketone of Formula Mw th an am no conpound of the Fornmula X-NH R5,
wherein X and R5 are as defined for conpounds of Formula I, under reductive
am nat i orwoantvdeas (Step 11). Alternatively conpoundsPofi/iBonod2a’l and
Formula N, wherein R5 is Cl-C4 al kyl nmay be prepared fromthe corresponding
compounds of Formula L, wherein R5 is H, or the correspondi ng conpounds of
Formula N, wherein R5 is H, by alkylation with an 20al kyl halide of Formula
(Cl-&4)-d, (C1-C4)-Br or (C1-C4)-1 in the presence of a base.

Compounds of Fornmula | wherein Y is CHR5 and R2b i s hydrogen may be
prepared as shown in Schenes 2 and 3. Conpounds of Formula R, wherein X, Z

and R2a amgeraeddeds! Wafn%re@@fﬂﬂ@&lﬂélébngf orF-6 tﬁéﬂn@lvidu&%éabl%noé’t@éka"s@éltr@s shown
'n SChemaE)%amplgg fslg(%n%e%;lvc Those sk|Ped in the art WlTlll appremate that olt\#lergynthet%t ep 2 X-P
routes may be used to synthesize the inventive compounds. Although specific starting
materials and reagents are depicted in the schemes and discussed below, other starting
5 materials and reagents can be easily substituted to provide a variety of derivatives
and/or reaction conditions. In addition, many of the compounds prepared by the
methods described below can be further modified in light of this disclosure using
conventional chemistry well known to those skilled in the art.
Compounds of the invention may be synthesized by synthetic routes that include
10  processes analogous to those well-known in the chemical arts, particularly in light of the
description contained herein. The starting materials are generally available from
commercial sources such as Aldrich Chemicals (Milwaukee, WI) or are readily prepared
using methods known to those skilled in the art (e.g., prepared by methods generally
described in Louis F. Fieser and Mary Fieser, Reagents for Organic Synthesis, v. 1-19,
15  Wiley, New York (1967-1999 ed.), or Beilsteins Handbuch der organischen Chemie, 4,

Aufl. ed. Springer-Verlag, Berlin, including supplements (also available via the Beilstein

online database).
The compounds of Formula | can be prepared using methods analogously known
in the art for the production of ethers. The reader’s attention is directed to texts such
20 as: 1) Hughes, D. L.; Organic Reactions 1992, 42 Hoboken, NJ, United States; 2)
Tikad, A.; Routier, S.; Akssira, M.; Leger, J.-M.|; Jarry, C.; Guillaumet, G. Synlett 2006,
12, 1938-42; and 3) Loksha, Y. M.; Globisch, D.; Pedersen, E. B.; La Colla, P.; Collu,
G.; Loddo, R. J. Het. Chem. 2008, 45, 1161-6 which describe such reactions in

greater detail.
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Step 3 I \\ NCNNR2z....... R -- N1IR Z In Step
1 of Schene 2, conpounds of the Fornmula O can be fornmed from al dehydes of
Formul a Bw0=ewm/@ab®e Schene 1) via the use of either di meChgB2010/052377

5(di azonet hyl ) phosphonat e or di met hyl- 1-di azo- 2- oxopr opyl phosphonat e and
bases such as potassium carbonate or potassiumtert-butoxide in solvents

i ncl udi ng net hanol, ethanol or tetrahydrofuran at tenperatures ranging from
-78C to 22C for 0.1 to 24 hours. Typical conditions for this transfornmation
i nclude the use of dinethyl-1-diazo-2- oxopropyl phosphonate and 2
equi val ents of potassi um carbonate in nethanol at 22C 10for 0.75 hour.

In Step 2, conpounds of Fornula Q cg&ghbmefior ned from conpounds of Fornmula O
via a netal -catal yzed Sonaggshira coupling procedure with conmpounds of
general structure X-P wherejn X is—as defined for conpounds o Formul a |
and P is a,halidé orToi oraofiet hsulddpate (triflate). ThéSenogashira
reacti on hay bgen extensi el yB 15 revie \éCheanBQv. 2007, 17\ 874;

Angew. Chem . EdT—2007,—46 834; N - Chemm—mt—Ed. 26@8,Ni§, 6954) ,
and many of the synthet8tepprotocols Idstdd in these revi ewsr? be used for
t he synthesiszof %onpounds of Formul a C{%ZZpically, the use o tal
catalysts in this reaction can be coppery t§lysts such as co r ipdi de
and or palladium catal ysts such as Pd2(dba)3, Pd(PPh3)4, Pd(dppf)d 2 or
Pd(PPh3) 2Cl 2. These catal ysts may be used al one or in any conbi nati on. Base
additives are typically used in this reaction and may ingdide¢ am ne bases
such as diethylamne, triethylam ne, diisopropylethylamne o pyrrolidine
or inorgani c bases such as potassi um carbonate or 5potassi umyfl uoride. The
reactions akg carried out in solvents such as dichl oromet hane, chl oroform

acetonitrile? tol uene or 1, 4-dji@xane with or wthout vi#ex _as an
BN n I\
NN NN N Step 4 N
R2a\{j X-0OH ”e N p R2a\ﬁj
R
,}j Step 5 fj ’T‘
z G E F z E
‘ Step 6
1
R X
. 23 Dy
N J\ J\
NC™ ™\ Step 7 NG N'N Step 9 NG N’N
N
I N N
z z H z L
géﬁgl Step 10
X\ R1 R1 X R1
s " “
5/
N N Step 11 /B
NC™ NC™>\ NG N
N N
| ) N
z K z M > N

Compounds of Formula | wherein R?® is H, may be prepared as shown in

5 Scheme 1. In Step 1, compounds of Formula C can be prepared via a condensation
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additive. The reactions are carried out at tenperatures ranging fromOC to
150C dependi ng on the solvent for tines ranging fromO0.1 to 48 hours.

Typi cal cwodontov@o®2for this transformation include the ®s®/1B101@0823zNd
Pd(PPh3)2C1 2 in DM at 90C for 2 hours. 10Finally, in Step 3 conpounds of
Formula R, wherein X, Z and R2a are as defined for conpounds of Formula I,
can be fornmed from conpounds of Fornula Q via hydrogenation in the presence
of transition netal catalysts. Common catal ysts include the use of 5 - 20%
pal | adi um on carbon or 5 - 20% pal | adi um hydr oxi de on carbon. These
reactions can be conducted in a Parr shaker apparatus or in an H Cube

15hydr ogepaictisioff doRol RFE S ornliaaA gﬁd\mécz;on%éfa)al sOMERIUNG ’Be(nghﬁéiﬁld@if:h)hydr ogen

ranging from 1l to 50 psi in polar solvents such as tetrahérofuran et hyl

acet ate, [Pet W4PISF 2BRY et ?%Yﬁ@lts ineluding ol nat limded & etoanols iglusaeapdr ti nes
rangi ng f pesrofitrile étcreraéeﬁawé§ran§mglf@a{ 22ondi 130 8epeddingtupBn 3hd s¥iVandle t he use
conpound af”ﬁg‘? rmul a

acetate at a flowrate m n through a
ook pal | 2 6 A BBRT 4.6 (1 Dags: BireRHaPSeBaONoHn SOABBUPA T8 set at t he
“full hydhegegen Gdrideng tnfluoroaceho%d"@%tﬁbéé&%dlf@’é@QQ@ai eddili@chtagpar at i on
conpounds SEURQIIRAlS MRERARShN R § MR EIRAPHB LS etz e safis ep 1
A Step 2 e hedtid®may bk conductdd in-polar peotid sBiveMBRACH as metandNind ethanol at
Rz toemlperatures)r(anglng from 22°C to 85°C. Typical conditions for this transformation

include the use of 3 equivalents of sodium acetate in ethanol heated at 85°C for 3 hours.

10 Compounds of Formula A can be prepared via a four-step procedure starting with
substituted or unsubstituted 4-piperidinone hydrochloride salts (J. Med. Chem. 2004, 47,
2180). First these salts are treated with an appropriate alkyl chloroformate or bis(alkyl)
dicarbonate in the presence of excess base to form the corresponding alkyl carbamate.
The ketone group is then condensed with fert-butoxycarbonyl hydrazide to form the

15 corresponding N-(tert-butoxy)carbonyl (BOC) protected hydrazone derivative. This is
subsequently reduced to the corresponding BOC protected hydrazine derivative using
reducing agents such as sodium cyanoborohydride or sodium triacetoxyborohydride.
Finally, the N-(tert-butoxy)carbonyl group is cleaved under acidic conditions such as
trifluoroacetic acid or hydrochloric acid to give compounds of Formula A, which are

20  typically isolated and used as the corresponding salts (e.g., dihydrochloride salt).

In Step 2, compounds of Formula D may be prepared from compounds of
Formula C via the formation of intermediate diazonium salts via the Sandmeyer reaction
(Comp. Org. Synth., 1991, 6, 203) These salts may be prepared via diazotization of
compounds of Formula C with sodium nitrite and aqueous acids such as hydrochloric,

25  hydrobromic, sulfuric, nitric, phosphoric and acetic alone or in combinations. This
reaction is typically carried out in water at 0°C to 100°C. Alternatively, anhydrous
conditions using alkyl nitrites such as tert-butylnitrite with solvents such as acetonitrile
may be utilized (J. Med. Chem. 2006, 49, 1562) at temperatures ranging from 0°C to
95°C. These diazonium intermediates are then allowed to react with copper salts such

30  as copper(ll) bromide, copper(l) bromide or with tribromomethane to form compounds
of Formula D. Typical conditions for this transformation include the use of fert-butylnitrite,
copper(ll) bromide in acetontrile at 65°C for 30 minutes.

In Step 3, compounds of Formula E may be prepared from compounds of
Formula D via the use of reducing agents such as lithium aluminum hydride, sodium

35  borohydride, lithium borohydride, borane-dimethylsulfide, borane-tetrahydrofuran in
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W1l Z In Step 1 of Schene 3, conpounds of Fornula F (see al so Schene
2) can bewOnewrwooi t h reagents such as phosphorus tri bPORIBE®1G0528Er bon
tetrabrom de and 5 triphenyl phosphine to give conpounds of Formula S. In
Step 2, conpounds of Formula S are then allowed to react with

tri phenyl phosphine in solvents such as dichl oronet hane, chl orof orm

t ol uene, benzene, tetrahydrofuran (THF) or acetonitrile to give

tri phenyl phosphonium salts of Forrmula T. The salts of Fornmula T, are then
conbi ned with carbonyl conpounds of Formula U, where X and R5 are as

defined f polad&srofsniss QfchFRrekdidiofuran, diGByiRtesenagiidanhase2- such as
n-butyl lithium sodi um bi s%tri met hyl si |yl bgm de, Lithium ,

bi St 11 me AP SRBRALEPEEIUES AN SR Pt FPSifoyd 1o AWrs TYPiehi um
di i sopr opybrfions indudeahy 884 &f soishe-dimeliyisulidicat ydaaydiefural atl;0dc dbropgane, to
yi el d al kene conpounds of Fornula V, which are typically isolated as

mi xtures BPUE and Z geonetric isoners (Step 3). This reaction, commonly
known as the 1hWddrit@pebeld ddvaigoands eardrind, F hiés deapBun@vbferurdurd, ensi vel y

|2802,he 1'_ Ilt?}?arngitggéqepbr%ghﬁg in%%ﬁ{gp& ?gtg? ﬂ?%big%?a%/; beNabc%?ervgd %rab %rr%!a og e fination
conditions. One method of cyano group introduction may be the use of a copper salt
such as copper cyanide in a polar aprotic solvent such as N,N-dimethylformamide
(DMF), N-methylpyrrolidinone (NMP), N,N-dimethylacetamide (DMA) at temperatures

10 ranging from 22°C to 200°C for 1 to 24 hours. Copper cyanide in N,N-
dimethylformamide heated at 165°C for 5 hours is a typical protocol for this
transformation.

Alternatively in Step 4, alkali cyanide salts such as potassium or sodium cyanide
may be used in conjunction with catalysts such as 18-crown-6 (US2005020564) and or

15  tetrabutylammonium bromide (J. Med. Chem. 2003, 46, 1144) in polar aprotic solvents
such acetonitrile and dimethylsulfoxide at temperatures ranging from 22°C to 100°C for
the addition of a cyano group to this template.

Finally, the use of metal catalysis is common for the transformation depicted in
Step 4. Common cyanide salts used in catalytic procedures include zinc cyanide,

20  copper cyanide, sodium cyanide, and potassium hexacyanoferrate (II). The metal
catalysts can be copper catalysts such as copper iodide and or palladium catalysts such
as tris(dibenzylideneacetone)dipalladium (Pdy(dba)s), palladium tetrakis-
triphenylphosphine (Pd(PPhs)s), or dichloro(diphenyl-phosphinoferrocene)-palladium
(Pd(dppf)Cl,). These catalysts may be used alone or in any combination with any of the

25  above cyanide salts. To these reactions may be added ligands such as 1,1'-
bis(diphenylphosphino)-ferrocene (dppf) or metal additives such as zinc or copper metal.
The reactions are carried out in polar aprotic solvents such as NMP, DMF, DMA with or
without water as an additive. The reactions are carried out at temperatures ranging from
22°C to 150°C via conventional or microwave heating for 1 to 48 hours and may be

30 conducted in a sealed or non-sealed reaction vessel. Typical conditions for Step 4
include the use of zinc cyanide, Pdy(dba)s, dppf, and zinc dustin DMA heated at 120°C
in a microwave for 1 hour (J. Med. Chem. 2005, 48, 1132).

In Step 5, compounds of Formula G, wherein X, Z and R? are as defined for
compounds of Formula I, can be synthesized from compounds of Formula F via the

35  Mitsunobu reaction. The Mitusunobu reaction has been reviewed in the synthetic
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In Step 4, compounds of Formula W wherein X, Z, R2a and R5 are as defined
for conpounds of Fornula I, are forned from conpounds of Forrmula V via

hydr ogenaw0an102@0092t he presence of transition netal cat@CyaBx10/Garmon

catal ysts include the use of 5 - 20% pall adiumon carbon or 5 - 20%

pal | adi um hydr oxi de on carbon. These reactions can be conducted in a
simlar manner as described for Step 3 of Schene 2. Alternatively conpounds
of Formula W wherein X, Z, and R2a are as defined for conmpounds of Fornul a
|, may be prepared from al dehydes of Forrmula H via Wttig 5reaction with
tri phenyl phosphonium salts of Fornmula AA (Step 5, Schene 3). As for Step 3,
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converte 0 mul a n y s an a are as
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conpoundsciglbrideq Fegpkativie)y, Inathe brdsentdef Shddehrsh 3s trestignaradelonpylidsd. Theep. For

exanpl e, Yr@e?r%e&%tei sSuI%(r?aztg?e’ster is then combined with a compound of general X-OH,

wherein X is as defined for compounds of Formula I, in the presence of a base such as

20  potassium carbonate, sodium hydride, or potassium tert-butoxide to yield compounds of
Formula G, wherein X, Z, and R* are as defined for compounds of Formula I.

Compounds of Formula K, wherein R' is C-C; alkyl or C3-Cg cycloalkyl and X, Z
and R* are as defined for compounds of Formula |, may be prepared from compounds
of Formula F in three Steps: 1) oxidation of the primary alcohol to the corresponding

25 aldehyde of Formula H (Step 6, Scheme 1), 2) reaction of the aldehyde intermediate of
Formula H with an organometallic reagent of the Formula R'M, wherein M is lithium (Li)
or magnesium halide (MgCl, MgBr or Mgl) to provide a secondary alcohol of Formula J,
wherein R' is C-C; alkyl or C3-Cg cycloalkyl (Step 7), and 3) reaction of the secondary
alcohol of Formula J with a phenol of the Formula X-OH, wherein X is as defined for

30 compounds of Formula |, under Mitsunobu reaction conditions (Step 8).

In Step 6 (Scheme 1), compounds of Formula H can are formed via oxidation
procedures including the use of 1 to 20 equivalents of activated manganese dioxide in
solvents including but not limited to dichloromethane, acetonitrile, hexane or acetone
alone or in combinations for 1 to 72 hours at 22°C to 80°C. Alternatively, this oxidation

35 can be conducted with 1 to 3 equivalents of trichloroisocyanuric acid in the presence of
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the SO2R7 group may be in fornmed in the |ast step by oxidation of the
correspondi ng conpound bearing a substituent of general fornula S R7.
Conmpoundswof2ofearsmaska | wherein R2a and R2b are fl uoro mrgThB20p0/032a772d
according to sequences anal ogous to those shown in Schemes 1, 2 and 3
starting with 53, 3-di fl uoro-4, 4-di hydroxy 1-piperidine carboxylic acid

1, 1-di nethyl ethyl ester (WO 2008121687). In a manner simlar to that
described for the preparation of internmediates of formula A in Schene 1,
this material may be converted to hydrazi ne dervatives of fornula DD, which
are then used simlarly to the internediates of formula Ain Schene 1 for
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15specific stereoi soners may be synthesized by using an optically active
starting material, by asymmetric synthesis using optically active reagents,
substrat es0 20ei@bopst s or sol vents, or by converting onePSTABEO)/BTAEY i nto
the other by asymmetric transformation. The present invention also enbraces
i sotopi cal |l y-1abel ed conpounds of the present invention which are identical
to those recited herein, but for the fact that one or 20 nore atons are
repl aced by an atom having an atom c nmass or mass nunber different fromthe
atom ¢ mass or mass nunber usually found in nature. Exanples of isotopes
that can be incorporated into conpounds of the invention include isotopes
of hydrogen, carbon, nitrogen, oxygeghemBasphorus, sulfur, fluorine,

i odi ne, and chlorine, such as 2H, 3H, 110, 130, 140, 13N, 15N, 150, 170,
180, 31F, 32F, 35s, 18F, 1231, 1251 and 36Ch respectively. 25Certain

i sot opi cal | y-1abel ed c8fpounds of the presenﬁNinvention (e.g., those

| abeled with 3H and 14C) pare useful iq conpoun nd/ or substrate tissue

di stribution assays. Tl % I edi | i gands i ncl udi ng
tritium 14C, (-; 35S qu:%§51 coul d be useful ¥n radioligand binding

assays. Tritiated (i.e., [3H)] and carbon- 14 B#. Ny 14C) isotopes are
particularly preferred forytheir ease of preparation and detectability.
30Further, substitution wij{h heavier isotopes shch gs deuterium(i.e., 2H)
may afford certain therapeuti & advantages resulZing from greater metabolic
stability (e.g., increased in vivo half-life or reduced dosage
requi renents) and hence nmay be preferred in so ci rcunst ances. Positron
emtting isotopes such as 150, 13N, 11-, k and 18F are useful for
positron em ssion tonography (PET) studiesf*?ze arfi he recept or occupancy.
35l sotopically | abel ed conpounds of the present|invention can generally be
prepared by WD 2010/ 140092PCT/ 1B2010/ 052377 f okl owi ng procedures anal ogous
to those disclosed in the Schenes and/or in the Exanples herein bel ow, by
substituting an isotopicatly | abeled reagent for a non-isotopically |abeled
reagent. Certain conpounds of the present inventlon may exist in nore than
one crystal 5 form (gener&lly referP®¥3to as "polxmor phs"). Pol ynorphs may
be prepared by crystallizayipn under various condifivns, for exanple, using
di fferent solvents or did Ant sol vent m xt ur e ’Nrecrystallization;
crystallization at diffﬁgen t enper at ur es; andlgggiijious nodes of cooli ng,
0

rangi ng fromvery fast eny slow cooling during crystallization.

Pol ynor phs nay al so be obtaiAed by heating or nel ty t he conpound 100of the
present invention followed Dy gRadual or fast coolijhg. dhe presence of

pol ynmor phs may be det er ni ned by solid probe NVR spectroscopy, IR
spectroscopy, |distéet ehstraimesz,annipogndsabidhée Aeiniya Opeanter foreddyordi f f ract i on
or such other techpiques,, Medica es ounds of th esent invention
modul at e eHENEE R0 PSR HSEE R ahTBR AT B RS P o BT s cuch.  sai o
conpounds (cdazemestef yphospbbnitb@r dincgiingd 1adia zo-2-08o fropaphsphoradte dhdbases, such as
di abetes, in whi a ont.ributes . to tHe patEoI gy or

h th i Vi f GPR11
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phargggeg&*ﬁgkﬁgonposition cont ai ni ng such conmpound. The netabolic di seases
abol i

and elat ed disorders are sel ect ed from but not limted to,
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structure X-P wherein X is as defined for compounds of Formula | and P is a halide or
trifluoromethsulfonate (triflate). The Sonogashira reaction has been extensively
15 reviewed (Chem. Rev. 2007, 107, 874; Angew. Chem. Int. Ed. 2007, 46, 834; Angew.
Chem. Int. Ed. 2008, 47, 6954), and many of the synthetic protocols listed in these
reviews may be used for the synthesis of compounds of Formula Q. Typically, the use

of metal catalysts in this reaction can be copper catalysts such as copper iodide and or
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25Type 2 di abetes (EOD), youth-onset atypical diabetes (YOAD), maturity
onset diabetes of the young (MOXDY), malnutrition-rel ated diabetes,

gest at i oD 2dicatdeioes, coronary heart di sease, ischem c PCTAR®10/0BITENOSI S
after angi opl asty, peripheral vascul ar disease, intermttent claudication,
nyocardi al infarction (e.g. necrosis and apoptosis), dyslipidem a,
post-prandial |ipem a, conditions of inpaired glucose tolerance (IGQGI),
30conditions of inpaired fasting plasma glucose, netabolic acidosis,
ketosis, arthritis, obesity, osteoporosis, hypertension, congestive heart
failure, left ventricular hypertrophy, peripheral arterial disease,
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G protein- upl ed R119. This a unt C upon t he
part1 cul apoTeBa g Semanid s e copectneip T orno Sl aGrE RN g o s

di sease/ ceaeot 1 amlmrnhleropgrﬁ b e, pdllagiupadrt ¢a:rud>racartmgp©um|®b Hetubg febm ni st er ed,
the r Hte of hatllﬂ1 and t ﬁ £resence of ot her underlying disease
stat es”wi PR ﬁéetpaj 1! MY Oe i iNS 540 ni st ered systenmically, the
conpounds t ypiSchlehme Cem\/\ksl rhethbes for erfp&emaraﬂoreofdms‘@gendmg%rmhlafwom about

0.1 no/kg/ [ kgl day . f d dit
i stod abtlReRRart L FOLRaaIT 3 e PP U el RYader rabl o and i i1

vary according to the conditions outlined above. The conpounds of the
present invention nay be adm nistered by a variety of 30 routes. They may
be adm nistered orally. The conpounds nmay al so be adm nistered parenterally
(i.e., subcutaneously, intravenously, intranuscularly, intraperitoneally,

or intrathecally), rectally, or topically. Co-Adm nistration The
conpounds of this invention may al so be used in conjunction with other

phar maceuti cal agents for the treatnent of the diseases, conditions and/or
di sorders described herein. Therefore, nethods of treatnent that include
adm ni stering conpounds of the present invention in conbination w th other
pharmaceutical agents 5are al so provided. Suitable pharmaceutical agents
that may be used in conbination with the conpounds of the present invention
i nclude anti-obesity agents (including appetite suppressants),

anti-di abetic agents, anti-hyperglycemc agents, lipid | owering agents, and
anti - hypertensi ve agents.
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Suitabl e anti-diabetic agents include an acetyl - CoA carboxyl ase-2 (ACC 2)
10i nhibitor, a diacylglycerol 0O-acyltransferase 1 (DGAT-1) inhibitor, a
phosphodiwetercaeos¢ PDE) - 10 i nhi bitor, a sul fonyl urea (ePgT/ABzaedAEXamM de,
chl or propam de, di abi nese, glibenclam de, glipizide, glyburide,
glinmepiride, gliclazide, glipentide, gliquidone, glisolamde, tolazam de,
and tol butam de), a neglitinide, an a-anylase inhibitor (e.g., tendam stat,
trestatin and AL-3688), an a-glucoside hydrol ase inhibitor (e.g.,

acar bose), 15an a-glucosidase inhibitor (e.g., adiposine, camglibose,
emglitate, mglitol, voglibose, pradimcin-Q and salbostatin), a PPARy
agoni st (e.g., balaglitazone, ciglitagkeme3 darglitazone, englitazone,

i saglitazone, pioglitazone, rosiglitazone and troglitazone) v PPAR a/y
agoni st (e. gOH CLX- 0940, GWM 1536, o@d¥ 1929, GWM Z133, KRP- 297, 1496449,
LR-90, MK- Oé%\?nd SB-219994), a bi gyagi de (e. g8 PPhetform n)/ a gl ucagon-

201 i ke pepti W (GLP-1) agonist (-9, .Nexendi sangh exendi n—4), a protein
tyrosi ne pleosphat ase- 1B (PTP-1B) | gpi |tor (—e—g—t—#ed-u qye '/néN hyrti osal
extract, aged donpounds di scl osed g, Ster&l ., Drug DiNscovery
Today, 12(9/0)} 373-381 (2007)), i |nh| bi t or (e.g., R atrol), a

di peptidyl p i dease |V (DPP-1V) |nhl\‘b|tor (e.g., sit gllpt n,
vildagliptin, lal 6gliptin and saxaglip€in) an i nsul i p/secr eat agogue, a
fatty 25acid oxidation inhibitor, an A2 antagonist,7a c-jun |am n¥-t er m nal
ki nase (JNK) ilnhibitor, insulin, an insulin m netjic, a glycdgen

phosphoryl ase iS@PI bi tor a VPAC2 receptor %géjpl and a SGAJT2 i nhibitor
(sodi um dependent gl ucose transporter inhi slch astedapagl i fl ozi n,
etc). Preferred anti-diabetic agents are netform rngsand DPP-1}V i nhi bitors
(e.g., sitagliptin, vildagliptin, alogliptin andusaxagliptin). 30Suitable
anti-obesity Bagents include 1113- Ghﬁjr oxy /teroi d dehydroge sg? 1 (1113 HSD

type 1) mhqj%i(‘)rs st ear oyl - CoA B §’&Iurase 1 (SCD- 1) i nhi bi

agoni sts, chofekyst oksgpm- A ( CCK- AN\ agoni sts, nonoani ne reu ake i nh| b| tors
(such as HNGU m'.‘?{m-rrej,—swrparhom meyi § agents, 133 adrener oni st s,
dopam ne agenikts (such as brono®¢Tpkihe), nel anocyte-sti'Mul aki ng hor none
anal ogs, 5 c 3agoni sts, 35mel anire cancentrati ng hornone &l oni st s,
leptin (the rotein), leptin andl ogs, Ieptin agonists, gglanin

ant agoni sts, |§pase inhibitors (suc N s tretrahydrolipstatin, ~hTew
orlistat), anorectic agents (such asya bonbesin agoni st), neufopeptl de-Y
antagoni sts (e.qg., NPY_ Y5 antagonists), PYY3 36(including anal ogs thereof),
thyrom netic d5&s’ otRREMOS FHOAREHBY fFRBuB e 81881 G MRy saf be

gl UCOCOVttr&é’tbG‘mﬁB%‘ég’%ﬁw% &foh%B%G%H&G&rubu%%@éb%a@%rﬁ@%br%ﬁﬁde gHdicagon-1i ke
peptide-1 onists, ciliary neurotrophic factors (such as Axoki neTM

avai | abl etrnogawlmtp@eh@e%glma@ma@émsloéﬁpgnu'@ Re N Ster 2 PeBRAUNIROT I BRoct er &

Canbl e CoBRAgihen dIIBREN RAYebet VR triphHTRRO @@mgin doRlcAlsadoRESt ei n (AGRP)
i nhi bi tors ghr elin ant agom sts, histam ne ant agoni sts or inverse

agoni st s, diBIGFsMRIEANE. Chiagieims tduengr beNgssS tPPiﬁhMS*lerBrraé‘ (feFyor acgipnitdlertect i ve

MI'P i nhi b%;'ﬂ/@ﬁrﬁ)heﬁﬁﬁﬁbsbﬂéﬁuﬁﬁl JatobAPhHRla TOPhOkSltsAdHFREAMB I arddtheXi N
ant agoni s Preferred anti-obesity agents for use in

the combi AAPPBeM wip earoenycompaunsised rfmulab MteshX iane IRu dee @%Ifjefg@ldé‘értl ve MIP
i nhi biy or gorhSouhds oﬂFbﬂnﬂIlaﬁpllrd@]egﬂééernéé aPb#iRsaleh hdRlbutydiida, sddrf918 (CAS No.
403987) and CAS No CCKa a oni sts

N- benzy1- E'S{tametfwﬂlw.)éald%“W%Pﬁf}r'meﬁww laim?ﬂnéh%ﬂssws di hydro-2, 3, 6, 10b-
15tetraaz @rs@@rﬂét‘h%\oilﬁ)é%@orﬁrtbiu% d\bép’“‘r @ﬁwbwrag&\v@m SR hARSTHE, Qi‘ﬂéihyléthé’m

Publ i cati on 16034 or ubl i cation . 2005- 0267100 Al ),
5HT2c agofli t«liqxang. to viest @5@&@%9%@?@‘ ERBWISY: V(/fécfgare t&@ﬁ%bftﬁfﬂ@e@ié%cn bed
in US 6, 8ABtGBEbf ElohB olrrrelmchls@rﬁérs((steq) 3) fias rédcﬁ@ratcbmn% Qs tHsed

her ei n "PYY3 36" includes anal ogs, such pegl at ed t hose

descr ithed{ItHT O Tippian reagtionnhasdeing ?WS!’!@@?X"GBW%Y g tQ@élW{%@@r{icé’P% 5@
nal t r exon§ygg, Goegsa: MstleFrPOEboRADDIhatidS 008431 117 2lebigBArMedhdrh. dcgg(vTNB0338)
pramintide (Sym i n(r)) t esof ensi ne (NS2330), leptin, liragluti de,

br onocri pf‘?fﬁ% orlistat, exenatide (ByettaQ,6 AOD 9604 (CAS No.

221231-10-3) aﬁ@téd blﬂohﬁtﬁun@s offrcpingan| wher@mrm@mﬁ%am‘ Rt he R RFHAEd for
i nventi on and conbi nati on theroggl es are admnistered in conjunction with

exer ci se SPAPYINGS 98 FBInaI3y|. @fe fosgag fromcoppouRgHRfd W’@H‘at\étﬂ'alby@"’gﬁ%ﬁt@ﬁt s and
publ i cat i pNAe prRehEOMRPAGHDE thet cBialyskY CHRhrRbE bSEIysBhadNRCOYULS 8t 5 -
Formul ati ons The present invention al so provides pharnmaceuti cal
conposi ti ons whi ch 30conprise a therap&itically effective amount of a
conpound, or a pharmaceutically



acceptable salt thereof, in adm xture with at |east one pharmaceutically
accept abl e exci pient. The conpositions include those in a form adapted for
oral, topwoabilooroarenteral use and can be used for thePCrantoreni23of

di abetes and rel ated conditions as descri bed above. WO

2010/ 140092PCT/ 1B2010/ 052377 The conposition can be fornul ated for
adm ni stration by any route known in the art, such as subdernal

i nhal ation, oral, topical, parenteral, etc. The conpositions may be in any
formknown in the art, including but not limted to tablets, capsules,
powders, granul es, |ozenges, or liquid preparations, such as oral or

sterile paoRHa@s@lmIAl dadNS F0r 26% WaPgdisth ®ij8roxide on cafstdl Bhéserddctiompsul es
for oral admi nistration may be in unit dgose presentation faorm and nmay

contain cBHVBHEPBINGIEddX 8 SHiEh MaNBEIcEs SRSCHPGRION GieRgbAtRCNeMSr2- exanpl e syr up,
?caci a, gFI alt | KtersedivBly ttOnpotii RAAFBhila vcﬁ,rwrm'biwd, zy by RéAdré ﬁ@ﬂ@ﬁne{;jifbﬁ Ier S,

or exanpl e act os suqgarl , | ze-st ar , C clum oSsp te, ornito or
gl yci ne; FYBPR/NIS ﬁgFPrﬁBﬁ?L q’?’,e repyed @9%8‘?3‘3’{4%9@@@%@# é(&r‘&tt@, tal c,
pol yet mt/) : ﬂd’é@tiﬂ wmlripﬁén}?Mdsﬁlﬁ’%ni@h s,iarf% @rgxcﬁ;:ﬁma,A/lﬁ (Ete;?&ﬂS?{eﬁnd_?_ﬁ)t A% %gist ?r ch; or
accepta we I.Nn agents sucC as sodadlum | aur Su . ne taplets nmay
be coat edgk?@é%ﬂ% e RArofHesPlkRaeI CoORPGMAAY *f '%I%WH'&I\R fecal
practi ce. tyrcally isbigtddhshiRiaébfi DA Ag¥ometric fsdntes, faomaf be Esrvepsatpl e,

aqueous or oily 15suspensjons, solutions, enpul sions, syrups or elixirs, or
oy b pr EXBRRUE AL ST o PRI X r <y SR8 T o PRIl PHETRRUPoPT of her
sui t ablt e v@mlﬁéa g_b?ﬁhﬁl@rrogeh@%ﬂ B salisi o Fotnia madrt@.bb@mdnw sﬁmlmraia‘mneq |
conventil o aadl 1l ves, SsucC as us I Ng agents, or exa e sorpitol,
et Iy 10 el PESE 1 e BOSTG B FURLIR | 15 )ty 6t hgicogsmpueconol

car boxynmetdik beshiiebas eubstlqusntiteadiion WetanasHng®hosphidey dr ogenat ed edi bl e

fats, 20emulsifyin epts, for_exanmple |ecithi bi t g, nonool eate, or
acaci a; non- aqéfé'[%g"@gﬁ?%?rgy? &ﬁisﬁﬂ"qﬁﬁﬁlo?"’nl@’}‘ﬁr&@n%’dﬁ3{1@”8%]25)a,re r exanpl e
al mond oi Hefinedlfyr @MpUAIS ticforagiad| yAetd prepiedmovheseogtiyg@lcohols oet hy

Corbic achomah CaeSeeie Lt BRveAtsie Misboriy ) Hare 16 ahenc s,

25For 1par ssguenads sichitanto sidsatshewn if BchaindBi Corflemsageoficompsuad LoffRogpalaed

tilizi t d d . teril j.cl _wat er . bej f d, Th
conpoune BB AR Ao Bha e leledy MiuSearoF R BLBR HS SHhSl  nov
suspendedfopiuldi XS Sel0 athetdin Khieay edineddoradongicnads stFdrallad, prolvidentikehds

preparing | utions,,.the c ound n _be dissol ved, i.n ter for injection
B 111 of B PO kiR EoRTR Chemen pls pecta el e B SecBhsbul o and
30seal i ngketdabsadttRaga kM with 3gkenbdithes yeteraisstluoiad XaTtesPbief BCSThealkesgsvat i ves
and byffer] agents etc. can di ssolved in th hi cl e. hance t he
ot b P01y o Ee SRR e 1o sOR e 40 PRaDRI Bprryie PEny PP RCHd A and

t he wat er Rfeare ve defimstiefor yanpaunds BhEordiwa |, pophdloyeediopowder is then seal ed
in the vial and an acconpgnying vial of water gpr i njection may be supplied
to reconstitute the liquidyprior to use. Parent'@ral suspensions 3b5are
prepared in substantial lzy—{ he sane manner excgp{ that the conpound is
suspended in the vehicle ihagtead of being disso \d and sterilization
cannot be acconplished Ryp&{ L kration. The co dncan be sterilized by
exposure to ethyl ene oxide fore suspendi ng ig the sterile vehicle.

Advant ageousl y, a surfact r wetting agent Ri cluded in the
conposition to facilitate ynijormdistribution af tlhhe conmpound. 5The
conpositions may contain, fdf eRXBnple, from aboutN0. P%to about 99 by

wei ght, of the active materi4al, depending on the #ethod of adm nistration.
Where the conpositions conprise dosage units, each unit will contain, for
exanple, fromabout 0.1 to 900 ng of the active ingredient, nore typically
from1l ng to J8GAHINMstgncanHds passiirstoaharge therprderrpt BiErs shawin ix sehemss
adm npstr ats ¢ 0 ent 'dﬁ§%' iR gﬁﬁég ry
nedic?ﬁe,@ﬁigg%gpggg%a%?%’@ﬁﬁ@?ﬁgﬁ%ﬁgyg?g %tlc(gggnts. gﬁ@ﬁgnet oﬂg are
known i n gieepentthaRyarele éngas ihesasiaien. »ed inypading the order in which Steps 4 and

5 are carried out. Also, in certain cases, it is preferable to introduce or modify

substituents R® on the group X (wherein R® and X are as defined for compounds of

Formula 1) later in the synthesis, even as the last step. For example, when R%is SO.R,
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For a nore detail ed discussion regarding the preparation of such

formul ations; the reader's attention is directed to Rem ngton"s

Phar macewocalo/i8ei9ences, 21st Edition, by University of PCHABSa0/e5268Ts in

Phi | adel phi a. 15Enbodi nents of the present invention are illustrated by the
foll owi ng Exanples. It is to be understood, however, that the enbodi nents
of the invention are not limted to the specific details of these Exanples,
as other variations thereof will be known, or apparent in |ight of the

i nstant disclosure, to one of ordinary skill in the art. 20EXAMPLES

Unl ess specified otherwi se, starting materials are generally available from

comer ci athe SYRE @Fo @y BS wNoEIﬁéd:h thé1 Rt s13p By GRidatid brmeIk@Resp¥iiding Lancast er
Synt hesis, Inc. (Wndha NH), Acros Or%anl cs (;Fairlawm, NJ), Maybridge

Cheni cal @SHHB%W et aé%ﬁw\"%\tp“g@?@'é gidla gy Jer Scientific (Princeton,
NJ), and AstraZghssim d86Ph@ﬁrma:auh¢r@mlF§aéh@Rﬂme ﬂEB@J rﬁﬁ}dbe phdplatdanckr odt

Baker (Philli sbu . E G bbs i ment al
Pr ocedur eéccoré)”g t%‘%‘iﬁ“@ %qnglq%@p%tor é %lbod"”dﬂ S&“Q/HP? ém;glﬁ‘? {3 ?taﬁ\ﬂ%ﬂé‘
é D|G402|5i3 B,BQbm)on?m,45&19yo(r&§5{19rpt5n¢1h@g@rboxyu@tab.davaulnaéahﬁetﬁmgtevar i ant I ncI
al o o] r erature respectively
for prot owgﬁé@@%&%&@rﬁ gnnedisinpitag ?%%ét %F'Q%f@ﬂtherprﬁ%@r?téorb@cr mllion

(del ta) rphabedRidsf femiudUain SEHenM, this nieridl eyl coneédEeiatydrakine peak

hape ar denot e OWs: , in let:; d, doublet; dd, do et of
Goapr ot 2 feraes oyl Tt hien Srehemibed sty 1BINe BlsmiSiaiengy Brvss. ¢ o

si ngl et's. AA BBSENEN if6r tE BREPEFRion BEEBrHSAUNHE BF Edrniul| WErsinSpe ahd &2 48C ) Were
obtained gn a Waters TM Spectroneter (M cromass ZND, carrier gas: nitrogen)
(avallgbI@“¥Pon1waters Corp., MIford, MA, USA) with a flowrate of 0.3
L/ mnute and utilizing a 50:50 mater/m@etonltrlle el uent system
El ectrospray ionization nass spec;F r&N(ES) were 5 obtained on a |iquid
chr omat ogr aphy mass spectroneter Waters TM (M cromass ZQ or ZND
instrunent (carrier gas: nitrogen¥ ers Corp., MIford, MA USA)
utilizing a gradient of 95:5 - 0:100Natl? in acetonitrile with 0.01%
form c acid added to each solvent. THese instrunents utilized a Varian
Polaris 5 C18-A20x2. 0mm colum (Varian Inc., Palo Alto, CA) at flow rates
of 1nmL/mnute for 3.75 mnutes or 2 nb/mnute for 1.95 10m nutes. Col umm
chr omat ogr aphy was perforned using silica gel with either Flash 40 Bi otage
TM colums (I SC, Inc., Shelton, CT) or Biotage TM SNAP cartridge KPsil or
Redi sep Rf si lA%ia r¢ddilp apirareeidpeeeiskided indbg atnefeteckon eiggentedteeivnaidy
Prepar at i : I *

téee.%!r'gﬁﬁamsgﬁf d%fg‘%@ gféf e AnafiiiES ﬁmag bBHebObLWN T@r%e?m)crormss

phot odi od ters mass trometer (Waters
ZQ det ecsidrpreichianeyill varyalepending ommeowa/tmewf\bmreﬁmfmpwamytamdahe/\at ers

2795 Al i é&mldﬁé’loﬂh%r prép Sl fe |§Jtag%l%?%t989§%btﬂgemﬁrﬁ , single
quadr upol e mass and eva orative l'ight scatteri ction sche

Concent r atncyde |aﬁetvlatfu|doﬁ0éﬁ‘étv|s Howoxeapenyl (B@C)o&ergwpvmqud&’azr) @dd: 8ed
pressure gQushiGefyleRt y¥ar%}6ﬁﬁ?#®59)r Slmllarly, a RS- &5@? %&oﬁ%u&%%egrees

chem cal reactions were t enper at'ure
Cel si us). aAubﬁltuthpfe@bydfpmrﬂu@&ahbbé@ @mﬂﬁe@wthebﬂ&@xﬁnacma@yr un under an

at mospher @F@Jbl@h}wrmﬂrotgéiﬁﬁ‘@%\@%ﬁg ogﬁgr‘;t%xample aTﬂeacEértﬁ%l ce of the

i nvention or the treatment ed'b oni t activation
of G pPot benyvE®am- @@thpéxct@ptzudrtrl@ﬁ]ﬂﬂ!@*\%lkﬂﬂb@ﬁ@@hﬁ)ﬂ@@f protes omvémdllan can be

evi dencedd@&érrﬁﬁﬁé ¥y b¥e blﬂllé&ﬂﬁ tHH ar‘imﬁ& ePE;eﬂe*f'ﬁ éifeg&ﬁ}tub%@bro?e%ﬁﬁg’ §r0@§§ Ghd bed
herein bel ow. The source of P ¥ provi n_parent hesi OIn-Vitro
Funct i onatheidisaysee T. W. Greene, Pro ective Groups in Organic Svnthe3|s John Wiley &

Sons, New York, 1991.

As noted above, some of the compounds of this invention are acidic and they

25  form salts with pharmaceutically acceptable cations. Some of the compounds of this
invention are basic and form salts with pharmaceutically acceptable anions. All such
salts are within the scope of this invention and they can be prepared by conventional
methods such as combining the acidic and basic entities, usually in a stoichiometric

ratio, in either an aqueous, non-aqueous or partially aqueous medium, as appropriate.
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R-l actamase: The assay for GPR119 agonists utilizes a cell-based (hGPR119
HEK293- CRE bet a-| act anase) reporter construct where agonist activation
of human VEBRALA4D®235coupl ed t o beta-| act amase producti @aTAB21&0%29T1 | ¢ AVP
response elenment (CRE). GPR119 activity is then measured utilizing a

FRET- enabl ed bet a-1 actamase substrate, CCF4- AM (Live Bl azer FRET-B/ G
Loading kit, Invitrogen cat # K1027). Specifically, hGPR119- HEK- CRE-

beta-|l actamase cells (Invitrogen 2.5 x 107/ nm.) were renoved fromliquid
nitrogen storage, and diluted in plating medi um 5(Dul becco's nodified Eagl e
medi um hi gh gl ucose (DMEM G bco Cat # 11995-065), 10% heat inactivated

fetal bovrrn@sélgraméddk@lase.tﬁergwefn@ton J&b@@tatuom.m\m&m@mm”b%dam no
acids (G bco Cat # 15630- 08%31‘({ 25 M HEPES pH 7 g%)co Cat #15630- 080),

200 nM poPWEALRA: @V&\‘i@ﬂ%ﬁ%& RG JRPENEA" 1B ”@w&)"fa Usep|utiegh%nt r at i on

was adj usry@ghm@tuag, &&:{dprcﬁﬁr@td Mo EBApOURGRHe BBtalfied rrObry@tfalllh@fcﬁfmCaﬂcbrdlng
1OSuspenS| on ((:?5,%1 i A viablecells) was added i nto each V\@ of a bl ack,
|“§ﬁ‘8‘

cl ear bot {o0HP PSR e b SHey2BBY IREPINIQR 15328 JperaRr A SeReal IR R at #

781946} angleiharcibré@deabr @gted@gée@s;mfa@k@l us in a humdified environnment
cont ai ni ng 5% car bon di oxide. After 4 rs the at i medi um was renoved
and repl aced Vit MP1aHARIVEr s Pf @§§89‘pﬁ‘é é’%@% At 1S54t i ng nedi um

wi t hout peiages gan ﬁb@a\fpdrat@aﬁrﬁomm&lﬁaﬁél |so\ﬁ@ér¥bﬁ@161-l5a§?@mﬁ!é1fbmfsiqans of each
corrpoundto betf?ted s then added in a final DMVSO

SOy o el s Siteh B multsol ot s NSgeBied ndb aB TisBEsE o us | ma
hunmi di fi ed]rem%tdg@arﬁmrund@maatidmlan@yﬁ%rﬂuz:ambhomdmwm&gcaer@%@psarm@aQ)yr enoved
fromthe |ncubator and all o o equilibrate to roomter%) erature for

t

appr ox? mafYgTig the ﬁ@ﬂ%‘é’me!’t@”}%tl%ﬁedﬂ Gy digsterepens ANFWE R "ReCH &V EA Nt i on

l(( pr ep?r edagtasens dpiglly @ctlzv@s;bmp@tm@(wg i Chnfahﬁwfd:afﬁsﬁihae?s@f gﬁBngcaﬁ(ﬂ;ol:O&di ng
1t, nvi ogen ca er. we an I NC ated at room
enper at uMESHES Sehelors) pepastion M T3 8P BURERA RSE AL T ed on' an

EnVi Elcgg ﬁﬂ/dJOIlyzlﬁg)tthemdln,lltﬁlaedlé@t%gﬁi’sfon@@tdtaébOﬂ’ﬂes‘k@EdlﬁmpuﬁﬁémiﬁOﬂﬁel‘kﬁi? nm(!]I 535
nm et er mnatl o re nm rom ] nse rve n ze
W th & cuFR TS FE Prolr SRalaingYaod LA parRELG Bgrat: AlheiePodionse
25equas i ospedifiddRsreoisomers rﬁﬁRﬂd&/rﬂMMeatbyastrig\antthlwﬁl atigostdaingmmateed, With a
cel | -baseg assa utili ﬁéﬁ”% an HTtRFII ogeneous Tl%e Resotl ved Fl uorescence)
CAMVP det et POA" Y'C(Szé’l{ YRR PRI GTASEHY R?Qe” afes. PSS PAMIPEC) t hat
measur es sAM&nts, Qw@5/%omnarﬁﬁzﬁorceeé,tbreo&amﬁhmtmtehmbrlb@ aaymamtmi trdrisit@mation.

i rmunoassay befween rﬁ‘tlve cAlYPg duced E’é r 5 Lls and t(g " AWVP | abel ed
with the dye d2'®PFREEY FYERTONAIY ’ngaucgs Froficaizia eﬁ9 CaMREY G i"AMP | abel ed
wi t h Cryppakent iMfeatispeichiate wliegticl to(these eosDhertinabsffer the it tHav ens ef y

pr opor. in _either standar

{)I onal to the conce rati % S

Speci £ cal {Patﬂ@ﬁi‘iéeﬁ%ﬁ t?g?'ﬁ P&BP&H&%%“‘E@’H% N M‘?\?F{‘P%‘gs 'fiergnﬁ

187/ m)_ 3foinhiee s@ge? eaks ot ma& mwﬁlﬁbrlus_uélhﬁo@gi ianaact.afrseaplas sajﬁotdegsr i bed
above) arg renove rom,c reservati an ut e ro i um

Do) oo et NS PetfRRs LRt A i De SoGuton Bt B Shdipen

115(9:195- 0652carbd%srmhioygeogatyg)demwoamdrugaumd fllﬁil’ﬁlbl i00ME Neendselariime( S2hsasr i )

HyCl one # 5 nessentds M4)Q % t
15630- 080) é k@ n‘f%l13 8 pglé %\)ﬂ L\% b Cat o 18’?aL156é:025?1 % Fj reﬁ@?&“‘(?i‘f-l
concensration wmérargptmstceleb??éd B?mpi@ﬁsgﬁltﬁépkgkeramd/eaﬁbrmes&; ahogei ée I
suspensi o to ask and,i ncuba ees si us
e o PR B & e nhRubin e AT e e B S s R

( oxd/er n:c ghﬁgsafyf r@ekrtaei isStdma]kfy IGB%ID&&gbrfdlsmmlddm frﬂmﬂy“tl AskanddsPl C@g@beg t he
side of the as centrifuged at 0, X n.re- en i n assay
medi um (I %5 %é%raﬂ)&l 'N/ﬁ'&ﬁ Siﬁsbcﬁ gt (e300 a5 T‘Fﬁﬁd M HEPES pH
7.0 (G bcisotopts drelinbBHHFProferrddh éor diedil easerct prepaedtionantvasteathbligt ed to 6. 25 x
105 cells S i um an f this .cell ensi.on 5000

cort o7 E et e R W B4R EorgsRueh e BB RS e AP RRATURRY S o assay
pl ate (VWeertr th@réi%ﬂfidadk&&)age%egultmg fmngneatelratetmwc eifabﬂata/o(la gc,omeasudl to be
tested were d ILhtﬁ in ags(ﬂ%OSleu er co al nh 3- bute¥ - d rr]nsghél xant hi n
(em S gndandif ebBafCafibsagarin fmER® Bthgsny 8CHTat TR0 e of
2 mcrolL (:lfounwtaricBWPogmomemrtMQ isttopessubbsnToy 'ON) Badarid Walardmmm for
concentrati otn was. 0. 5@9@1 ; 0@1@#-[“%‘“%&?/&" nut elsel nCceu e} |o(§1u at _room

t enper at uP&S Y FNIEPIGN 1QpPogray SAMEC I EPE SFCURAT. cAVP ant i body
(bot h38li | soegichllRRbelrd compolinyds of thrupresent imenti@scan deedrally belpeepeaedibyact ur er s

assay protocol) were 20 added to each well of the assay plate. The plates
were then incubated at room 26



tenperature and after 60 m nutes, changes in the HTRF signal were read with
an Envision 2104 nultilabel plate reader using excitation of 330 nm and

em ssi onswoR081H0@2ad 665 nm Raw data were converted toPoWVIBAWig77
interpolation froma cAWP standard curve (as described in the

manuf acturer's assay protocol) and EC50 25 determ nations were nmade from an
agoni st-response curves analyzed with a curve fitting programusing a

4-paranter |ogistic dose response equati on. It is recognized that
CAMP responses due to activation of GPRL19 coul d be generated in cells
other than the specific cell line used herein. 30R- Arrestin: GPR119

agoni st aﬁﬂlbwinb)prd@%u@s%ﬂa@gb@gmtﬁ@éé MNdibsed i6 Bld Sdhanrd aagmAN tHei | 1 i ng
Di scover X_Pat hHunter R-arrestin cell assay, technol og% and their U205

hGPR119 REX3TPRIES NArexEbglow, YesSUppjitaing it '5“‘(0@8{03%’ lgkelpa HLTOf A NP s assay,

agoni st a%bto\b&bll;ﬂl@belédd@g@hm ned by neasuring agonl st-induced inter acti on
of 13-arrestin.with activ g 35GPR119. A small am n@] acid enz
fragment, cal I%e\ﬂ’rﬁq_mﬁ’ﬂ@ 8 @ﬁrﬁ’é‘?ﬁ?é‘ﬁ'”f’%”ttol'?é“@ ?’%?tr'ﬁ R hen eprervsta Arrestl n

was fusedfdn® (héeerhiBirgRiredn@ 48 diynaa iRy, , PéIghomes Rfy(Henstypaedegept or ) .
Activation of GPRL119 stinul at es, bi ndj of arrestlﬁ and forgﬁ){é{%

conpl emenfAERERANN YUHET YRUPUE FOTHEP é&’@gré?ﬂ'%e Ysing fliferRpt gahven St a
functi onalsolaév’mgaktafetsaér! @a@aamﬂztwmc@aﬁmbét@ntﬁt dhﬁéﬁ@r@hempéngtusesbaﬁd/aﬂ e and
generating a 5che m nescent. si gnal peCIfI y, U205 hGPR119
R-arrest i KOS NP &038%‘?[}'89%3@9%91%'7‘/‘%&3 aéF@‘ﬁeé\hg WEophg WG opr eser vat i on
and di | ut a«}stbngrdhvw%lymdph@nné%&bmémb@ﬁwmy [datifg @ thatinlyEhd c@w@ﬁﬁthat #

11095-080),, 10% heat inacti vat fet bovi ne ( HI FBS; gna Cat #
F 413518000 g DrssanT BTG M e B 6 AP L Al sy 468 L0 o1 o/ mL

(418 (Si gpalykdiph# niBIfedeté@mtinetbsy mnarp@@!enwvlﬁmeembﬁy HR(sbaMrdsb@;gen Cat #
10687-010%.. Th? IceII .concentration W%g J"I‘H H ﬁ}? 5 cells/nL and
30 nis of dHTRfES %l?%’é%% ONTREN, Bawger Sy rf‘?%onf?réé’ﬁ& QRE" 15500194%%d at 37
degrees Celsius in a humdified environment in 5% carbon dioxide. After 48
hours, thMlediebl dsesere renoved fromthe T-175 flask with enzyne-free cell

di ssoci ation t@ﬁrﬁ&fun@@obm@ &@éen#un%éﬂt%ﬁ%&ﬂeﬁé theC&dlity Sugpebteih-c800ek 9 and
t hen re suspended in plating nedium (Opti- NMEM I ﬂl nvi t rogen/ BRL Cat #

319851970%e°5RIg" @%’o%ﬁar“ééé?h Falek qogPoupesered'seRY ir theoRrPpldy@ds @i (CD serum

HyCl one CabatthedtSi3s83)suc BE desbles CiARGRIM thabb®ity WRSPRANIsb@ebites & 5 X 105
cells/nL with plating medi um and 10 microL of this cell suspenS| on (2500

cells) mg‘eﬁéféﬂpﬁyd’réé@ﬁt% ¢f thg digeqds: teonepeysidy. awherasredt §iih¢ol une assay

plate ( \/V\Breaemaﬁveﬁ%nw%muéég)n@ﬁwh fbhmeme'-altrﬁént\w@enétawb@tséds@bn%r glegr ees
Cel sius in a hum di fi ed environ in 5% carbon dioxi de,. After 16 hours

(over ni ghfpladqdc-rrlaled disprdesn 3l 'Vﬁdéﬂld’\’/féﬂ“ QTBRASER @IMHUSieNAP tBihd varyi ng

concenp r alndRifiabih neae bf surmekndeita th@rab@§ttc@ﬂly éﬁhngé geholit cﬂ%so@Yhd@Uﬁcﬂ ef (Ix
HBSS +CaCl 2+ Vg% Cl2 (G bco Cat # 14025- og@) C%L/l HEPES 0.(G bco Cat #
4 5‘?8?')'“ ¢

2515630- 081§)M4hd oD 2193/ S AaldSogRUES T %P %“%Q:‘I‘H@ CPBtatW‘ﬂ&% ay

pl ate wel kémpdurd. VRé HidBafic disbBadBs@ndlméthbdliv-ldesl giovraertdraiktrbtedd®n), 5
|sius jn a humi di fi ed

.10). After e i ncubati 7 degree
envi r onmehRtt rloﬁ?'ﬁ%r& Eb??”bﬁ"g%w'ae?yp?e}sj %e&‘?soﬁylfeﬁ I égg%@ﬁ Gplldys, fdiopathic
ég ggg%:tmwedlacﬁ@oe%wgtybaug |él%ag Butbtdr{ﬁﬁ@fe @@@@é inQulté (LA(DJ\)S§&K/Qﬁ%etCat T#)
re Cripe In e ur ac S assa rot oco Wwas
added?t o a&qfa@ﬁptea%@ﬁi YQUnsl %@Ca'% fﬂse{%@kmetur%mst@a beles r oom
t enper at upethaReurdf (ODBY) rrfﬂlrﬂuﬁtﬁ)ﬁrreiélf@ﬂﬂﬁﬁetMl gtebtatubnamaaé@@ n&govey e read
w th an Epvision 2104 mul ti | at e reader at nds L)a?r wel | . EC50

det er mi naffYhdisGRSCe SHRBICHE rBEI? ARSIy %fferraég'BB'ﬁéw E‘?IPR/@ é?\%ﬂ“ dFehe h a
curve fit ntdi@itRnOGIBAITCAIRNNGYScAdiRERRRRILAe.h OfHcRddicaftPapiRioNse equat i on.

dyslipidemia, post-prandial lipemia, conditions of impaired glucose tolerance (IGT),

30  conditions of impaired fasting plasma glucose, metabolic acidosis, ketosis, arthritis,
obesity, osteoporosis, hypertension, congestive heart failure, left ventricular hypertrophy,
peripheral arterial disease, diabetic retinopathy, macular degeneration, cataract,
diabetic nephropathy, glomerulosclerosis, chronic renal failure, diabetic neuropathy,

metabolic syndrome, syndrome X, premenstrual syndrome, coronary heart disease,

27



Expressi on of GPR119 Usi ng BacMam and GPR119 Bi ndi ng Assay W/ d-type human
GPR119 (Figure 1) was anplified via polynerase chain reacti on (PCR)
(Pfu Tur bwonatoarsodvkx, Stratagene, La Jolla, CA) using pPRESBIN0/0523BhGPR119
as a tenplate and the following prinmers: hGPRL19 BanmHl, Upper

5' - TAAATTGGATCCACCATGGAATCATCTTTCTCATTTGGAG 3' (inserts a BanH site at the
5' end) 10 hGPR119 EcoRI, Lower 5'-TAAATTGAATTCTTATCAGCCATCAAACTCTGAGC 3
(inserts a EcoRl site at the 3' end) The anplified product was purified
(Qaquick Kit, Q agen, Valencia, CA) and 15digested with BanmHl and EcoRl
(New Engl and Bi oLabs, |pswi ch, MA) according to the manufacturer's

prot ocol sangm@péf&@rﬁmhr@rﬁsoéf§\é@1&béém@éuy ki@ iddrcies tdngiestischemié h BanHl
and EcoRl | and Bi oLabs, |psw ch &% The di ested DNA was

separ at ed2¥RPE| LOKE ofFTEYIRYS festenhsis W@@%’&P hé%?“”st”H@”?'? ARREMHPISERER o

exci sed fr@iw rﬁmcaﬁiena@dn@mlréguﬁﬁmdeQnamleagldébéem@a@gﬁgm céatimoed @ CA). The

vector and gen 0 fragnents e ligated (Ra se Kit, Roche,
Pl easant oW‘F%éﬁﬁ QEH‘?HS%’ %’?Q?r ioﬁ‘{sé? (PRAtRE fa %PBQE‘S%‘& g?aq@seecrqe@ty

(1 nvi t 5 ogercticaybahedn, S andEtditectgtisslé HisBrdes ifsot arkratiohg™ingsthelidl| ones

1-8") wer rown for mnipre Q e K| t Val enci a, CA)
and sequeﬁ@g?ﬁcﬁ'B” CYRET 7RA P 4R rg’tleﬂ?‘eg}‘ﬂj rl’\A) elr(QB'F‘gléﬁ‘ﬂcﬁtl on. The
pFB- VSVG ShMtigrily,-thEREhpSurienady bectisddab et ﬁébrolm@iaaltd@ia@érg élnmdas nto

250neShot 10Bac cells (lnvit en, Carls accordi n
manuf act uﬁgpg'm%?cﬁcg‘tz&%r g @’H{ ”%@é’?? CQ@“'Q‘?” d“hev&#”i%’}’” %Y"E)'rﬁ ?sb‘%/vere

re- Ist r eak pghdfigiaFidfabtroh@stinad MIveédek&sich a@mflamhmﬂy@BWme@ﬁa@mmé}én@acn1 d
i sol atij on. i fi

he_ . reconbi nant h 119 bac i sol a nodi fi ed
A ke e bR PG S aiPet SRS TP BTSSP ofie 20 zhere Meepmmbis ¢
(Q agen, Malyenoi usedlto stBﬁUI@fe|Welgm%dseh ebegepdtiontepespeciatip those atiiviéer P1,
30neutrallé g })n buf fer and precipitated with buffer N3. Preci pltate
was pel | etVdydigpst Eentrlfugatlon (17,900xg for 10 minutes) and the
super nat ant was agdrbanedvit thbf(brégmhg)plﬁ?élpﬁesém Weembrpfmmteﬂprbhuaemetﬂdme DNA
was pelleted vi a, centrlfu (ﬂﬁeé/l? OOx for, 30 m nut es)di \[gflShed once with

prE:

70% et hant®) PRl 'rige%ﬁ?éTbPé'H FHO’BEP YW EEG HPPLESA

Pol3y mes as BeshiBed ab@&0h a®ubjeBGRNevl tHeresinumitie kHod @wruba@b@nmrsltdmmo ( ML3F,
ML3R, Invitro

used to confirmthe sence of the
e 10| RSUPBETY inEpe Rl gt Bmel i aisrirand pbdRen! RAMtOBaCU oui r us
5Cr eat i onFofthdr@spdisi6f the atknticrLiapleas therprastaptictof Phéiichdnts ©F Martrdatingf 90011
medi um (I . were transfected with 10 m croL hGPR119

tro
bacni d 'ab‘?:t%gaﬁj H@Cq%teﬁ% Mg %'Sﬁ't urer's protocol (Cellfectin,
I nvitr Ogen Canlosdento exBiit théftherapdutic @rafeytiesafescritedhpiolethe torapamadi t i oned

di K trif d filt t h 0. 22
Topm 1 ¢ BFeq et admitiserad i P sGiRiea dHSSAS Soliaths pERe SrPRITen vi r us
(Bl )C) _St oolgsed ﬂé@éptb?@BRﬂw Vg arisurgtcan age o@pdncgegnep@tuherpaﬁfcumr king (i.
"P1" vVir rozen

| B | | Il h k'
were cr enlBc A dliPo RENS dsalentbor e pt bA Pehn s deeee igilong s i o O
SF90011 npatieamthd partitulagempolad 'bshg@dwﬁh%temdthenmetoeddwms}nrat.on and

the presence of other underlying disease states within the patient, etc. When

25 administered systemically, the compounds typically exhibit their effect at a dosage
range of from about 0.1 mg/kg/day to about 100 mg/kg/day for any of the diseases or
conditions listed above. Repetitive daily administration may be desirable and will vary
according to the conditions outlined above.

The compounds of the present invention may be administered by a variety of

30  routes. They may be administered orally. The compounds may also be administered
parenterally (i.e., subcutaneously, intravenously, intramuscularly, intraperitoneally, or

intrathecally), rectally, or topically.

Co-Administration
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hGPR119 PO virus stock. After 24 hours of growmh, the infected cells were
gently centrifuged (approximately 100 x g), resuspended in Freezing Medium
(10% DVSQyOQ2e40A4bas2i n i n SFO0011 mediun) to a final den®CTyBW0/052877107
cells/nmL and frozen according to standard freezing protocols in 1 ni
aliquots. 20 Creation of Working ("P1") Virus Stock Suspension adapted Sf9
cells grown in Sf90011 nedium (I nvitrogen, Carlsbad, CA) were infected with
a 1:100 dilution of a thawed hGPR119 BII C stock and incubated for several
days (27 degrees Cel sius with shaking). Wien the viability of the cells
reached 2570% the conditioned nmedi um was harvested by centrifugati on and

the virus ti terhectﬁineﬁonh@@@!fthrs ifslehfth Baaltodtal ised itkednjurfetiomivitie BtheMount ai n
View, CA) Over- exE:resm on of hGPR119 in Suspension-Adapted HEK 293FT Cell s

HEK 293FTp%ma§eb<t AlAganbyienthedgainaeyef tr@A}}'S%éP% C@F‘%‘\Rﬂ”ﬁ O HEHEETB| ask in

30 293Fr e@@écyb@d AE@inJ MHekdTuie! rRgRAY of tipRhRAELEHCMES BddRigidrigog/ Nl neonyci n
and 10mM HEPES

37? 8% car bon di axi de, . shaki é hh cells V\Fl’e
centrifugEy" Ehﬁp%?%ﬁ [RYERHQp '%69’%8'”3%‘ q?gm hgsyharmaceyiicalagents

r efﬁsgggd]g@talgb %’0%6@ Usgitstie Phd rb@@@mAulcgl d@%ﬁ(srth@uﬁ%%fge“dréeoﬁatﬂﬁnbs?ﬁ@rt etrrﬁnt ed

W 0 e oVI ne se na ri,c an VI rus suc a e

mul tipli cMt ﬁ@fcqmﬁoge% BHH?H&PFRMEG%'Q”W é@ﬁ?%@ge@éﬁ (NYG ty was 1.3
x 106/ m. épﬁt@é Sl){ibl'éﬁ%@ntg) Antildta@es0 agehhe aﬁ@lhkfgefg@b@mk:ra@eﬁtfsemd@m)voéﬁhg

2010/ 140092PCT/ 1 2013“/052377 to a 5 liter Wave Bioreactor \Wavebag (Wave

Technol ogPe%}™ PRIEEISYESFePSr 4 hours at 27 degrees Cel sius (17
rocks/mn, 7 Oagtbal@Sanmlowétfeﬂé @rﬂgin%)u,deain dcagyl-ead cafboxiigsé-peabetayon peri od,

[ 1t 293 t nt ed th 30nM
o 3P g@%ﬁcgl%yc%{%bw RS aa dely T T R Bl B A SaOg teTass 8
I5and t/he gpaj)E)smmamaﬁ@r @wlfcfrgruré’é)(e@w@tdr%%amtwf@r aeSrpQ@Jasmm d.a%%e%z [0.2
lters/ mn C rees orm an wer e
ot voor uolHentBET Shigde BiUdd GHORRTOs iR bELaen s RIS OREe. o DPES
(7 m4nust?g‘|1ls/owrhdvé tolémﬂ@%djetdlbutlmnﬂdéé%ﬂ raeiglitinige, angﬁMyHgE’Eﬁnbl@fr@e"@/l EDTA, pH
. an rees SI1 Us r e r | ONn
o o STt e D e AL b1 et e PP Bt Ialhaar o e niasg)
celnlt rik lulgaufl aafluctlidage @h(bgjtélg@_.g.,m&pdsﬁfe, ﬁ@n@r;tst:sbeém]@?utaﬂe adﬂgn?lsesog@sbﬁaus The
ce e e WaSs. resuspe ed.ln 0 at e u ere S | he an
Cont 1 T LgBEoRE e e RS Rt D a ERAT L ¢ cpTogieToge. SaL4n
H@f‘iéﬂ%?ﬂwg"mm tu@lrnazmbj ieagliarohey pi¢dlitazsive HoBgfazdacural tﬁblﬁ@&@?e) ;gHOI. 5 1
Ol Ut I
s baneERRGTR etttz g EEXGEER; Sl 1gde BV oo R0 KRPE us o125
glgg)S g/ 64401 pRYOI IVIKQ(S!GQ%fd#SB ?39919)4) DoiGlmidey(erg-, mptfanin)) alg(u&a%ﬂ’ﬁ_ fﬁ\ 15
an I NC a | ce 10r m nut.es. sSe W
Sentt 5021 Pl et s 1B PoneSSitite g P al S AR B ol BrenlE hompyenat e
V\O/gis pentr_t;_rﬁlagpadtaaé1IBQ9tDPx1Eg|dh&2@9(i@nyoc{j&nu%:ﬂm§0mrmﬁaeh Sxtedct, 4ndegr ees
S| Us. e S er na tr srerr | (0] r ce u es on
e he GO RR BRtEAL by 2Bend, o 81| G T il PG b L 87 Bl
((:);nt r if Ug@d)O&DﬂSlIRTﬁT mﬁﬂﬁer e. gg I@gé]{)@tr(ﬂlplﬁi)dlﬁmldﬂl(ﬂ)emlm%eﬂi\/ @Pmlmglﬁlblﬁﬁ ded
sl us after C, 1 a re spende
oo ool Sas sl ime Ry P8 and B PR S T P fbans M Doy

whi ch 2§ heaadpgudamranhlsn@mea:eAz51ntargnsb|sned; juBanirasainaNovaggONK) inhiBdér) and
MyC12 (Fl #63020). were.added to final cpncentratio 1 UnL and 6 nV
espect| VORI R dti ABRE G S rhd PARBnERRE TS Bhed VBATE BHHES ¢ hen
cent ri f ugegoragt, & HOGLX2 hhibitod Godiupniedente@ludose trasspirtedindidbjoasiciCel si us,
t he supernat t he

t _was resuspe n fresh
norogen: 28 anelBrar e B A elabRu Ree it e R BBEAY g Che
25, 000 30mhipitomr(ergl, fsitggliptionvildagiptin tdiegliptimahd seahtigting. pel | et was resuspended
i n hoppgeni zat uf fer adfr rees | si,us. The tein
conconlrati on SEoHAbeRBtpaseRg okl | B RIS b ioaadttst R (ol e ce
reagents AsHAPRL 3) ianiditds FASat8W)CoA desaturase-1 (SCD-1) inhibitor, MCR-4 agonists,
cholecystokinin-A (CCK-A) agonists, monoamine reuptake inhibitors (such as
sibutramine), sympathomimetic agents, s adrenergic agonists, dopamine agonists
(such as bromocriptine), melanocyte-stimulating hormone analogs, 5HT2¢ agonists,
35 melanin concentrating hormone antagonists, leptin (the OB protein), leptin analogs,
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Synthesis and Purification off3Hl- Conbound A CH2Q 2 SQ2CH3 [ 3N- Conmpound
A 5Conmpound A ( i sopropyl

4- (1- (4- (wetzhy=migonyl ) phenyl ) - 3a, 7a- di hydr o- 1H pyr azolPGr3B2M0/052377

d] pyri m di n- 4-yl oxy) pi peri di ne- 1-carboxyl ate, as shown above) (4 ng, 0.009
mmol ) was dissolved in 0.5 nL of dichloronethane, and the resulting
solution was treated with (1, 5-

cycl ooct adi ene) (pyridine) (tricycl ohexyl phosphi neyi ndi un(1)

hexaf | urophosphate (J. Organonetal. Chem 1979, 168, 183) (5 ng, 0.006
mmol ). The reaction vessel was 10 sealed and the solution was stirred

under an RHHDHIBEKE, gélahuhlahtdgah@&snﬁa%ﬁrﬁ’bdwy(sﬁch o etaapdbligiatmol.yent was
renoved under reduced pressure and the resultlﬂg resi due was di ssolved in

et hanol . PUFRHi duredic 3@?”'@4%@ ISFNLBPRILAIL IS WA URRFRStERE AN BYOYF B par at i ve

HPLC usi ng:.§.hePYofs aniageniste)) tivivi,Qishclubirigdnalys tH’érb@ﬂ)\tthﬁom#n@tldﬁa thRMm  Surn
Mbbi | Phaﬁ?wﬁr water! acetonitrile / formc acid (98 /.2 / 0.1 ]Vbbl| Phase

B: aceton QEPENSEASIRTPREPIRN RAPHNEIPOR@IUSOSYICHY a89N§S1% AFISH'SE: Run
time: 16 nbrexiMosihtayobrii®s yldddgon-like peﬂftld@w B@bﬂstslcllﬁrj?fhélﬁf’oﬂbwﬁc Bhtdréi{suciyol une:

20-50 4 I nj ol vent tectlo UV at Onm nd 245 The specific
activity BJf N @da'fagl\és ﬁaergn rrﬂ%‘ieép‘fﬁ %é’&c bﬁa @B& oscopy to

be 70 G/ Frrm;ker SSGAMbRICEhparg! ginthaaliaw, Agmas sgyutc@mtéepioadii CXGRE) Wi t h
[3N Oorrpoll#}ﬂ%itgfs, ghrelin antagonists, histamine 3 antagonists or inverse agonists,
neuromedin U agonists, MTP/ApoB inhibitors (e.g., gut-selective MTP inhibitors, such
10  as dirlotapide), opioid antagonist, orexin antagonist, and the like.

Preferred anti-obesity agents for use in the combination aspects of the present
invention include gut-selective MTP inhibitors (e.g., dirlotapide, mitratapide and
implitapide, R56918 (CAS No. 403987) and CAS No. 913541-47-6), CCKa agonists
(e.g., N-benzyl-2-[4-(1H-indol-3-ylmethyl)-5-oxo-1-phenyl-4,5-dihydro-2,3,6,10b-

15 tetraaza-benzole]azulen-6-yl]-N-isopropyl-acetamide described in PCT Publication No.
WO 2005/116034 or US Publication No. 2005-0267100 A1), 5HT2¢ agonists (e.g.,
lorcaserin), MCR4 agonist (e.g., compounds described in US 6,818,658), lipase
inhibitor (e.g., Cetilistat), PYY3.35 (as used herein “PYY3.36” includes analogs, such as
peglated PYY3.36 €.9., those described in US Publication 2006/0178501), opioid

20  antagonists (e.g., naltrexone), oleoyl-estrone (CAS No. 180003-17-2), obinepitide
(TM30338), pramlintide (Symlin®), tesofensine (NS2330), leptin, liraglutide,
bromocriptine, orlistat, exenatide (Byetta®), AOD-9604 (CAS No. 221231-10-3) and
sibutramine. Preferably, compounds of the present invention and combination therapies
are administered in conjunction with exercise and a sensible diet.

25 All of the above recited U.S. patents and publications are incorporated herein by

reference.

Pharmaceutical Formulations
The present invention also provides pharmaceutical compositions which
30 comprise a therapeutically effective amount of a compound, or a pharmaceutically
acceptable salt thereof, in admixture with at least one pharmaceutically acceptable
excipient. The compositions include those in a form adapted for oral, topical or
parenteral use and can be used for the treatment of diabetes and related conditions as

described above.
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15  suspensions, solutions, emulsions, syrups or elixirs, or may be presented as a dry
product for reconstitution with water or other suitable vehicle before use. Such liquid
preparations may contain conventional additives, such as suspending agents, for
example sorbitol, methyl cellulose, glucose syrup, gelatin, hydroxyethyl cellulose,
carboxymethyl cellulose, aluminium stearate gel or hydrogenated edible fats,

20  emulsifying agents, for example lecithin, sorbitan monooleate, or acacia; non-aqueous
vehicles (which may include edible oils), for example almond oil, oily esters such as
glycerin, propylene glycol, or ethyl alcohol; preservatives, for example methyl or propyl
p-hydroxybenzoate or sorbic acid, and, if desired, conventional flavoring or coloring
agents.

25 For parenteral administration, fluid unit dosage forms are prepared utilizing the
compound and a sterile vehicle, water being preferred. The compound, depending on
the vehicle and concentration used, can be either suspended or dissolved in the vehicle
or other suitable solvent. In preparing solutions, the compound can be dissolved in
water for injection and filter sterilized before filling into a suitable vial or ampoule and

30 sealing. Advantageously, agents such as local anesthetics, preservatives and buffering
agents etc. can be dissolved in the vehicle. To enhance the stability, the composition
can be frozen after filling into the vial and the water removed under vacuum. The dry
lyophilized powder is then sealed in the vial and an accompanying vial of water for
injection may be supplied to reconstitute the liquid prior to use. Parenteral suspensions

35 are prepared in substantially the same manner except that the compound is suspended
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measured using a Wallac Trilux McroBeta, plate-based scintillation
counter. 15 The Kd for [3N Conpound A (or [3N Conpound B) was determ ned by
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response %ﬁ[‘@t Il on, Ki | at ed om | C50 val ues, using the

val
Cheng- 20 g¢ tBa&a‘E‘PBﬂ“O”rtﬁ ?"Hﬁ'ied{mfﬂ@“ P'éE'GPP%" AdhecBPANed for the
Bet a- | act amas err@rt%nﬁsasmoaé ﬁ@?bbﬁlafnufaﬁbk@rﬁglb RS apsut (an@bsoﬁgglb@ct amase

At L i £y e ot tElys FeRAL CPRsAn ralh RIS SRR Tobs e et onal
EC50 (nM cérﬁpésutrms@oﬁ@hse/uésé’ge(unbté,%)acrE&aumlue:oiataln, 68 sk@Mple, from about 0.1
to 900 mg of the active ingredient, more typically from 1 mg to 250mg.
Compounds of the invention can be formulated for administration in any
10 convenient way for use in human or veterinary medicine, by analogy with other anti-
diabetic agents. Such methods are known in the art and have been summarized above.
For a more detailed discussion regarding the preparation of such formulations; the

reader’s attention is directed to Remington”s Pharmaceutical Sciences, 21% Edition, by

University of the Sciences in Philadelphia.

15 Embodiments of the present invention are illustrated by the following Examples.
It is to be understood, however, that the embodiments of the invention are not limited to
the specific details of these Examples, as other variations thereof will be known, or

apparent in light of the instant disclosure, to one of ordinary skill in the art.

20 EXAMPLES
Unless specified otherwise, starting materials are generally available from
commercial sources such as Aldrich Chemicals Co. (Milwaukee, WI), Lancaster
Synthesis, Inc. (Windham, NH), Acros Organics (Fairlawn, NJ), Maybridge Chemical
Company, Ltd. (Cornwall, England), Tyger Scientific (Princeton, NJ), and AstraZeneca
25  Pharmaceuticals (London, England), Mallinckrodt Baker (Phillipsburg NJ); EMD
(Gibbstown, NJ).

General Experimental Procedures
NMR spectra were recorded on a Varian Unity™ 400 (DG400-5 probe) or 500
(DG500-5 probe — both available from Varian Inc., Palo Alto, CA) at room temperature
30 at400 MHz or 500 MHz respectively for proton analysis. Chemical shifts are expressed
in parts per million (delta) relative to residual solvent as an internal reference. The peak
shapes are denoted as follows: s, singlet; d, doublet; dd, doublet of doublet; t, triplet; q,

quartet; m, multiplet; bs, broad singlet; 2s, two singlets.
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Atmospheric pressure chemical ionization mass spectra (APCI) were obtained on
a Waters™ Spectrometer (Micromass ZMD, carrier gas: nitrogen) (available from
Waters Corp., Milford, MA, USA) with a flow rate of 0.3 mL/minute and utilizing a 50:50
water/acetonitrile eluent system. Electrospray ionization mass spectra (ES) were
obtained on a liquid chromatography mass spectrometer from Waters™ (Micromass ZQ
or ZMD instrument (carrier gas: nitrogen) (Waters Corp., Milford, MA, USA) utilizing a
gradient of 95:5 — 0:100 water in acetonitrile with 0.01% formic acid added to each
solvent. These instruments utilized a Varian Polaris 5 C18-A20x2.0mm column (Varian
Inc., Palo Alto, CA) at flow rates of 1mL/minute for 3.75 minutes or 2 mL/minute for 1.95
minutes.

Column chromatography was performed using silica gel with either Flash 40
Biotage™ columns (ISC, Inc., Shelton, CT) or Biotage™ SNAP cartridge KPsil or
Redisep Rf silica (from Teledyne Isco Inc) under nitrogen pressure. Preparative HPLC
was performed using a Waters FractionLynx system with photodiode array (Waters
2996) and mass spectrometer (Waters/Micromass ZQ) detection schemes. Analytical
HPLC work was conducted with a Waters 2795 Alliance HPLC or a Waters ACQUITY
UPLC with photodiode array, single quadrupole mass and evaporative light scattering
detection schemes.

Concentration in vacuo refers to evaporation of solvent under reduced pressure
using a rotary evaporator.

Unless otherwise noted, chemical reactions were performed at room temperature
(about 23 degrees Celsius). Also, unless otherwise noted chemical reactions were run

under an atmosphere of nitrogen.

PHARMACOLOGICAL DATA
The practice of the invention for the treatment of diseases modulated by the
agonist activation of G-protein-coupled receptor GPR119 with compounds of the
invention can be evidenced by activity in one or more of the functional assays described

herein below. The source of supply is provided in parenthesis.

In-Vitro Functional Assays
R-lactamase:
The assay for GPR119 agonists utilizes a cell-based (hGPR119 HEK293-CRE
beta-lactamase) reporter construct where agonist activation of human GPR119 is

coupled to beta-lactamase production via a cyclic AMP response element
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(CRE). GPR119 activity is then measured utilizing a FRET-enabled beta-lactamase
substrate, CCF4-AM (Live Blazer FRET-B/G Loading kit, Invitrogen cat #
K1027). Specifically, hGPR119-HEK-CRE- beta-lactamase cells (Invitrogen 2.5 x
10”/mL) were removed from liquid nitrogen storage, and diluted in plating medium
(Dulbecco’s modified Eagle medium high glucose (DMEM; Gibco Cat # 11995-065),
10% heat inactivated fetal bovine serum (HIFBS; Sigma Cat # F4135), 1X MEM
Nonessential amino acids (Gibco Cat # 15630-080), 25 mM HEPES pH 7.0 (Gibco Cat
# 15630-080), 200 nM potassium clavulanate (Sigma Cat # P3494). The cell
concentration was adjusted using cell plating medium and 50 microL of this cell
suspension (12.5 x 10 viable cells) was added into each well of a black, clear bottom,
poly-d-lysine coated 384-well plate (Greiner Bio-One cat# 781946) and incubated at 37
degrees Celsius in a humidified environment containing 5% carbon dioxide. After 4
hours the plating medium was removed and replaced with 40 microL of assay medium
(Assay medium is plating medium without potassium clavulanate and HIFBS). Varying
concentrations of each compound to be tested was then added in a volume of 10
microL (final DMSO < 0.5%) and the cells were incubated for 16 hours at 37 degrees
Celsius in a humidified environment containing 5% carbon dioxide. Plates were
removed from the incubator and allowed to equilibrate to room temperature for
approximately 15 minutes. 10 microL of 6 X CCF4/AM working dye solution (prepared
according to instructions in the Live Blazer FRET-B/G Loading kit, Invitrogen cat #
K1027) was added per well and incubated at room temperature for 2 hours in the dark.
Fluorescence was measured on an EnVision fluorimetric plate reader, excitation 405
nm, emission 460 nm/535 nm. ECsy determinations were made from agonist-response
curves analyzed with a curve fitting program using a 4-parameter logistic dose-response
equation.
CAMP:

GPR119 agonist activity was also determined with a cell-based assay utilizing an
HTRF {Homogenecus Time-Resolved Fluorescence) CAMP detection kit (CAMP
dynamic 2 Assay Kit; Cis Bio cat # 62AM4PEC) that measures cAMP levels in the cell.
The method is a competitive immunoassay between native cAMP produced by the cells
and the cAMP labeled with the dye d2. The tracer binding is visualized by a Mab anti-
cAMF labeled with Cryplate. The specific signal {i.e. energy transfer) is inversely
proportional fo the concentration of cAMP in either standard or sample.

Specifically, hGPR119 HEK-CRE beta-lactamase cells (Invitrogen 2.5 x 10”/mL;

the same cell line used in the beta-lactamase assay described above) are removed

34
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from cryopreservation and diluted in growth medium (Dulbecco’s modified Eagle
medium high glucose (DMEM; Gibco Cat # 11995-065), 1% charcoal dextran treated
fetal bovine serum (CD serum; HyClone Cat # SH30068.03), 1x MEM Nonessential
amino acids (Gibco Cat # 15630-080) and 25 mM HEPES pH 7.0 (Gibco Cat # 15630-

5  080)). The cell concentration was adjusted to 1.5 x 10° cells/mL and 30 mLs of this
suspension was added to a T-175 flask and incubated at 37 degrees Celsius in a
humidified environment in 5% carbon dioxide. After 16 hours (overnight), the cells were
removed from the T-175 flask (by rapping the side of the flask), centrifuged at 800 x g
and then re-suspended in assay medium (1x HBSS +CaCl; + MgCl, (Gibco Cat #

10 14025-092) and 25 mM HEPES pH 7.0 (Gibco Cat # 15630-080)). The cell
concentration was adjusted to 6.25 x 10° cells/mL with assay medium and 8 ul of this
cell suspension (5000 cells) was added to each well of a white Greiner 384-well, low-
volume assay plate (VWR cat # 82051-458).

Varying concentrations of each compound to be tested were diluted in assay

15  buffer containing 3-isobutyl-1-methylxanthin (IBMX; Sigma cat # 15879) and added to
the assay plate wells in a volume of 2 microL (final IBMX concentration was 400 microM
and final DMSO concentration was 0.58%). Following 30 minutes incubation at room
temperature, 5 microL of labeled d2 cAMP and 5 microL of anti-cAMP antibody (both
diluted 1:20 in cell lysis buffer; as described in the manufacturers assay protocol) were

20  added to each well of the assay plate. The plates were then incubated at room
temperature and after 60 minutes, changes in the HTRF signal were read with an
Envision 2104 multilabel plate reader using excitation of 330 nm and emissions of 615
and 665 nm. Raw data were converted to nM cAMP by interpolation from a cAMP
standard curve (as described in the manufacturer's assay protocol) and EC50

25  determinations were made from an agonist-response curves analyzed with a curve
fitting program using a 4-paramter logistic dose response equation.

It is recognized that cAMP responses due to activation of GPR119 could be

generated in cells other than the specific cell line used herein.

30 R-Arrestin:
GPR119 agonist activity was also determined with a cell-based assay utilizing
DiscoverX PathHunter R-arrestin cell assay technology and their U20S hGPR119
R-arrestin cell line (DiscoverX Cat # 93-0356C3). In this assay, agonist activation is
determined by measuring agonist-induced interaction of B-arrestin with activated

35 GPR119. A small, 42 amino acid enzyme fragment, called ProLink was appended to the
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C-terminus of GPR119. Arrestin was fused to the larger enzyme fragment, termed EA
(Enzyme Acceptor). Activation of GPR119 stimulates binding of arrestin and forces the
complementation of the two enzyme fragments, resulting in formation of a functional
B-galactosidase enzyme capable of hydrolyzing substrate and generating a

5 chemiluminescent signal.

Specifically, U20S hGPR119 R-arrestin cells (DiscoverX 1 x 10’/mL) are
removed from cryopreservation and diluted in growth medium (Minimum essential
medium (MEM; Gibco Cat # 11095-080), 10% heat inactivated fetal bovine serum
(HIFBS; Sigma Cat # F4135-100), 100 mM sodium pyruvate (Sigma Cat # S8636), 500

10 microg/mL G418 (Sigma Cat # G8168) and 250 microg/mL Hygromycin B (Invitrogen
Cat# 10687-010). The cell concentration was adjusted to 1.66 x 10° cells/mL and 30
mLs of this suspension was added to a T-175 flask and incubated at 37 degrees Celsius
in a humidified environment in 5% carbon dioxide. After 48 hours, the cells were
removed from the T-175 flask with enzyme-free cell dissociation buffer (Gibco cat #

15  13151-014), centrifuged at 800 x g and then re-suspended in plating medium (Opti-
MEM [ (Invitrogen/BRL Cat # 31985-070) and 2 % charcoal dextran treated fetal bovine
serum (CD serum; HyClone Cat # SH30068.03). The cell concentration was adjusted to
2.5 x 10° cells/mL with plating medium and 10 microL of this cell suspension (2500
cells) was added to each well of a white Greiner 384-well low volume assay plate (VWR

20 cat# 82051-458) and the plates were incubated at 37 degrees Celsius in a humidified
environment in 5% carbon dioxide.

After 16 hours (overnight) the assay plates were removed from the incubator and
varying concentrations of each compound to be tested (diluted in assay buffer (1x
HBSS +CaCl, + MgCl, (Gibco Cat # 14025-092), 20 mM HEPES pH 7.0 (Gibco Cat #

25 15630-080) and 0.1% BSA (Sigma Cat # A9576)) were added {o the assay plale wells
in a volume of 2.5 microl. (final DMSO concentration was 0.5 %). After a 90 minute
incubation at 37 degrees Celsius in a humidified environment in 5% carbon dioxide, 7.5
microL of Galacion Star B-galactosidase substrate (PathHunter Detection Kit
(DiscoveRx Cat # 93-0001); prepared as described in the manufacturers assay

30  protocol) was added to each well of the assay plate. The plates were incubated at room
temperature and after 60 minutes, changes in the luminescence were read with an
Envision 2104 multilabel plate reader at 0.1 seconds per well. EC50 determinations
were made from an agonist-response curves analyzed with a curve fitting program

using a 4-parameter logistic dose response equation.
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Expression of GPR119 Using BacMam and GPR119 Binding Assay

Wild-type human GPR119 (Figure 1) was amplified via polymerase chain
reaction (PCR) (Pfu Turbo Mater Mix, Stratagene, La Jolla, CA) using pIRES-puro-
hGPR119 as a template and the following primers:
hGPR119 BamH1, Upper
5-TAAATTGGATCCACCATGGAATCATCTTTCTCATTTGGAG-3’

(inserts a BamH| site at the 5’ end)

hGPR119 EcoRI, Lower
5-TAAATTGAATTCTTATCAGCCATCAAACTCTGAGC-3

(inserts a EcoR site at the 3’ end)

The amplified product was purified (Qiaquick Kit, Qiagen, Valencia, CA) and
digested with BamH1 and EcoRI (New England BioLabs, Ipswich, MA) according to the
manufacturer’s protocols. The vector pFB-VSVG-CMV-poly (Figure 2) was digested
with BamHI and EcoRI (New England BioLabs, Ipswich, MA). The digested DNA was
separated by electrophoresis on a 1% agarose gel; the fragments were excised from
the gel and purified (Qiaquick Kit, Qiagen, Valencia, CA). The vector and gene
fragments were ligated (Rapid Ligase Kit, Roche, Pleasanton, CA) and transformed into
OneShot DHb5alpha T1R cells (Invitrogen, Carlsbad, CA). Eight ampicillin-resistant
colonies (“clones 1-8”) were grown for miniprep (Qiagen Miniprep Kit, Qiagen, Valencia,
CA) and sequenced to confirm identity and correct insert orientation.

The pFB-VSVG-CMV-poly-hGPR119 construct (clone #1) was transformed into
OneShot DH10Bac cells (Invitrogen, Carlsbad, CA) according to manufacturers’
protocols. Eight positive (i.e. white) colonies were re-streaked to confirm as “positives”
and subsequently grown for bacmid isolation. The recombinant hGPR119 bacmid was
isolated via a modified Alkaline Lysis procedure using the buffers from a Qiagen
Miniprep Kit (Qiagen, Valencia, CA). Briefly, pelleted cells were lysed in buffer P1,
neutralized in buffer P2, and precipitated with buffer N3. Precipitate was pelleted via
centrifugation (17,900xg for 10 minutes) and the supernatant was combined with
isopropanol to precipitate the DNA. The DNA was pelleted via centrifugation (17,900xg
for 30 minutes), washed once with 70% ethanol, and resuspended in 50 uL buffer EB

(Tris-HCL, pH 8.5). Polymerase chain reaction (PCR) with commercially available
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primers (M13F, M13R, Invitrogen, Carlsbad, CA) was used to confirm the presence of
the hGPR119 insert in the Bacmid.

Generation of hGPR119 Recombinant Baculovirus
Creation of PO Virus Stock

Suspension adapted Sf9 cells grown in SfO00Il medium (Invitrogen, Carlsbad, CA) were

transfected with 10 microL hGPR119 bacmid DNA according to the manufacturer’'s
protocol (Cellfectin, Invitrogen, Carlsbad, CA). After five days of incubation, the
conditioned medium (i.e. “P0” virus stock) was centrifuged and filtered through a 0.22

um filter (Steriflip, Millipore, Billerica, MA).

Creation of Frozen Virus (BIIC) Stocks

For long term virus storage and generation of working (i.e. “P1”) viral stocks, frozen BIIC
(Baculovirus Infected Insect Cells) stocks were created as follows: suspension adapted
Sf9 cells were grown in Sf9001l medium (Invitrogen, Carlsbad, CA) and infected with
hGPR119 PO virus stock. After 24 hours of growth, the infected cells were gently
centrifuged (approximately 100 x g), resuspended in Freezing Medium (10% DMSO, 1%
Albumin in Sf9001l medium) to a final density of 1 x 107 cells/mL and frozen according to

standard freezing protocols in 1 mL aliquots.

Creation of Working (“P1") Virus Stock
Suspension adapted Sf9 cells grown in SfO00Il medium (Invitrogen, Carlsbad, CA) were
infected with a 1:100 dilution of a thawed hGPR119 BIIC stock and incubated for

several days (27 degrees Celsius with shaking). When the viability of the cells reached

70%, the conditioned medium was harvested by centrifugation and the virus titer
determined by ELISA (BaculoElisa Kit, Clontech, Mountain View, CA)

Over-expression of hGPR119 in Suspension-Adapted HEK 293FT Cells
HEK 293FT cells (Invitrogen, Carlsbad, CA) were grown in a shake flask in

293Freestyle medium (Invitrogen) supplemented with 50 microg/mL neomycin and

10mM HEPES (37C, 8% carbon dioxide, shaking). The cells were centrifuged gently

(approximately 500xg, 10 minutes) and the pellet resuspended in a mixture of

Dulbecco’s PBS(minus Mg++/-Ca++) supplemented with 18% fetal bovine serum

(Sigma Aldrich) and P1 virus such that the multiplicity of infection (MOI) was 10 and the

final cell density was 1.3 x 10%/mL (total volume 2.5 liters). The cells were transferred
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to a 5 liter Wave Bioreactor Wavebag (Wave Technologies, MA) and incubated for 4
hours at 27 degrees Celsius (17 rocks/min, 7 degrees platform angle); at the end of the
incubation period, an equal volume(2.5 liters) of 293Freestyle medium supplemented
with 30mM sodium butyrate (Sigma Aldrich) was added (final concentration = 15 mM),
and the cells were grown for 20 hours (37 degrees Celsius, 8% CO2 [0.2 liters/min}, 25
rocks/ minute, 7 degrees platform angle). Cells were harvested via centrifugation
(3,000xg, 10 minutes), washed once on DPBS (minus Ca++/Mg++), resuspended in
0.25M sucrose, 25mM HEPES, 0.5mM EDTA, pH 7.4 and frozen at -80 degrees Celsius.

Membrane Preparation for Radioligand Binding Assays

The frozen cells were thawed on ice and centrifuged at 700 x g (1400 rpm) for 10
minutes at 4 degrees Celsius. The cell pellet was resuspended in 20 mL phosphate-
buffered saline, and centrifuged at 1400 rpm for 10 minutes. The cell pellet was then
resuspended in homogenization buffer (10 mM HEPES (Gibco #15630), pH 7.5, 1 mM
EDTA (BioSolutions, #B10260-15), 1 mM EGTA (Sigma, #E-4378), 0.01 mg/mL
benzamidine (Sigma #B 6506), 0.01 mg/mL bacitracin (Sigma #B 0125), 0.005 mg/mL
leupeptin (Sigma #L 8511), 0.005 mg/mL aprotinin (Sigma #A 1153)) and incubated on
ice for 10 minutes. Cells were then lysed with 15 gentle strokes of a tight-fitting glass
Dounce homogenizer. The homogenate was centrifuged at 1000 x g (2200 rpm) for 10
minutes at 4 degrees Celsius. The supernatant was transferred into fresh centrifuge
tubes on ice. The cell pellet was resuspended in homogenization buffer, and
centrifuged again at 1000 x g (2200 rpm) for 10 minutes at 4 degrees Celsius after
which the supernatant was removed and the pellet resuspended in homogenization
buffer. This process was repeated a third time, after which the supernatants were
combined, Benzonase (Novagen # 71206) and MgCl, (Fluka #63020) were added to
final concentrations of 1 U/mL and 6 mM, respectively, and incubated on ice for one
hour. The solution was then centrifuged at 25,000 x g (15000 rpm) for 20 minutes at 4
degrees Celsius, the supernatant was discarded, and the pellet was resuspended in
fresh homogenization buffer (minus Benzonase and MgCly,). After repeating the 25,000
X g centrifugation step, the final membrane pellet was resuspended in homogenization
buffer and frozen at -80 degrees Celsius. The protein concentration was determined
using the Pierce BCA protein assay kit (Pierce reagents A #23223 and B #23224).
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Synthesis and Purification of [°H]-Compound A

LA £

tritium gas
N™Xr N
L N U _ N
N N

+ R I:)F6
| 'Ir\
SO,CHs Pyr SO,CHs
Compound A (Crabtree's catalyst) [*H]-Compound A
CH,Cl,

5 Compound A ( isopropyl 4-(1-(4-(methylsulfonyl)phenyl)-3a,7a-dihydro-1H-pyrazolo[3,4-
d]pyrimidin-4-yloxy)piperidine-1-carboxylate, as shown above) (4 mg, 0.009 mmol) was
dissolved in 0.5 mL of dichloromethane, and the resulting solution was treated with (1,5-
cyclooctadiene)(pyridine)(tricyclohexylphosphine)-iridium(l) hexaflurophosphate (J.
Organometal. Chem. 1979, 168, 183) (5 mg, 0.006 mmol). The reaction vessel was

10  sealed and the solution was stirred under an atmosphere of tritium gas for 17 hours.
The reaction solvent was removed under reduced pressure and the resulting residue
was dissolved in ethanol. Purification of crude [°H]-Compound A was performed by

preparative HPLC using the following conditions.

15  Column: Atlantis, 4.6 x 150mm, 5um
Mobil Phase A: water / acetonitrile / formic acid (98 /2/0.1)
Mobil Phase B: acetonitrile
Gradient: Time % B

0.00 30.0

20 1.00 30.0

13.00 80.0
Run time: 16 min
Post time: 5 min
Flow Rate: 1.5 mL/minute

25  Inj. Volume: 20~50 puL
Inj. Solvent: DMSO
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Detection: UV at 210 nm and 245 nm

The specific activity of purified [’H]-Compound A was determined by mass spectroscopy

to be 70 Ci/mmol.
5  Alternatively the binding assay can be performed with [?H]-Compound B.
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Synthesis and Purification of [°H]-Compound B

1L L
Ioh e
0 0”3,

tritium gas
N™ 1 N™ X
m AN lk AN

N~ N Q NT N
- 3H
Y PFe
| "Ir\
SO,CH3 Pyr SO,CHs

Compound B (Crabtree's catalyst) [®H]-Compound B
CH,Cl,

Compound B (tert-butyl 4-(1-(4-(methylsulfonyl)phenyl)-1H-pyrazolo[3,4-d]pyrimidin-4-
yloxy)piperidine-1-carboxylate, as shown above)(5 mg, 10.6 umol) was dissolved in 1.0
mL of dichloromethane and the resulting solution was treated with Crabtree’s catalyst (5
mg, 6.2 umol). The reaction vessel was sealed and the solution was stirred under an
atmosphere of tritium gas for 17 hours. The reaction solvent was removed under
reduced pressure and the resulting residue was dissolved in ethanol. Purification of
crude [*H]-Compound B was performed by silica gel flash column chromatography
eluting with 70% hexanes / 30% ethyl acetate, followed by silica gel flash column
chromatography eluting with 60% petroleum ether / 40% ethyl acetate.

The specific activity of purified [?H]-Compound B was determined by mass spectroscopy
to be 57.8 Ci/mmol.

GPR119 Radioligand Binding Assay
Test compounds were serially diluted in 100% DMSO (J.T. Baker #922401). 2 microL of
each dilution was added to appropriate wells of a 96-well plate (each concentration in
triplicate). Unlabeled Compound A (or Compound B), at a final concentration of 10
microM, was used to determine non-specific binding.
[’H]-Compound A (or [*H]-Compound B) was diluted in binding buffer (50 mM Tris-HCI,
pH 7.5, (Sigma #T7443), 10 mM MgCl, (Fluka 63020), 1 mM EDTA (BioSolutions
#B10260-15), 0.15% bovine serum albumin (Sigma #A7511 ), 0.01 mg/mL
benzamidine (Sigma #B 6506), 0.01 mg/mL bacitracin (Sigma #B 0125), 0.005 mg/mL
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leupeptin (Sigma #L 8511), 0.005 mg/mL aprotinin (Sigma #A 1153)) to a concentration
of 60 nM, and 100 microL added to all wells of 96-well plate (Nalge Nunc # 267245).
Membranes expressing GPR119 were thawed and diluted to a final concentration of 20
ug/100 microL per well in Binding Buffer, and 100 microL of diluted membranes were
added to each well of 96-well plate.

The plate was incubated for 60 minutes w/shaking at room temperature (approximately
25 degrees Celsius). The assay was terminated by vacuum filtration onto GF/C filter
plates (Packard # 6005174) presoaked in 0.3% polyethylenamine, using a Packard
harvester. Filters were then washed six times using washing buffer (50 mM Tris-HCI,
pH 7.5 kept at 4 degrees Celsius). The filter plates were then air-dyed at room
temperature overnight. 30 pl of scintillation fluid (Ready Safe, Beckman Coulter
#141349) was added to each well, plates were sealed, and radioactivity associated with
each filter was measured using a Wallac Trilux MicroBeta, plate-based scintillation
counter.

The Kd for [°H]-Compound A (or [®H]-Compound B) was determined by carrying out
saturation binding, with data analysis by non-linear regression, fit to a one-site
hyperbola (Graph Pad Prism). ICsp determinations were made from competition curves,
analyzed with a proprietary curve fitting program (SIGHTS) and a 4-parameter logistic
dose response equation. Ki values were calculated from ICs values, using the Cheng-

Prusoff equation.

The following results were obtained for the Beta-lactamase and Beta-arrestin functional

assays:
B-
Human B- . Human B- _
lactamase _ B-arrestin . Intrinsic
; lactamase Intrinsic . arrestin e
Example Functional : Lk 1o Functional ) Activity
RuUn Functional Activity” (%) Run Number Functional (%)
EC50 (nM) EC50 (nM)
Number
Example 1 1 68 100
2 122 101
Example 2 1 17 93
2 17 84
3 9 100
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Example 3 1 8 98 1 4 111
2 11 105
3 6 96
Example 4 1 15 97
2 16 95
Example 5 1 250 100
2 227 88
3 395 104
Example 6 1 6 31
Example 7 1 622 98
Example 8 1 20 100 1 16 80
2 39 102
3 64 94
Example 9 1 56 98
2 89 93
Example 10 1 34 100
2 38 94
Example 11 1 782 98
Example 12 1 5200 100**
Example 13 1 217 119
Example 14 1 495 109
Example 15 1 63 104
Example 16 1 472 87
2 420 100**
Example 17 1 161 67
Example 19 1 4000 100**
2 4810 100**
Example 20 1 61 107
2 131 100**
Example 21 1 688 100
2 201 96
Example 24 1 141 103 1 52 129
Example 27 1 1870 102
2 3400 100
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Exmaple 28 1 5 27
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Example 29 1 3010 100**
Example 30 1 136 113
2 166 76
Example 31 1 155 92
Example 32 1 281 86
Example 33 1 1330 100**
Example 34 1 270 102
Example 35 1 76 83
2 125 101
Example 36 1 848 100
Example 37 1 328 114
2 805 105

*The intrinsic activity is the percent of maximal activity of the test compound,
relative to the activity of a standard GPR119 agonist, 4-[[6-[(2-fluoro-4
methylsulfonylphenyl) amino]pyrimidin-4-ylJoxy]piperidine-1-carboxylic acid isopropyl
ester (WO2005121121), at a final concentration of 10 microM.

**the curve was extrapolated to 100% to calculate an EC50.

The following results were obtained for the cAMP and binding assays:

CAMP Human cAMP Intrinsic Binding Run Human
Example Functional Functional Activity* (%) Numgber Binding Ki
Run Number EC50 (nM) (7 (nM)

Example 1 1 217 56 1 47
2 180 37 2 45

Example 2 1 29 60 1 19
2 29 63 2 13

3 27 60 3 40

4 10

5 10

6 10
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805 105

activity of the test conpound,

*The intrinsic activity is the percent of maxi nmal
relative to the activity of a standard

GPR119 agw0i2810/14de926- [ (2- f | uor o- 4 5Snet hyl sul f onyl phenyl PCT/IB2010/052377

am no] pyri m di n-4-yl ] oxy] pi peri di ne-1-carboxylic acid isopropyl

(W2005121121), at a final concentration of 10 m croM

ester
**t he curve was

extrapolated to 100%to cal cul ate an EC50. The followng results were

obtained for the cAMP and bi ndi ng assays:
Nunmber Human cAMP Functi onal
Run Nunber Human Bi ndi ng Ki

EC50 (nM
(nM Exanple 1 1 217

Exanpl e cAMP Functi onal

Intrinsic Activity* (7)/0)

Run
Bi ndi ng

Example 3 1 13 86 1 5
2 214 91 2 10
3 239 74 3 37
4 152 79
5 11 84
Example 4 1 10 80 1 5
2 9 60
Example 5 1 442 39 1 939
2 650 34 2 1710
Example 6 1 >10000 17 1 >6100
2 >6100
Example 7 1 225 80 1 293
2 256 74 2 283
3 169 85
Example 8 1 9 89 1 1
2 6 75 2 58
3 7 74 3 43
4 47
5 14
Example 9 1 35
2 42
Example 10 1 87 62 1 28
2 98 57 2 30
Example 11 1 163 61 1 530
2 98 74
3 154 62
Example 12 1 >10000 31 1 1700
Example 13 1 180 95 1 149
2 112 87
Example 14 1 436 74 1 723
2 494 78
Example 15 1 198 102 1 268
2 106 112 2 160
3 129 131
Example 16 1 204 105
2 165 102
3 3186 119
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Example 17 1 39 95
2 26 91

Example 18 1 67 80 1 153
2 69 75

Example 19 1 4480 100** 1 >6100
2 4550 99 2 >6100

Example 20 1 59 123 1 41
2 90 107 2 144

Example 21 1 44 33 1 58
2 32 31 2 128
3 57 34

Example 22 1 147 29 1 159
2 161 29

Example 23 1 1640 100** 1 150
2 1470 100**

Example 24 1 27 111 1 54
2 29 100

Example 25 1 57 88 1 418
2 111 114

Example 26 1 254 62

Example 27 1 394 27 1 1640

2 528
Example 28 1 >10000 1 >6100
2 >6100

Example 29 1 >10000 27 1 1550
2 648 33 2 3380

Example 30 1 256 68 1 2020
2 245 60

Example 31 1 56 107 1 462
2 52 109

Example 32 1 66 66 1 514
2 64 78
3 58 60
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Example 33 1 244 85
2 274 92

Example 34 1 55 94 1 87
2 70 78

Example 35 1 18 76 1 31
2 31 66 2 29

Example 36 1 281 51 1 521
2 256 76 2 1450

Example 37 1 1160 56 1 416

*The intrinsic activity is the percent of maximal activity of the test compound,
relative to the activity of a standard GPR119 agonist, 4-[[6-[(2-fluoro-4
methylsulfonylphenyl) amino]pyrimidin-4-ylJoxy]piperidine-1-carboxylic acid isopropyl
ester (WO2005121121), at a final concentration of 10 uM.

**the curve was extrapolated to 100% to calculate an EC50.

Preparation of Starting Materials

Preparation 1: Isopropyl 4-hydrazinopiperidine-1-carboxylate dihydrochloride salt

H2N—N4<:/\N—<O{

Isopropyl 4-{2-(tert-butoxycarbonyhhydrazinyl}piperidine-1-carboxylate (obtained as
described in WO2008137436) (20.2 g, 67.02 mmol), was dissolved in absolute ethanol

(250 mL), and the solution was stirred under nitrogen at room temperature.

Concentrated aqueous hydrochloric acid (27.9 mL, 335 mmol) was added slowly. The
solution was stirred under nitrogen at room temperature for 4 hours. The reaction was
concentrated to a white solid that contained some starting material. The solid was
treated with a 4 M solution of hydrogen chloride in 1,4-dioxane (100 mL, 400 mmol) and
the resulting mixture was stirred for 14 hours at room temperature. The reaction was
then concentrated under reduced pressure to give a white solid, which was treated with
heptane (100 mL) and concentrated again to yield the title compound as a white solid
(15 g, 81%). "H NMR (400MHz, methanol-ds) delta 4.9 (m, 1 H), 4.1 (m, 2 H), 3.2 (m,
1H), 2.9 (m, 2 H), 2.0 (m, 2H), 1.4 (m, 2H), 1.2, (d, 6 H); LCMS (ES+): 202 (M+1).
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Preparation 2: Isopropyl 4-[5-amino-4-(ethoxycarbonyl)-1H-pyrazol-1-yl]-piperidine-1-
carboxylate

0
NH,
07N\ 0
S
N o{

A mixture of isopropyl 4-hydrazinopiperidine-1-carboxylate dihydrochloride salt (7.08 g,
25.8 mmol), ethyl 2-cyano-3-ethoxyacrylate (4.81 g, 28.4 mmol), sodium acetate (6.49 g,
77.5 mmol), and ethanol (80 mL) was stirred at 85 °C for 3 hours. The mixture was
concentrated to about a third of the initial volume. Water (50 mL), saturated sodium
bicarbonate (50 mL), and brine (50 mL) were added. The resulting mixture was
extracted with ethyl acetate (2 x 50 mL). The combined organic extracts were washed
with brine and dried over magnesium sulfate. The mixture was filtered, and the filtrate
concentrated under vacuum to obtain the crude title compound as a light yellow solid
(9.8 g), which was used in the next step without purification. An analytical sample was
prepared by purification via chromatography on silica gel, eluting with a 30 % to 60 %
solution of ethyl acetate in heptane. '"H NMR (500 MHz, deuterochloroform) delta 1.26
(d,6H)1.35(, 3H)1.86-1.95(m, 2H)2.04-2.17 (m, 2 H) 2.84 -2.96 (m, 2 H) 3.89 -
3.98(m,1H)4.28 (q,2H)4.25-4.40 (m,2H)4.89-4.97 (m, 1 H)5.06 (s, 2 H) 7.64 (s,
1 H); LCMS (ES+): 325.1 (M+1).

Preparation 3: Isopropyl 4-[5-bromo-4-(ethoxycarbonyl)-1H-pyrazol-1-vyl]piperidine-1-
carboxylate

(0]
Br
07N\ 0
SO
N o{

Neat fert-butyl nitrite (4.8 mL, 39.3 mmol) was added slowly to a stirred mixture of
isopropyl 4-[5-amino-4-(ethoxycarbonyl)-1H-pyrazol-1-yl]-piperidine-1-carboxylate
(Preparation 2) (8.5 g, 26.2 mmol) and copper (1) bromide (3.7 g, 16 mmol) in

acetonitrile (100 mL) at room temperature. A significant exothermic effect was
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observed with the mixture warming to about 50 °C. After continued heating at 65 °C for
30 minutes, the reaction was cooled to room temperature, and then concentrated under
vacuum. An excess of 10 % aqueous ammonia was added, and the mixture was
extracted with ethyl acetate. The organic phase was washed with water and brine, and
5 concentrated under vacuum. The residue was purified by chromatography on silica gel

eluting with 30 % to 7 0% ethyl acetate in heptane to provide the title compound as a
yellow oil, which was about 70% pure by NMR and LCMS. The material was used in
the next step without further purification. 'H NMR (400 MHz, deuterochloroform) delta
1.23 (d, 6 H)1.34 (t, 3H)1.84-1.95(m,2H)2.01-2.15(m, 2 H)2.82-2.98 (m, 2 H)

10 4.25-4.36(m,2H)4.30(q,2H)4.45-4.56 (m, 1 H)4.86-4.96 (m, 1 H)7.95 (s, 1 H);
LCMS (ES+): 387.9 (M+1).

Preparation 4: Isopropyl 4-[5-bromo-4-(hydroxymethyl)-1H-pyrazol-1-vl]piperidine-1-
carboxylate

Br
HO = O
Re Q¥
N o~

To a solution of isopropyl 4-[5-bromo-4-(ethoxycarbonyl)-1H-pyrazol-1-yl]piperidine-1-

15

carboxylate (3.59 g, 6.5 mmol) in tetrahydrofuran (32 mL) cooled to 0 °C was added a 2
M solution of borane-methyl sulfide complex in tetrahydrofuran (14.6 mL, 29.2 mmol).
The reaction mixture was heated at reflux for 21 hours and then stirred for 4 hours at

20 room temperature. The mixture was cooled to 0 °C, and methanol was added. The
resulting solution was warmed to room temperature and stirred for 10 minutes. The
solution was re-cooled to 0 °C and aqueous 2 M sodium hydroxide solution (10 mL) was
added dropwise. The resulting mixture was diluted with ethyl acetate and stirred
vigorously for 30 minutes. The layers were separated, and the aqueous phase was

25  extracted twice with ethyl acetate. The combined organic layers were washed
sequentially with water and brine and then dried over magnesium sulfate. The mixture
was filtered, and the filtrate concentrated under vacuum. Chromatography over silica gel
eluting with 55% to 70% ethyl acetate in heptane gave the title compound as an oil
(1.89 g, 84 %). '"H NMR (400 MHz, deuterochloroform) delta 1.23 (d, 6 H), 1.87 - 1.95

30 (brm, 3 H),2.06 (qd, 2 H), 2.89 (brt, 2 H), 4.29 (br s, 2 H), 4.39 (tt, 1 H), 4.50 (d, 2 H),
4.90 (m, 1 H), 7.58 (s, 1 H); LCMS (ES+) 348.0 (M+1).
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Preparation 5: Isopropy! 4-[5-cyano-4-(hydroxymethyl)-1H-pvrazol-1-yl]piperidine-1-
carboxylate

CN
HO — O
ReR@X
N o{

5  Isopropyl 4-[5-bromo-4-(hydroxymethyl)-1H-pyrazol-1-yl]piperidine-1-carboxylate (1.42
g, 4.10 mmol), tris-(dibenzylideneacetone) dipalladium (156 mg, 0.170 mmol), 1-1’-bis-
(diphenylphosphino) ferrocene (192 mg, 0.346 mmol), zinc dust (68.8 mg, 1.06 mmol),
zinc cyanide (497 mg, 4.23 mmol) and N,N-dimethylacetamide (20 mL) were combined
in a microwave vial. The vial was flushed with nitrogen, sealed and heated at 120 °C for

10 1 hour in a microwave reactor (Biotage Initiator 2.2). The reaction mixture was passed
through a pad of Florisil™, diluted with ethyl acetate and then water was added. The
aqueous phase was extracted 3 times with ethyl acetate and the combined organic
layers were dried over magnesium sulfate. The mixture was filtered, and the filtrate
evaporated under vacuum. Chromatography on silica gel eluting with 55% to 70% ethyl

15 acetate in heptane gave the title compound as a green oil that solidified upon standing
(1.06 g, 88 %). '"H NMR (400 MHz, deuterochloroform) delta 1.24 (d, 6 H), 1.99 (br d, 2
H), 2.06 - 2.17 (m, 3 H), 2.93 (brt, 2 H), 4.31 (brs, 2 H), 4.48 (it, 1 H), 4.71 (d, 2 H),
4.92 (m, 1 H), 7.60 (s, 1 H); LCMS (ES+): 293.1 (M+H).

Preparation 6: 2-Fluoro-4-[(2-hydroxyethylthio]phenol

F
OH
HO\/\S

To a solution of 4-bromo-2-fluorophenol (0.75 mL, 6.8 mmol) and diisopropylethylamine
(3.5 mL, 20.09 mmol) in 1,4-dioxane (35 mL) was added 9,9-dimethyl-4,5-
bis(diphenylphosphino)xanthene (415 mg, 0.717 mmol),

20

bis(dibenzylideneacetone)palladium (322 mg, 0.351 mmol) and 2-mercaptoethanol

25  (0.46 mL, 6.86 mmol), and the dark brown reaction solution was heated at 110 °C for
16 hours. The reaction was allowed to cool to room temperature, diluted with water and
extracted with ethyl acetate four times. The organic extracts were combined and dried

over magnesium sulfate, The mixture was filtered, and the filtrate concentrated under
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reduced pressure to give a maroon oil which was purified by chromatography on silicon
gel to afford the title compound (985 mg, 76 %) as a maroon solid. 'H NMR (400 MHz,
deuterochloroform) delta 3.00 (t, 2H, J=5.95 Hz) 3.69 (d, 2 H, J=3.71 Hz) 6.89-6.95 (m,
1 H)7.11 (ddd, 1 H, J=8.39, 2.15, 1.17 Hz) 7.17 (dd, 1 H, J=10.54, 2.15 Hz).

Preparation 7: 4-[(2-{[tert-Butyl(dimethyl)silylJoxy}ethythio]-2-fluorophenol

F
/©/OH
.0
7\

To a solution of 2-fluoro-4-[(2-hydroxyethyl)thio]phenol (985 mg, 5.24 mmol) and
imidazole (371 mg, 5.30 mmol) in N,N-dimethylformamide (5 mL) was added tert-
butyldimethylsilyl chloride (814 mg, 5.24 mmol) portion-wise, and the reaction was
stirred at room temperature for 4 hours. The reaction was concentrated under reduced
pressure, and the residue diluted with water followed by extraction with ethyl acetate
three times. The combined organic extracts were washed with brine and dried over
magnesium sulfate. The mixture was filtered, and the filtrate concentrated under
reduced pressure to give the title compound as an orange oil (1.43 g, 90 %) which was
used without further purification. LCMS (ES+): 301.1 (M-1).

Preparation 8: 1-[4-(Benzyloxy)-3-fluorophenyl]-1H-tetrazole

To a suspension of 4-(benzyloxy)-3-fluoroaniline (1.04 g, 4.8 mmol) (WO 2005030140)
under a nitrogen atmosphere was added acetic acid (2.3 mL, 38.3 mmol), triethy
lorthoformate (2.44 mL, 14.4 mmol) and sodium azide (0.34 g, 5.3 mmol), and the
reaction mixture heated at 95 °C for 2.5 hours. The solution was then allowed to cool to
room temperature, and water was added followed by extraction with ethyl acetate three
times. The extracts were combined and washed with brine and dried over magnesium

sulfate. The mixture was filtered and concentrated under reduced pressure, and the
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crude material purified by chromatography on silicon gel (20 — 40 % ethyl acetate in
heptane) to give the title compound as a white solid (1.12 g, 86 %). 'HNMR (400 MHz,
deuteromethanol) delta 9.65 (s, 1H), 7.73 — 7.68 (dd, 1H, J=11, 2.5 Hz), 7.60 — 7.57 (m,
1H) 7.47 —7.45 (m, 2H), 7.40 — 7.30 (m, 5H), 5.24 (s, 2H); LCMS (ES+): 271.1 (M+1).

Preparation 9: 2-Fluoro-4-(1H-tetrazol-1-yl)phenol

E:\?N OH
F

To 1-[4-(benzyloxy)-3-fluorophenyl]-1H-tetrazole (1.12 g, 4.14 mmol) in a Parr shaker

10  flask was added ethanol (40 mL), and the solution purged with nitrogen gas. 10%
palladium on carbon (0.30 g) was added, and the reaction hydrogenated on a Parr
shaker apparatus at 40 psi of hydrogen for 30 minutes. The mixture was then filtered
through a micro pore filter, and the filtrate was concentrated under reduced pressure to
yield the title compound as a white solid (0.67 g, 90 %) which was use without

15 purification. "H NMR (400 MHz, deuteromethanol) delta 9.62 (s, 1H), 7.65 — 7.62 (dd,
1H, J=11, 2.5 Hz), 7.50 — 7.46 (m, 1H) 7.47 — 7.45 (dd, 1H, J=9.0, 9.0 Hz); LCMS

(ES+): 181.1 (M+1).

Preparation 10: _Isopropyl 4-(5-cyano-4-((methylsulfonyloxy)methyl)-1H-pyrazol-1-

/N
\S//O /
e = O\<
7O
N 0]

Isopropyl 4-(5-cyano-4-(hydroxymethyl)-1H-pyrazol-1-yl)piperidine-1-carboxylate

20  yDpiperidine-1-carboxylate

(Preparation 5) (75 mg, 0.24 mmol) was dissolved in 1 mL of anhydrous
dichloromethane and triethylamine (0.1 mL, 0.74 mmol) was added. The reaction

25  mixture was cooled in an ice bath and methanesulfonic anhydride (62 mg, 0.34 mmol)
was then added. The solution was removed from the ice bath and stirred for 30 minutes.
The reaction was quenched by addition of saturated agqueous sodium bicarbonate and
the layers were separated. The aqueous layer was extracted three more times with
dichloromethane. The organic extracts were combined and washed with brine, dried

30  over sodium sulfate, filtered and the filtrate was concentrated to give an oil (75 mg,
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100% vyield). The crude material was used in subsequent steps without further

purification.

Preparation 11: tert-Butyl 4-hydrazinopiperidine-1-carboxylate hydrochloride salt

HZN—N—CN—/{O %

5 HCI

Into a solution of tert-butyl 4-oxopiperidine-1-carboxylate (50 g, 0.25 mmol) in methanol
(500 mL) in an autoclave was added hydrazine mono-hydrochloride (17.2 g, 0.25 mmol)
in water (100 mL). The white mixture was stirred under argon followed by the addition

10 of 5% platinum on carbon (750 mg) as a slurry in water. The autoclave was sealed and
charged to 60 atmospheres with hydrogen, and the reaction was stirred for 15 hours.
Upon completion, the reaction was filtered through Celite®, and the pad washed with
methanol. This preparation was carried out six times. The combined filtrates were
concentrated under reduced pressure, and the resulting white precipitate (di-fert-butyl-

15  4,4-hydrazine-1,2-diyldipiperidine-1-carboxylate) by-product was collected by filtration
and washed several times with water. The aqueous filtrate was then concentrated under
reduced pressure to give the desired product (221 g, 59%) as a colorless solid. 'H NMR
(400MHz, deuterochloroform) delta 4.13 (br s, 2H), 3.32 (br t, 1H), 2.77 (br t, 2H), 2.16
(m, 2H), 1.66 (m, 2H), 1.43 (s, 9H).

20
Preparation 12: fert-Butyl 4-[5-amino-4-(ethoxycarbonyl)-1H-pyrazol-1-yl]piperidine-1-

carboxylate

9 NH,
O\ o)
SO
N o%

25 A mixture of tert-butyl 4-hydrazinopiperidine-1-carboxylate hydrochloride salt (221 g,
880 mmol), ethyl 2-cyano-3-ethoxyacrylate (153 g, 880 mmol), sodium acetate
trihnydrate (477 g, 352 mmol) and ethanol (2000 mL) was stirred at 85 degrees Celsius
for 8 hours. The mixture was concentrated under reduced pressure, and the residue
dissolved in ethyl acetate and water. The layers were separated, and the aqueous layer

30 extracted with ethyl acetate. The combined organic extracts were then dried over
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magnesium sulfate. The mixture was filtered, and the filtrate concentrated under
reduced pressure. The crude material was purified by filtration through a short plug of
silica gel eluting with 40% ethyl acetate in heptane to produce the product as a pale
yellow solid (214 g, 72%). '"H NMR (500 MHz, deuterochloroform) delta 7.60 (s, 1H),

5 5.27 (brs, 2H), 4.23 (br g, 4H), 3.91 (m, 1H), 2.81 (br s, 2H), 2.04 (m, 2H), 1.86 (m, 2H),
1.44 (s, 9H), 1.29 (t, 3H).

Preparation 13: tert-Butyl 4-[5-bromo-4-(ethoxycarbonyl)-1H-pyrazol-1-yl]piperidine-1-
carboxylate

10

O
Br
/\o)%( 0
\N’NACN%O%
To a solution of copper (Il) bromide (1.69 g, 770 mmol) in acetonitrile (1000 mL) was
slowly added fert-butyl nitrite (112 mL, 960 mmol), and the solution was heated to 65
degrees Celsius. To this was added a solution of fert-butyl 4-[5-amino-4-

15  (ethoxycarbonyl)-1H-pyrazol-1-yl]piperidine-1-carboxylate (215 g, 640 mmol) in
acetonitrile (650 mL) drop-wise over 30 minutes. After 4 hours, the reaction was
allowed to cool to room temperature and was then poured into 2 M hydrochloric acid
(1500 mL) in ice. The mixture was extracted with ethyl acetate three times, and the
combined organic extracts were washed with saturated aqueous sodium bicarbonate

20 and then dried over magnesium sulfate. The mixture was filtered, and the filtrate
concentrated under reduced pressure. The resulting residue was purified by filtration
through a short plug of silica gel eluting initially with 10% heptane in dichloromethane
followed by dichloromethane to give the title compound (137 g, 53%) as a yellow oil
which solidified on standing. '"H NMR (400 MHz, deuterochloroform) delta 7.95 (s, 1H),

25  4.48 (m, 1H), 4.28 (br q, 4H), 2.86 (br s, 2H), 2.06 (m, 2H), 1.90 (m, 2H), 1.44 (s, 9H),
1.34 (t, 3H).

Preparation 14: tert-Butyl 4-[5-bromo-4-(hydroxymethyl)-1H-pyrazol-1-yllpiperidine-1-
carboxylate

Br
HO — O
O
N o%

30
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To a solution of tert-butyl 4-[5-bromo-4-(ethoxycarbonyl)-1H-pyrazol-1-yl]piperidine-1-
carboxylate (137 g, 0.34 mol) in tetrahydrofuran (1300 mL) cooled to 0 degrees Celsius
was slowly added borane-methyl sulfide (97 mL, 1.02 mol). The solution was allowed to
warm to room temperature and then heated at reflux for 15 hours. The reaction was
then cooled in an ice bath, and methanol (40 mL) added drop-wise. The solution was
then stirred at room temperature for 20 minutes. Aqueous 2 M sodium hydroxide (1200
mL) was added, and the layers were separated. The aqueous layer was extracted with
ethyl acetate, and the combined organics layers were washed with brine, dried over
magnesium sulfate, and the solvent removed under reduced pressure. The resulting
residue was purified by filtration through a short plug of silica gel eluting with 30% ethyl
acetate in heptane to reveal the title compound as an colorless solid (61.4 g, 50%).
Impure material from this purification was further purified via the above chromatographic
procedure to provide a second batch of the title compound (22 g, 18%) as a colorless
solid. "H NMR (400 MHz, deuterochloroform) delta 7.59 (s, 1H), 4.52 (s, 2H), 4.37 (m,
1H), 4.25 (br s, 2H), 2.86 (br s, 2H), 2.06 (m br s, 2H), 1.89 (m, 2H), 1.45 (s, 9H).

Preparation 15: tert-Butyl 4-[5-cyano-4-(hydroxymethyl)-1H-pyrazol-1-yllpiperidine-1-

carboxylate
N
/\EZ/
OO
N N
<\ ~\<O

Copper (I) cyanide (2.97 g, 33.3 mmol) was added to a stirred solution of fert-butyl 4-[5-

bromo-4-(hydroxymethyl)-1H-pyrazol-1-yl]piperidine-1-carboxylate (10 g, 27.8 mmol) in
degassed dimethylformamide (100 mL). The reaction was then heated at 165 degrees
Celsius for 4 hours and allowed to cool to room temperature. It was further cooled in an
ice-bath, and a solution of ethylenediamine (5.5 mL) in water (20 mL) was added
followed by dilution with more water (70 mL). The mixture was then extracted with ethyl
acetate, and the layers separated. The organic layer was washed sequentially with
water and brine and then dried over magnesium sulfate. The mixture was filtered and
the filtrate concentrated under reduced pressure. This procedure was carried out in 8
batches. The final crude residues were combined and purified by repeated silica gel
column chromatography eluting with 40 % ethyl acetate in heptane to give the title

compound (11.6 g, 17%) as a colorless solid. "H NMR (400MHz, deuterochloroform)

56



91 Exanple 18 1 67 80 1 153 2 69 75 Exanpl e 19 1 4480 100** 1 >6100
4550 99 2 >6100 Exanple 20

10

15

20

25

WO 2010/140092 PCT/IB2010/052377

7.59 (s, 1H), 4.71 (s, 2H), 4.45 (m, 1H), 4.26 (br s, 2H), 2.88 (br t, 2H), 2.08 (m, 2H),
1.98 (m, 2H), 1.48 (s, 9H); LCMS (ES+): 207.1 (M-Boc+H).

Preparation 16: fert-Butyl 4-(5-cyano-4-({methylsulfonyloxy)methyl)-1H-pyrazol-1-

vl)piperidine-1-carboxylate

To a stirred solution of tert-butyl 4-(5-cyano-4-(hydroxymethyl)-1H-pyrazol-1-
yhpiperidine-1-carboxylate (202 mg, 0.659 mmol) in dichloromethane (6.6 mL) was
added triethylamine (0.18 mL, 1.32 mmol) followed by methanesulfonic anhydride (189
mg, 1.1 mmol) at room temperature. The mixture was stirred for 4.5 hours before it was
diluted with dichloromethane and saturated aqueous bicarbonate. The layers were
separated and the aqueous layer was extracted with dichloromethane. The combined
organic extracts were washed with brine, dried over magnesium sulfate, filtered and the
filtrate was concentrated in vacuo to give tert-butyl 4-(5-cyano-4-
((methylsulfonyloxy)methyl)-1H-pyrazol-1-yl)piperidine-1-carboxylate as an oil which

was used without further purification.

Preparation 17: 2-Fluoro-4-(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-tetrazol-5-y)phenol

and 2-Fluoro-4-(2-((2-(trimethylsilyethoxy)methyl)-2H-tetrazol-5-yl)phenol

~N
N ‘N N=N,
ko N5
HO I H HO \
F
~

Si

PN

A) 4-(Benzyloxy)-3-fluorobenzonitrile

To a stirred solution of 3-fluoro-4-hydroxybenzonitrile (1.00 g, 7.30 mmol) in 20 mL of
acetonitrile was added portion-wise potassium carbonate (2.02 g, 14.6 mmol). The
resulting mixture was stirred for 10 minutes before benzyl bromide (1.33 mL, 10.9
mmol) was added. The mixture was stirred at room temperature for 70 hours before it
was diluted with ethyl acetate and water. The organic phase was separated and washed

with water, brine, dried over magnesium sulfate, filtered and the filtrate was
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concentrated in vacuo. The residue was purified by flash chromatography, eluting with a
gradient of 5 to 20% of ethyl acetate in heptane to give 4-(benzyloxy)-3-

fluorobenzonitrile as a white solid (1.33 g).

5 B) 5-(4-(Benzyloxy)-3-fluorophenyl)-1H-tetrazole and 5-(4-(Benzyloxy)-3-fluorophenyl)-

2H-tetrazole
A vial charged with 4-(benzyloxy)-3-fluorobenzonitrile (250 mg, 1.10 mmol), sodium
azide (214 mg, 3.30 mmol), ammonium chloride (176 mg, 3.30 mmol) and 3 mL of N,N-
dimethylformamide was heated at 110 degrees Celsius for 18 hours. The reaction

10 mixture was cooled to room temperature, diluted with water and ethyl acetate and the
pH was adjusted to 3 using aqueous 1 N hydrochloric acid. The organic phase was
separated and washed with brine, dried over magnesium sulfate, filtered and the filtrate
was concentrated in vacuo to give the title compounds as a white solid (270 mg). This
material was used in subsequent steps without purification.

15
C) 5-(4-(Benzyloxy)-3-fluorophenyh-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-tetrazole and

5-(4-(Benzyloxy)-3-fluorophenyl)-2-((2-(trimethylsilyl)ethoxy)methyl)-2H-tetrazole

To a solution of 5-(4-(benzyloxy)-3-fluorophenyl)-1H-tetrazole and 5-(4-(benzyloxy)-3-
fluorophenyl)-2H-tetrazole (270 mg, 1mmol) dissolved in tetrahydrofuran was added

20 sodium hydride (44 mg, 1.1 mmol) in four portions and the resulting mixture was stirred
at room temperature for 15 minutes. (2-(Chloromethoxy)ethyl)trimethylsilane (0.19 mL,
1.0 mmol) was then added and the reaction mixture was stirred at room temperature for
16 hours. The reaction was quenched by the addition of water and ethyl acetate was
added. The organic phase was separated and the aqueous phase was extracted twice

25  with ethyl acetate. The combined organic extracts were washed with brine, dried over
magnesium sulfate, filtered and the filtrate was concentrated under reduced pressure.
Purification by flash chromatography, eluting with a gradient of ethyl acetate and
heptane (5 to 20% ethyl acetate) gave the desired product as a white solid (270 mg,
67% yield).

30
D) 2-Fluoro-4-(1-((2-(trimethylsilyl)ethoxy)methyl)-1H-tetrazol-5-yl)phenol and 2-Fluoro-
4-(2-((2-(trimethylsilyhethoxy)methyl)-2H-tetrazol-5-yl)phenol
To a solution of 5-(4-(benzyloxy)-3-fluorophenyl)-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-

tetrazole and 5-(4-(benzyloxy)-3-fluorophenyl)-2-((2-(trimethylsilyl )ethoxy)methyl)-2H-

35 tetrazole (140 mg, 0.35 mmol) dissolved in a mixture of 2 mL of ethanol and 2 mL of
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tetrahydrofuran was added palladium black (56 mg, 0.53 mmol) and formic acid (0.14
mL, 3.5 mmol). The resulting mixture was stirred at room temperature for 4 hours before
being filtered though a pad of Celite®. The filtrate was concentrated under reduced
pressure and the resulting crude material was used in the subsequent step without

5 further purification.

Preparation 18: 5-(4-(Benzyloxy)-3-fluorophenyl)-1-(2-(trimethylsilyloxy)ethyl)-1H-

tetrazole and 5-(4-(Benzyloxy)-3-fluorophenyl)-2-(2-(trimethylsilyloxy)ethyl)-2H-tetrazole

N-N
| N N=N\N
N .y
N =0
S0 "
©/\ F 0.~ 0o
i i

10 To a solution of 5-(4-(benzyloxy)-3-fluorophenyl)-1H-tetrazole and 5-(4-(Benzyloxy)-3-

fluorophenyl)-2H-tetrazole (Preparation 17, Step B) (650 mg, 2 mmol) dissolved in N,N-
dimethylformamide (8 mL) was added sodium hydride (163 mg, 4 mmol) in two portions
and the resulting mixture was stirred at room temperature for 5 minutes. (2-
Bromoethoxy)trimethylsilane (1.3 mL, 6 mmol) was then added and the reaction mixture
15  was stirred at 70 degrees Celsius for 16 hours before being cooled to room
temperature. The reaction was quenched by addition of water and ethyl acetate was
added. The organic phase was separated and the aqueous phase was extracted twice
with ethyl acetate. The combined organic extracts were washed with brine, dried over
magnesium sulfate, filtered and concentrated under reduced pressure. The residue was
20  purified by flash chromatography, eluting with a gradient of ethyl acetate and heptane (5
to 30% ethyl acetate) to give 5-(4-(benzyloxy)-3-fluorophenyl)-1-(2-
(trimethylsilyloxy)ethyl)-1H-tetrazole (100 mg, 12% yield) and 5-(4-(benzyloxy)-3-
fluorophenyl)-2-(2-(trimethylsilyloxy)ethyl)}-2H-tetrazole (600 mg, 69% yield).

25  Preparation 19: 2-Fluoro-4-(2-(2-(trimethylsilyloxy)ethy)-2H-tetrazol-5-yl)phenol

N=N,
— IN
N XO\S/./
i

HO /

F
To a solution of 5-(4-(benzyloxy)-3-fluorophenyl)-2-(2-(trimethylsilyloxy)ethyl)-2H-

tetrazole (Preparation 18)(230 mg, 0.54 mmol) dissolved in a mixture of 6 mL of ethanol
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and 6 mL of tetrahydrofuran was added palladium black (86 mg, 0.806 mmol) and
formic acid (0.215 mL, 5.4 mmol). The resulting mixture was stirred at room temperature
for 4 hours before being filtered through a pad of Celite®. The filtrate was concentrated
under reduced pressure and the resulting crude material (180 mg) was used in the

5 subsequent step without further purification.

Preparation 20: 2-Fluoro-4-(1-(2-(trimethylsilyloxy)ethyl)-1H-tetrazol-5-yl)phenol

N-N,
LY
N
o N |
O.
F Sli/

To a solution of 5-(4-(benzyloxy)-3-fluorophenyl)-1-(2-(trimethylsilyloxy)ethyl)-1H-

10 tetrazole (Preparation 18)(130 mg, 0.30 mmol) dissolved in a mixture of 2 mL of ethanol
and 2 mL of tetrahydrofuran was added palladium black (48 mg, 0.45 mmol) and formic
acid (0.12 mL, 3 mmol). The resulting mixture was stirred at room temperature for 4
hours before being filtered over a pad of Celite®. The filtrate was concentrated under
reduced pressure and the resulting crude material (94 mg) was used in the subsequent

15  step without further purification.

Preparation 21: 2-Fluoro-4-(1-methyl-1H-tetrazol-5-y)phenol

N-N,
I N
N
|

HO

F
A) 5-(4-(Benzyloxy)-3-fluorophenyl)-1-methyl-1H-tetrazole and 5-(4-(Benzyloxy)-3-

20  fluorophenyl)-2-methyl-2H-tetrazole

To a stirred solution of 5-(4-(benzyloxy)-3-fluorophenyl)-1H-tetrazole and 5-(4-
(benzyloxy)-3-fluorophenyl)-2H-tetrazole (Preparation 17, Step B) (1.50 g, 5.55 mmol) in
30 mL of tetrahydrofuran was added sodium hydride (444 mg, 11.1 mmol) in two
portions at room temperature. After 5 minutes, iodomethane (1.04 mL, 16.6 mmol) was
25 added and the reaction was stirred under a nitrogen atmosphere for 15 hours at room
temperature. The mixture was diluted with water and extracted twice with ethyl acetate.
The combined organic extracts were washed with brine, dried with magnesium sulfate,

filtered and the filtrate was concentrated in vacuo. The residue was purified by flash
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chromatography, eluting with 10-40% ethyl acetate in heptane to give 5-(4-(benzyloxy)-
3-fluorophenyl)-2-methyl-2H-tetrazole as a white solid (1.1 g) and 5-(4-(benzyloxy)-3-
fluorophenyl)-1-methyl-1H-tetrazole as a white solid (450 mg).

5-(4-(Benzyloxy)-3-fluorophenyl)-1-methyl-1H-tetrazole. 'H NMR (400 MHz,
deuterochloroform) delta 4.15 (s, 3 H) 5.23 (s, 2 H) 7.15 (t, J=8.39 Hz, 1 H) 7.31 - 7.48
(m, 6 H)7.52 (dd, J=11.13, 2.15 Hz, 1 H). LCMS (M+1) 285.1.

B) 2-Fluoro-4-(1-methyl-1H-tetrazol-5-yl)phenol
To a solution of 5-(4-(benzyloxy)-3-fluorophenyl)-1-methyl-1H-tetrazole (500 mg, 1.76

mmol) in 6 mL of ethanol and 6 mL of tetrahydrofuran was added formic acid (0.7 mL,
17.6 mmol) followed by palladium black (281mg, 2.64 mmol). The reaction mixture was
stirred at room temperature for 4 hours. The reaction mixture was filtered through
Celite® and the filtrate was concentrated in vacuo to give 2-fluoro-4-(1-methyl-1H-
tetrazol-5-yl)phenol as a white solid (330 mg) which was used for in subsequent

reactions without further purification.

Preparation 22: 4-(1-Methyl-1H-tetrazol-5-y)phenol

A) 4-(Benzyloxy)-N-methylbenzamide

To a flask charged with thionyl chloride (0.35 mL, 4.82 mmol) was added a solution of
commercially available 4-benzyloxybenzoic acid (1.00 g, 4.38 mmol) in 10 mL of
dichloromethane and 0.01 mL of N,N-dimethylformamide at zero degrees Celsius with
stirring. The ice bath was removed and the solution was stirred for 4 hours at room
temperature. The mixture was concentrated in vacuo to give a white solid. This solid
was taken up in 10 mL of methyl amine (2 M in tetrahydrofuran) and the resulting
solution was stirred at room temperature for 70 hours. The mixture was diluted with
ethyl acetate and water and the organic layer was separated, dried over magnesium
sulfate, filtered and the filtrate was concentrated in vacuo to give a white solid. This
solid was recrystallized from ethyl acetate and heptane to give 4-(benzyloxy)-N-

methylbenzamide as white needles (850 mg).
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B) 5-(4-(Benzyloxy)phenyl)-1-methyl-1H-tetrazole

To a stirred solution of 4-(benzyloxy)-N-methylbenzamide (200 mg, 0.829 mmol) in 3
mL of acetonitrile and one drop of N,N-dimethylformamide, in a flask topped with a
reflux condenser, was added triethylamine (0.12 mL) under a nitrogen atmosphere.

5 The reaction mixture was stirred for 10 minutes before thionyl chloride (0.078 mL, 1.08
mmol) was added drop-wise. The yellow reaction mixture was stirred for 1 hour at room
temperature under a nitrogen atmosphere. Triethylamine (0.36 mL) was then added
slowly, followed by tetrabutylammonium chloride (37.4 mg, 0.12 mmol) and sodium
azide (611 mg, 1.82 mmol). The resulting yellow suspension was vigorously stirred for

10 70 hours at room temperature under a nitrogen atmosphere. The mixture was diluted
with water and ethyl acetate. The organic layer was separated, washed with brine,
dried over magnesium sulfate, filtered and the filtrate was concentrated in vacuo. The
residue was purified by flash chromatography, eluting with a gradient of 10 to 40% ethyl
acetate in heptane to give 5-(4-(benzyloxy)phenyl)-1-methyl-1H-tetrazole as a white

15  solid (180 mg).

C) 4-(1-Methyl-1H-tetrazol-5-yl)phenol
To a stirred solution 5-(4-(benzyloxy)phenyl)-1-methyl-1H-tetrazole (180 mg, 0.676

mmol) in 3 mL of ethanol and 3 mL of tetrahydrofuran was added formic acid (0.27 mL,
20 6.76 mmol) followed by palladium black (108 mg, 1.01mmol). The mixture was stirred at

room temperature for 4 hours. The reaction mixture was filtered through Celite® and the

filtrate was concentrated to give 4-(1-methyl-1H-tetrazol-5-yl)phenol as a white solid

(110 mg), which was used in subsequent reactions without further purification.

25  Preparation 23: 3-Fluoro-4-hydroxybenzamide
NH,

0o
F

OH
A mixture of commercially available 3-fluoro-4-hydroxybenzonitrile (500 mg, 3.65 mmol)
and potassium hydroxide (1.02 g, 18.2 mmol) in 10 mL of 80% ethanol was heated at
reflux for 16 hours. After cooling to room temperature the mixture was concentrated in
30  vacuo and the residue was taken up into water, acidified with acetic acid and extracted
with ethyl acetate. The combined organic extracts were dried over magnesium sulfate,

filtered and the filtrate was concentrated in vacuo. The residue was purified by flash
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chromatography, eluting with a gradient of 20 to 60% ethyl acetate in heptane to give 3-
fluoro-4-hydroxybenzamide as a white solid (210 mg).

Alternatively, 3-fluoro-4-hydroxybenzamide can be prepared as follows:

To a stirred solution of urea hydrogen peroxide (4.2 g, 43.8 mmol) in 12 mL of water
was added solid sodium hydroxide (1.04 g, 25.5 mmol). The resulting solution was
cooled in an ice bath before a solution of 3-fluoro-4-hydroxybenzonitrile (1.00 g, 7.29
mmol) in 5 mL of ethanol was added. The mixture was vigorously stirred for 2 hours at
room temperature before it was diluted with water (100 mL) and ethyl acetate (100 mL).
The mixture was stirred for 5 minutes before 1 M hydrochloric acid was added until pH
4. The aqueous layer was separated and extracted with ethyl acetate (3X100 mL). The
combined organic layers were dried over magnesium sulfate, filtered, and the filtrate
was concentrated to give a white solid. This solid was triturated with diethyl ether and
heptane (2:1, 90 mL) for 1 hour, before filtering to give 3-fluoro-4-hydroxybenzamide as
a white solid (1.05 g). '"H NMR (400 MHz, deutero dimethyl sulfoxide ) delta 6.93 (t,
J=8.69 Hz, 1 H) 7.19 (br. s., 1 H) 7.53 (dd, J=8.39, 1.95 Hz, 1 H) 7.62 (dd, J=12.40,
2.05Hz, 1 H)7.77 (br.s., 1 H) 10.39 (s, 1 H). LCMS (ES) 156.0 (M+1).

Preparation 24: 2-Fluoro-4-hydroxybenzamide

NHz =
o

OH
To a stirred solution of urea hydrogen peroxide (2.1 g, 21.9 mmol) in 6 mL of water was
added solid sodium hydroxide (521 mg, 12.8 mmol). The resulting solution was cooled
in an ice bath before a solution of 2-fluoro-4-hydroxybenzonitrile (500 mg, 3.65 mmol) in
2 mL of ethanol was added. The mixture was vigorously stirred for 2 hours at room
temperature before it was diluted with water (100 mL) and ethyl acetate (100 mL). The
mixture was stirred for 5 minutes before 1 M hydrochloric acid was added until pH=4.
The aqueous layer was separated and extracted with ethyl acetate (3X50 mL). The
combined organic layers were dried over magnesium sulfate, filtered, and the filtrate

was concentrated to give 2-fluoro-4-hydroxybenzamide as a white solid.

Preparation 25: Isopropyl 4-(5-cyano-4-(1-hydroxyethyl)1H-pyrazol-1-yl)piperidine-1-
carboxylate
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OH /Yy
% g
O
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Isopropyl 4-(5-cyano-4-formyl-1H-pyrazol-1-yl)piperidine-1-carboxylate (Example 9,
Step A) (61 mg, 0.18 mmol) was dissolved in 2 mL of anhydrous tetrahydrofuran and
5 cooled to negative 78 degrees Celsius under a nitrogen atmosphere. Methylmagnesium

bromide (0.070 mL, 0.21 mmol, 3 M in diethyl ether) was then added drop-wise. The
cold bath was removed and the mixture was stirred for 1 hour at room temperature. The
mixture was diluted with 1 M aqueous potassium bisulfate and extracted three times
with ethyl acetate. The combined organic extracts were washed with brine, dried over

10 sodium sulfate, filtered and the filtrate was concentrated in vacuo. The residue was
purified by flash chromatography, eluting with a gradient of ethyl acetate in heptane (20
to 100% ethyl acetate) to give isopropyl 4-(5-cyano-4-(1-hydroxyethyl)-1H-pyrazol-1-
yDpiperidine-1-carboxylate as a white solid (33 mg) which was used in subsequent
steps without purification.

15
Preparation 26: 1-Methylcyclopropyl 4-nitrophenyl carbonate

o O
O
D)o

20 A1 L flask was charged with titanium methoxide (100 g), cyclohexanol (232 g), and

A) 1-Methylcyclopropanol

toluene (461 mL). The flask was equipped with a Dean-Stark trap and condenser. The
mixture was heated at 140 degrees Celsius until the methanol was removed. The
toluene was removed at 180 degrees Celsius. More toluene was added and this
process was repeated twice. After all the toluene was removed the flask was dried

25 under high vacuum. Diethyl ether (580 mL) was added to the flask to prepare a 1 M
solution in diethyl ether. A 5 L, 3-neck flask was equipped with an overhead stirrer, inert
gas inlet and a pressure-equalizing addition funnel. The flask was flushed with nitrogen
gas and charged with methyl acetate (60.1 mL, 756 mmol), titanium cyclohexyloxide (1
M solution in ether 75.6 mL), and diethyl ether (1500 mL). The solution was stirred while

30  keeping the reaction flask in a room temperature water bath. The addition funnel was
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charged with the 3 M ethylmagnesium bromide solution (654 mL, 1.66 moles). The
Grignard reagent was added drop-wise over 3 hours at room temperature. The mixture
became a light yellow solution, and then gradually a precipitate formed which eventually
turned to a dark green/brown/black colored mixture. After stirring for an additional 15
5 minutes, following the addition of the Grignard, the mixture was carefully poured into a

mixture of 10% concentrated sulfuric acid in 1 L of water. The resulting mixture was
stirred until all the solids dissolved. The agueous layer was separated and extracted
with diethyl ether 2 x 500 mL. The combined organic extracts were washed sequentially
with water, brine, dried over potassium carbonate (500 g) for 30 minutes, filtered and

10  the filtrate was concentrated in vacuo to an oil. Sodium bicarbonate (200 mg) was
added and the crude material was distilled, collecting fractions boiling around 100
degrees Celsius to give the title compound (23 grams) with methyl ethyl ketone and 2-
butanol as minor impurities. "H NMR (500 MHz, deuterochloroform) delta 0.45 (app. t,
J=6.59 Hz, 2 H), 0.77 (app. t, J=5.61 Hz, 2 H), 1.46 (s, 3 H). The preparation of the title

15 compound is also described in WO09105717.

B) 1-Methylcyclopropy! 4-nitrophenyl carbonate

A solution of 1-methylcyclopropanol (10 g, 137 mmol), 4-nitrophehyl chloroformate (32
g, 152 mmol), and a few crystals of 4-dimethylaminopyridine (150 mg, 1.2 mmol) in

20  dichloromethane (462 mL), was cooled to zero degree Celsius. Triethylamine (36.5 g,
361 mmol) was added drop-wise. After 10 minutes, the ice bath was removed and the
reaction was allowed to stir at room temperature for 14 hours. The reaction mixture was
washed twice with saturated aqueous sodium carbonate. The aqueous phase was
extracted with dichloromethane. The combined organic extracts were washed with

25  water, dried over magnesium sulfate, filtered and the filtrate concentrated in vacuo. The
residue was purified by flash silica gel chromatography, eluting with a gradient mixture
of ethyl acetate in heptane (0 to 5% ethyl acetate over the first 10 minutes, then
isocratic at 5% ethyl acetate to heptane) to give 20.8 g of the desired carbonate as a
clear oil. This oil solidified upon standing.

30 '"HNMR (500 MHz, deuterochloroform) delta 0.77 (app. t, J=6.59 Hz, 2 H), 1.09 (app. t,
J=7.07 Hz, 2 H), 1.67 (s, 3 H), 7.40 (app. dt, J=9.27, 3.17 Hz, 2 H), 8.29 (app. dt,
J=9.27, 3.17 Hz, 2 H).

Alternatively the 1-methylcyclopropanol can be prepared as follows:

1-Methylcyclopropanol
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4-{2-(tert-butoxycarbonyl)hydrazinyl }pi peridi ne-1-carboxyl ate (obtained as

descri bedAlzmomoﬂaé%ﬂa%ﬁ)Na(s?e@u%ped with a(Rediamlchl stiwas iskrsgad iMed 1 n absol ute

et hanol 15(250 nL), and the solution was stirred under. nitrogen at room
t enper at uF‘@rm@Bﬁ’@érﬂ”f’d‘fv%@reéakir@o&él“ﬁ%ﬂgo%qﬂ't&”lfl-:'”%?&% d hetaslowas flusped Witho| ) was
added sl owltrsgenaed srgdd With Y6 mBUdf i@ BRERT I OWEd BEER2RtL mmb@@per ature

for 4 hours.. The reaction oncentrated t ite sQ hat cont ai ned
some star {”?HU”}FEF@ %{hyih@wﬁ%ﬁ (ﬁ‘%fy ttqné%\?’éegv‘«ﬂfmﬂaraeﬁ‘WL@(ﬂO 08N of
hydrogen phlparddden 28.6.ML- B60Xxans!) 6fLiABthiLacefdd dinmed Jo B2 AthetieesTid i ng
Concent r abse i dERop bietepTEsR Wt SGTL &S MhANVEsarRar AT Tas -
treat eddeﬁhBr mmﬁto?n%é Héé@t.éﬂﬂasa%s%@mmﬁ éﬁﬁc%drva}glatbd!h t&ké@p&héhrﬂé‘lgzll; [ Ej I Iet
conpoun S a Ite SOl elta
SoaPend prbrafite 41D sofie’ taighis by Fosh Gmyiliere the matyl spEtory) 1 4 Cm

I%H) 1. t2 S(ﬁldnonﬁNé'@adde%tf(eﬁﬁrSk TH&OCrigridtd yeagéd ﬂ&ﬂt@é&é@@&ﬂ&?@iﬂvﬂ@?ﬁdﬁ/ 052377
reparati

n
P e B BE A s 2 A00H A groRs Siver SpPonc, 2RAPP &SR HEn 2 ELRBI at o
5 A m Xinuge. Hffter SRroRN mé ohBegettl AeRjepetid dhded-abdear ramgrabenL

dlhydrochlorlde sa hyl_ 2-c ano yacryl ate
(a1 . BN ALEPNY deblatein bty gebgcfed e tiiopnd 4 mckanol (80
mt_)) was Sﬁr@ﬁadfr@égﬁ&Bhﬁj b&dn dddedUdrsother2e mi pbnubue of/\m&thwmmem duaﬂggzld to
about a t the In a sat.ur I um
bi car bonafe®{ fﬂ_n)""aseﬁfjdjt r'll‘fﬁeéq?%g;erﬁt‘t}[)\a%f’feé r%?eaﬂﬁgt r}aéj a i xture
was exsragh@dend( L @bhiph ohaets @Ce(téleXn émeﬂwlutuoﬁh@scanmtjn@mbrom@mrtn 4extracts
wer e washe th brine an i ed um sul faf e. e mxture was
[T et od Mgl Grias Feec Bod BEbATI LI 1R Dy BT E| GoLBISHIRE e or ude
title corrpmungblata)na,vég fkedyel | ow soI id 15 (9.8 g), which was used | n t he
next step vvlth r|f| tion. n repar ed
ur 11 cat THHMORLe A HEES G P oGR8 BB TolR T P goTPRHOROHEEA T o 60 A
sol ution aﬂdl’ﬁirhtyfleetcﬂteG et iepinige whid VR Qb€Dinkd& mixtenst #1600 lgl adicef or m
delta 26 1 m 2 H)
2.84 2& %é ?‘?r{”?z"@ﬁ?”%erg’é ed %"fgpéc ?‘r‘r[?wfﬁh Fﬁp“ig%”gt Eﬁm'?%e e Eds 7rHg4o (m 2
H 4. 89 - pHase€ Weme sdpdriited 206 tHesaquot padedvdssexti@0tedHyainlaMB( mEbf: 325. 1
( NH) [ . 1 sopropyl : o
" br ol b 305 eaPBBRG Bes AEaR s Bie MaseR IS Bl AE1OPS 28U BByl at o
25 sodium carbonate, 15 mL of brine, and dried over 30 grams magnesium sulfate for 1
hour with stirring. The ether solution was then filtered. Tri-n-butylamine (14.3 mL, 60
25  mmol) and mesitylene (10 mL were added. Most of the diethyl ether was removed by
distillation at atmospheric pressure using a 2.5 cm x 30 cm jacketed Vigreux column.
The remaining liquid was transferred to a smaller distillation flask using two 10 mL
portions of hexane to facilitate the transfer. Distillation at atmospheric pressure was
continued through a 2 cm x 20 cm jacketed Vigreux column. The liquid distilling at 98 -
30 105 °C was collected to provide 14 g of the title compound as a colorless liquid. 'H
NMR (400 MHz, deuterochloroform) delta 0.42 - 0.48 (m, 2 H), 0.74 - 0.80 (m, 2 H),
1.45 (s, 3 H), 1.86 (br. s., 1 H).

Preparation 27: 2-fluoro-4-(1-methyl-1H-imidazol-5-yl)phenol
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Neat tert-butyl nitrite (4.8 nL, 39.3 mmol) was added slowy to a stirred
m xture of i sopropyl

445- am now0-208¢taaggcar bonyl) - 1H pyrazol - 1- y1] - pi peri di necIABanasepi7at e
(Preparation 2) (8.5 g, 26.2 nmol) and copper (I1) bromde (3.7 g, 16 muol)
in 30acetonitrile (100 n.) at roomtenperature. A significant exothermc

ef fect was observed with the m xture warm ng to about 50 C. After continued
heating at 65 C for 30 mnutes, the reaction was cooled to room
tenperature, and then concentrated under vacuum An excess of 10 A aqueous
ammoni a was added, and the m xture was extracted with ethyl acetate. The
organi ¢ phase was washed with water and brjme, and 5 concentrated under
vacuum The residue was purified by oyraphy on silica gel eluting
with 30 %to 7 0% ethyl acetate ipg nejto provide the title conpound as
a yellow oil, which was about 70% puré by NVR and LCVM5. The material was
used in the next step w thout furtherfpurification. 1H NVR (400 Mz,

deut er ochhps-98-Gtud)o-dehdtioxypRényl)h-n@tHy)- 18.1Bklagsle 3 H 1.84- 1.95 (m 2 H)

|2-|j 01 -2 }gﬁ@%o%fﬁ'?%rfgiq%%g[eéé;z?gﬁr_ﬂgé.aéwﬁfﬁ,&f'i(ﬁgg@pﬁggpiin%?_%L@’é){l? 0+§:q, 2

387. 9 ( MrigmolPae@ppotatsion chibonaQBOPYg, 2.17 mmol) were placed in a microwave vial

41 5 B Oy A N Ret B b haiol o BIRS! HL Afadks iy POyl ate 15

To a sol uffd

4[ 5- br onpddgdseéd aily aatrbamyot hittblgen yaan o hiyltb i pPeethgiimielaiole (@OPOXY| at e
(3.59 g, 6.5 1) ,in tetr dr.of n (3 ) cooled to O C was added a 2 M
Coi bl on 8 EPR Ak R Qe UE R D (B B8R wkthodie, d BB 26 . “26. 5
mol ) . Thaixt@eaidsaiegassddifoeanliser@ahiadieat Theefdseal e pl@dedhodmsic@ndvé hen
stirred for 4 h at 20.room.t erature.. . The m xture was, cool to 0 C,
Snd' et hattarands Ao s raS PRt S aok dir wer Al Ful B s e,

t enpenat ufilerad thraughrCedite™ and &2 fittranel ivas .coldedtraiduinidenredased gresaeéetheto 0 C

Fesul t1 ngone riaRE B TR deRSlobiaph shidba i af e ORI RBIbEC ) "For

30 m nut ed.heplemel thgre0 $o 086 methapaliadeat lorenethbie gadisadiogyiyEtas ditlevas

wached seauBR s e e faha v RdSof AR A e BpaRRl b BB AeLT

sul fate. 18 H)j XBEI(E vigs 6195|-t6eI8e(h, 23 7100e 707 (o, 2 1¢), Takaqent HatRedtounder

vacuu r, raphy over. silica.gel, eluting with 55%t0 .70%.et hyl
hectate i MR ARy RIS BridfudRoisiiaan® Mot ige b Y 1 e
(400 MHz, Cdguthemq@008r536ramy Alel 1. @Drd., 2606,d379). H), 1.87 - 1.95 30(br m 3
H, 2.06 (qd, 2 H, 2.89 (br t, 2 H, 4.29 (br s, 2 H, 4.39 (tt, 1 H),
4.50 (d, 2 H, 490 (m 1 H, 7.58 (s, 1 H; LCM5 (ES+) 348.0 (M+l).

Pr epar at i B 25Eludreep(lempgthyl-1H-imidazol-5-yl)phenol _ o

L cyang L YA LPA TR b RYRR)-A Hrath AR SO B7 o5 Roaed at e N
4] 5- bQOrmrMnc(l)hyd'romoyasmethyme 210+ veesad dde yal Sopitipe iof boroedID-bramidex(d.3t e (1. 42

g, 4.10 I ris-(di benzylideneacet ane) dipalladium (156 nmy, . 0. 170

9o TR L ool SRRt B0 AR aleRE Skisilsl The Aft bk Rl ot ohl 0
dust (68. &mypratlred6r 20rbdyrs. THemixtyamiad thendDolenigo -30 &yresnCelsiandnd

N, N- di met hyl,acet am de (20 re conined in a mcrowave,vial. The vial
has 1 ven e heiRudsaiddtho MBI BT U BaJhSHRNREa I M i VL

m cr owav ethegasitios waBidissalged innwdteradrarnedirdljzed With v acdiumrhydioxtder Ehevas passed

;252399 Tﬁg&l?tgonov]:/asFtlzoonrcieﬁtirelltho éjl{/é fﬁteqﬂevgo%%ogrgdq é’sl a ?gl%t\/\%o?id?@&mtgk)".el%iswa ter was

compound was used further without purification.

Preparation 28: 2-Fluoro-4-(1-methyl-1H-imidazol-2-yl)phenol

N
@ﬂ@
HO |
F

30  A) 2-(3-Fluoro-4-methoxyphenyl)-1-methyl-1H Imidazole
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aqueous phase was extracted 3 tines with ethyl acetate and the conbi ned
organic |l ayers were dried over magnesium sulfate. The m xture was filtered,
and t he fwbtoaigo@ezapor at ed under vacuum Chr omat ogr aphyConBaild/hargel
eluting with 55% to 70% et hyl 15acetate in heptane gave the title conpound
as a green oil that solidified upon standing (1.06 g, 88 % . 1H NVR (400
WMHz, deuterochloroforn) delta 1.24 (d, 6 H, 1.99 (br d, 2 H, 2.06 - 2.17
(m 3H, 2.93 (br t, 2 H, 4.31 (br s, 2 H, 4.48 (tt, 1 H, 4.71 (d, 2
H, 492 (m 1 H, 7.60 (s, 1 H; LCMS (ESt+): 293.1 (MtH). Preparation 6:
2- Fl uor 0- 4- 112- hydr oxyet hyl ) t hi ol phenol 20 HO OH To a solution of

4- br onmo- 22fF|IGUPdS-ﬂFHB@r|ﬂ@ém§&e (2259-mL 51 §3mmé|)arw1@b¢fbbr(ﬁ)wam¢abswl1ag® ne (3.5
m., 20.09 rrm)l\%6 , 4- di oxane (35 was added -di ne g/

bi s(di pheﬁ&?“% %fﬁm'%éﬁk%m\“éﬁ\é{a Ql‘i@'arﬂ? diggolved 'Wrﬁ‘d\’)"methy'form m'de (48

bi s(di benay).ihenrireed WQ@H@@dslsé@fd#f’m(n%BQteﬁmlth% @t’éérrmmlhtbogéﬁ@as 1-

ol ut i o {?o%é% Bhieatledd 014 51cO B ™1e) ROk PelaSHR | BstatP G MBOQM aved 1o cool

t o room t gy adre l@dedlidndttesi mdtdre wiRtRgasded fexdroedrad nihutes EtHilessgiet at e
four tines. %C é)r gani c extracts werﬁ combi ﬁi_anrgl) gl’l ed qver %ne5| um
sul fate, YRR®PRICK Wr%%%wwq reasieat 14N fegresiia/eYSiceZ f8HSe hbe e\ ier

reduced pﬂl&ﬁéleﬁhta CAceeatd (IMLY %uﬂald|m%bﬁlﬂat%%q@éﬂdsfdnﬂﬂorbum(bhkﬂﬂat ogr aphy
onS|I|co to aff rdthet

tl 985 a maroon
SoTu S Pateny BN i 2t bt il BTG RER ad aee e Res bt Loy acsTaiSon 1)
i- ?3 I(-I(Zj ih&corﬂﬁaeaérg}dﬁk ha8& WeRSwdsied Withlwalerldriddisl@r sdditin siifdte39, 2. 15,

10.54, 2.15 Hz r ration
4-112 1?f t é'Fetre%é‘E(sthclﬂ”F?é? W)?Pf%”‘?egf/‘ﬁ?t?éyﬁ‘ & r?ﬁ% 'g‘%ef‘%t?rt?é?"’éﬁﬁéﬂféﬂd by 70 a
sol 3“ oln Ol’ﬁrg&afdgm dluiig?wity 8l gexdjesit hymdeltcﬁ]efr?%waté?ﬁ?mgne (staémn%l ) and
I M dazol e I e or e
teabaty1 et argtRe St R le e ethoT ) SR aR6 o BYe SASET0TaRa « he
reaction mmokpprsatnw)nadetayl TH DAY RNP S atyullcﬁv 6.0«35§Bdrhgyg 9 NMR @400edBL] on was
concentrate er .requ sure, e ter
fol I owed BSM 8@?8‘8@?@]{3 d\‘fxﬁ? I"\’%Q? Fiyd H%1(:,”98[%61(15\'—J:E P‘ﬁréa‘i&{si mé%é“gdwbmg Sorgani c
extragss wer)fe7 xlws head (i, Qh—l)bIPﬂot"t?h hl'met mkmceﬁés oyﬂrrednmwrae&iamnmlagabmga@de
m xture S 1lter e filtr uce ressure
[0 give 1 hane pratdh KR S Brat e BheRami LR P g ot on e ReeA 4BR 3 sused
Wi t hout f DT tdierthe titetdtireaturon.org@vent. F20B; 5&8Blard £04 l)OrgPQOD&F’&i799)n 8:
1- 1- 4- (Benzyl oxv) - 3-f |l uor ophenvll-1Htetrazole 20 To a suspensi on of

4- (benzyl oxy)-3-fluoroaniline (1.04 g, 4.8 nmmol) (WD 2005030140) under a
ni trogen Bipraphendiweghyddeichidget?g)pwdndl (2.3 L, 38.3 mml ), triethy

| ort hof or e .44 o 414 4 ) ~and sodi um azi de .3 mol ), and
the r ot Pacrs i fradthuatbing2obs Moo S Rsares Homa Edpdterbn was t hen

al | oned tme&mmyprtemyraarm@mylt’&n‘pmdaztdlg fllowing avmbwdummbﬂﬁd td tat swed by
extracti C)Brepara |ont29>d3) ocg?\;e € t| Ie compound as a brown solid (33.4 mg). The crude

material was used further without purification.

25  Preparation 29: 2-Fluoro-4-(methylsulfonyl)-1-(prop-1-en-2-y)benzene

F
O\\ /(j)L

A

To a solution of 1-bromo-2-fluoro-4-(methylsulfonyl)benzene (199 mg, 0.790 mmol) and
potassium isopropenyltrifluoroborate (300 mg, 2.57 mmol) in 2-propanol (10 mL) was
added the catalyst 1,1'-bis-(diphenylphosphino)-ferrocene palladium dichloride (67 mg,
30  0.089 mmol) and triethylamine (0.17 mL, 1.20 mmol) sequentially. The reaction was
heated at 90 degrees Celsius for 15 hours, and then the reaction was stirred at room

temperature for 48 hours. Water and ethyl acetate were then added, and the layers
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times. The extracts were conbi ned and washed with brine and dried over
magnesi um sul fate. The m xture was filtered and concentrated under reduced
pressur e,wanndioizeo92 crude material purified by chronat ogcaphioiens2s71i con
gel (20 - 40 %ethyl acetate in heptane) to give the title conpound as a
white solid (1.12 g, 86 % . 1H NVR (400 MHz, deuteronethanol) delta 9.65
(s, 1H, 7.73 - 7.68 (dd, 1H, J=11, 2.5 Hz), 7.60 - 7.57 (m 1H) 7.47 -
7.45 (m 2H), 7.40 - 7.30 (m 5H), 5.24 (s, 2H); LCVs (ES+): 271.1 (M+l).
Preparation 9: 2-Fluoro-4-(1Htetrazol-1-vl)phenol To

1[ 4- (benzyl oxy) - 3-fl uor ophenyl] -1Htetrazole (1.12 g, 4.14 mmol) in a Parr
shaker 10Wf#e3§éﬁ>aV@§d add%du@@mayﬁrv(a%(bxﬂb&tedw eftrkwaéétét@trmo ghiged Wi th

ni t rogen 10% pal | adi um on car bon was added t he reaction
hydr ogenag)étfﬁ%snw%." epRreinedawashesyyiy %{tf\?sangtd“ﬁg o8 SO@f“”h?*df%‘beﬁhef Bty

][n' Inut es. whsfindrsd Hna tM@ﬁIérbfé&?nf:édtfa@écﬁﬁ#adelﬁPéded érd%b@rEaOTIF%)fe%ldfubMa%lr and the
Iftrate was. concentr at unaer ce es reto | e e title
conpound BY ﬁdﬁ%sﬁ'éa%\? O'I‘EtOSFPp y 1)0566 ‘aﬂ@é"ﬁt% 'I?QE’”\‘RF%YW“G

15$uz5 |2 SI( gﬁlﬂd &mmpobinld IR VG ohvdriz 130dﬁ t&);@)ZgH?WRI 50(ﬂﬁl|l-lzad&1t@'2>clﬁ5lﬁrofd¥h1)) 7.65
120 0. 5 gl ouey é@g)(g@l%hf’ﬂ?%( g (.2 H%F#ﬂﬁi,afra S 460 T8 Qv

4- (5- cvang=diag, (1158 hy,| sH), fromvidaxysenss, hvi)HA H-Hpyr azol -
20y|)piperidine-l-carboxylate | sopr opyl

4- (5-cyano- 4- (hydr oxynet hyl ) - 1H pyrazol - 1- y1) pi peri di ne- 1- car boxyl at e

( Prepar at Egamble 1 stép@wl ﬂr&évaﬁnmaz ﬂ@@ommaweg HyDduldaypf anhydrous

di chl ororret hane and |et | a e 0,1 4 mmol ) was added. The
reacti'on B ' H RJPAXVIE et hanesul f oni ¢ anhydri de
(62 ng, O. 34 rrrml) was then added FThe sol utlon was renmoved fromthe ice
bath and stirred for 30 m nut @s act ®n was quenched by addition of
sat urat ed aqueous sodi um bi gabbd vvere separated. The
aqueous | ayer was extrad"icé_c{%rﬁr e€ nore t nﬁs‘@ | or onet hane. The
organi c extracts were conbi ned and washed" wi t B br i f?e dried 30over sodium
sulfate, filtered and the filtrate was concentrated to give an oil (75 ny,
100% yi el d). The crude material was used in subsequent steps w thout
further pajisbbeaylidnE-({Riegderabigidibithyt)siviioBuétyDthiol-2-fluorophenoxyl-

4-hvarazi popl et g ne 1; 68 bl At R droehl gLl de salt 51 0

15

F
O

To a solution of isopropyl 4-[5-cyano-4-(hydroxymethyl)-1H-pyrazol-1-yl]piperidine-1-
carboxylate (54.4 mg, 0.19 mmol), 4-[(2-{[tert-butyl(dimethyl)silyl]Joxy}ethyl)thio]-2-
fluorophenol (64 mg, 0.21 mmol) and polymer-bound triphenylphosphine (3 mmol/g, 310

20 mg, 0.93 mmol) in 1,4-dioxane (1.7 mL) was added dropwise diethyl azodicarboxylate
(0.033 mL, 0.205 mmol). The reaction mixture was stirred 16 hours under an
atmosphere of nitrogen. The polymer was filtered off, and the filtrate was then
evaporated under vacuum. The residue was purified by chromatography over silica gel
eluting with 20% to 70% ethyl acetate in heptane to give the title compound as an oil (44

25  mg, 41 %). 'H NMR (400 MHz, deuterochloroform) delta 0.02 (s, 6 H), 0.86 (s, 9 H),
1.24 (d, J=6.3 Hz, 6 H), 2.00 (br d, 2 H), 2.06 - 2.17 (m, 2 H), 2.86 - 3.01 (m, 4 H), 3.72 -
3.77 (m, 2 H),4.10-4.22 (m, 2 H), 4.45-4.53 (m, 1 H), 4.90 (m, 1 H), 5.06 (s, 2 H) 6.90
-6.96 (m,1H),7.05-7.10(m, 1 H),7.12-7.16 (m, 1 H), 7.65 (s, 1 H).
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HCl H2N-EN1-( N / O Into a solution of tert-butyl

4- oxopi peri di ne- 1-carboxylate (50 g, 0.25 mml) in nmethanol (500 nlL) in an
aut ocl avewoasitado®d hydrazi ne nono- hydrochl oride (17.2 ®CTOBRB0/NS2BT7) i n
water (100 nlL). The white mi xture was stirred under argon followed by the
addition 10 of 5% plati numon carbon (750 ng) as a slurry in water. The
aut ocl ave was seal ed and charged to 60 atnospheres wth hydrogen, and the
reaction was stirred for 15 hours. Upon conpletion, the reaction was
filtered through Celite(r), and the pad washed with nethanol. This
preparation was carried out six tines. The conbined filtrates were

concentr asmourrwelm rse@véﬁm (PZ-RSS U (2-Aflo ke )SSFony IThenbljiinetgnead-pi t at e
(di-tert-butyl - 1 ra2| ne- 1, 2-diyl di pt peridi ne-1-carboxyl ate)

by- pr oduc® r'1' t| on and washed several tinmes with water.
The aqueous fil trate was then concentrated under reduced pressure to give

the desir d product (221 599 a co S so 1 (400MWHz,
tout or ochT 8 AGPRIAS CHPRER 43 (AN TS g aBy )R I ety O3 (b ¢ 21,
i 165( M ﬁl!l@roprﬂen?ﬁy}ﬁf@thyl’)? cya]1:10413-l bﬁraz&H)}lll]pﬁﬁrl?r@p%ﬁégwté% r’h@rdb eﬁlf ylt
-1-5-amno-4-(e xvcar bon zol - 1-v i peridine-1- oxvl at e
25A ni xtuF‘@“i)fgldé;P Y0 P”%&—({VH FY3% A dp”’e”r‘ M?%‘étﬂ’f-(géy SN é?'%r"%y‘aro‘hhl ori de
saldt (221digxarf80. zrmlwaatnlw} TBefﬁé/ﬁJIIQrg?rnlﬁflqué)Wﬁﬁﬁﬂirbéﬁaﬁ)E?Gﬁgﬁggtmn%ﬁﬂ ol ),
sodi um acetate tri et hano was

SO o B atuter JhE SOkt e e Bporaianl, An i ramaus Vg aed, SeR AR ot e
under r edIllﬁ@ﬁbsﬂfu@smsrtgkerﬁuf’tﬁlntd'tﬁlldrﬁmbﬂi\'aﬁe dH ﬁﬁ@bw@g-chl@rcﬁieh)énzai@%h@t(% and

wat er. The | )é?r re Sﬁg‘ﬂ;ﬁ‘ nd t[@ a ueollj ({ er 30extr ?d W th

et hyl 13cett @ WFHSF‘ Gé‘?ﬁ Ing\spulien wagsiEeq AYROEAFBRCEHEF [dgnesi um

sul fate. Hba. mextelaE:ﬁorV\m&tJre g Idétgted e dlidhﬁ)rémbﬂléﬂé endane efyaniatppdseinder
reduced pressure. ﬂ]e cr ud mat eri al ;%OEQ * filtration igrough a
0,

short pl ugag]waghqq\g g&ptu %‘E PG AE A 'H@ ‘ét%’&taé‘d it ea
produce t bgapicphsé was daePale? nyjnksivimssilifaed a(nalfﬁte@,d T‘R%ltratbwvd\sWR (500 MHz,

201 (. "grgporadedhindel rt ol fresSrenad e Tanifle bty e bipaogdaly pn ™ orp
i i95(1155 §|h634gé(:l’r('ﬂp%rtat100% &fhy| dcetdte BuUhaptane) to ?llve the titled compound as an oil I

ro t raz - 1- | |ne- - (0),4 ate
Tol0 ne" S 5040 B8 BRIt S8 erRER oot BT s 2% e R Sl i
acet oni t r2Jog (brdd)@0H)R)07Was1 SN0\l 1), 2cBde@r £ 2H); B0 Y B.38i (h, 2tHe), .91 2 4103, (nP60

L) COAHTE T, 187, DSERC 09,88 BR01 B L0V . g added

15( et hoxyEIRrgBWT.74 Uit Pyin;aBMS (EF+)] pdhe(VeHpe- 1- car boxyl ate (215 g, 640
nmol ) bn
2

Example 2: Isopropyl! 4-(5-cyano-4-{[2-fluoro-4-(methylsulfonyl)phenoxylmethyl}-1H-

pyrazol-1-yl)piperidine-1-carboxylate

25
A) Isopropyl 4-(5-bromo-4-{[2-fluoro-4-(methylsulfonyphenoxylmethyl}-1H-pyrazol-1-

ylpiperidine-1-carboxylate
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acetonitrile (650 nm) drop-wi se over 30 mnutes. After 4 hours, the
reaction was allowed to cool to roomtenperature and was then poured into 2
M hydr ochworznw/@eisd (1500 nlL) in ice. The m xture was epCrabBroadosmth et hyl
acetate three tinmes, and the conbi ned organic extracts were washed with

sat urat ed aqueous sodi um bi carbonate 20and then dried over magnesi um
sulfate. The mxture was filtered, and the filtrate concentrated under
reduced pressure. The resulting residue was purified by filtration through
a short plug of silica gel eluting initially with 10% heptane in

di chl oronet hane foll owed by dichl oronethane to give the title conmpound (137
g, 53% as a yellow oil which solidified on standing. 1H NMR (400 MHz,
deut er ochl _or of or delta 7.95 (s, 254.48 (m 28 (br q, 4H),
2.86 (br &N 'Sfpﬂ‘p"??“b‘ﬁas( Prﬁepéﬁﬂ frof %Tﬁ'“?rﬁ’;4'mthy'§é'@ﬂy'%§?e”9'l—®’\’o1 34 (t, |3_|)|—|).

Pr epar at i 90071)64662%5 dB8pydpyl 4- [5 bromo 4-(hydroxymethyl)-1H-pyrazol-1-yl]piperidine-1-

ﬁol |5 ?;Og%'bowgaq &P rtaflgth)l)%w & rag r}/eggfr@lar %Lo- %!a’! é)elscrlbéddgor ’%e p-rep():a%ttl)o%x fI ate 30

4[5 br 9 moisfpilopyInEpy(Ga[( mrlbut;clwumﬂ@ngny]&quéthmtmerJziﬂu&f@prlenow}rda@myl)ate (137
In tetrah ees Cel sius was

g, 0.34 fura [
sl oW y aggééawﬂrw%- n ﬁp'%ﬂldrﬂedic?g?x te( X OI?rﬂl §tep g"?HP?HH on was
al  ovned t gasBéry Tiee dsmgmdnam@r@tnﬂé@bﬁadomlawgrmtcﬁctn@b gEaBﬁfGt)WetﬁW 15 hours.

The reaction was 5t he nice ba 4 dded
dr op- W seI eﬁ’l@'éB@W? nﬁ'\ﬁ}é‘tﬂ%ﬁ 4:‘1?%@ %HEWI c&t%ﬁﬁga& Péf 18'9?%)2?661 ©
m nut es. equawss&(dw sil7uB (e 6036, (294200927@) 1\Mas4 agdadiHRad1tbes,| ayers

ol 156 abarocE: 7 g btk P 2ol AP B ke, 2B BV hmgnest um

sul fate, and the solvent renoved under reduced pr essure The resulting
10r esi due a gel
el uting ta f ‘ F ]

an col orl elsgﬁp@miinem (;@rboﬂvlg_ 50% I rrpure rrat eri aI fromthis puri f| cation

furth f d b t d id
Socond baRCHEBre PHERTR 4 G OHS °¥1§[2(M?<° RS PelrEiihdsfia” I8 e
(400 Wiz, pﬂ@ﬂ(ﬁlarpﬁfﬂe@ﬂmbmrdf@rbd@]lett@(%ﬁrﬂg (0346 Mol a41d52>p(>§r,cyalﬂ)je (%R @, (m

iSllllél) ( S4 63)1 Iilﬂ‘aef”ﬁyfj@ffs %g,v%ir@?tﬁy@u%@ d2e (9% é}[ﬂ ) was ﬁéate(!_gt’ 165 % g

4- 1- 5- cy aneurd-uaardincacyom bimydsphdrg: Plyé azalting diikl tpowe Midireevaks-alloaedaxvl ate N

KRR gool}"t\g rooni t\e%npe/ra(%ure and was then poured carefully into a stirred solution of ferric

chloride hexahydrate (618 mg, 2.29 mmol), concentrated aqueous hydrochloric acid (2

20  mL) and water (10 mL). Ethyl acetate (10 mL) was added, and the resulting mixture was
stirred at 65 °C for 30 minutes. The mixture was allowed to cool to room temperature
and was then extracted with ethyl acetate three times. The combined extracts were
washed sequentially with 2 M aqueous hydrochloric acid solution, 2 M agueous sodium
hydroxide solution, water and brine and then dried over magnesium sulfate. The

25  mixture was filtered, and the filtrate was concentrated under vacuum to give the crude
product as a brown oil that was purified by chromatography on silica gel (60 % ethyl
acetate in hexane) to give isopropyl 4-(5-cyano-4-{[2-fluoro-4-
(methylsulfonyl)phenoxy]methyl}-1H-pyrazol-1-yl)piperidine-1-carboxylate as a pale
yellow oil which solidified on standing (77 mg, 36 %). '"H NMR (400 MHz,

30  deuterochloroform) delta 7.72 - 7.70 (m, 1H), 7.69 (s, 1H), 7.67 (dd, 1H), 7.18 (t, 1H),
5.18 (s, 2H), 4.92 (m, 1H), 4.52 (m, 1H), 4.31 (br s, 2H), 3.04 (s, 3H), 2.93 (br t, 2H),
2.12 (m, 2H), 2.01 (br d, 2H), 1.25 (d, 6H); LCMS (ES+): 465.06 (M+1).

Example 3: Isopropvl 4-(5-cyano-4-{[2-fluoro-4-(1H-tetrazol-1-y)phenoxy]-methyl}-1H-

35 pyrazol-1-ypiperidine-1-carboxylate
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20Copper (lI) cyanide (2.97 g, 33.3 mmol) was added to a stirred solution of
tert-butyl 445-

br ono- 4- (Wodnmxpnee hyl ) - 1H pyrazol - 1-yl ] pi peri di ne- 1- caPb®ABa0/es26710 g,
27.8 mmol) in degassed dinethylformam de (100 nL). The reaction was then
heated at 165 degrees Celsius for 4 hours and allowed to cool to room
tenperature. It was further cooled in an ice-bath, and a sol ution of

et hyl enediamine (5.5 nL) in water (20 nL) was added 25foll owed by dilution
with nore water (70 nL). The m xture was then extracted with ethyl acetate,
and the | ayers separated. The organic | ayer was washed sequentially with
wat er and brine and then dried over nagnesi um sul fate. The m xture was
filtered and the filtrate concentrat ed under reduced pressure. This
procedure was carried out Fg batct&«ﬁs The final crude residues were

conmbi ned and purifi N ca gel 30col unmm chr omat ogr aphy
eluting with 40 %et"hw ateln oglvethetltle conpound (11.6
g, 17% as a colorless SO|Id 1H euterochloroform 7.59 (s,
1H, 4.71 (s, 2H), 4.45 (m 1H, 4. 26 (br s, 2H), 2.88 (br t, 2H), 2.08 (m
2H), 1.98 (m 2H) 1.48 (s, 9H); LCMS (ES+): 207.1 (M Boc+H).

Prepar at i - But yI ,

o (B cyands o mRRT VER PEBAPEISRR) 7upRorHHHelarals Y Phenol (Preparation 9)

5yl ) pi per bod lseprbpylalf Baymhaughydrdgynaetsfl)-1 H@grazol Lyimperind Btarbbxiate

4- (5- h t hyl d 1- b t 202
U B TR B s b AHESTAIB R ¢ (2
n, 1.32 [m(th1(2f{pbritbu\@rad|byetrryeg|hqa>qgethylanubpzalnhmdherdﬁ<yx 8ty Brgyand-1H-nmol )

t 1 t 1 bef 1
G ued whiRs gl R b B ar el Wet Bods b Bt L hE e | ey s
wer e sepacate@praiudt waepaified by shichyrograptsy exsiliccie 50ttt 7di% bthgr aseedtbane.

cur 1o, PicPErEn BT EOT e G e EROR bRl 2 DB W g

tert-but ylor4; 25)C3aN0248 (m, 2 H), 2.93 (brt, 2 H), 4.32 (br s, 2 H), 4.46 - 4.56 (m, 1 H),

an oi 1 whitel A SE T8 Roat ) PGl I o hRor ARV al fOR T8

2- Fl uor o- é’m(ﬂH{ (79 (1 1 Migt893 5, 1 \H)) eCMBXEBrEUBIN)(MEH)L et razol - 5- y1) phenol

and 2-Fluoro-4-(2((2-(trinethylsil ypet hoxv) met hyl ) - 2Ht et r azol - 5- y1) phenol
tl

g\)fléluégg?%lv' ORI PYago S AL R0V ME Ol onitril e
was addedvlmmmérldom—mmonmtes& um car bonate (2. 02 g, 1l4. 6 mml). The
25resulting m xture was stirred for 10 m nutes before benzyl brom de (1.33
m., 10.9 nmol) was added. The mi xture was stirred at roomtenperature for
70 hours before it was di|ute th et hyIC,\acet ate and water. The organic
phase was separated and %wd@-h ne, odrl ed over nmagnesium
sulfate, filtered andthe Nt was c entN nvacuo The residue
was purified by flash chromatography, eNGt i gradl ent of 5to 20%
of ethyl acetate in heptane to give 4-(benzyl oxy) 3- fluorobenzonitrile as
a white solid (1.33 g). 5B) 5-(4-(Benzyl oxy)-3-fluorophenyl)-1Htetrazole

and 5- (4 (Benzyl oxy) - 3-f | uor ophenyl ) -
This compound was prepared from 4-(1H-tetrazol-1-yl)phenol and isopropyl 4-[5-cyano-

4-(hydroxymethyl)-1H-pyrazol-1-yllpiperidine-1-carboxylate (Preparation 5) in a manner
similar to that described for the preparation of isopropy! 4-[4-({4-[(2-{[tert-
butyl(dimethyl)silylJoxy}ethyl)thiol-2-fluorophenoxy}-methyl)-5-cyano-1H-pyrazol-1-
yl]piperidine-1-carboxylate (Example 1, Step A, Mitsunobu reaction). The crude product

25 was purified by chromatography over silica gel using a gradient of 50% to 70% ethyl
acetate in heptane. '"H NMR (400 MHz, deuterochloroform) delta 1.24 (d, J=6.3 Hz, 6 H),
2.02 (brd, 2 H),2.07-2.20 (m, 2 H), 2.94 (brt, 2 H), 4.32 (brs, 2 H), 4.47 - 4.56 (m, 1
H), 4.88 -4.97 (m, 1 H),5.11 (s, 2H), 7.11-7.16 (m, 2 H), 7.59 - 7.65 (m, 2 H), 7.68 (s,
1 H), 8.90 (s, 1 H); LCMS (ES+): 437.0 (M+H).

30
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2Htetrazole A vial charged with 4-(benzyl oxy)-3-fl uorobenzonitrile (250
ng, 1.10 nmol), sodium azide (214 ngy, 3.30 mmol ), anmmonium chloride (176
ng, 3.30 woebjo/ae23 nL of N, N di et hyl f or mam de was hearas200/0230 degr ees
Cel sius for 18 hours. The reaction 10m xture was cooled to room
tenperature, diluted with water and ethyl acetate and the pH was adj usted
to 3 using aqueous 1 N hydrochloric acid. The organi c phase was separated
and washed with brine, dried over nagnesiumsulfate, filtered and the
filtrate was concentrated in vacuo to give the title conpounds as a white
solid (270 ng). This material was used in subsequent steps w thout

purifi cat ERampldS: Isebropyl 4-(5-cyano-4-{[(2-methylpyridin-3-yl)oxylmethyl}-1H-pyrazol-1-

5- (4- (Benzyl oxy) - 3-11 uor ophenyl)-14(2-(trinmethylsilynethoxy)nmethyl)-1Htetr
azf)|e andipiperdine-1-carboxylate y1)-1a(2-( y y y) yl)-

544- (Benzyl oxy) - 3-f | uor ophenyl) - 24(2- (tri nmet hyl sil ynet hoxy)methyl)-2Htetra
zole To a solution of 5-(4;(benzyl oxy)-3-fluorophenyl)-1Htetrazole and

5- (4- (benzyl oxy) - 3- fl U(%j}lfnyl) 2R-tetrazole (270 ng, 1 mol ) dissol ved
dd

in tetrahydrofuran was drlo:ie (44 nmg, 1.1 mol) in four
portions and the resulti m xt r;e sm at roomtenperature for 15
m nutes. (2-(Chl ororrethoxy)ethyl)t*rl ylsﬂ ne (0.19 nm., 1.0 mmol) was

t hen added and the reaction m xture was stirred at roomtenperature for 16
hours.5The reaction was quenched by the addition of water and ethyl acetate

was added_, .The or i ¢ phase dthe a hase, was
o oo e ThinBuRaa s BERS ot SF e g s S T BT o e
washed w {HydloxymethydiHeslraxte ylﬂa@ﬂﬂ&heuﬂ(&dbdx&b&a (Pfre;tatratrcmcb)amd nidm@efi | trate

tr.at , P f ti fl h
res concenbial ey SERE LSS D PRUBRA = e (s
ZQ%I) gt hyl batyl@dumbmyl)gwwygétaylﬁms] 2-@domppleshoxy}-msthgl 1 shdyaao-d ol pyilafoR70 ng, 67%
YL B 0 o ieRhiine 1 parhepiRlP SRR Aot Ae s S bt epaionk The SEdeTRRERl and
_%_- Fl uor lo4w_é§é(lﬂ‘;e(dttryl prepdryiivg reyared bbhase) HRL G vh )a- RHénbatenae Gentini Y1) phexol
O a Ssolu n o ) ) ) )
5 (4 ( bendS B 0-005 M SRR ity 7 8o REVRST & TONSR KBA%) met hy! ) - 1ht et

razol e andmmonium hydroxide as modlfler) '"H NMR (400 MHz, deuterochloroform) delta 1.25 (d,

5- (4- (benzyl ox f op sil yl X t )-2H
35t et razo?éé'%ﬁ% %ﬁ é@?\z% drr?rtﬂS 28% é%%v(&d&l'_ﬁeég%( tsﬁ)ekgﬁqg e%lqﬁfng% hanol
ang f21!>‘r1__ (dr st EHr)c(’:lﬁhWFl@fh(mag I-Wa$ addet Hped. 0 (H, ll{hj)b?.&¢!(7§2§€(nﬂ@,H)O?.?_6 (sn’rgl )t
an or m C : _ ing mxture was stirred a
room terrpirj'gt%ﬁije'géiwmﬂwrls%%&) 8@%&@%& ered though a pad of
Celite(r). The filtrate was concentrated under reduced pressure and the
resul ting crudle mteria S . used.bn the subsequent step wi,fhout ofurther
purifi cat t
5-(4- (Benzl\)deM)ne31 f:danboxxdmhenvl) 1-(2-(trinmethvlsilvloxv)ethvl)-1Ht etrazol e

and
5- (4- (Benzvl oxv) - 3-f | uor ophefivl) - 2- (2-ftri met hV|SI|V| oxv)ethvl)-2Htetrazol

e NN, N=N, H 0, 10To a so¥ of
L@@_g;d 5- (4- (Benzyl oxy) - 3-
n 1¥—/St B) (550 ng, 2 mmol)

5- (4- (benzyl oxy) - 3-f | uor ophen I)+|1H-t/e
fl uorophenyl)-2Htetrazol e (Preparat

di ssolved in N, Ndi met hyl formam de (8 nL) was added sodi um hydride (163 ng,
4 mmol) in two portions and the resulting m xture was stirred at room

t enper at ufe afflask Sha‘r'gemwemsopribpylm c&m@mbmxfy))mylnrh@pmidﬂI-;a)p@efudma-mL 6 mol )
was then adgO ?E)Wﬁa r ag xtu r(]:IIatrI %0 de ree(qg Cel si us
for 16 hotT ﬂ'e?% ane[f%g 88I omte?rf)%ra ureypfyhg redctcon” was
guenched by ,&dti Mol vafs addeer?2 mhcbfdtchwroarwteafblmwmiwyaluded The organic
phase ,was u S xlpact ce wth ethyl
Peetatt. SREBRERAN: [0 BTG TuPOT I RS SR OB f e over
magnesi UrTBBthltbalUEn, isbprbpexided(9& r8dmg.ch84 ntmal)t veak adubdrat rmdmtﬁerdoqmatessfihe The
sl e R RIR ik S R BB BERNAETARDhou R Beib Aotk @ oradi ent of

et hyl ace AL an
trlacetoxyborohydrlde (75.2 mg, 0.34 mmol) was added. The mixture was stirred for 24

hours at room temperature. The reaction mixture was diluted with dichloromethane and

30 saturated aqueous bicarbonate was added. The mixture was filtered through a pad of

73



to 30% ethyl acetate) to give 5-(4-(benzyl oxy)-3-fluorophenyl)-1-(2-
(trimethylsilyloxy)ethyl)-1Htetrazole (100 ng, 12%vyield) and

5- (4- ( berxQl201yiHe®2 PCT/IB2010/052377

fl uorophenyl)-2-(2-(trimethylsilyloxy)ethyl)-2Htetrazole (600 ng, 69%
yield). 25Preparation 19:
2-Fluoro-4-(2-(2-(trimethvlsilvloxv)ethvl)-2Htetrazol-5-vl)phenol N=N,
To a sol ution of

5- (4- (benzyl oxy) - 3-fl uor ophenyl)-2-(2-(trimethylsilyloxy)ethyl)-2H etrazol e
(Preparation 18)(230 ng, 0.54 mml) dissolved in a mxture of 6 nL of

et hanol agdite®. nrlheqﬂtrét@tagéﬂmr@fséb%téd%ddﬁ@quud@ﬁlb|pﬂ§$éJWh§)b)&€d€:td08&10€Q 0. 806
nol ) andformc aci d 'B?éf? The resulting m xture was

stirred aW ?St‘imof%ﬂ‘ﬁﬁ?%ﬁ e cPBPingd pEqaNC Ipkers merp diisrover NMaspPesiunsibeih a pad

of Cel it efiltgred aﬂitethfelfilttart@mswﬁce@ma@enﬁ r/@éL@dTh@fab%rdu@aﬁhmmm@d syaﬁame and the
resul ting crude eri al he 5subse uen{60 to%8 W t hout

furt her pmrpmaw@ o elpprégp\glltrh@ ign%{gi %mlxture of et y} acetate in heptane %

aail tiogr 0- éth(ladetaté) IHroBhNMRishawakinbethbwhateddtviastii@phe. Thelnpleams NN,
o}

| ut . .
b 4 (ban Do T in 4 L mtoanel 3n¢ . oA ST A e T e
r1ﬂ(2t e]E r atZﬁb@léHoe&% aédress ¢8kiud 3Sodiin HAro¥ydiaE(1D rﬁtj;,s)szd wedl)iwhsaddedt ure of 2
or et na

and of tet dr.aof uran was added pal |l adi um b] ack (48 ny,

040 ol andig Hebdin Wasdrmorass 108 FIXUS SRR oo el AT RSt e o
Scte : r [ ed ahomrﬁ@ﬁﬁco"rie{%lﬁl[a@édﬁ@ebgé sédlml!ii@amﬁ\bgi\ﬁa@@%dw. Thé heted waser dat Ead of

ite | rate was conc rat e un I eauc Fessur e
Cosul 1D bt dRae MRS Mg agse Meaceaus MR as dstaL Aoceult EB%hu  rout
fSUE Elh((arB puédtétbcm%@}glamc extracté\)vere concentrat(:aLd T'_\(_acuo and thle residlée was purified

- - enzyl o uor 1) t et ol e nda,

2 {4 { Bon By MR At R T iR Srathedt RS o SV esBitein hegtanedBy o
sol ution @f 100% éthybesazate )y Yivedné tinocsmbuing (24 Ald; 68%neA®l e and 5- (4-

5. 55 ol o RS RE. BleborkArp B Falorits ZERGUSD M) iy AP e ¢ Hdd g,

11. 1 nwol 2. 1nqu Wa 10 4I60HIS 2), 2.A81(8, 3P RIsat-Wr.g (i 18), 3D4nt, kb 2sHz, 1

undor 2 nE AT o 4 M. P o7 40 LS B BT [

was di | ut ecswistdr wattes), armﬁ ?ﬂ?r@rﬁﬂgﬂl) szcgv .64 (rgh] 1_e|HEyI87aaegp(cne 1 H{];a conbi ned
organic e shed wt ri ne ried with magnesi um sul f at e,
filtered Eﬁ&'%t EE yﬁéf V& as concentrated in vacuo. The residue was
purified Exarﬁblaszhlsobrdbm (FE\RPbYA- {[ﬁ-kd%emgxwhbbpﬁcﬁvmﬁ%6ﬁobbléncﬂ@ﬁ‘rﬁeih‘ﬂ} in

hept a?§ t ] 3-fl uorophenyl)-2-nmethyl-2Htetrazol e as
a whi | oxy) - 3-

fl uorophenyl) 1- rret hyl- 1H-tetrazole as a white solid (450 ng).

55- (4- (Benzyl oxy) - 3-fI uorophenyl) 1-nethyl-1Htetrazole. 1H NWVR (400 MHz,

deut erochl oroform) delta 4.5 3 H SC%S (s, 2 H 7.15 (t, J=8.39 Hz, 1
Bt @ol

H 7.31 -7.48 (m 6 H 7.5 K Hzz 1 H). LCMS (M+1) 285.1.
B) 2-Fluoro-4-(1-nmethyl-1H4t 5- 1 eno,lJ_(lOTo a sol ution of
5- (4- (benzyl oxy) - 3-f | uor opheny1) - 1- met Ayl - 1 etr le (500 nmg, 1.76 mmol)

in 6 nL of ethanol and 6 nlL of tetrahydrofuran was added formc acid (0.7
m., 17.6 nmmol) followed by palladiumblack (281 ng, 2.64 mmol). The

reaction m f(stoHrro%vIV@&-[M-bromo-2-f|uorophenoxv)methvl]—5-cvano-1 H-pyrazol-1-
25  ylipiperidine-1-carboxylate:

F
CN
Br (@) _— 0O
Ol

This compound was prepared from 4-bromo-2-fluorophenol and isopropyl 4-[5-cyano-4-

(hydroxymethyl)-1H-pyrazol-1-ylpiperidine-1-carboxylate (Preparation 5) in a manner
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stirred at roomtenperature for 4 hours. The reaction m xture was filtered
through Celite(r) and the filtrate was concentrated in vacuo to give

2-fl uor o-woQatwmbiygl- 1H 15t et razol -5-yl ) phenol as a whipCeaBmild/0526330 ng)
whi ch was used for in subsequent reactions w thout further purification.
Preparation 22: 441-Methyl-1Htetrazol -5-vl)phenol NN, | ,N N1 HO 20 A
4- (Benzvl oxv) - N-net hyl benzam de To a flask charged with thionyl chloride
(0.35 nmL, 4.82 mmol ) was added a solution of comrercially avail able

4- benzyl oxybenzoic acid (1.00 g, 4.38 mmol) in 10 nlL of dichl oronethane and
0.01 mL of N, N-dinethylformam de at zero degrees Celsius wth stirring. The

i ce bath waslaf t@ﬁﬁéﬁt&i&smdtfbﬁthé@Péﬂa’réli&bn\m%o&dpylhﬁ[i f[24[tpurs at room
25t enmperature.. The mj X was, concentrated in vacuo to white solid.

This sol i B“%@WHWBW'VU@‘VJ?F“&WHJ_Z BROTRRRIRAXYIamE ¥ ORI ﬂrgllr@‘ﬂ?zé’rwdr of ur an)

and the r @giddridig- ﬁ@érubxwme\(ﬁear@menr&@pat M@Qmﬁlﬁﬁﬁarommh@cfr@fe 70 hours.
The m xture was dil ut eg th et h tate and ter %ﬁ 8%gan| c |layer
was separ S2rBeOUgasPUliE Yrﬁ'@fﬁ |qnastllgzaqe§ EngeW é’tPHQ 54Y at e was

concengr ah@slatelin Mastige.t'A wmd@tmmleﬁaﬁi)i dbita 35 (68092 ﬂé’ A$n), 2.2 (2H,
§

ety ol NSRS PLL 0, 0, Repheds 19.01S 5 B g

5- (4- ( BengyH, @)y srhenyl 71 pes ay crmetesed.r4eaed @1-1fo a stirred sol ution of
4- (benzyl oxy) - N- et hyl benzam de (200 ng, 0.829 mmol) in 3 nL of

acetonitrile and one drop of N,N-dinmethylformamde, in a flask topped with
a reflux BpRrREpBHEr4-(348&nadded(dime@blyihasbhieyl(-2-fldrophgndxmesthyal- Tt r ogen

at nosphere. 5The reactijon m tug was stirred for 10 m nutes before thionyl

chl oride ?@MM@QJM% added drop-w se. The yel |l ow reaction

mi xturﬁ Wesd plplyIr 4-gd[(4-6Fondo- Muasroaﬁhehomnnbmmh l’-@?gb—gHLklﬁWﬁol-a -yitpipeagae-

at nospher St ed sl O

et T auty FEAHIRTER O B 8d 11 37 red dasavindepasr S BVHTdan doTLe 11 g,

%OBﬁ ol )’etrémetrlbﬁértw;iho@glily@bblm&’lﬁm&p@fﬂi} 18y, Wmngm)rmsduyi%mymﬁoedmfeor 10
ours at.Jg,00 erature u 0 t nos m Xt ure was

i1 it ed ik AR SRR EMpare added lloned b fethyirine B 67 ke B fibal o

washedsw The béésgmaﬁéépﬁ:ﬁdom%thﬁwgh uiitGnel Vi reefatéd étgesroecroaﬂdomrbeme | trate

was concentrated i n vacuo. e residue was purifie S

chr omat og?%{mtWaaeefﬁﬁw{a*éﬁﬁnﬂervagva@r %‘Pﬁ! Gy FEFBd%gé}’aé ?J;%yet ate in

hept ane t pregmeﬁvére(vérsfe%razw@m)cnrmwtérs kﬂmg@yﬂm 1d* et anﬁri@ Ema@slughnnhi t e

15solid (180 hyl - 1H-t et razol noheno] To a stirred

sol ution Sluti'zlgW%ﬁgﬁ’l‘WWWQﬁWtY”'Y”WW% ‘F‘?—t?réhea@&?’eﬁ’ eTEONHY 0. 676 Mol )
'mr_l 3 L ofyd@bhiddflodaigl. Bnditicaf Leas! @tibe tithcanos\amutddadqdigrmges Taeid (0. 27

20 x50 mm, 1.8 um column; 95% water/acetonitrile linear gradient to 5% water/acetonitrile

over 1.8 minutes, held at 5% water/acetonitrile for 2.0 minutes; 0.05% trifluoroacetic
acid modifier; flow rate 1.3 mL/minute); LCMS (ES+): 495.1 (M+H).

Example 8: Isopropyl 4-{5-cyano-4-[(4-cvano-2-fluorophenoxy)methvl]-1H-pyrazol-1-

vllpiperidine-1-carboxylate

F
CN
NC 0] — 0]
& ReS@:

This compound was prepared from 4-cyano-3-fluorophenol and isopropyl 4-[5-cyano-4-

25

(hydroxymethyl)-1H-pyrazol-1-yl]piperidine-1-carboxylate (Preparation 5) in a manner
similar to that described for the preparation of isopropy! 4-[4-({4-[(2-{[tert-
butyl(dimethyl)silylJoxy}ethyl)thiol-2-fluorophenoxy}-methyl)-5-cyano-1H-pyrazol-1-
30  vyllpiperidine-1-carboxylate (Example 1, Step A, Mitsunobu reaction). The crude product
was purified by preparative HPLC on a Waters XBridge C1s column 19 x 100 mm, 5 pm
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206. 76 mmol ) followed by palladium black (108 ng, 1.01mmol). The m xture
was stirred at roomtenperature for 4 hours. The reaction m xture was
filtered wbrouwgiao®@el ite(r) and the filtrate was concent Paras20@0gpB3ve
4-(1-nmethyl -1H-tetrazol -5-yl ) phenol as a white solid (110 ng), which was
used in subsequent reactions without further purification. 25Preparation
23: 3-Fl uoro-4- hydroxybenzam de NH2 OH A m xture of commercially

avai |l abl e 3-fl uoro-4-hydroxybenzonitrile (500 ng, 3.65 mmol) and potassium
hydroxide (1.02 g, 18.2 mmol) in 10 nL of 80% et hanol was heated at refl ux
for 16 hours. After cooling to roomtenperature the m xture was

concent r at@dmhRIutAg Wit Wogradient dTevatér s ac@omwe {oadaem atidnitin® hy@brle aci di fied
with acetic aci d and extracted with eth acetate. The conblned organic

extracts WoABedr feRlyisakCMagirintaniag & '@'”“f‘?sl(ﬁg?@lﬁ @nd-4ned MMrife was

concentr ab@dmhnsmﬁﬁwacéﬁbmtrn@mtedugra\aﬂ}ﬁt T8 % it/ dektoh Itds foralhy mimitaxgr aphy,
eluting wi,ith a gradient o

0% et hyl acetate hept an ve 3-
{1 or o - yareRTiEraERs a0 el ater Dark oy argy M ESe R 2 it
3-fl uoro-4-hydroxybenzam de can be prepared as follows: To a stirred
sol uti on pkarkple®: Ebgfdbgﬂﬂ(ﬂl@h%md& [041udra4- (rﬂ&h&smbbmnemvﬂé&hmﬂef wat er
5was added SO|Id SOdI n1hydrOX| (1.04 g, 25.5 nmmol). The resulting
sol ution Z t before a sol ution of
3-fluoro-4- hydroxybenzonltrlle (1.00 g, 7.29 mmol) in 5 nL of ethanol was
added. The m xture was vigoggusly stirred for 2 hours at room tenperature
before it was diluted with wate g00 nm.) and ethyl acetate (100 nmlL). The
mxture was stirred for 5 Mn beforenl M hydrochloric acid was added
until pH 10 4. The aqueous | ayef was\sepa d amd extracted with ethyl
acetate (3X100 nL). The conbi ned orga |0+H§i: s{mere dried over magnesi um
sulfate, filtered, and the filtrate wasl co ntr d to give a white solid.
This solid was triturated with diethyl ether and heptane (2:1, 90 m.) for 1
hour, before filtering to give 3-fluoro-4-hydroxybenzam de as a white solid
(1.05 g). sted mmdrdr@,ﬂ)4%+z:vardne4ﬂfcafml m-@ﬁlull-%slwibmdimbm -Lartbekdlate6. 93 (t,
15J=8.69 Hz, 1 H 7.19 (br. s., .53 (dd, J=8.39, 1.95 Hz, 1 H 7.62
(dd, J=12.40, 2.05 Hz, 1 H) 7. 77 (br s., 1 H 10.39 (s, 1 H. LCV5 (ES)
156.0 (M+l). Preparation 24: 2- ordt 4- hydr oxybenzamni de NH2 F 200H To a

u
stirred solution of urea hydrogén ro "g§g<; 21.9 mmol) in 6 nL of

wat er was added solid sodi um hydr 12.8 mmol ). The resulting
solution was cooled in an ice bath before a sol\ution of
2-f 1l uoro-4- hydroxybenzonitrile (500 ng, 3.65 mmol) in 2 nL of et hanol was

bet or 401 1 M Sciich SESRRroRY e avan T L VIR e WPy ed sV BRET0erD) - The

carboxylate (Preparation 5) (400 mg, 1.37 mmol) in anhydrous dichloromethane (10 mL)
at 0 °C was added trichloroisocyanuric acid (379 mg, 1.63 mmol) and 2,2,6,6-
tetramethylpiperidine-1-oxyl (TEMPO, 22 mg, 0.14 mmol). The yellow mixture was
removed from the ice bath and stirred at room temperature for 45 minutes. The reaction

15  mixture was filtered through a Celite™ pad, which was washed with dichloromethane.
The filtrate was combined with saturate aqueous sodium bicarbonate, and the layers
separated. The agueous layer was extracted with dichloromethane. Both of the organic
solutions were combined and washed with brine and dried over sodium sulfate. The
mixture was filtered, and the filtrate was concentrated under reduced pressure to give

20 an oily mixture which was purified by chromatography on silica gel (5 - 100% ethyl
acetate in heptane) to give isopropyl 4-(5-cyano-4-formyl-1H-pyrazol-1-yl)piperidine-1-
carboxylate as a clear oil that partially solidified under vacuum (311 mg, 78 %).
NMR (400 MHz, deuterochloroform) delta 10.0 (s, 1H), 8.06 (s, 1H), 4.99 — 4.94 (m, 1H),
4.65 —4.59 (m, 1H), 4.37 (m, 2H), 2.98 — 2.95 (m, 2H), 2.23 — 2.15 (m, 2H), 2.06 — 2.04

25 (m, 2H), 1.28 (d, 6H, J=6.3 Hz); LCMS (ES+): 290.1 (M+).
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m xture was stirred for 5 mnutes before 1 M hydrochloric acid was added
until pH=4. The aqueous | ayer was separated and extracted wth ethyl
acet at e (832010m4)092The conbi ned organic | ayers were dri @¢TABENO/NERITIES] UM
sulfate, filtered, and the filtrate was concentrated to give
2-fluoro-4-hydroxybenzam de as a white solid. 30 Preparation 25: |sopropyl
4- (5-cyano- 4- (1- hydroxvet hyl ) -1H pyrazol - 1-y1l) pi peri di ne-1- carboxyl ate
| sopropyl 4-(5-cyano-4-fornyl-1H pyrazol -1-yl) pi peridi ne-1-carboxyl ate
(Exanple 9, Step A) (51 ng, 0.18 mmol) was dissolved in 2 nL of anhydrous
tetrahydrofuran and 5cool ed to negative 78 degrees Cel sius under a nitrogen
at nospher gtepBti S0 6B LS IcyandIA-@iHyHE- (HpEALoINLy ) b edidineDéarbsMté N di et hyl
ether) was then added drop-w se. The cold bath was renoved and the m xture
was stirred for 1 hour at roomtenperature. The m xture was diluted with 1
M aqueous potassium bisul fate d extyacted three tines with ethyl acetate.
The conbi ned organic extracts shed with brine, dried over 10sodium
sulfate, filtered and the filtrate As—Cong F;éted in vacuo. The residue

t

was purified by flash chronmatograp th a gradient of ethyl
acetate in heptane (20 to 100% et hyl acetate) gi ve isopropyl
4- (5-cyano- 4- (1- hydroxyet hyl)-1H pyrazol - 1- yl) pi peridi ne-1-carboxyl ate as

a white SmItéQséraﬁornaﬁlsdmbm43/(@-%ymﬂif¢rmysmﬂa§>@ﬁaz@m-yg;slséﬁa.rvu ma.tyox late
purifi catl on 15 Pr epar ation 26: 1-M ycl op %}E%éd\ﬂégnl tr ophenv

car bonat e(90A79.10- kel EQ@PW%’HS‘M”Q@ ;& r_“LL)LW‘ﬁ B Ar OPPY h
titani gm Hl%siﬂ)ﬂém@%m(jmﬂeiﬂill esféf%h@h@XQQ¢|mrﬁ&§33n(ﬂb@W@é?Qd belasate coffohatel) . The

fl ask was gged with_a Dean-Stark trap and condenser. The m xture was

heat ed at 4@469 of BElcEne mdurg s stied aﬁ&%ﬁmpe\vﬁgrerf@h%éé'aursw t ol uene
was r emvﬁfén&&aslﬁ@n&wtﬁﬂﬁe G@blﬁbrﬂ@f eM§§sét@4at!ﬁirHi‘4u\é@§s astied brAebohbies process

was repeated twice, After the tol uene was renoved the flask was dried
25under hPgHtiaradhaAYers "é?rﬁﬁﬁp%@?é’r and B JAUFORIaY Y FXEECWO tiES RGN o

prepar e aadetMesPhdibiganicieRtradte Wl cahhifdd ar ridd ov@r B&Skim isLimg. Twes equi pped
with an overhead stirrer, inert gas inlet and a pressure-equali zi

addi tilBn FifiEWastitgred; gakthgdlirate aenreatraied nder rauad RjsssUEie Q&Y‘Fa?’bgh with

met hyl aCWh@tha@QﬁnﬂedTby cr7r5|6.amgm&1 owstu@alg@n(ngmltcoiW%Ieﬁwylcéeet(aﬂe.M sol ution
in ether 75.6 rrL% d die ethe The solutlon was stirred

ahi e S0KBRISRE T e OB LA P Re AV OB &AL PAP RO AT bath. | The
addi tion EMBBﬁ)Iat%@ a%%@w\@oﬁ@(ﬁmﬂg?@w%ﬁhwm ginuag, br omi de sol ution

(554 m., nar gen r 3 hours
room téﬁ‘ﬂ%@gﬁlﬁé‘?’rmﬂ@” ?e“'geﬁgﬁe 54?@ ‘gpgo ‘gg utﬁﬁn‘%‘iﬁa t hen
gr aduab | y2@), pr pim)atz@sfm HB@nV\i'HPIZ 18vent oiahl aHY, grosed2.00 (8, 214y, k.28 (d,
green/brow/?é%jz ?_ %e&ﬁm ure A{ter stirring for an additional 15
5m nut es 1 ﬁbp 138 M+ Phe Gignard, the m xture was carefully
poured into a m xture of 10% concentrated sulfuric acid in 1 L of water.
The resul BigddC:Msogron\e 44B%y Sid-4-4Rdiusrs-i-l(maihlistilfshyBohdriSetlly 8B N drazdine
aqueous | ayer was separated and extracted wth diethyl ether 2 x 500 ni.
The conblmmmm were washed sequentially with water, brine,
dried over potassium carbonate (500 g) for 30 mnutes, filtered and 10t he
filtrate was concentrated in gacuo to an oil. Sodium bi carbonate (200 np)
was added and the crude matgxdal was distilled, collecting fractions
boil i ng around 100 degrees Cel Ro give the title conpound (23 gramns)

wi th nethyl ethyl ketone and tanol as minor inpurities. 1H NWVR (500
MHz, deuterochloroform delta 0.45\(appent, J=6.59 Hz, 2 H), 0.77 (app. t,

J=5.61 Hz, 2 H, 1.46 (s, 3 H. The ar on oof thetltle 15 conpound is
Lhylr—@mrb{% 4-ni tr obhenyl

al so described in W09105717. B) 1-
car bonat e

20 A solution of copper iodide (1.5 mg, 0.008 mmol), dichloro-bis(triphenylphosphine)
palladium (1) (4.0 mg, 0.006 mmol), 1-bromo-2-fluoro-4-(methylsulfonyl)benzene (21
mg, 0.083 mmol) and triethylamine (0.028 mL, 0.19 mmol) in degassed N,N-
dimethylformamide (0.5 mL) was added to a flask containing isopropyl 4-(5-cyano-4-

ethynyl-1H-pyrazol-1-yl)piperidine-1-carboxylate (18 mg, 0.063 mmol) in degassed N,N-
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A sol ution of 1-nmethylcyclopropanol (10 g, 137 mmol ), 4-nitrophehyl
chloroformate (32 g, 152 mmol ), and a few crystals of

4- di met hywereropyedi ne (150 ng, 1.2 mmol) in 20di chl or ecetiBzne0{2482 nl) ,
was cooled to zero degree Celsius. Triethylam ne (36.5 g, 361 mml) was
added drop-w se. After 10 mnutes, the ice bath was renoved and the
reaction was allowed to stir at roomtenperature for 14 hours. The reaction
m xture was washed twi ce with saturated agueous sodi um carbonate. The
aqueous phase was extracted wi th dichl oronet hane. The conbi ned organic
extracts were washed with 25water, dried over magnesiumsulfate, filtered

and the fu.htertr@nf@rrﬁ@ﬁ@@m oaﬁLe;dThé\fla/sm@ﬁta.nTrlrgpthéaﬁmai@@lumwaywefsh@dmw flash
silica gel chromato gradi ent m xture of eth_P/ acetate

A G e A Tt T I GEV IR R T S L e T

at I5% et hyéuoaﬁ@imbﬂ wae HeaRidan e °Caordi.5 @odi8.ahdaheN stire@ ol esunt Réhperdtb@nat e as
a Cl ear O

sol.idified upon, standin N
deut er och 06 8};8%3) CJ'J&@IFF%C“@”Y"PS(F’&BB'O”@ b%““’ée%@’%ﬁi a”é VR‘F(‘@Q ?%%e t,
J=7.075 HZIay@rsH)ere%e@ﬂra(eﬂ T3e|dhue<7us49ye(r@\¥él@ exdb(;tedw&h%?nyl §Gelgte|'§nd ReH), 8.29
(app. dt, J=9 Al ternatively the rreth XCl opr.opanol
can be pr@@éP@c?Xk{%CtPé’)"ieF%&%“b'ﬁe By ReRRd |§?SP%’B§H¥)Y"”*‘W%@6 RN 2RAHEN: | ask
was equi ppest sver Bodiumesiiatel Tivd mbdure ines, fnltemréncgmé f.ltfﬁt@&ondeheétwnﬁa&r and
funnels, The flask was flu W th

two pressure - e uaI|2|n on
P on S Heicet Graaue i PR enbe' ol Vheh HRREH Ted Ry oS ptnaY b g8 1 ( 30
nol ) of tiot-a90 wethptdcata?s ptHaptdhexid gve wpropne (Reldinbie2-fiusrael- was char ged

with a sol ut prepared fro . 6 (360 mmol ), of nethyl acetate diluted
. 1280 e e BT et By A SRS Ao SR B o R 500 M of
3 M et hyl peignessidmngnédie;)i M RIRe7 06 MHH deutercEhierafe@ntdena 7f75gskiyas cool ed

in an ice t th i nternal eratur t e es, ,Cel si us
or bel ow. 71\%;{/6 'T"I:f’rlt])i’ f‘érs b Pf’ﬁeﬂ%?ef‘%?l_ %ggfratﬂﬁ)séﬁ‘&f(%%%&s@égdg'd)to t he
; I aSki The.9@-i yaa(m, zre)ageat—zése@(rh,m, 2dded.oir gp,—%ﬂ)ze.zsr(?rekﬂ,ol=sngm,dc2h tion
unnel at rops every second, and no faster than m. per
m nut e. éwtsa(tkﬁé'gﬁf_’gg)[(%d%m of Gignard reagent had been added, another
20 nL portl on of methyl acetate in ether solution was added. After the
seconds 40stdp mfisdprogynar(e-cyeageqe-[hibréagmeititon\Wpaemgleth?l-1-pyardid on of
met hyl acetate i.n diethyl efher solution was added. After the third 40 nL
of Gri gnardPeE -1 lale- added, 15another 20 i portion of methyl
acetate in ether solution was added. After the fourth 40 nL of Gignard

reagent h%@pb@?lm (ﬂ:l@g@do 4Bl e t4- @Ebtmlsmhyl)pﬁmnp]‘etrryaplpyH Beglopte in ether

| ut t d f ddi t | t
o ot oY e GRS -ceanir (1, Eoniles Mol et eivkedln et Sriate 1R Tt o e

was then pedihgffogetatedoma Ktk Ww a6ty ('DfaldsN%noZ@Ka)rEd t@fuﬂhyd}bgen _

s wardtngiy et A i R oA W hEd S it iR edalsrl th 50
of di et hyproatéter eth'l]h@eﬁalﬁmaﬁ%dn@inh@fed&mdéﬁ@dacdmmrezmEte@é%vlsbbrobﬂ4IL of 10%
agueous S iumca | re oV a magnesi um
RHp Ot o e e R G e S e RN ek A

Tri - n- but yhraokynste @3 4. high-pureQwRite samal() 4 a@dQW&)l thm(mmmm, wer e added.

oressur e He1HgcHOBTTOIEls Sy FadoPtl T &o¥ bl Dhri- 99 FEa g

| i qui d5was.48ransf @ﬁr’ﬂm) 4.33ams e, 13608 (@] 3H), BI0st 203 {tl 2ks756 Ag), VB 10 Nl

portions | it the transfer | Stillati t spheric
pressure %QQQ %‘g}er@u@d_ ?ﬁbé@nggz c‘m%?gg'@’ 2'&'?]1?@14&@8’ %G&DQ&@ m. The
l'iquid di ggs+4)l 4681 an+H8 - 30 105 C was collected to provide 14 g of the
title conpound as a colorless liquid. 1H NVR (400 MHz, deuterochl oroform
delta 0.42 - 0.48 (m 2 H, 0.74 - 0.80 (m 2 H, 1.45 (s, 3 H, 1.86 (br.
s., 1 H. Preparation 27: 2-fluoro-4(1l-nethyl-1H i m dazol-5-vl)ohenol F A)
5- (3- Fl uor o- 4- net hoxyphenyl ) - 1-met hyl - 1H | m dazol e 2- Fl uor o- 4- brono
anisole (0.216 m., 1.63 mol), tri(2-furyl)phosphine (25.9 ng, 0.108 mmol),
and potassi um carbonate (300 ng, 2.17 nmmol) were placed in a mcrowave vi al
5and di ssol ved in anhydrous N, N-di nethyl formam de (4.8 nL). The m xture was
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degassed with a stream of nitrogen gas for 10 m nutes, 1-nethylim dazole
(0.087 m., 1.1 mmol) and palladiunm(ll) acetate (12.4 ng, 0.054 mmvol) were
added, amsothw/moweure was degassed for another 10 m nuP€S/IBXheos2assel was
placed in a mcrowave reactor at 140 degrees Celsius for 2 hours. The

m xture was diluted with ethyl acetate, 10filtered through Celite(r), and
the filtrate was concentrated under reduced pressure. The crude nateri al
was purified by chromatography eluting with a 25 to 100/0 ethyl acetate in
hept ane then 0 to0l10/0 net hanol in dichloronethane gradient to give the
title conpound as a yellow oil (210 ng). 1H NWR (500 MHz,

deut er ochEgsmbierim Iéiﬁirérﬂll 3—[§Zve(rﬁ>r4 afﬂ'ﬁuor(34851e(rﬁ/lsuﬁorfﬂ)Dh@n\ﬂgrmmo@m&&vlﬁm 2
H, 7.00 - 7.07 (m 2 , 1 H. Proton 15shift at 7.42 1s

i ndi cat i véHedRrezgsi-vipipe ”-f' : gfFer as conpared to literature (Eur. J.
Org. chem, 2008, 5436 and Byr. J. Og., 2006, 1379). B)

2- Fl uor o- 4- (1- net hyl - 1H-|mda§ | -5 ¥I)pheno| To a solution of
‘d

5- (3-f| uor o- 4- met hoxyphenyl ) €1 1H | m dazole (101.8 ny, 0.494 20mmol)

in dichloromethane (2.0 nL ) wa dedNa solution of boron(ll11) brom de

(0.50 nL, 1.0 Msolution in heptan /-30 degre s Celsius. The m xture
was stirred at roomtenperature for ho m xture was then cool ed
to -30 degrees Cel sius and net hanol (2. §§a dded to the m xture. The

m Xture was concentrated in vacuo, and\‘the residue was dissolved in water
and neutralized with 1M sodi um hydr oxi de. The 25sol uti on was concentrat ed

boed 15t He A e oS TBLoT HaroRy Al ot HBuabl -y pipercmezt. "¢ WS
g(gl t;loro éarbéxymﬁf(ﬁ&arﬂd'rb 9n$t@aznql(42mgl Opbemﬁbl dl) |nN.5n%({}:bHﬂ%etﬁzﬁégMas .

- uoro OXV az - uqQr o- 4- 0 anl sol e
28 266" o SadedE hus S P hiskarlie 4 i 0B e lghed by 3 ok S SERtE ) scad
inam cremgﬁwevmatur@?vésdgg@@bmtdmltembbd&tude t?tmylhém? oBgardenifdgeh m) . The
m xt ure was e e or m. NuUt es a St..r (0] oge S -
bl AP Bty SHEMG s0uRirEeloa he oS B g 1 24 R RE b,

0. 04816 nh®lrs thveeteactisthdaict wds dingtedrivith dical td weshtl fdaé@lbb 10
m nut és der}; i éjr@cea |nea m c omerglg?or atI@le40 deaque S
Cor'er oo ¢ St FontRy TRERGE( e 3ePuel O ok SASRah AVes At sREReT oy
poured i nt\mcéwttmd»ahledamm5haﬁﬁmbinw\oﬁgjainwe>@lectsweué wa@hemnrr bk, i n the

i f 30 t te th eth t at Th
e b B Maanediin BPete Hiteraf s e Wit Meshof et YBHT T80 f at e,
10filter fedasmmd v&d@,ﬁmfnnéd byaflgshesornaingephy, ailtﬁnhglvﬂthvcﬁ@rudlenfrﬂnﬁ(ttﬁé uﬂeth?rat eL i ?I
was ifi ronmat.ogr ture et
o S| BSetada REPRORt 8 R ¥uaie e Bve dortnd bEfe Tkt 55696 et nanol
: n gi Ch: oPairet ﬂnmie?tehal (Q?W@ R:063nhirholpwas dss@mimmxwmrﬂlzlwﬂg&hlfﬁommﬂf\w ar]EkH n
m daazol e a e W O e er 0 or
wel £ ar9! GaRtathidBpsdligadid einiid 1 o 404ach Be g5t g SRR 0" 1L
151 H, WaQétlrfeﬂ%’[C'}Borﬁn?]maerlaIDU{e f?frﬁt&hibt?&lwﬁbfbmit was aifutelewith elrithlomrﬁkaﬁa)iea

to the .ot on (0] ) )

5 8o 1 aortd AR A i o ST SRubRoe Splytion: The.opanis VERUPSIORIRSY) and ¢ he
it Fr aour 3ncEwas washdd @ith sdtemted 20@8us Sdiom ancbokate.sollutiof) tgine, &@dAGvel 379) . B)
2- Fl uor o-4-

202 F uor BRIt GR) - e LS Mirs e Pt Rasrraiad mpyaspar e saresls was
2- ( 3- f | uopurifiéd by reversed-phase HPLC (Column: Waters XBridge C18 19x100, 5 micrometer;
Mobile phase A: 0.03% ammonium hydroxide in water (v/v); Mobile phase B: 0.03%
ammonium hydroxide in acetonitrile (v/v); Gradient: 90%water/10%acetonitrile linear to
25  0%water/100%acetonitrile in 8.5 minutes, hold at 0%water / 100%acetonitrile to 10.0

minutes. Flow: 25mL/minute. LCMS: (MS ES+: 464.2).

Example 11: Isopropyl 4-{5-cyano-4-[(2.,4-difluorophenoxy)methyl]-1H-pyrazol-1-

vl}piperidine-1-carboxylate

30
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met hoxypheny1) - 1-met hyl - 1H | m dazol e foll owi ng a procedure anal ogous to
that in Preparation 27 (B) to give the title conpound as a brown solid
(33. 4 ng)wotrthw/anesde materi al was used further w thout paTiIB2a6DF207T.
25Preparati on 29: 2-Fl uoro-4-(nethyl sul fonyl)-1-(prop-1-en-2-yCbhenzene F R
)sb To a solution of 1-brono-2-fluoro-4-(nethylsulfonyl)benzene (199 ny,

0. 790 mmol ) and potassium i sopropenyltrifluoroborate (300 ng, 2.57 mol) in
2-propanol (10 nmL) was added the catal yst

1, 1' - bi s- (di phenyl phosphi no) -ferrocene pal |l adium di chloride (67 ng, 30
0.089 mml) and triethylamne (0.17 nL, 1.20 mmol) sequentially. The
reaction was heated at 90 degrees CeIS| us for 15 hours, and then the
reaction was stirred at room‘&eraturcﬁ for 48 hours. Water and et hyl
acetate were then added, and \-' er se@ ated. The aqueous | ayer
was extracted wth ethyl acetate. a&ig _%(tr cts were conbi ned,
washed with brine and dried over soditm s teo The m xture was flltered
and the filtrate concentrated under reduced pressure. The residue was
purified by silica gel chromatography (10 to 100% et hyl acetate in heptane)
to gi ve t eptopyi4-(5ecyannpe(imndthgisulfonytuxy enetiof )- tH-L2QolrGy!)B0hdinetH NVR ( 500

> 1,7 sEBE e Ryt 10flato.5 B iy 3k Seepmel gy 20% o

J 8 055 10539 IHmol}, akll cesium catbomafd @93 md, Qca%mpmbl ) were placed in microwave

fazol - 1.y PRbiserien RERERnlansEpIk A hEted hp Hilofpyg [T A O 8GR )~ P
4-1-4- ({4CHz[‘sms{f<brt2§)rmmbtﬁsvﬂ@@lmmmWa)smobieUIt@anmtdee)ﬁtbretﬁndZ:dnermenoxv}-

RS T T T R e

car boxyl aW&h (shlodomethartke. T@e mowbined organic extracts were washed with brme drled

o LRS! S RS e el IR sl o
mol ) in hateridi wasaplmf(eﬂj by pmtparsiave revkeetpbiasepiIS@ odiadVaters Atmtis Cag boxy| at e
(0. 033 Moo FE0in. oS LERGHAR X bRl bt ' Elioh BBty bs op nter an

at nospheré 0o rogen red o ttate was
t hen evaptmﬂaoledcemcm:rd rvnad:ifjen)no gireisopepdue{Svasnpdr(d,.4ed by chromat ogr aphy

The 11t eouagR U o b BB - oJBENRE ARy RR, IR © o1 ve

deuten@chremermbomn)e G@IZtramOte@ZW@Ba,rs Btiftis @s 86 X 50 men, F)Q05I2A95%6, J=6.3 Hz, 6

, 2.00 H, 3.72 -
3 77 (m %{Sﬁgc%gﬂ'we I}{?efggzadle%ﬁ%%%ﬁté@&b&ﬁ@%%&ler4398&}) 6"6‘2' /9}0 (m 1H),
5.06 (s, Rifluprogcic acidomod@fi§¢mdilovi rdi 2.0mlGminute), ICMERES +)H05.18. M+ H)7. 16 (m 1
H, 7.65 (s, 1 H. WD 2010/140092PCT/ 1B2010/ 052377 B) | sopr opyl
4-1-5-cyano- 4 ({2 fl uoro- 4 112 hydroxyet hyl )suI fonyl I phenoxyl met hyl ) - 1HDyr a
zol - 1-yl | Gkatepledi2né 5 gihy Ii 1-

444- ( [ ! [ 7 | vl nmet hyI )SI I yI] oxylet hypt hi o] - 2.
5f | uoré((iph | erﬁfe 9 X éHeano 1H pyrazol - 1-yl ] pi peri di ne-1-carboxyl ate (44
ng, 0.076

o,

o) /i
%@ @
N N
RS R

To a stirred solution of ortho-cresol (21 mg, 0.19 mmol) and isopropy! 4-(5-cyano-4-

25  ((methylsulfonyloxy)methyl)-1H-pyrazol-1-yl)piperidine-1-carboxylate (Preparation 10)
(60 mg, 0.16 mmol) in acetonitrile (1.6 mL) was added cesium carbonate (106 mg, 0.32
mmol). The mixture was heated at reflux for 15 hours. After cooling to room
temperature the crude material was concentrated to dryness in vacuo, and the residue

was taken up in water and extracted 3 times with ethyl acetate (20 mL each
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mol ) in dichloromethane (2 nL) was added a 4 M sol ution of hydrogen
chloride in 1,4- dioxane (0.2 nL, 0.76 mpl ). The resulting m xture was
stirred fwo2208/ta092s at room tenperature. The sol vent wasTaszperzsed, and
the residue was dried under vacuum The residue was taken up in

di chl oronet hane (1 nlL) and 3-chl oroperbenzoic acid (48 10ng, 0.21 mmol) was
added. The resulting solution was stirred at roomtenperature for 1 hour.
The reaction m xture was diluted with dichloronmethane, and the organic
phase was washed with a saturated aqueous sodi um carbonate sol ution and
then brine. The organic phase was dried over magnesium sul fate and

filtered. exthetibh J| tThatcombie dy gaid @)’Et%‘étslw&éﬁvaérﬂﬁiuﬁrﬂdbrﬁfeeaﬁéﬂ &ver 88gluinhe
residue purified by chronat ography on 155|I|ca 70 %to 100 % et hyl

acet at e i AU {IHFIEY ang thfi Vate s Gop PRI althiBStite éé'” BT VGPHU 1B 9iNg @ tAog . 1H

y’vﬁ) ( 4g00P7€§ZiueQ@QB§@O@¢U°/Q)T ofrerdMidedsd rbdle %agﬁrs@dl,ved irodimettig) sfokibe (%@23( g; d,

4.03 ( m an_ﬁ)unf@d?& p(%qarg?vezey%rse éhqﬁa HPLtp E%a(vx?te@ %n?ﬁrqlgg@@ﬁoq%pb 5 18
(s, 2 ¥), 0.0084m cdlurd, él[ﬁrnglwh'l)aI|ﬁeeﬁ?gradrgntB‘FrS()Wwa'ierV’ﬁcetdn@M@ t6 B%r) . 495.0
(M+H) 20 g lﬁ%ﬁ

4-(5- cyanwa@r/gge@”'m'%@r% H‘“’E) flowgr Py AT praie RGER /2 1- 1HDVr azol - 1-y1 ) p

i per i di newiteg/atdtoniietoe05% triioroateticCacld @rodi@sr)Aow SepRepy)
V1) i per B 1Ayl bO oo o S PR s R At Cre b SO,
i : ; I gor 0- 8.:008®i Y biskinf ?MIWa@éfﬁt@ton(tM@lnaQ&mM&&&d SWatleﬁ@(EH’[@rmgle ovlert
rono- ro e razo ar pox at e
(Prepdfat f ér{%'ﬁgjteﬁn%i "}‘Féﬂ% % 1§“ﬂ‘rﬁ)t &P“%a&% "Jag‘aé%&feioﬂgr eff(épf’ ghe pr gpar ation

of 5i sopr eMbroacetic acid modifier; flow rate: 2.0 mL/minute); LCMS (ES+) 383.2 (M+1).
444- ({4-[(2-{[tert-Dbutyl (di methypsilyl] oxyI et hypt hi o] - 2- f| uor ophenoxyl - et h

| 5- St A,
() somop R g b5

- on silica
gel (§9% ethiyt acetate tm_tiexarre). 1H NVR (400 MHz, deuterochl orof orm
delta 7.70 (ddd, 1H), 7.67 (s, 1H), 7.65 (dd, 1H), 7.18 (t, 1H), 5.03 (s,

2H), 4.92 (m 1H), 4.43 (mj@zﬁsl (Br s, 102H), 3.03 (s, 3H), 2.91 (br

t, 2H), 2.09 (m 2H), 1.92 1.25 (d, 6H). B) Isopropyl

4- (5- cvano4{12f|uoro4(rre hv® nv)) phe xvlrnethvll-lH—pyrazoI 1-
OPi peri di ne- 1-carboxvlate A m xture @

4- (5- brono-4-{[ 2-fl uoro- 4- (nethylsulfonyl)phenoxy thyll-1H

15pyrazol ; I 37 0.46 mo and copper

1 iy
cyani de ( =SVl m.) was

heat ed at é;65x, éor 24 hours under an argon at nosphere. The resultr ng dark

b ' t t h d
o B LA R [ TR P LS
2 29 nool 3 ((nﬁanﬁﬁnﬂohﬂbﬁ,dmémyedlﬂﬁp}l’raﬂﬂdGjn)pqrerrdrnaal-(darlé&y%@em:)re@a‘rdtrmoa’[@r (10

T 65 e T LRI B S ey T o R i VA o G Bonls @k Frt BR6S at r o

mmol). The mixture was heated at reflux for 15 hours. The mixture was cooled to room

temperature and diluted with ethyl acetate and water. The layers were separated and
the aqueous phase was extracted with ethyl acetate. The combined organic phases

25  were washed with brine, dried over magnesium sulfate, filtered, and the filtrate was
concentrated in vacuo to give tert-butyl 4-(5-cyano-4-((2,5-difluorophenoxy)methyl)-1H-
pyrazol-1-yl)piperidine-1-carboxylate which was used in the next step without

purification.

30 B)4-((2,5-Difluorophenoxy)methyl)-1-(piperidin-4-yI)-1H-pyrazole-5-carbonitrile

To a solution of tert-butyl 4-(5-cyano-4-((2,5-difluorophenoxy)methyl)-1H-pyrazol-1-
yhpiperidine-1-carboxylate (137 mg, 0.33 mmol) in 5 mL of dichloromethane was added

0.82 mL of hydrochloric acid (4 M in 1,4-dioxane). The mixture was stirred at room
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and was then extracted with ethyl acetate three tinmes. The conbi ned
extracts were washed sequentially with 2 M aqueous hydrochloric acid

sol uti on,w@ 2Meago®ous sodi um hydroxi de sol uti on, water a&oa/1Broiwes2ard t hen
dried over magnesium sulfate. The 25mi xture was filtered, and the filtrate
was concentrated under vacuumto give the crude product as a brown oil that
was purified by chromatography on silica gel (60 %ethyl acetate in hexane)
to give isopropyl 4-(5-cyano-4-{[2-fluoro-4-

(et hyl sul f onyl ) phenoxy] met hyl I - 1H- pyr azol - 1-yl ) pi peri di ne- 1- car boxyl ate as
a pale yellow oil which solidified on standing (77 ng, 36 % . 1H NWVR (400

MLz, 30 @ﬂ#ﬁe@ét@ﬁéﬁ‘bpﬂ ﬂﬁ%lﬁ%fcﬁékﬁean&tu?@msZor?&an(rﬁled%acuz) t@%lv(asm- ae), 7.67

(dd 1 }g 'FR é é ﬂ , 4.31 (br
s, 3d|(fjgfor€>g er@xl)() eéh;é)\;ﬂ ertdln 1H2p31' C(I%’S og[lBonlt@Ied\T ({hm/a%useglpﬁ 1. 25
(d, 6H) teviext &&)mthétﬁ@uﬂﬁca(n%l) Exanpl e 3: |sopropyl

4- (5-cyano-4-{12-fluoro-4-(1Htetrazol -1-yl)phenoxvi-nethvll-1H
35pyrazol - 1-yl) pi peri di ne-1-carboxyl ate W) 2010/ 140092PCT/ 1B2010/ 052377
Thi s cenpoynaisadcyicResyed{$-teano-f(b Badirfodhbhiok\eink R 1Hlpwhadphenol

(Prepar atlg Qt San isoEr opyl
4[ 5- cyano ' e 11 pyrazol -1-yl ] pi peridi ne- 1-car boxyl ate

( ]Ifr epar at TR shijredl Bolatisrasme((2,5LdmM doddphefoky)AbthgBs cbipeBainf4oy)-1heyrizepras-at i on
(0] ISO

[ 4- ({4- [(gg %?‘E'E'l'q (0698 PSR 331t Podchiermetianedyasadded Giipanby| - met h
yl') - 5-cyamotdipy1. amholkl]fdﬂb\]wd b?l’llrﬁ%tﬁﬁcﬂddﬁﬁ(ﬁmx%ﬁhtaipﬁeﬁﬁ)éém@hgtej(seeﬁ ep A

LR T HLENT % L U e e

getitSeE ochrzegumﬁ@bﬁght%llévanﬂxtm wd$, stidre@ 16t 1I52hou6s ll.nhdera rﬁlﬂog(ehr d, 62 : 2 07 -
4.91 (rsnep?té‘E@Spi‘erﬁ) %h%refé%‘(rbm'xg}rﬁj"’asfﬁli%g W'tg dk”é c{r_?:ﬁnetfapg a”di""ﬁge 1(*‘? 49 (m 1
l(_DMJrH)? 49 Iaye?rs%ré gbpalilraié)j ,and. tllﬁQa(ﬁu:‘aoué phbse Wadextfagtedwitt) dichi&vmeltabe) : 455. 1
. sopr . .

4 (5. cyandhaoRmingd pIEBErLBHrS WerpyamEn Y ISAUEHgY PoUsRUafPdLE) - 1-
XI % ?H?tgr |t ducan:;o&at@atisrb@;,(]wi@lt éver nEYndsium suuaRolitted@sd Pedipatedas r om

etrazo -Yi en an S
445 oy anolS CRY BRGNS 9TRLEY Fp I Cce e BTele PRA4meL P BEIPTA e
( fr epar at ivas dispolvéd i dirasthgirsuifoxité €0.9 b ) bha@putietidsy peshrhdie reh@s@prpy at i on
(0] i sopro
444- @pmﬂﬁpt%‘ﬁ Wiatess KBRS Sra Bk A 24 Y B hi %920 PUEREWER S - net hyt ) - 5
- Cyano ngmdreaZOﬂwéIer ivilalcpiopigiile ¢0. O%M%rbm)hlydﬁo&ldé@mw)%%alyﬁéap A,

Mt t Th d fi h t h
o s Rl 1% A0SR DBk 2100 BULIA RO B ey
NVR ( 400 8545, waledoetomithle dinedragradietad 68 Watddadadonitlicbovdr HiaminGie$])0.092602 (br d,

2 H, 2. (br, t ,447-4.56
(m" 3 b ugpabeli abeifar Ao e 2 ympuné Ogs (6s: 88 Byl 1)+ %07 7 6™
7.65 (m 2 H), 7.68 (s, 1 H, 8290 (s, 1 H; LCVS (ESt): 4370(IVH—|) 30
WO 2010/ 140092PCT/ 1B2010/ 052377 Exanpl e 5: |sopropyl

4- (5-cyano-4-{112- et hyl pyri di n-3-yl ) oxyl met hyl | - 1H pyrazol - 1-

yl ) pi peri di ne-1-carboxylate 5 This conpound was prepared from

2- met hyl pyridi n-3-0l and isopropyl 445-cyano-4-

(hydroxynet hyl ) - 1H pyrazol - 1-yl ] pi peri di ne-1-carboxyl ate (Preparation 5) in
a manner simlar to that described for the preparation of isopropyl

444- A- R2- ert -
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but yl (di met hypsi | yl ] oxyl et hypt hi 0] - 2-fl uor ophenoxyl - met hyl ) - 5- cyano- 1H pyr a
zol -1- 10yl ] pi peri di ne-1-carboxylate (Exanple 1, Step A, M tsunobu

reacti on)wWOthw/aousde material was purified by preparati veTnBuao/gR3phase
HPLC on a Phenonenex Gemini C18 21.2 x 150 mm 0.005 nm colum eluting with
a gradient of water in nmethanol (0.1% anmoni um hydroxide as nodifier). 1H
NVR (400 WHz, deuterochloroforn) delta 1.25 (d, J=6.4 Hz, 6 H), 2.02 (br d,
2 H, 2.06 - 2.21 (m 2H, 2.52 (s, 3 H, 2.94 (br t, 2 H, 4.33 15(br s,
2 H, 4.47-4.57 (m 1 H, 4912 (m 1H, 506 (s, 2H, 7.11 - 7.22 (m 2
H, 7.66 (s, 1 H, 811 -8.19 (m 1 H); LCVW5 (ES+): 384.1 (M+H). Exanple 6:
| sopr opy!| Edarhble auanaviéth{i&jclogrebI LBy hith-0 33 dindorophdmkiMmdihylibtHpy r azol - 1-
vl) Pi peri gyragol-@migeodieat-€arboxl@t@ flask charged w th isopropyl

4- (5-cyano-4-formyl-1H pyrazol -1-yl) pi peri di ne-1- carboxyl ate (Exanple 9,
Step A) (50 ng, 0.17 mmol ) and 2-net hyl pyridin-3-amne (19 ng , 0.17 mol)
was added 2 nlL of dichloroetha&ne foll owed by N, N 25dii sopropyl et hyl am ne
(0.03 nmL, 0.17 muol). The fl was flpshed with nitrogen gas and titani um
i sopropoxi de (97.8 ng, 0.34 ) mas/hdded at roomtenperature. The

reaction mxture was stirre e atupe for 19 hours before sodi um
W@Wa{ ed. The m xture was

triacet oxyborohydride (75.2 ng, 0.3
stirred for 24 hours at roomtenperaNJre he @ tion m xture was dil uted
wi t h di chl oronet hane and 30 saturated aqueous bi carbonate was added. The

m xt ur r f | ayers were
separ a ‘é\@g%dt'lé %e ;gtgjagg\lljag%gﬁ%ag%&agngtomrﬁgtdlélﬁ(arvgﬂabﬂ@3 dlf‘dﬁ'é;ﬂfeﬁolbnet hane.

The conbi feddwing gasriedutesparogars to Tiemate b3.dhermgtrevhienalddP g @asti | tered and
the filtr t j by flash

GIEE%\‘/@%%‘RH&E s\r,l{nﬁ{)ﬁaiea{dg‘g ?aﬁg?g pUitRd b§§ %#b‘?at%sr PuLd h :

chr omat ogr ap elutrn m Xt et Ryl acetate in hept ane
(60 to 80%°L5 cmtawwattﬁsé(Bdﬂeg C1®0bumn19\mma0%hm/énoﬁ5|m:ﬂummelum wﬁln al was t he

i mne. 'dfgnpgf\)&\ﬁ rlhg%gtoqfttﬁégdeyw a'nﬂn |l57r18 h?&ro%%rﬁ?tgﬂer?ﬁ?lalée(fg‘r

tetrahydr Far an, the m Xt u was Ccoo0 0 zero degrees sius. Sodium
bor ohydr i u@N@lmtwlonomzaGB ﬁiﬁmlr)utm@tladm@maﬂr@x15aenmc@rrmomemasolur@nbved The

m Xture Wgso, %ét%r?a%@tc{)%le%eéroggé'&% W%@@h%ﬁaéé%mé‘lé"&}érrﬁ {@ﬁut% Q. é{ﬁ? ur at ed

aqueous sodi um bi car bonat e Wwas a e mXxture was

concent r atrifidoroacetigduedifigroflavheatengdeolminvte tleingS %)e&ﬁ&ﬁ%@d) once with ethyl
acetate. The organic extracts were concentrated in vacuo and the residue
was purified by fI ash chromat ogr aphy, el ut| ng vmth a gradl ent m xture of

et hyl ace Yl py/! 4 Aegaily d-2tfhioroph I

conpouhd @ﬁiﬂﬁggt&ﬂ%Mﬁmmmﬁﬁtgﬂﬁimmﬁx400 N+t deuterochloroforn) delta 1.15
- 1.33(m 6 H, 1.93 - 2.04 (m 2 H, 152.11 (qd, J=12.2, 4.6 Hz, 2 H),
2.43 (s, 3 H, 2.84 - 2.99(m 2 H, 3.94 (t, J=5.2 Hz, 1 H), 4.31 (br. s.,
2 H, 437 (d, J=5.5 Hz, 2 Hypypd. 41 - 454 (m 1 H), 4.8 - 4.98 (m 1 H),
6.78 - 6.87 (m 1 H), 6.96 r 07 (m 1H, 7.52 - 7.62 (m 1 H), 7.87 -
7.97 (m 1 H. LCVS (ESt) 3%3 V) . Exanpl e 7: |sopropyl

4- (5-cyano-4-{14- (di net hoxyphoryl) = 2-fl uorophenoxylnet hyl | -

201H pyrazol - 1-yl ) pi peri di ne- 1- carpoxypat e A) | sopropyl
4-{4-[ (4-brono-2-fl uorophenoxy) net hy1Y- 5- no- pyrazol -

25yl | pi peri di ne- 1- car boxyl at e: Thils™ o] was prepared from
4- br ono- 2- f | uor ophenol and i sopropyl =445- no-ch-

(hydroxynet hyl ) - 1H pyrazol - 1-yl ] pi peri di ne-1-carboxyl ate (Preparation 5) in
a manner simlar to that described for the preparation of isopropyl
444- o R2- Vért -

A) tert-Butyl 4-(4-((4-carbamoyl-2-fluorophenoxy)methyl)}-5-cyano-1H-pyrazol-1-

vl)piperidine-1-carboxylate

To a stirred solution of tert-butyl 4-(5-cyano-4-(hydroxymethyl)-1H-pyrazol-1-
yDpiperidine-1-carboxylate (Preparation 15) (200 mg, 0.65 mmol), 3-fluoro-4-

25  hydroxybenzamide (Preparation 23) (100 mg, 0.64 mmol) and triphenylphosphine (188
mg, 0.72 mmol) in 3 mL of 1,4-dioxane was added drop-wise diethyl azodicarboxylate
(0.11 mL, 0.69 mmol). The resulting mixture was stirred overnight at room temperature

before the mixture was concentrated in vacuo. The residue was purified by flash
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but yl (di met hypsi | yl ] oxyl et hypt hi 0] - 2-fl uor ophenoxyl - met hyl ) - 5- cyano- 1H pyr a
zol -1- yl]piperidine-1-carboxylate (Exanple 1, Step A, M tsunobu reaction).
The crudewoanpmodne2was purified by chromat ography on si lPCtaBzpad/oeBUt i ng
with 0%to 100% et hyl 5acetate in heptane. 1H NMR (deuterochlorforn): delta
1.35 (6H, d), 2.1 (2H, m, 2.2 (2H, m 3.0 (2H m, 4.3 (2H m, 4.5 (1H,

, 4.95 (1H, m, 5.15 (2H, s), 6.95 (1H, d,d), 7.2 (1H,d), 7.3 (1H, d),
7.7 (1H, s); LCMS (ES+): 464.8 (M1). B) |sopropyl
4- (5-cyano-4-{1-4- (di met hoxyphosphorvl)-2-fl uorophenoxyl net hvil- 1H
10pyrazol - 1-yl ) pi peri di ne- 1- car boxyl ate | sopropyl
4-{4-[(4- &ﬁr@ﬁﬁtc%rédh‘ypélgﬁrgﬁ@iﬂpéderﬁW 30 o R By lddamts avdptdretblghieper i di nel
- carboxyl ate (200 0, 711 mml) was dissol ved i n degassed tetrahydrofuran
(5 L) TEYrRHIE- G prrhaTBHGE PR epar) RaIN (O Pnp T FOPR200: 144 miol ) and
di met hyl  piasqrdideet1-c4o0B4atelas 0nBiésonapd )5 mgy. e added fol | oned by
triethylamne (0.152 nm., 1.09 mmol). 15 The vessel was capped, and the
reaction m xture was heated at 75 C for 5 hours. The sol vent was evapor at ed

uRder ﬁgiﬂﬂﬂ((@@nﬁ)hﬁ(ﬂdﬂi@ﬁ-ﬂywbﬂ réém4logiefﬁcﬁ éfn ugroB | aaﬁdielle reverse ]
phase on a ters [l e rn col u uting wt
80% wat er % 96%'5{8&%}'% éﬁéﬁggtyh%;&é@éf qy}-?%or@eﬁw i‘gﬂ’?ﬂ%r oxi de
rzfgdi ;Ber)ﬂHMgdszIy%ilpér% '-éig:gtt@aylb@/rlzmmg, Q.49_6TrﬁblFl_mt2mL(oﬁcq3! ty HSS ;3/ 2.1

X nmm, 1. rn COl um,; er/acetonitr e |l near radient to
wat er/acef“&%'iofqni?qﬂéarl?\)% s qddgdpf ’%E%ig'f'“%ré?%e%ac AR BATRRIE - Al & f or 02.0
an'C'r\l/gt esé s ?0@2’2;/9 E?hfﬁdm%mabme?ta@ i8nd/a1md.i 'IfHeer’éiisidilé @k patifedlbydagh/ m nut e) ;

+) .. : . i e 3. |lsopro o .

L o g neing v 1o B0 R ey 19.1474. G petanel
Z | } Pi per isdi:ccﬁlerolrnétﬁdirﬁQ?@jﬂﬁrﬁiﬁg ZQ\beGUiéOL%fgﬁlaoﬂ-ib) ® WPBRYai@s-(pipefdned from
-cyano- o u opnenal an 1S r.o -.cyano- 4- .
( hydr oxyr’ré’tyhiﬂﬂ'pﬁrﬁ?(g' AR h%ﬂ%}“‘ﬁ%@?f‘%ﬂ”ﬂ@gﬁ @é(ﬁb%)?ﬂ'%géom)epar ation 5) in
a manner simlar to that described for the preparation of isopropyl
444- Qh- R2-\er t -

but yI ( di nétfsiathyioydaneenvidndldoagsa BRI EPeYanosThyy ano- 1+ pyr a
zol - 145 30g{rbpolpeylipiichiging-1cearboxidtat e (Exanple 1, Step A t sunobu

e T R T K L
el uti ng Witdtolergamitieedd ng, Ovit imol)n aeet ¢friidhidro@eth@n®3/4s agueni um hydr oxi de
e b (P Sk B P T o iy AR 10 -0 %
wat er / acetarboidte (Rrebaratién 06 Bhd U89 16570360rmhd,|0URE wadtdt eodrei d nodi fi er;
oM ey BV 3R bR Sl s g e Bnad ORGSR
Pvr azol - 1layhgsphé¢rerat @6 degrbes @elxiusy TA¢ ecacodrswas Svaed & robsiapmpenature,
4- (5~ cyang e § QhiVdteh Bh B2 98d dhidd T Geh St Birtar s RO %S hEhEs Hignic ©
extracts were washed with saturated sodium bicarbonate, dried over sodium sulfate,
filtered and the filtrate was concentrated in vacuo. The residue was purified by flash
25  chromatography, eluting with a gradient of 40 to 90% ethyl acetate in heptane to give 1-
methylcyclopropyl 4-{4-[(4-carbamoyl-2-fluorophenoxy)methyl]-5-cyano-1H-pyrazol-1-
ylipiperidine-1-carboxylate as white solid (34 mg). "H NMR (400 MHz,
deuterochloroform) delta 0.59 - 0.67 (m, 2 H), 0.83 - 0.92 (m, 2 H), 1.54 (s, 3 H), 2.02
(d, J=4.10 Hz, 2 H), 2.04 - 2.22 (m, 2 H), 2.91 (br. s., 2 H), 4.11 - 4.43 (m, 2 H), 4.44 -
30 4.55(m,1H),515(s,2H),7.03-7.10(m, 1 H), 7.52-7.62 (m, 2 H), 7.68 (s, 1 H). 1H
NMR indicated the presence of less than 10% of what is believed to be the
corresponding isopropyl carbamate derivative (from the isopropyl 4-nitrophenyl
carbonate contaminating the 1-methylcyclopropyl 4-nitrophenyl carbonate). LCMS (ES)
442.4 (M+1).
35
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-1\1'" N 10Into a solution of isopropyl

4[ 5- cyano- 4- (hydr oxynet hyl ) - 1H pyrazol - 1-yl ] pi peri di ne- 1- carboxyl ate
(Prepar atworzo®)140e%90 ng, 1. 37 mmol ) in anhydrous di chl orowaBiiames2310 ni) at
0 C was added trichloroi socyanuric acid (379 ng, 1.63 nmol) and 2, 2, 6, 6-

t et r amet hyl pi peri di ne-1-oxyl (TEMPO 22 ng, 0.14 mmol ). The yell ow m xture
was renoved fromthe ice bath and stirred at roomtenperature for 45

m nutes. The reaction 15m xture was filtered through a Celite TM pad, which
was washed with dichl oronethane. The filtrate was conbined with saturate
aqueous sodi um bi carbonate, and the | ayers separated. The aqueous | ayer was
ext r act edewarhplediee NLMaEBPRYOGEpyI BAl(40darbdrRowdsiEaBkOmeH WIt5-8Rsowel-e conbi ned
and washed wth brine and dried over sodiumsultfate. The m xture was
filtered, 24agollndioigeridings1scarbaxviale,cent r at ed under reduced pressure to give
20an oily m xture which was purified by chromat ography on silica gel (5 -
100% et hyl acetate in heptane) to give isopropyl

4- (5-cyano-4-fornmyl-1H pyrazo |j21-y|)piperidine-1- carboxyl ate as a cl ear

oil that partially solidifi®@ er vacuum (311 ng, 78 % . 1H NWR (400 MHz,
deuterochl oroform delta 10.0 1H), 8.06 (s, 1H), 4.99 - 4.94 (m 1H),
4.65 - 4.59 (m 1H), 4.37 (m 2.9 - 2.95 (m 2H), 2.23 - 2.15 (m

2H), 2.06 - 2.04 25(m 2H), 1.28 (Q, 6f, J=6.3 Hz)y LCMB (ES+): 290.1 (M).

Step B: |sopropyl = O

4- (5-cvano-4-et hynyl- 1H pyrazol - 1- v Ri"'@_n‘% 1-carboxyl ate H Into a
sol ution of isopropyl

4- (5-cyano-4-fornyl-1H pyrazol - 1-yl ) pi peri di ne- 1-car boxylate (50 ng, 0.17

Spnobphon B° HLA (PToRGHBEHAS rEette PIED AETSTAN M1 SR SO E BB absi um
](c:ar bgngt ﬁfcﬂléﬁin@”@aodédﬁ@srﬁﬂi@lo};ousTi@GEXﬁh)gﬂeJﬂ5;; 1%&\4_&({4@0 mdifza@leut@r@wt)mﬁn at gr e
nqueous SGHIARSD: 0aonart SHFLERTIm bb" T a0l o el Bs G 21T B e

aqueous | ayermext)az.p1 (tho=15.62e8z,\8 K)) 4i6hpt. sacet anad -ThEs @F gan), 6.09Xkr act s

wer e nbj,ned d_dr,i,ed e di |_f at T 10m re.was, filtered,
o 0 e e B8 2Bt had fddd. 728l o 2tu e N lRieRahe: | Sunr en
yvashpuri f pedeme efiesartharogda it whenis delidved tgbé tHelédridspandliifiséprepyly| acet ate
in heptane). to give isopro . . L

A (D, A Bt Ay SRR B be soprapy) 4 nivaphery rtonate pUNADINAl We T pa
yel | ow somethy(cBlopmpyl3tnitdphehipl CdvBO(AODOL OB, (ESP424H (M*6).3 Hz); LCVS (ESH):
287.5 (M+l). Step C. | sopropyl

4- (5-cyano-4-{1-2-fluoro-4-(nethyl sul fonyl)phenyl|ethynyll-1H pyrazol 1-yl)p
i peri df neEdarnple 1@ y-MtieyIcycRIDA Y D4-(B-tyrm oof-((¢-epaeipheoskyiiaeth §1.)-3 HAayraAdl-908

ol ), i Gl 91 B AL LLRASEY! PhOSPR ne)

Q
-Sete)

20 The title compound was prepared using commercially available 4-hydroxybenzonitrile,
following procedures analogous to Example 15. The purification of the crude reaction
mixture was performed by flash chromatography, eluting with a gradient mixture of ethyl
acetate in heptane (0 to 100% ethyl acetate). 1H NMR (500 MHz, deuterochloroform)
delta 0.60 - 0.70 (m, 2 H), 0.84 - 0.94 (m, 2 H), 1.23 - 1.31 (m, 1 H), 1.56 (s, 3 H), 2.01 -
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pal I adium (11) (4.0 ng, 0.006 mMmol),

1- br ono- 2-f | uor o- 4- (et hyl sul f onyl ) benzene (21 ng, 0.083 nmol) and
triethyl anDrre1(@0®28 ni, 0.19 nmol) in degassed N, Ndi rerhyliBzmoeseste (0.5
m.) was added to a flask containing isopropyl 4-(5-cyano-4-

et hynyl- 1H pyrazol - 1-yl ) pi peri di ne- 1-car boxylate (18 ng, 0.063 mmol) in
degassed N, N WO 2010/ 140092PCT/ 1B2010/ 052377 di met hyl formam de (1.0 nL).
The flask containing the initial solution was washed with degassed

N, N- di met hyl f ormami de (0.5 nmlL) which was then added to the reaction. The
yel |l ow sol ution was heated at 90 C for 1.5 hours and then stirred at room
tenper at upasier 41, :DQBIKrﬁ 2 et TRALBY R, V&S, muswﬂew@% yegn2wyf er and
et hyl acet ate, and t The aqueous | ayer was
ext 1 act o0 WPt BOHA Macatat 3 (i e b odany STdxt THots vere conbined and
washed sequentially with water and brine and then dried over sodium

sul fate. ant efllt ate caoncentr tedu der
reduced pE& e R : P~ GYRRO AR

si |'i casgeldi @.mn&[lcé*b@kl}_ﬂ%b acet ate in hept e) to give |sopr opyI

4- (5-cyano-4-{[ 2-fl uoro-4-
10( et hyl sul f onyl ) phenyl ] et hyny11- 1H pyrazol - 1-yl ) pi peri di ne-1- car boxyl at e
as a pale yellow solid (20 69 A). 1H NWMR (400 MHz, deuterochl oroform
delta 7.75 (s, 1H), 7.73 -\7468 (m 3H), 4.94 - 4.91 (m 1H) 4.52 - 4.48
(m 1H, 4.33 (m 2H), 3.07 ( H, 2.97 - 2.91 (m 2H), 2.16 -2.09 (m

Q un
> u-

2H), 2.09 -2.01 (m 2H), 1.25 6H, J=6.3 Hz); LCMS (ES+): 459.0 (M1).
15Step D: |sopropyl o)

4- (5-cyano-4-{242-fl uoro-4- (net hyl phegyl/let hyll- 1H pyrazol -

1-yl ) pi peridi ne-1-carboxylate. 1so

4- (5-cyano-4-{[ 2-fl uoro-4- (nmet hyl sul¥@gnyl Ne‘nﬁgjl ] et hynyll- 1H pyrazol - 1-
yl ) pi peri di ne-1-carboxylate (15 ng, 0.033 mml) was dissol ved in ethyl
acetate (5.0 nL) and hydrogenated on a H Cube flow reactor (Thal esNano,
UK ) at the full hydrogen 20setting with a flowrate of 1 nL/mnute
through a 10% Pd/ C cartridge. The collected product in ethyl acetate was
concent raﬂ'mltmlmdﬁnpowdumcbr@maee@ uslag ddq1igipyeaziok dyhshmnol WO 2003072547 ),

(5-cyano- 242-f | uor IfonI phenyl l.et hy11- 1H pyrazol y1) pi pe
i nal 1. (PR ARl B R R bbb AR ot 11
(400 MHz, mieweeavasqlarforrédbyrlashednt@natoG@phy, &BlGidg (with 22¢dpdiet rﬂ&tu-re of &lyl( m
1H), 4.98 - .4 93 1 oA 08(5 3H),
3 065 - 3 aertp ol B g e Slon ste iy B R copfpis leetnarlthy
2.08 - 1.88ty P8 RHU=63842&, 6¢H), BBY - 2:06.(8, BA)): 21THB, 2 B549.91 48R91(n ISZH-]))

4.37 (m, 2 H), 4.50 - 4.58 (m, 1 H), 4.93-4.98 (m, 1 H), 5.11 (s, 2 H), 6.47 (t, J=2.07 Hz,

15 1H),7.07 (d, J=9.03 Hz, 2 H), 7.64 (d, J=9.03 Hz, 2 H), 7.70 (s, 1 H), 7.72 (d, J=1.71
Hz, 1 H), 7.86 (d, J=2.44 Hz, 1 H). LCMS (ES) 435.4(M+1).
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Exanpl e 10: | sopropyl

4-1-5-cyano-4- ({12-fl uoro-4-(net hyl sul f onyl ) phenyl | am nol net hyl ) -

1H pyr azovoleyld4pioper i di ne- 1- carboxylate C '',S o/' 5TecCaiBrite/nd7s0l ution
of isopropyl 4-(5-cyano-4-fornyl-1H pyrazol-1-yl)piperidine-1- carboxylate
(Exanple 9, Step A) (43 ng, 0.15 mmol) in 1.5 nL dichl oroet hane was added
2-fluoro-4-(nmethylthio)aniline (24 ng, 0.15 mmol) followed by 0.01 nlL of
acetic acid. The m xture was stirred at roomtenperature for 1.5 hours
under a nitrogen atnosphere before addi ng sodiumtriacetoxy borohydride (52
ng, 0.24 mmol). After 115 10 hours the reaction mxture was diluted with
di chl oronet hane and sat urated aqueous sodi um bi carbonate. The | ayers were
separated_and t he aqueous, | ayer was extracted twW ce mnth di chl or onet hane.
The conbi BXaMeIEdaniseopyl4 ‘ Artalrazql-aey! estv)- Mo nesi um
sul fate, bv@taneﬂxn@w@mbheaﬂbbtﬂa@an&ﬁ@pﬁﬁvpentéﬁ&@dr«mﬂua@upmrﬂhe resi due
was purified b hy, , h a gradient m xture of

et hyl 15at&d€s ' gEXYamethylg 52y IDEY box¥lale ve 45 my of the
|nterned|aneN ulflde Part of thls naterlahr 23 ng, 0.053 mmol) was
dlssolvedNrn mL of dichl oronet hane andthEtﬁ-chIoroperbenzoic acid (36 nyg,
0.16 ol ) Naa ded in one portion. The mNXt\yre was stirred at room
tenperature f .5 hours before it was dilut@gd W th di chl oronet hane and

saturated aque Osod m car bonat e sol ution. TheE N c | ayer was
separated 20 and shed vvrt sat urat ed aqueoug§ sogdi um car bonat e

sol ution, brine, oer S|umsulfate fil iltrate
was concentrat ed |n HL sarrpl e was purified by € er§e -phase HPLC

(Col unh: Waters XBrldge Cc18 19x100, 5 mcrometer; Mobile phase A: 0.03%

anmoni um Mbtoovongleft (mcmbar((z ﬂlllorb 4 (V2 - (ternaﬂnatswlﬁtho&vwmammmwmh&dr oxi de

'Zgooa/gvg{ or Jiidtie: r 3 g sobr%pbr A@3yahS-

100%acet oﬂr(tZFﬂdoeo—Mz 1@- (ﬁrmmthﬂSrtvﬁethEkwaetrQ/BrﬂH temtram:Ié) V|1Kﬁbﬁ)XVOFNﬁhE$4H 464. 2) .

Example 1 1

4-{5- cyanéLgé@%éLﬁﬁ%?#pgéﬁgﬁﬁgﬂ%¥%)nethyll 1H pyrazol - 1-

yl | pi per i @o mestitred aolbtiorydfasaroB04-(5-spproapytlydroxymethyl)-1H-pyrazol-1-

4- (5-cyan t ) [a y1) pi peri di ne- 1-

car boxyl a@ﬁ?‘%&gg&afé%r?g&@ﬁ%fﬁ @EEHA%}Z@&O Z?i (%2 4-di f 1 uor ophenol

(0.052 rrL(trrrﬁetDryB&@)erthmy)netla{;nm td@ramt—@:abmtmmatmo(zgfﬂomgl (26(898 mmol ) wer e

i or ovave TaEbEEME R Dlneli 2Rt Bp L A BBt R T 0 R0 s

cool ed tomnmmrtddnpmratphoaorarmj(MGmmmr@MQanml)urnﬂmL ofdcdrdioxartk Was eddedi th 1 N

sodlu hy raGt i nmet hane.
conoy S EE dRY L BRI RO I3 bl TR D™ oo

suI fate, étlrtedewemlgtara@lradnetemuetatatea)ams tleomodure mas edneandiatedinvacumn. The

crude mat p Nt ers

A ant o Lb PR BhbE By RerRir BB Ky S el b 038 8% Lt o

i n acet ongthyi daetalt® indEpértertp foivedsapacmt #¢5-agan- M@rﬂ‘Uioer-f}-(t-(iZgl ve i sopropyl

4-{5-cyan .

i 1T uor op ey SIdethoryImathyit 1 telazol Sypehengk ey H-BVBZOLT: o o

Anal y20 cayl)ﬂ_rﬂﬂv@neiﬁcaﬂbemlaterand|I9merop3l &15- nYamt‘bé{Z(ﬂVﬂm (52 @Z-I ant is Cl8 4.6 x

agt rerrrn/ age on| I@%(fﬁ/e )t"?lgt{b@rcﬂ' ?%F%EL ylt)édegﬁggr oa t| c %ﬁ(r)ﬁ)di fier; flow

rate 2. Orrtlbpmetlsdtr@)l -CrONE/IEtES140) mgADB6 YBIOM + H) . Exarrpl e 12: |sopropyl
4-{5- Cyan%oéroifélztf @%Bﬂh aﬁﬁfgr))-rﬁ%@t[? girttgkhg%ﬁﬁ)?emoxgr)metr&b -2H- te_;trazol -5- (21

20vl | pi perl cresol

nmg, 0.19 ydmhe)towjnjtetrwbﬁﬂ-bwazd1(35)pmpadloe-4 -carboxylate. HNMR(400 MHz,

25( ( hy Y r I y IReb! rRo ate
(Pregg§ at %j%dr#b'ffgﬁ% g%xﬁggh%d% élmﬁ{‘ Q%—Ba(():% oil)OtBr ﬁ g}-?lp? 1% R éﬂc}

cesi um cagioadrbrt e, 10)62.47 (M02 82 2B3db). s., PHE), Bi6Rt-r E8 (w2 I'Hl)eAt3@dd,atl—7r2e?i‘I ux for
15 hours. I o} e rat r r

concent r at edé ﬁé} fwnaégg(#w \rfzg‘%é gﬁ% b W_'?eéhgég Zﬁgf’@ & éﬁéﬁ 7:,tggswat er and
extract ed738t(mrré$t)v\7 6% (1Y)l 7 88 et7be(ny; 204)rTLCb’@C(IESéﬁB5 aertd)h) The conbi ned
organi c extracts werewashed with brine, dried over sodiumsulfate, filtered
and the filtrate was concentrated to dryness under vacuumto give a tan
residéeé (0.065 g, 100% . The crude sanple was dissolved in dinethyl

sul foxide (1 nL) and purified by preparatlve reverse phase HPLC on a Waters
Sunfire C1819 x 100 nm 87




50. 005 mm columm, eluting with a linear gradient of 80% water/acetonitrile
to 0% water/acetonitrile in 8.5 mnutes, followed by a 1.5 mnute period at
0% wat er /soevmmi4beozl e (0.05% trifl uoroacetic acid nodi f PETIB20RD/0323T7t €:
25nL/ mnute. Analytical LCMS: retention tine 3.82 mnutes (Waters Atlantis
Cl8 4.6 x 50 mm 0.005 mm colum; 95% water/acetonitrile linear gradient to
5% wat er/ acetonitrile over 104.0 mnutes, followed by a 1 mnute period at
5% wat er/ acetonitrile; 0.05%trifluoroacetic acid nodifier; flowrate: 2.0
m./mnute); LCVMS (ES+) 383.2 (M+l). Exanple 13: 1-Methvlcycl opropvl
4-{5-cvano-4- 112, 5-di f | uor ophenoxv) net hv11l- 1Hoyr azol - 1-yl | pi peri di ne-1-carb

oxyl ate E5Is\)DIQ>DN'4' (5-8rafc-44) 2-H18drb- 4b(‘41l-lyt|etrazol 5-yl)phenoxy)methyl)-1H-pyrazol-1-
4- (5-cyano-4((2,5-difl uorophenoxy) nmet hyl ) - 1H [ -1- pI gerl di ne- 1-
w&&&w 4 H- & 0.39 mmol)

carboxylaI
282 E?r t- t bll)t?h\éhloﬁkr)&é}'rﬁ!wam-ppvrazol 1-v|)p|per|d|ne 1- carboxvlate g ! at

met hyl sul f onyl ox razo eridin car poxyl at e
(Pr epar at oA 008~ Brogntng- b arortar (- e e s P i e el St
T hour o ARCADR inab ) W ot g "”'é’)eﬁ"é'gga Speraty ?”?'Sﬁ‘ﬁ’awd‘u@c o et by
noctare afdome e Fhydnds 0@@@3% Pl BisatenshdedHins
exE L agt edpy\fefé(ﬂ 1ey|jp>ydenam@t1a&aebox1;me ers@mgﬁim Wer@ld%%@ﬁﬁaﬁi%/ﬁllﬁ?md{\/f(’p‘ hed
\(l:moncen{ Ir gg@aaqﬁ(%g\?a@\égeﬁ pla iggés g& t?f%%qa}wnc aan (3 mL) Wasae?d%ed d?op-\llwser 5 Vas
4-( |5 fyanﬁeséﬁﬁg &.ﬁumﬁéwﬁfﬁmaomfy@ﬂ@eé h&‘:é|s_)us3fb'|t34/h@@r§|bfeﬂoré’ﬂ>élﬁg gesledi ne- 1-carb
oxyl ate whi ch. was used in the next s Wi urific
220 85 o Pouio R rBHBR PSR s MHepp: P Tedt Rt SRR BT E. a0 ibboni ¢ 1 1
2 (;’O a SQ&ilétb@nd@lfegfa?Ft(?/bwbwhe) and dried under reduced pressure to give the title

- (5-cyano i ro V.

y1) pi peri B?'H%&&'dc(gQ f}ylg‘t ‘Q@lg% W@r&é\ég‘ﬁrg f‘%?’ ﬂ'”%etmj[ syfoxfled AP onet hane

was added1068@ JH6.25 HABH PG ITEOM.S0 @€ i2cH), 4.98! (08, A1448] ®XAM) 2 HNhBIO(¢! Ur e

concent rared i §RBL 2B S0 re2 o £50 5o 11 75 £56- 513 (R YW 62978 2

di f 1 ues opRgmoa) TET il ) HI,-A B0 PBBB dinnt #5783 1HBPYmaz ef)e7.80 aan bonicrsl e whi ch
was used &ﬂﬁu%% q§%5 step without purification. 5C) 1-Methvlcycl opropyl
4-{5- cvang= 2 Bt 1 uor ophenoxy) net hyl | - 1H pyrazol -

vl 1 oi peridi ne-1-carboxylate To a stirred solution of

4((25d'f|uorh s PhRSh\ zol e- 5-

0:‘ 20 1SQ

0 72 ; A

stirred f¢Uphb50k\pmemvundemvrazo1u1twmg;eﬁdlaém-)@amﬂsmdv@ie The reaction mxture was
diluted with dichl oromet hane and water. The |ayers were separated and the
aqueous phase was extracted with dichl oronet hane. The conbi ned organic
phases wer ¢Nywashed with saturated aqueous sodi ym 15bi carbonate, brine,

dri ed ovef mhgnesium sulfate, filtered and the Thltrate was concentrated in
vacuo to gl'veN2&5 ng of crude material. Part (I of this material was
di ssolved in gt hyl sul foxide (0.9 nL) and puri by preparative

rever se- phase F '}%1 Wat ers XBridge C18 col umm x 100 nm 0.005 col um

eluting with & gradi ent of vvat§4<|n acetonitrile (0.08% ni um hydy oxi de

nodi fi er Anal ytic _— O
) AR e N — 3
N =N 0

25
To a solution of isopropyl 4-(5-cyano-4-((2-fluoro-4-(1H-tetrazol-5-yl)phenoxy)methyl)-
1H-pyrazol-1-yl)piperidine-1-carboxylate and isopropyl 4-(5-cyano-4-((2-fluoro-4-(2H-
tetrazol-5-yl)phenoxy)methyl)-1H-pyrazol-1-yl)piperidine-1-carboxylate (70 mg, 0.15
mmol) at room temperature in tetrahydrofuran (2 mL) was added sodium hydride (14

30  mg, 0.31 mmol) in two portions, and the resulting mixture was stirred for 5 minutes.
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20 LCVB: retention tinme 3.60 mnutes (Atlantis C18 4.6 x 50 nm 5

m crometer columm; 95% water/acetonitrile linear gradient to 5%

wat er / acewonotwidb@2over 4 m nutes; 0.05% trifl uoroaceti eCraB20ld/es23771 | ow
rate 2.0 nUm nute; LCVS (ES+): 417.1 (M+H). Exanple 14:

1- Met hyl cycl opr opyl

4-{5-cyano-4-112, 3-di fl uor ophenoxy) net hy11- 1HDvr azol - 1- vl | pi peri di ne-1-carb
oxvl at e 5The title conpound was prepared using comrercially avail able

2, 3-di flurophenol, follow ng procedures anal ogous to Exanple 13. The crude
material (49 ng) was dissolved in dinmethyl sulfoxide (0.9 nL) and purified

by prepar ﬁidb#@trfaﬂw@esnﬂ_h@% iRbGweR tienddedandBhé ﬁh@l@h&h&xﬁﬁém 19 x 100
nm 0.005 colum eluting with a gradl ent _of water in_ acetonitrile (0.03%

ammoni um BYERARLIeRM ﬁ%ﬂﬁ’qrﬁ@ﬁ for ap ZAgipnah 16 PEUISCHES rqaciUhYAHAUGNCHED BY 62

m nut es (AddigsH bfswdtdard. the ¥niilrerWas dlutddotitnathlace@td) e oﬂ%_a%c phase was
wat er/ acetonitrile |linear gradient to 5% ter/a etonltrl e_over 4 m nutes;

0. 05% t ri PFRAGFIEL BT N FAMGPHS Bhaseryasexiracle W@e iSfiA acelglenE] Es+) : 417. 2

(MtH) . 5 comBiXedrBlganitxtractd/ilehy Wastddomtostide, dried over magnesium sulfate,

ﬁhé?i}g:; ﬁlgggfgg%t _e%l_lt];alégevrﬂg%grg(?e%xrv yrtm Ogc%%_ Hg\r/easpd%]éSV\:/Lal_si-&ynr‘lggby flezll'shyI | piperid

4I § 4((4- cgar&wgmlw&roa%aftégwpsr?p b@_ltr_@g(W)tﬁt@thdlént%&M%l@f-elW a¥étattéqh h%ptane (30

yl ) pi peridi ne- 1-carboxyl ate To irred er

AREA L AR R A Lo S UL S PR S i SR

Egrepar a: sqnpg%raoxy)a%loo ymH@yﬁiolmrw?@uper@TrfeLu@érﬁoAAata§1mmgr04% maamiudeo 2
reparatijon osphi ne my, O.

NS e Y 7 ST L AT I A s R TRt P e S

(0.11 ni, pﬁa%&fmmup)err]ud'ﬁbg éeeswylat@gsomgtw/eymz stirred overni ght 3t room

terrper ature ero the m re conce at e Ccuo. r | due was

our 11 ad- BoPRPYLB-oRP st S Spro - Bt %azﬂ'- SRRl SER: o Sone

et ?yl (?Cebﬁbﬁolnnyljmm“name 1-Eargbyeate eBtantpié 70). "H NMR (400 MHz,

4- (4- ((4-carba

yl ) pi peri 7L '59‘2{8{2!9%&? iqgeqai%”%é%h%g 2?%{‘@5’;3% By@a(%nC)'z Hy 2.85-

#( (5- ©yane-02-(fmpR2 poY4.47 (s, 8-H¥)1 3 36*&1 pxmazeleflszl;) 286 haw7)(m3 1fH)tmzats@nzam de
o a stir

22 (- (ot BEE Ry 5 BTt P SREmOR) Tl 71558 2 IRy bEVE G8) i per i i n

e-1-car b_oxwat(lva+1)215 ng, O0.48 mml) in 2 mL of dichloromethane was added 1
s concelTPP RPN ErPaRdH 2 Mo el ey G elarod e Spdglyh1R->o! U o
1002r orr}at pgaa@hyyl)pﬁiemtjlnag umbdsuy?tg(%mﬂﬁ 2100 3 MR fo0Mie 15% of et hanol
in di oronet hane co 9 ive

47 (( 520y 2SN oL BRRer R ) 27 e p Ty P ne bk Ty 7 P Fier 8tz de as

a white sploBdt, (250598, 2 H) 4.310r. §- B3 TiscB 6pHcIvim, 1 H) 4.92 (m, 1 H) 5.16

4-{4-1-(4-c v qu oXV vLl=5-¢C -

f L S SR B R UPLRRSIO VIR oS XNLA 1ot oy

4- ((5- cyahOMS{EﬁDp&BOQMm4ﬂ yl) - 1H pyrazol - 4-yl ) met hoxy) - 3- fl uorobenzam de
(40 mg, 0.12 mmol) in 1 nmL of dichl oronethane was added tri et hyl am ne
(0.036 n., 0.26 nmmol), followed by 1-nethylcyclopropyl 4-nitrophenyl

car bonat eE&nplp 20aksbormopid6l-@ac) aBAA (B BUCkEU-(E0-hydroxfetBf)-AHEE fazet-51 oom
20t erper att ¢ oAb SAHLLIL 1 HlooHShL GRS vas Stirred For 2 hours

under a n
HO—/"N :
Q /N
F O\g’ o~
—
O
< —\<O

A) Isopropyl 4-(5-cyano-4-((2-fluoro-4-(2-(2-(trimethylsilyloxy)ethyl)-2H-tetrazol-5-

yphenoxy)methyl)-1H-pyrazol-1-yl)piperidine-1-carboxylate

30
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at nosphere at 65 degrees Celsius. The reaction was cooled to room

tenperature, diluted with water and extracted twi ce w th dichl oronet hane.

The conbiwedomvgem2c extracts were washed with sat ur at e@CTaB2000/052377

bi carbonate, dried over sodiumsulfate, filtered and the filtrate was
concentrated in vacuo. The residue was purified by flash 25chromat ogr aphy,
eluting with a gradient of 40 to 90% et hyl acetate in heptane to give 1-
met hyl cycl opr opyl

4-{4-[ (4-carbanoyl- 2-fl uor ophenoxy) net hyl ] - 5- cyano- 1H pyrazol - 1-

yl } pi peri di ne-1-carboxylate as white solid (34 ng). 1H NWVR (400 MHz,

?eut gr l(zi;?h’fl'@b%fhﬂédfkolgl%r{@flébp?&pw 4Q5-@7ar(d3’4 (r%/dhﬂxgrr@tr@/@ H- r820|(1m 2 H) 1 5421
S

by . 10" viporidis 1 s eie ddrepersbian B(Ta ma, 046 Bl 2 rod 38 03 . %7 16
(m 1 H), tdmethytsilyiogdethyr)-2H- téﬂ)azoIZS-ﬁ}@pKéhol PréParatidd 19YR0 mdi car egndine

presence 0 t he correspondi ng

f
i sopr opyl a%%Fl?Eﬁ%@&“’&@'?'P@Q i e (?%9 H]W“?H@ 5 @bﬁfﬁ)ﬁﬁo’@”ﬁl"‘@ﬁ(ﬁgﬁ@ JIo%Pzar bonat e
cont am naivisadidthg aiomrbwwatg k@mwwl 048 mmdslpmh@myéunﬁ@rrh&nuaé @hs slikddS (ES)

442. 4 (1) . 1- Methyi cycl opr opy! |
T kB D o e S ese i B e R st ngpenicalg 9ivBEYe-de- 1- car bo
zylhaéI e lr)esﬁjuE\*v@stmnI‘u@cj B@W%gr@bﬁ@@tﬂﬁgwﬁlh%gr@@@ﬁgj@f@ t|a|4JOY1A>5 guH I ﬁﬂq e
ydr oxybenzani ng procedures ous’ t0, Exanpl e
100 e SRERE Bniees b raSeBpya G drane A0 TeARi- %2 20 a4 o, ot (m 2

|J‘|) ’151626 (temethyldiyloxl)&Byl)- 2I2~t&5326f15 ygpwfozﬁ)w%yl) ﬂ-l éﬁaé?ﬂ )dr%erlgge?li- (502
H, 6196 car?owigtwmznaoé%r/vy@@(s 1H, 7.75 . 7. 82 (m 2 H. 1H N\R
indicated the presence of |ess than 1096of what is believed to be the
correspong 2 r vatlrveet f tt peo opropyl
4-ni t r oph&hy 2 = opyl
411 R/IE‘ t L or)helmﬂenc)anm@mt)ah pﬁ%ﬁ\taszpeﬁamezt -daMiixylatd SExanpl e 17 N

thvl c no cvangphen vVrazo
yl ) pi per| ‘E 'W@>®1 @%ﬁu‘ﬂl@“ &2(81(&@“?%3? Ié%&ﬁ)?ﬁg&b%l %?/H epar ed u5| ng
con}mnsi aylbpheauw)ulnabiya 14 Wdz@xy;b)@rpéﬂmhémdaeboxmhé M0 MY, DI 2ZSaHMOE Hvas
anal ogous

pur|f| t|o r ude acti.on m xture was
per f of nddB5P AR Bt SRy sobitar ohg SR LT ke of et hy)
Scet ate Ih dloh@r]?i \ﬁzﬁ‘@a(gdbldtdbodﬁ% Ehélpésuﬂmg'fnﬂitebe wddtiNeR o éton Mriznerature
eut erochl or.qf or elta 0.84 0.94 1.23 -
1.31 (m k) IZD%OUELS or(aé)elrg q%ce@ragﬂguno%n}qéc%reisw Tl§e @gld@%m@zrlqgg 4 11
-4. 37 (m was Hivided.a48 ca. 30 &g of the Gudd was pliifiedy révdipe- pﬁfaébaﬁl(’lct) tdgife TR Hz, 2
H, 7.63 (d, J=8.7 2 .67 ( 1 . . I sopropyl
W Cashe il aspebi ¥ s 2o Rotefs BBagan 15 TRITD oo BrcramSeR
5yl ) pi per MdbiepHaseaX: b@B§Yoainemonium hydroxide in water (v/v); Mobile phase B: 0.03%
ammonium hydroxide in acetonitrile (v/v); Gradient: 85%water/15%acetonitrile linear to
0%water/100%acetonitrile in 8.5 minutes, hold at 0%water / 100%acetonitrile to 10.0

minutes. Flow: 25mL/min. Detection: 215 nm. LCMS (ES+): 499.5 (M+1).
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The title conmpound was prepared using 4-(1H pyrazol -1-yl)phenol (WO
2003072547), 10foll ow ng a procedure anal ogous to Exanple 12. The

puri fi catworzowil4bdse crude reacti on m xture was perfor ne@CoyBioiesiz377

chromat ogr aphy, eluting with a gradient m xture of ethyl acetate in heptane
(0O to 100% et hyl acetate). 1H NWVWR (500 MHz, deuterochloroforn) delta 1.28
(d, J=6.34 Hz, 6 H, 2.01 -2.09 (m 2 H, 2.17 (m 2 H, 2.91 -2.99 (m 2
H, 4.37 (m 2 H, 450 - 458 (m 1H, 4.93-4.98 (m 1 H, 511 (s, 2 H,
6.47 (t, J=2.07 Hz, 151 H), 7.07 (d, J=9.03 Hz, 2 H), 7.64 (d, J=9.03 Hz, 2
H, 7.70 (s, 1 H, 7.72 (d, J=1.71 Hz, 1 H), 7.86 (d, J=2.44 Hz, 1 H. LCM5
(ES) 435. gfiMudip. 223 E&@r@%{/l% (B%vah@ﬂm@ﬂt‘:’dro4 (]1 -(2-hydroxyethyl)-1H-tetrazol-5-

4- (5-cyano- 4- etrazol )ohenoxy) met hyl ) - 1H

Ovr azoi - 1¥4@hes ' ad-gatboxyiate

4- (5- cyano- 44(2 fI uor o- 4- (2Htetr @Hi 5- yI)phenoxy) met hyl ) - 1H—pyrazo| 1-yl)p
|per|d|ne1carboxylate NNNoljzoIII ev-..-(NN\O -( ..:-...-c-\oO -

N-(N- (// N\O.""-"NO ANis propyl
4- (5-cyano- 4((2-fl uoro-4- (14X i met hyl si | ypet hoxy) nmet hyl )-1Htetrazol - 5-
Vpohenoxy) net hyl ) - 1H- pyr azol - [ peri di ne- 1- car boxyl ate and | sopropyl
4- (5-cyano-44(2-fluoro-4-(24(2- b | sil ypet hoxy) net hyl)-2Htetrazol - 5-
y1) phenoxy) met hyl ) - 1H Ovr azol - 1fy1) i di ne-1- c boxyl at e 10To a stirred
sol ution of isopropyl 4-(5-cyano-4- 7{4 1H pyrazol -
y1) pi peridi ne-1-carboxyl ate (94 ny, 2@ 2f|uoro4(1((2-
(trimethylsilypethoxy) net hyI ) 1H-tet razol yl) enoI and
2-fl uoro-4 gl-4 p14RY2-Hudro4 it sl : i )p
(Prepagat ! '32 eﬁg% ]g %ggl gag’cﬁ% Eg@l gi !iﬂ%—?-%JrﬁcBba?é’l phOSphI ne (110 ng, O0.42
mmol) in rse diethyl azodicarboxyl ate
(0. 060 mnlLTo@.sBgedmollion disopremlift(agano-4{hwdeoxyastgt)i H-pyrazaldr ni ght at room
tenperatu e e was
pur 11 od P ST LhABOMISE St BAIRAT RS TR Aok c,
£e1t ?%l acet Hﬂd{lﬂ%—&fbp@’(@l (;ﬁ@rat@m@o}(ﬁ(blpgj 0.15 mmoI) and triphenylphosphine (43

- (5-cyang- - ro-
(trimet hyﬁ]sqi P}jpetrﬁOIZ%ym?h I )4 (iéf neet\'\r/aasza de dr% V[\)/ﬁgr%e;h %2 %Cel Smxﬂ-al- pyrazol -
- (20y|1@pi ((e035dinhe0.16 oundpX e aesiltimgdnikisicgpwapstirred overnight at room temperature
4- (5-cyan
(11 ot nyPROTy el RadtorBohisfed in vacuo, The residuc wes pusied fyfiash. 1 o oz01 1
- y1) pi pechrdmatogtaphar ¢loting withea gresientgf 30740800 ethalh acetate jir gpydne to give
i e AR 5 5 g,
MHz, 25 dﬁlmrenoemn@tfwf)dMyrdmlﬂall)pmeosme—mwrmnylaee @0, m@.55% yield).00 (m 2 H),
1.18 451.27 (m 6 H, 2.02 (br. s., 2 H, 2.13 (m 2 H 2.93 (br. s., 2 H),

3.65-"3.78 (m 2 H), 4.30 (d, J=7.22 Hz, 2 H), 4.46 - 4.58 (m 1 H), 4.86
- 4. 98 ( nB)tsopfopyIst-(Bacvano-4X (Hfluors-48d-(R<hydoxppthylF1Hdetrazpl-58 (m 1 H), 7.69

(s. 1 1 yifporBoxy e o fatdia e ibiEeh-AfSodiatd# 1) - 30

Isopropyl 4-(5-cyano-4-((2-fluoro-4-(1-(2-(trimethylsilyloxy)ethyl)-1H-tetrazol-5-

yDphenoxy)methyl)-1H-pyrazol-1-yl)piperidine-1-carboxylate (50 mg, 0.082 mmol) was

20  dissolved in methanol (2 mL) and a solution of 4 M hydrochloric acid (1 mL) in 1,4-
dioxane was added drop-wise, The resulting mixture was stirred at room temperature
for 2 hours before being concentrated under reduced pressure. The residue (60 mg)
was purified by reversed-phase HPLC to give the title compound (20 mg, 49% vyield)
(Column: Waters XBridge C18 19x100, 5 micrometer; Mobile phase A: 0.03%

25 ammonium hydroxide in water (v/v); Mobile phase B: 0.03% ammonium hydroxide in
acetonitrile (v/v); Gradient: 80%water/20%acetonitrile linear to

0%water/100%acetonitrile in 8.5 minutes,
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B) |sopropyl
4- (5-cyano-4-((2-fluoro-4-(1Htetrazol -5-yl) phenoxy) net hyl ) - 1H pyrazol - 1-
yl) pi periwonetiie@eboxyl at e and | sopr opyl PCT/IB2010/052377
4- (5-cyano-44(2-fluoro-4-(2Htetrazol - 5-
OPhenoxy) met hyl ) - 1H pyr azol - 1-y1) pi peri di ne- 1- car boxyl ate | sopropyl
4-(5-cyano-4-((2-fluoro-4-(1-((2-(trinmethylsilypethoxy)nethyl)-1Htetrazol -
5- 5 yl)phenoxy) net hyl ) - 1H pyrazol - 1-yl ) pi peri di ne- 1- car boxyl ate and
i sopropyl
4-(5-cyano-4-((2-fluoro-4-(2-((2-(trinmethylsilypethoxy)nethyl)-2Htetrazol -
5-y1) phenpyy JabBdsmatar7 3 bb R¥satéMiriiel toyh) PiiRitd i Mewl 2Rl hax b étb &ioh22{5 my, 0. 38
nmol ) were dissolved in ethanol (3 nL) and a solution of aqueous 2 M
hydrochl ofic acid (3 nL) was added drop-w se, The resulting mxture was
stirred atch® @egne®9.4Qel+siius for 4 hours before being cooled 10down to
roomtenperature and filtered. The resulting white solid was washed with
et hyl acetate and heptane (1/1 volune) and dried under reduced pressure to
gi ve th Slle Ek?rl?ge_cze ausyl |47%30 a@dz.g ﬁ;fﬂ"ld{; i éNHthtrggi%jm(ser o2 "

I methyl s oxl . . J=0. , , . - 1. m

1.98 (dd, ﬂg&bﬁﬁ@ , LD 2arlyox , 4.04 (d, J=15.81 Hz,
2 H, 459 - 4.71 (n1 1 FD, 4.70 -4.82 (m 1 H), 5.27 (s, 2 15H), 7.47 -
7.57 (m 1 H, 7.80- 7.83 (m 1H, 7.83 - 7.87 (m 1H, 7.90 (s, 1 H.

LOVMS (ES) 455.0 (Mel). ExahpNe 20: |sopropyl

4- (5-cyano-4((2-fl uoro- 4 "t- IFlkktemrazoI

OPhenoxy) net hyl ) - 1FprrazoI perl ine 1- carb yIate and 20Exanpl e
21: | sopropyl 4-(5-cyano-44(2 ylo etrazol - 5-

Y1) Phenoxy) met hyl ) - 1H pyr azol - 1- yl erm neN}<pa oxylate 25 To a

sol ution of isopropyl

4- (5-

le py?gigﬁﬁitlﬁﬁ( %or&;gdeﬁ(ﬁlﬁ é%éﬁr&@%&ﬁ@? frugroyi—ép gﬂ()(p-l W&F&H 25 -yl)phenol

4- (5- ¢§an@rapgratior IUoﬁoJiO\mng thoetimraz@halsggus)tp@ampya) et HNMR 148\Hazol - 1-yI )

d
et rahydr Sp P ERRBEND B 6380007 iz (TR0 Mo P BTG4 A% 11 o
portions, 28admt Rél)r 280+ Ri2Adgmatt)uz.82 dad=t2. 95 He,dZ fpd. H (s ditH).es32 (bodoiret hane
(0.03 L, 59 4P4gmRlek (423 6 Ho RYaE) g the, (£aGl)] IngiXigie MaB 75kl rred at

roonltenper e for ‘an a h tion S quenched by
addi tion ¢ 1wht & W%Irtdlvetedl tke eresenessofdessuthanl 10%etdf wiahiglbelieveddo e tethe

organig p ﬁg%k 9ﬂ%1 d twice with
et hyl gce?%%% EBQ%@P orégﬁggﬁﬂyg actgnagﬁ%ﬁagshedﬁﬁﬁh brine, dried
over magnexbamts GDmtamatmg tftee‘r -athytayctopropfli 4-nitrapenbcarecenatenk CHS4ES) n

vacuo. Thggy ﬂmgﬁf was purified by flash silica gel chronmatography, eluting
with a gradle xture of ethyl acetate in heptane (30 to 60% et hyl
acetate) to give |sopropyl

4- (5-cyangsdnbib .
zol -1-yl)prperrart C a0 sopropyl

4-(5- é9anﬂﬂﬁmmoﬁﬂmBﬂwﬂﬁfHQWEWﬁﬁﬂﬁMkmndmeﬁﬂﬁwxnwbﬁlyI)phenoxy)nethyl) 1H
pyrazol - 1-yl ) pi peri di ne-1-carboxylate (30 ng, 42%yield). |sopropyl

4- (5-cyano-4-((2-fluoro-4-(1-nethyl-1Htetrazol -5-yl) phenoxy) net hyl ) - 1Hpyr a
zol -1-yl ) pi peri di ne- 1- carb@ku(ate (Exanpl e 20) 1H NMR (400 MHz,

deut er ochl or of orm delta I 28 (n1 , 1.95 - 2. 06 (m 2 H, 2.13
(m 2 H, 2.85 - 153.02 (n1 2 17 Qp 4.36 (d, J=10.15 Hz, 2 H),
4.46 - 4.57 (m 1 H 4.92 (spt3 5/19 7 17 - 7.24 (m 1 H,
7.48 - 7.58 (m 2 H), 7.70 (s, HL\ES%%L{E?@ (Mt1). | sopropyl

4- (5-cyano-4-((2-fluoro-4-(2- nethyl 2FF et -yI)phenoxy)nethyI) 1Hpyr a

zol - 1-yl) eridine-1- carbox 1H N 400 MHz,
20deutero%&%ﬁa%ﬁ’?ﬁunﬂdﬁsé’r& t’ﬁggEﬁé "ﬁhﬁéh -igirpgol-p Bé)g’he”% 05 (m 2 H)
2.13 (m @rbbaratl&SZZ)tfolld\mﬂaépﬁﬁzehﬁres%nbibgéus'% Hxamples1s. 2 H) 4.37 (s, 3 H
4 51 ggl 4 92 (m 1 H 5.16 (s, 2 H 7.09 - 7.16 (m 1 H 7.69 (s, 1
7. 87 (m 1 H 7.87 - 7.90 (m 1 H. LCVM5 (ES) 469.0 (Mtl).
25Exarrp| e'BAMR &0pr\diz;|deuterochloroform) delta 0.60 - 0.67 (m, 2 H), 0.83 - 0.91 (m, 2 H),

4- (5-cyanex4(§ Z i), YYeQFod an (ZrvHexy st (W) 2 H3 34415 85 6h:PH), 4.16 (s, 3

H), 4.33 (br. s., 2 H), 4.45 - 457 (m, 1 H), 5.12 (s, 2 H), 7.10 - 7.15 (m, 2 H), 7.68 (s, 1
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yl ) phenoxy) met hyl ) - 1H- pyr azol - 1-yl ) pi peri di ne- 1-carboxylate ,N m
HO--/---N, " N NO NO-( N------- A) | sopropyl

4- (5- cyarwo4((o2ubdoaor o- 4- (2- (2- (trinmet hyl sil yl oxy) et hyl p€2HB2020/0323T1 - 5-

yl ) phenoxy) net hyl ) - 1H pyr azol - 1-yl ) pi peri di ne-1-car boxyl ate 30 To a
stirred solution of isopropyl 4-(5-cyano-4-(hydroxymnethyl)-1H pyrazol-1-
y1) pi peri di ne- 1-carboxyl ate (Preparation 5) (78 ng, 0.266 mol),
2-fluoro-4-(2-(2- (trimethylsilyloxy)ethyl)-2Htetrazol -5-yl) phenol
(Preparation 19) (90 ng, 0.27 nmmol) and triphenyl phosphine (77 ng, 0.29
mmol) in 5 nL of 1,4-dioxane was added drop- 5w se diethyl azodi carboxyl ate

(0. 046 nlLp),G.68- nmdloh, 2 FhelH RMR ihiiBstedithe preSesof sk it §9bf Whathour s at
room tenperature before the m xture was concentrated in vacuo. The residue

was puri f PEEVEY 19 PHER GOHERRATCEYrISQRIGPY! ePrbemAl darvative Padhe FoPwPYEtt o 40%
et hyl acehigbphenyl ERBORNE cbtaBingend $RPI-MRIHYIccloBropyan@itrdpHenst ddrbsate)4- (2- ( 2-
(trimet hyLaMsylf%xy%@tQ I é 2Htetrazol - 5-yl') phenoxy) net hyl ) - 1H pyrazol - 1-yl)
pi peri di ne¥1s (Fge 4PH3 é‘f” te (140 ny, 86%yield). B) Isopropyl

4- (5-cyano-4((2-fluoro-4-(2-(2-hydroxvethvl)-2Htetrazol -5-
VI') Phenoxy) net hyl ) - i' razol - 1-v1) pi per|j di n«?-l-car boxyl ate_ | sopropyl

4- (5- cyanb ple 26 hyl opropyl A:(A-((4-¢arba fluoraphenoxwmathyb-Secvana -5
15yl ) phenopypyrbhy)pidétdnyd-azatbokyldie) pi peri di ne- 1- car boxyl ate (140 ng,
0.228 mml) was dissolved in thanol (2 nL), and a solution of 4 M
hydrochloric acid (1 nL) in 1;4- Fdi oxane was added drop-w se, The resulting
m xture was stirred at roon? rature for 2 hours before being

concentrat ed under reduced pre e. The residue (160 ng) was divided and

ca. 50 ng of the crude was puri g bygN?ireverse-phase HPLC to give the 20

title conpound (30 ng, 26% (Colu ters XBrid C18 19x100, 5

m croneter; Mobile phase A: 0.03% a i dyox\de in water (v/v); Mobile
phase B: 0.03% anmoni um hydr oxi de i \ﬁyet niyt r Sj e (v/iv); Gadient:

85%wat er/ 15%acetonitrile linear to 0%vater/100%cetonitrile in 8.5 mnutes,
hol d at O¥Amtite compOYaestrsenared Heing g-flugrasd-hydraxwhenzanige(Pebatatian 24),

o-(5-cyane TIPS PR B GBIl 1y IR Ryt AORKSRY
y1) phenox§3lied 5+ §-651mpg HiZoR2 1059)(p BEDI HEAES. Baf BBxAGA @, 2HIR10 | N
TN N2 14, 4.20 Hz, 2 H), 2.90 (br. s., 2 H), 4.32 (br. s., 2 H), 4.49 (tt, J=11.25, 4.37

Hz, 1 H), 5.02 - 5.09 (m, 2 H), 6.00 (br. s., 1 H), 6.51 - 6.64 (m, 1 H), 6.69 (dd, J=13.66,

2.54 Hz, 1 H), 6.84 (dd, J=8.78, 2.54 Hz, 1 H), 7.64 (s, 1 H), 8.07 (t, J=9.08 Hz, 1 H). 1H

15 NMRindicated the presence of less than 10% of what is believed to be the
corresponding isopropyl carbamate derivative (from the isopropyl 4-nitrophenyl
carbonate contaminating the 1-methylcyclopropyl 4-nitrophenyl carbonate). LCMS (ES)

442.4 (M+1).

20 Example 27: Isopropyl 4-(5-cyano-4-{1-[2-fluoro-4-(methylsulfony)phenoxy]ethyl}-1H-

pyrazol-1-yl)piperidine-1-carboxylate
Q
S

Fox

The title compound was prepared using 2-fluoro-4-(methylsulfonyl)phenol and isopropyl

4-(5-cyano-4-(1-hydroxyethyl)-1H-pyrazol-1-yl)piperidine-1-carboxylate (Preparation
25  25), following procedures analogous to Example 15. The sample was purified by
reversed-phase HPLC (Column: Waters XBridge C18 19x100, 5 micrometer; Mobile
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?p--A A) |sopropyl

4(5-cvano-44(2-fl uoro-441-(2- (tr| nmet hvl sil vl oxv)ethvl)-1Htetrazol - 5-

5vl ) phenowo2nrta0d9r - 1H pvrazol -1 -v1) pi peri di ne-1 - car bor¢rasm®10/az23z stirred
solution of isopropyl 4-(5-cyano-4-(hydroxynethyl)-1H pyrazol -

y1) pi peri di ne-1-car boxylate (43 ng, 0.15 nmol),
2-fluoro-4-(1-(2-(trimethylsilyloxy)ethyl)- 1Htetrazol -5-yl) phenol
(preparation 20) (50 ng, 0.15 mml) and triphenyl phosphine (43 ng, 0.16
mmol) in 3 nL of 1,4-dioxane was added drop-w se diethyl azodicarboxyl ate
10(0.025 nL, 0.16 mmol ). The resulting m xture was stirred overni ght at

room terrpsrﬁa?éeum €0.beddrembhiemMysEdxidR M@fé}té?QWGﬁMdbﬂé BRade'B:VOOUY% The residue
was purified bi/ flash chronmat ograp hé el uti %O\ywater/ZOg}adl ent of 30 to 70%

et hyl acefRMEnun REBEEdR ingsenide;(y jp%ffyﬁnt acetonitrile linear to

4- (5- CyanO%»éva(e(r/aﬂb%la@ét@nMé ih-f( Qn{uwtembwew%wét@xmmP/mcbﬁonMnbttceﬂo.@zol - (!)3
Y B s i Sopt R, Com®) RS AAl 1y carboxylate (50 mg, 5%
4- (5-cyano-4((2-fluoro-441-(2- hydroxyethyl) 1Htetrazol - 5-

y1) phenox &neth I) I 1 , Iso-ropyl
4(5 cyans N g7 A Or4 h [ ( F
y 1) phenoxy)digdriie) t- &éi-bgmgat gol - 1-y1) pi peri di ne-1-car boxyl ate (50 ng, 0. 082
mol ) was 20di ssolved in nethanol (2 nL) and a solution of 4 M hydrochloric
acid (1 nm) in 1,4- dioxane was added drop-w The resulting m xture was
stirred at roomtenperature for 2 hours e lmei ng concentrated under
reduced pressure. The residue (GOOng) urm+(ed by reversed-phase HPLC
to give the title conpound (2 i (Gl um: Waters XBridge C18
19x100, 5 mcroneter; Mbile Bh e : 0W03% 25 ammoni um hydroxi de in water
(v/v); Mobile phase B 0. 03@6aﬁhnn|un1hyhrOX|de in acetonitrile (v/v);

G adi ent : Tﬁ@%r@& RARYRERLPERIrEd LEIng DYERAYI &%@1%& 50 et @iyhhbd € In
8.5 m nut es déat Owlar?g? ; ngg/aacet o%?)?lrl | e | &%ranﬂnu(tgeg Fl o

25nL/ i n. ﬂihé%fpr%hy'bh%pﬁweldvﬂ)F('rz%tp')ne kggbaxs('miﬁ’re%@%%ﬁﬁb fgllpwmg
1- Met hvl cwc@wr@whallé_gdlﬁ té‘E&QMpI% 1{51=r'h’e fséM@IreQNefk';{ullﬂé@bJ]'VelJeﬂdédt&lbé@Z0| 5-

v1) Phenoxvi et hvl | - Vrazo er| di ne- 1- car boxvl at e The title

conpound W&SC pﬁP@kH&F‘eMVaj%fﬁﬁ@“ﬁ'Q?ICdér@X Qf%'ﬁqﬁfiﬁierlMOP@ PRess| -509§‘¥pheno| 10

(Prepar at h@hodibim h}fd?b%@%’\/lnﬂﬂatéf@ﬁ,gd\%tﬁl% pfh'é@é gg@t{ﬁa% @mCRIh ﬂyd|r5X|dé|-|ﬁ NVR (400
WMHz, deut erochl orof or 83 - 0.92 (m 2 H

0. ,
1.57 (s, acqignitrie giv). G@d@ﬁt (%ﬁ%‘ﬁatﬁﬁ”f""éa%on'{!nez't[‘e@hio 2. 92 (t, J=12.98

Hz, 21§) ., 0%whier(190%acébnitrile 3286 Biinutss, holdl dt0%ewatdd *roo%a%tohmnelo iH.o 5.19 (s,
2 H, 7.17 - 7.70 (s, 1 H). 1H NWR

i ndi cat edmErH’éeSpr'ﬂ%‘@mgémbllm'P‘étgchfM§rﬂE§D)’/§"§% ZMQ) is believed to be the

15correspondi ng i sopropyl carbamate derivative (fromthe isopropyl

4- nitroph bonat e gntam nat i _ng Ehe 1- rreth | cycl opropyl 4-njtrophenyl
- 5 -{2-[2-fluogg, 4 si1Tony ke ¥ BE opv |

4-(5- cvan@zrézdlﬂqu %?@l maml-cakbﬁz}aeérazol 5-
20vl ) phenoxvlrnet hvll- 1H pvrazol - 1- v1) pi peri di ne- 1- car boxvl at e The title
conmpound was prepared using 4-(1-nethyly 1HA8trago{ - 5-y1l) phenol
(Preparation 22), follow ng procedure g&u{\t Exanpl e 15. 25

0

A

20 0
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1H NMR (400 MHz, deuterochloroforn) delta 0.60 - 0.67 (m 2 H), 0.83 - 0.91
(m 2H, 1.58 (s, 3 H, 1.96 - 2206 (m 2 H, 2.06 - 2.21 (m 2 H), 2.84 -
3.00 (m woHMpro/4®@ (s, 3 H, 4.33 (br. s., 2 H), 4.45 PC#/1B201¢/03231 H) ,
5.12 (s, 2 H, 7.20 - 7.15 (m 2 H, 7.68 (s, 1 H, 7.69 - 7.74 (m 2 H).
1H NVWVR i ndi cated the presence of |ess than 10% of what is believed to be
the correspondi ng i sopropyl carbamate derivative (fromthe isopropyl 4-

ni t rophenyl carbonate contam nating the 1-nethylcycl opropyl 4-nitrophenyl
carbonate). LCVS (ES) 463.5 (M+l). 5 Exanple 26: 1-Methvlcycl opropvl

4- (44(4-car banovl- 3-fl uorophenoxv) net hvl) - 5-cvanolH ovrazol - 1-v1) pi peri di ne

- 1- car boxpyh RberopNH2(Fcy@inbl4oviiy I MN=pyrad| T%ptobhdjlﬁe-quﬁté/\/as prepared using
2-f1 uor o- 4- hydr oxybenzam de (Preparati on ol [ ow ng_procedur es

anal ogous 96‘ S@;{gqi,ﬁ] urpf (Tﬁhmﬁ'q‘ﬁﬂﬂpwho'ﬂé@ttﬁ?@@ﬁl(Bg%f”@r Bpsaanelaing. 57 -
0.65 (m thehydrBfudeh 5 )& fémi?%?eé'@ CeldiubvatSddéd thop-wisd 2- buty?ﬂm(ﬂém( m 2 H)

2.10 d, J
4. 49 E?t (Oﬁﬁhm%so 8%%0'[55 '\im exa@eézTﬁ%r%yﬁ'cwe@%'xﬂaew (%Fregéf' 1 H,

6.51 - 6. 648 (18yreds Beisius.-fOBA Mthutet=ad Hen a?so'ﬁﬁloh%f |sa>pr|db I@(Sgtﬁ/aﬁddrfo&nﬁ- 78,
2.54 Hz }-{ | ndi cat ed

t he pre,sei’(’:‘gyyﬁzol'g'ggé'f’?féfﬁ”%“}@gpxm%tﬁ?@“ﬁ'@I% é%ﬁ@d‘\kw B9 ﬁé%éwmég‘pondi ng

i sopropyl tmhyxﬁmm @ | mu?a vy 8dddd OetdoRi haw Mas Réthoved) bhd tehesstioncar bonat e

contami natin he 1- tf cl opropyl 4-nitro hgﬂ‘]u I c?rbonate%. Lglvs (ES)

442 4 (M+T}X grg ”& ?1/ ga >g.wpm temperatur greac jon was quénche

4-(5- C?/anWﬂHsétllraleo?acﬁddwﬁ @rmlndrft&ﬁ lbmtbﬁdd faawe ghﬁﬂ@)&\téis;é&ﬁé(dtéd ke \(/jwth

ovrazo -1-Ccar XV al e (6] e | n was

SRR (W R A R S R AL NI AR S Il S

?P( 5- cyananéﬂggggydbgm@umyd Sulfbtd: W’((je&il&lurémlb)‘l@er’éﬂ,rardj tgﬁﬂﬂrateaﬂ/@@éxy[rﬁt e
reparatlon (0] (0] n roceaure nal.ogou to a e

Sanpl o veSSBEATTBLIN tPuPeL BalURRZS U RO, T AR Ch PELEe Rk Slge Crs

(19;<1§JO 5\{)vm|1 @rg@mér&rmuxtwtdx(b)fleshwbeaat_e% thtaaa/qmnmupbwn&gdémetmle in water
ViV |11 e ase . a m oxl I n acet trl

& ai) ot - SRR o 16 P10y Dol MR 0B Sk R Fetsatatoram defiey L i

8.5 nilfput 888 (1a)=8. 1 HABWAY, er55/- 116803m et PNissr-i1.& (ne 219), .43 R Een, FHRW.

(5, ovand9s (5 5y 230nm0hs AT DA T oL TE A S A g LR b 1 1

vl) Pi peri di4Bed l=aasaaxy hat)e6.20 The fi7.8e, TorpagndH)a PEepaned using

2-met hyl pyridi n-3-0l and isopropyl 4-(5-cyano-

104- (1- hydr oxyet hyl ) - 1H pyrazol - 1-y1) pi peri di ne- 1- car boxyl ate (Preparation
25) , fol BopuE Aglsopropyl 4-(5-cyano-4-(2-(2-fluoro-4-(methylsulfonyl)phenyl)prop-1-enyl)-1H-

20  pyrazol-1-yDpiperidine-1-carboxylate

To a solution of isopropyl 4-(5-cyano-4-vinyl-1H-pyrazol-1-yl)piperidine-1-carboxylate
(116 mg, 0.4 mmol) and 2-fluoro-4-(methylsulfonyl)-1-(prop-1-en-2-yl)benzene
(Preparation 29) (43 mg, 0.20 mmol) in anhydrous dichloromethane (2 mL) was added
the second generation Hoveyda-Grubbs catalyst (commercially available from Aldrich)

25  (12.5 mg, 0.020 mmol). The green solution was heated at 40 degrees Celsius for 72
hours periodically adding dichloromethane. The material was concentrated under
reduced pressure, and the residue purified by silica gel chromatography (10 to 100%
ethyl acetate in heptane) to give the product as an impure oil (8 mg, 8%). This material
was used as is. LCMS (APCI): 473.2 (M - 1).

30
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procedures anal ogous to Exanple 15. The sanple was purified by

rever sed- phase HPLC (Col um: Waters XBridge C18 19x100, 5 m croneter;

Mobi | e phaieeoAw/1400993% amoni um hydr oxi de i n water (v/v) pCvhbiieohzise B:
0. 03% ammoni um hydroxi de in acetonitrile (v/v); Gadient:

85%nat er/ 15%cetonitrile linear to 150%water/100%cetonitrile in 8.5

m nutes, hold at O%water / 100%cetonitrile to 10.0 m nutes. Fl ow

25m./ m nute. LCMS (ES+): 398.2 M+l). Exanple 29: |sopropyl

4- (5-cvano-4-{2-1-2-fl uoro-4-(methvlsul fonvl) phenvl | propvll- 1HPvrazol - 1-vfl
pi peri di ne- 1-carboxvl ate 20 A) | sopropyl

4- ('5- cyang) foprdpyl 4-05-tyembazpl[2 Fustol L Rethyidifey dpHeay syt 1€ pyt@or St i rred
m xt ure of (neth%:? t r1 phenyl phosphoni um brom de (323 ng, 0.88 nmmol) in
tetrahydr ﬁiﬁméMae78 degrees Cel sius was added drop-wi se

n-butyl | i ARolb @f @62) .ga;pro@yl aQSIﬁyﬁho 41(252 HMibrB- m@n@mﬁmfoni pshér@gyﬂobmng
%/ﬁlelnmév ?Og;[c&f Vp\)/glfsaz?)t{)-w %wﬁjl% tggrimgéﬁ%r zgmgcﬁlp IrHr%oI in ethyl acetrglgtjet (% mL)

1H pyr gz Obvaé—hycﬂrbﬁér’fb@éd 6k fn@-H.ogeétvoawrheatf@n KX GFERr etBing StiRg aADA paltbdien 0. 59
mmol) in tetr %P% r an gé 5%3 adde The coI d bath was enoved, and
t he react PBA2Y W TR LT IgRLgNIREe 16 Batgrial WRsHONERRY re. The

reaction V@@oqumwmbedsmé (a rﬁ@)tmaplﬁmuea@ye@@se@%memmL@ﬂazﬁUrﬁ#e,W@tad; t he

m Xt ure extr dtwice wit et hyl aceta The conbi ned extracts
rer 6 e sneiridat G5 hE00byb ffermatbr MoBla Pses Ao s MBI BUOTGUES M ody um
sul fate wa@rm/ t MoBile\gtsaskiB: t @08, anahehitimeryHidxideadh Qcé‘t@ﬁtriﬂ-‘é) ntrated in

vacuo. ified silic omat o luting with a
Rt raden AR A beackaude finpar s Dt er Qb ige tegﬁiﬁg SrUtERe it e
conpound Asldat 0Y8adteO 100(%Lé@atdsrgtnle6t8°/ﬁo 0 rhidubd¥R FQ&@OZMTZ/mnd&eI)tt@rgWéhh@r of orm

112 108 L Giiudl b d plelh i) 2 1 o LI @

4.67 (m 1 H), 5.02 (d, J=11.22 Hz, 1H) 5.43 (d, J=17.81 He, 1H) 6. 20
2 ) z

(dd, J=17_81, 11 : . | .
'.I D -‘ A /] A‘-- { o l -

4- (5-cyans
20pyrazo|pway&hpwmﬂﬁ#ﬂmea-&ybanhmgylate To a solution of isopropyl

4- (5-cyano- 4-vinyl - 1H pyrazol - 1-yl ) pi peri di ne- 1-car boxylate (116 ng, 0.4
mmol ) and 2-fl uoro-4- (et hyl onyl)-1-(prop-1-en-2-yl)benzene
(Preparation 29) (43 ng, 0.2 anhydrous di chl oronet hane (2 nlL) was
added the second generation Hoveyga- G ubbs catgﬁiét (comrercially avail abl e

fromAldrich) 25(12.5 ng, 0.020 r solution was heated at 40
degrees Celsius for 72 hours perio 'g di chl or onet hane. The
mat eri al was concentrated under reduced press@re and the residue purified

by sili caTpelitletunopandgveasphypdrddusiog :L’Qﬁk%nyapyrgdm 3ot fellovingprbepiveae) to gi ve

ERECF; Odzgr%a %gsctu%l 0] 'En?mpgoﬁ awé nggg%agéqal was purlfrmdtb r1‘Ilast1 c romaLfcs)gegpr?ys Is. LCMB
4- (5- cyaneluting \mtriag;fédmmmxt4re(ofmtﬂwheajhtbmmyéptphe(@0| tb 100%yetiyl Bektate) &z ol -

| di t A | ut |
N 1Bl BET AVAT7 g 8RN BdooarRiA W, STk GRORIERY .
enyl ) - 1H peutamohlotofyr) giefie 0 i6di- HSELHTE 2 Hjo RYBBAL0D @, i2H), 0. 5(52(srﬁm| )1.96n et hyl

acetate ( d na h e |1 r ogen”
setting uglo%Pn 5\1%0/2 géa/ ?%g?um&iﬂ ?k)soﬁ @%é?lg Ba(zt'ﬂtzn_?)r f‘o:;fv r4a{y "5 1

mL/ m nut eH), A6 nhb8(mal Hves04 En2 ¢h)i 7.66 ea.16r(mv2<H)DZ 6axs] 1tHhe8riedddlue (4 ng)
was purifi e‘gﬁg §r1s|q phase HPLC (Col um: Waters XBridge C18 19x100, 5
m cr onet e p’has A. 0. 03% amoni um hydroxide in water (v/v); Mobile
phase2B: 0.03% ammnl um hydroxide in acetonitrile (v/v); 10G adient:

80%nat er/ 20%cetonitrile linear to 0%water/100%cetonitrile in 8.5

m nutes, hold at 0% water /100% acetonitrile to 10.0 m nutes. Flow

25m./ mnute) to give the title conmpound (1.9 ng, 23%: LCMS (ES+): 477.2
(MHD) . Exanpl e 30: 1-Met hyl cycl opr opyl

4- (5-cyano-4-{[ (2-met hyl pyri di n- 3-ynoxylmet hy11- 1H15Dvr azol - 1- vnpi peri di ne-
1- car boxyl ate
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N The title conpound was prepared using 2-nethyl pyridin-3-ol, follow ng
procedures anal ogous to Exanple 13. The crude material was purified by
flash chrwoabogueply, eluting with a gradient m xture ofPCetiRy10/6828T7ate in
heptane (60 to 100% ethyl acetate) to 20 give 77 ng of the title conpound
as a white solid. 1H NWR (400 MHz, deuterochlorofornm delta 0.60 - 0.66 (m
2 H, 0.83- 0.90 (m 2 H, 1.55 (s, 3 H, 1.96 - 2.05 (m 2 H, 2.05 -
2.20 ((m 2 H), 2.49 (s, 3 H, 2.84 - 298 (m 2 H, 4.11 - 4.42 (m 2 H),
4.46 - 4.55 (m 1 H), 5.04 (s, 2 H, 7.06 - 7.16 (m 2 H, 7.65 (s, 1 H,
8.12 (dd, J=4.49, 1.56 Hz, 1 H. 25 Exanple 31: 1-Methyl cycl opropyl

4-{5- cyanEXélmélé%ﬁ1awteﬂhvrw@&rr@@harrgwémmmwlelsirtﬂawo@h@ﬂmoxlnrﬁéthﬂﬂn>|erl dine-1-c

arboxylate NN-' / 5A) tert-Butyl
4-(5- cvanwwm#u@i@%ﬁ@%xv) met hvl) - 1H Dvr azol - 1- v1) Di peri di ne- 1-

carboxylate tert-Butyl

4- (5-cyano- 4- (( et hyl sul f onyl or_xy) nmet hyl ) - 1H pyrazol - 1-y1) pi peri di ne- 1-
carboxyl ate (Preparation 16) 7.8 nmg, 0.228 mmol), 2,3,6-trifluorophenol
(51.7 ng, 0.342 nmol ), and yrdm car bonate (149 ng, 0.456 nmmol) were
pl aced in mcrowave 10vial a (ssolved in acetonitrile (3 nm.). The vial
was heated in a mcrowave reackor®at /110 degre%Cel sius for 20 m nutes.

The m xture was concentrated unde du pre and the residue was
taken up in 1 N sodi um hydroxide s IuNf%Ej@&<nL and extracted three tines
wi th di chl oronmet hane. The conbi ned ofganiT exPracts were washed with brine,
dried 9V9A% %M@@@Léﬁh§4-¢2,B,BQFhﬂﬂ)ro@%ﬂoiﬁﬁﬁefHﬂ)W@ﬁaﬂm %@[ﬂ&ﬂ&i’héﬂt ed
15under reduced pressure. e crude naterral was purl y chromaf ogr aphy
el uting wedkog/la@et o 30 % ethyl acetate in heptane gradient to give 36.2 ny

of tert- bl%trb(ﬂ%t -4-B5-cyano-4-((methylsulfonylox methyl)-1H-pyrazol-1-yl)piperidine-1-
cyano-4-((2,3 tlél fyl uoro((hen(%x y) nme y y) I—?— T yoRie eri di ne-1-carbo

ol -1-yl
xyl at e ascqbexyéa&g (%reparaﬁqaﬂGh_(BK,@g’ﬂg,ﬁb r@moa‘,\%?) 6 trlﬂuoroghe)n%I 51.7 mg,

4-{5-cyang342 H@@I% Q‘rotéésfdnU@érB@ﬁ'&é‘@MQ)rﬂﬁtd”'ﬂé@—mﬂﬂd'l)l%/ér@é@ceém microwave
V||C|I§erldl ne- 1- car boxyl at e NEthil cycl oprop

4-{5-¢ anwahar[d(dzsw\@dﬂm ?Wtﬁ'ﬂiWﬁp@e’Hb& ?%Ph‘ﬁ}’?? h‘i‘ﬁ?ﬁ\’)iﬂ'%ﬁ‘tﬂro"iave reactor at

yl'I pi peri gingegresCBRXYFGHD MRAGteR! TRAMBELIH VARG R SERTRICH RdkY redvigéd abl e
2,3,6-trifluoro phenol, follow ng procedures anal ogous to Example 13 (B and

0. The cpr@aw&a@r&tﬁ*sresz@(elwasﬂaha) Do’ HWW@'&V%%%@M%W@L) and

rever se- pBagRtddthfecQines wigP@ikhigromeMinePYhd 8bMSiné@bigBRIc2RBadts dbre2 MM 0. 005
eluting with a gradient of ethanol in he t ane. Analétl cal LCVS: retention

time 11. 786ShAMIERINEPARSLAER 8T T fps) T flietesh 26d the tr@ﬁﬂ’d%OﬁPW@M
col ums 95%%&&10@6%?&@0@' Thé B nektéti ik phﬁnekozg}%ﬁmha@@ﬁaphga\ém&

mnutes; 0,1%formc acid nodifier; flowrate nut e; (ES+)'

30 456.9 Withe RSP % elpvhpsetais dmhanigne gradieat 9aiesior B9 faEbvy 44 - 0. 66

( m2 ]2.8H% c;ﬁbn%&l ((Q 3%hnflt%ro%hé?%xy)h&7yﬁ)s1 H-Byrdkol- RyIietidint=1LBardExyliite ad aH) , 2. 07
. m
clea roi

20 B) 1-Methylcyclopropyl 4-{5-cyano-4-[(2.3.6-trifluorophenoxy)methyl}-1H-pyrazol-1-

vllpiperidine-1-carboxylate

1-Methylcyclopropyl 4-{5-cyano-4-[(2,3,6-trifluorophenoxy)methyl]-1H-pyrazol-1-
yl}piperidine-1-carboxylate was prepared using commercially available 2,3,6-trifluoro
phenol, following procedures analogous to Example 13 (B and C). The crude material

25  (17.1 mq) was purified by preparative reverse-phase HPLC on a Sepax 2-Ethyl
Pyridine column 250 x 21.2 mm, 0.005 eluting with a gradient of ethanol in heptane.
Analytical LCMS: retention time 11.769 minutes (Phenomenex Luna (2) Cg 150 x
3.0mm, 5 micrometer column; 95% water/methanol linear gradient to 100% methanol
over 12.5 minutes; 0.1% formic acid modifier; flow rate 0.75 mL/minute; LCMS (ES+):

30  456.9 (M + Na). '"HNMR (500 MHz, deuterochloroform) delta 0.64 - 0.66 (m, 2 H), 0.88
—-0.91 (m, 2H), 1.57 (s, 3 H), 2.00 (d, J=10.49 Hz, 2 H), 2.07 - 2.18 (m, 2 H), 2.91 -
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2.95(m 2 H, 4.18 (br. s., 1 H, 4.36 (br. s., 1 H, 4.50 (tt, J=11. 34,
4.15 Hz, 1 H, 519 (s, 2 H, 6.83 - 6.90(m 2 H, 7.67 (s, 1 H.

Exanpl e 320 2080009y | PCT/IB2010/052377
4-{5-cyano-4-112, 3, 6-trifl uorophenoxy) net hyll- 1H pyrazol -

5vl | pi peridi ne-1-carboxvlate N 09/ NN-' The title conpound was prepared
using comercially available 2,3,6-triful orophenol follow ng procedures

anal ogous to Exanple 11. The crude material was purified by colum

chromat ography eluting with a 0 to 25% ethyl acetate in heptane gradient to
10gi ve i sopropyl

4-{5- CyanQ%-(h(ZI—ﬁ;ﬁ‘l&(brféUOI-F?W@@%ﬁ n’eHl)wﬂ 30 dtupyr.azal tsl-y 1 @), peroi di ne-
1-car boxyl ate as cl ea 500 MHz, deut erochl oroforr’r) delta
1.26 (d, $=6.105f5 - 60N, 231)p4.6( és. 1J':—L)11 22 Hz, 2 H 2.13 (qd, J=12.28, 4.64
Hz, 2 H, 2.88 - 3.01 (m 2 H), 4.32 (br. s., 2 H) 4.51 (tt, J=11.34, 4.15
Hz, 1 H, : 3 . 6. 2| H, 7.67
(S, 1 H) VANZ ol-1-

4-(5- cyangF;ﬁgérwaTeH Uéﬂb@xg@tél rret hyl - 1H-| m dazol 2-

yf 1 phenoxyl met hyl | - 1H pyr azol - JF yf | pi peridi ne-1-carboxylate N N-..-;
----\0-( NN- / O The title congound was prepared from
2-fluoro-4-(1-nethyl-1Himd -yl ) phenol 20(Preparation 28) and

i sopropyl 4-(5-cyano-4-((nmet | f onyl oxy) met hyl ) - 1H pyr azol -

y1) pi peri di ne-1-car boxyl at e (P epér at{}/on 10) fol,owi ng pr ocedur es anal ogous

to Exanple 11. The crude mat erff al |ecd) preparative reverse-phase
HPLC on a Sepax Silica 250 x 21.2 05 ut| ng with a gradi ent of
et i o t| me 8.598

et hanol in heptane. Analytical LCVS: Nr

m nut es( Phﬁé‘ﬁﬂi@&ﬁﬁpddﬁﬂ@va@ efak8d &@Q%éorﬁn@mﬂlly%vgﬁﬂl&? @@ﬁlﬂOF@M%@ 95%
wat er / met hanol | i near ient to % net_ hanol over 12.5 minutes; 0.1%

formc achHOWBS|WQC@HUFGFI36W°99‘H%tOdEX?§‘H'ﬁ_7Tﬂ r'i‘GtCéqu_’@R;B”?'E@S-fQU”f'Q@{?YO (M+ H.

%HOSNR ( 5@(9ur'?¢(h'%hrd#@dlégﬁ‘éﬂ%ﬁél9ﬁ%f\ﬁifm OQ’@QS% elhﬁgcétgte id ﬁ@p%téﬁe b‘?aduﬁnt . %597 -

-4. 43(IQ m glgft.usopzppgm £5 gyagxp?m 36- tpﬁluorgpfgp_[\pzqy)g‘@tr(yﬂﬂl-kpyq)azolg )i}pl;:{egdlng-
6.97 ( 5 5|—cb%ox37laﬂe]as(§ele§f dill 1H KINW%S‘OOWVIF@ o@meréchwrofOVm)"&ltédlthG @11 71 11,95

Hz, 1 o |
o (5 cwand 610 1. § kO . 011028 M2 211 lashrb 288, 408 He, 21, 258 T5.80Y

gpohenoxytrfr,ez AY, W}32L00r Y. "2 P4 51ty LERY BT 4. 6 pe- LG fox¥ba(@ 1 HPB:18/(s, 0-( N
2 H), 6.82 - 6.92 (m, 2 H), 7.67 (s, 1 H); LCMS (ES+): 423.4 (M + H).

15
Example 33: Isopropyl 4-(5-cyano-4-{[2-fluoro-4-(1-methyl-1H-imidazol-2-

yl)phenoxylmethyl}-1H-pyrazol-1-yDpiperidine-1-carboxylate
s

(/\/ N
Regy
el

The title compound was prepared from 2-fluoro-4-(1-methyl-1H-imidazol-2-yl)phenol

20  (Preparation 28) and isopropyl 4-(5-cyano-4-((methylsulfonyloxy)methyl)-1H-pyrazol-1-
yhpiperidine-1-carboxylate (Preparation 10) following procedures analogous to Example
11. The crude material was purified by preparative reverse-phase HPLC on a Sepax
Silica 250 x 21.2mm, 0.005 mm, eluting with a gradient of ethanol in heptane. Analytical
LCMS: retention time 8.598 minutes(Phenomenex Luna (2) C4g 150 x 3.0mm, 5

25  micrometer column; 95% water/methanol linear gradient to 100% methanol over 12.5
minutes; 0.1% formic acid modifier; flow rate 0.75 mL/minute; LCMS (ES +): 467.0 (M +
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10 The title conpound was prepared from

2-fluoro-4-(1-nethyl-1H i m dazol -5-yl ) phenol (Preparation 27) and | sopropyl
4- (5- cyarwoze(o(mrioby| sul f onyl oxy) met hyl ) - 1H pyrazol - 1- PCT/IB2010/052377

y1) pi peri di ne- 1-carboxyl ate (Preparation 10) foll ow ng procedures anal ogous
to Exanple 11. The crude material was purified by preparative reverse-phase
HPLC on a Sepax 15Silica 250 x 21.2mm 0.005 eluting with a gradi ent of

et hanol in heptane. Analytical LCMS: retention tine 8.797

m nut es( Phenonenex Luna (2) C18 150 x 3.0mm 5 mcrometer colum; 95%

wat er / met hanol |inear gradient to 100% net hanol over 12.5 mnutes; 0.1%

formc achg 1HD<|W|R ésmo MHzoa\éLrtéHo@hlero?&wnbém mQV d, J=6MB sz% H)) 1. 946?2 619 (M+ H.
1H NMR (500 MHz ochl ar of or 2.03

(d, 20 J=11.2H).1%16 &, ﬂ)H) 2.991 2 982(71)2(? '(')m3 7@ (F|)3 H%“é@ —(‘b?‘3 (r% 2H)24ﬁ5) 3. 66 (s
E)D, 4. 3450% 1$4), 4.81-H)99 (éh 4H); 547%4 A W), 397')(8 14H§947 (1d(cs, 1#717212447 16. 22 Hz,

3

1 51 (s, 1 :
7 71 (S gm H), 7%2%1\41@5 |1sqéd?|2»6917) 7%8 7' (m (1rp|) 772 (8, 1H ( H
4-1-5-gyano-4 ({12 met hyl-6- (1H1, 2, 4-triazol - 1-yfl pyri di n- 3-

yl I oxvl methyl H; I

conpound weS—pEe] oA 2L e =21l th r S y1) pyridin-3-ol
fol | owi ngy| th@fh M-oaers-1t & <£b2box he sarrpl e was purified by
reversed- phase HPLC EColunn: Waters XBridge C18 19x100, 5 m croneter;
Mobi | e phase A: 0.03% amoni um hydroxide in water (v/v); Mobile phase B:
0. 03% amoni um 10hyr dr oxi de jnp-acetonitrile (v/v); Gadient:

80%at er/ 20%acetonitrile |iMedr to 0%ater/ 100%cetonitrile in 8.0 m nutes,
hold at 0% water / 100% acet oni

e to 9.5 mnutes. Flow 25nL/m nute.

LCVB (M5 ES+:451.1). Exang INsopr opyl

4-1-5-cvano-4-({12-net hvl - 6- (141, 204 t /| azol 1-v1),pvri din- 3-

15yl | am nol nethyl)-lH-pyrazoI 1-yl| -1- @ boxylate N-..-.-,\ -NN
INNH// ... 00. ,N'N To a stirre t|N i sopropyl

4- (5-cyano-4- ((net hyI sul f onyl oxy) net hy yr aQoI 1-y1) pi peri di ne- 1- car box

yl atei(Preparation 10) (44 ng, 0.12 mml) |n 0.75 nL of tetrahydrofuran was
added N, NTBé tisogurgauna il pepdied (r@m@ﬂjd?fb-A-(@wrﬁ&hymﬂ-i)ni(ﬂéﬂol-@%ﬂhém)by

?égﬁi Ih )C/):,]_ ?P parat1 Ion 27A§ atnEj Igozp?opij & ?gr{cj-g-i((rrke%ﬁy?srglfgr?yléx%/}mgrt%yl)-qH}p?yremH2 - The

yhpiperidine-1-carboxylate (Preparation 10) following procedures analogous to Example
11. The crude material was purified by preparative reverse-phase HPLC on a Sepax

15  Silica 250 x 21.2mm, 0.005 eluting with a gradient of ethanol in heptane. Analytical
LCMS: retention time 8.797 minutes(Phenomenex Luna (2) C4g 150 x 3.0mm, 5
micrometer column; 95% water/methanol linear gradient to 100% methanol over 12.5
minutes; 0.1% formic acid modifier; flow rate 0.75 mL/minute; LCMS (ES +): 467.0 (M +
H). '"H NMR (500 MHz, deuterochloroform) delta 1.27 (d, J=6.34 Hz, 6 H), 2.03 (d,

20 J=11.22 Hz, 2 H), 2.11 - 2.20 (m, 2 H), 2.95 (br. s., 2 H), 3.66 (s, 3 H), 4.34 (br. s., 2 H),
4.50 - 4.57 (m,1 H), 4.94 (dt, J=12.44, 6.22 Hz, 1 H), 5.15 (s, 2 H), 7.07 (s, 1 H), 7.10 -
7.17 (m, 3H), 7.51 (s, 1 H), 7.71 (s, 1 H).
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m xture was heated at 60 degrees Celsius for 16 hours before it was cool ed
to roomtenperature and diluted with water and brine. The m xture was then
extract edwOlomel4b9res with 15 ni et hyl acetate. The conieCmaB2000/g:2377C
extracts were washed with brine, dried over sodiumsulfate, filtered and
the filtrate was concentrated in vacuo to give 52 25 ng of a yellow foam
The sanple was purified by reversed-phase HPLC (Col um: Waters Sunfire C18
19x100, 5 mcroneter; Mbile phase A. 0.05%trifluoroacetic acid in water
(v/v); Mobile phase B: 0.05%trifluoroacetic acid in acetonitrile (v/v));
G adi ent: 90%wat er/ 10%cetonitrile linear to 0%water/ 100%cetonitrile in
8.5 m nut ggampel3g: aéooec?{@vmlr@bvdnomm@m@mmmnlzm trRzd01-Q)dpigmtes. Fl ow
25m/ m nute. LCMS (NB ES+: 450 L ,xanple 37: | sopropyl

4- 1- 5- cyaixqimethy); ridin-3- vllamnol nethyl)-1
H Dvrazol -1-vl | pi peridine-1 -carboxvliate 0 ii ,SNO/ O-( 11-' --"-NI"O
The title conpound was prepﬁred usi ng

2- met hyl - 6- (et hyl sul f onyl ) ?Tldln 3-anmi ne 10 foll ow ng procedures

anal ogous to Exanpl e 36. Té@ was purified by reversed- phase HPLC
(Colum: Waters XBridge C18 19xlgd 5 mpcroneter; Mbile phase A- 0.03%
anmoni um hydroxide in water (v/v); bi e phase B: 0. 03% ammoni um

hyrdroxide in acetonitrile (v/v); nt : r/15%10eton|trlle | i near
at 0% water / 100%
nut@ LCVMB (ES+): 461.0 (M+l).

to O%water/ 100%cetonitrile in 8.
acetonitrile to 10.0 15ni nutes. Flow 3

Throughout this application, various pubI ications are referenced. The

di scl osures of these publlcatlons in their entireties are hereby

i ncor por af egitifg/corepasindyes Arepased Heigg appethdd(16h1 R dririazql- 19(1)19]95%@@ ollt will
be appar egfiolig tp%b%@u@%lalnb%gou@tot%nﬂ;émh% LRSS Flihingabidsy.and 20

variations can de in resent 1nvention wt epartl ng fromthe

scope or BmseiHPIF (GHempRYaters ﬁ“d(ﬁ@@ 1269809 ﬁ"é‘ﬁ@@etﬂ M%'elﬁﬁ‘@éﬁtl on will

be appar et otg3o4 BRSfNRIM Wd?rgxﬁé‘lnt\pﬁela(rvﬁv)fM%T‘e%%é gergaddor amploniie
specification and practice of the invention disclosed herein. It is

i nt ended byrgdfoxidgdn §§@@F"frll%af{\l)oﬁra§iﬂﬂ‘t eXnpriey 20k asiprifrdrelinedr s exenpl ary

only, W tbodatdrM®0%eeRBniRlinsdb Hidutéd, hbrbeat'o'@’a’@/afe'rpﬁ‘od%'a@&ohlﬂﬂéﬁﬁ@ gd by the

25following clains. What is clained is: wherein: CH3 ..ruvv, X slor
minutes. Flow: 25mL/minute. LCMS (MS ES+: 451 1).

Example 36: Isopropyl 4-[5-cyano-4-({[2-methyl-6-(1H-1,2.4-triazol-1-yl)pyridin-3-

15  yllaminotmethyl)-1H-pyrazol-1-vllpiperidine-1-carboxylate

-
% @N«

-N N
To a stirred solution of isopropyl 4-(5-cyano-4-((methylsulfonyloxy)methyl)-1H-pyrazol-

1-yl)piperidine-1-carboxylate (Preparation 10) (44 mg, 0.12 mmol) in 0.75 mL of

tetrahydrofuran was added N,N-diisopropylethylamine (0.042 mL, 0.24 mmol) followed
20 by 2-methyl-6-(1H-1,2,4-triazol-1-yl)pyridin-3-amine (21 mg, 0.12 mmol). The reaction

mixture was heated at 60 degrees Celsius for 16 hours before it was cooled to room

temperature and diluted with water and brine. The mixture was then extracted three

times with 15 mL ethyl acetate. The combined organic extracts were washed with brine,

dried over sodium sulfate, filtered and the filtrate was concentrated in vacuo to give 52
25  mg of a yellow foam. The sample was purified by reversed-phase HPLC (Column:

Waters Sunfire C18 19x100, 5 micrometer; Mobile phase A: 0.05% trifluoroacetic acid
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Yis 0, CHR5), or NR5; 10Z is -C(0)-0-R6 or pyrimdine substituted with
Cl-04 al kyl, CF3, hal ogen, cyano, C3-Cé6cycl oal kyl or C3-C6ecycl oal kyl

wher ei n owe 20ewviery2at om of said cycl oal kyl noi ety nay opCirapalidgs2dey
substituted with nmethyl or ethyl; mis 1, 2, or 3; nis 0, 1 or 2; 15Rl is
hydr ogen, Cl-C4 al kyl, or C3-C6 cycloal kyl; R2a is hydrogen, fluoro or
G- al kyl; R2b is hydrogen or fluoro, with the proviso that when
R2a is Cl-04 alkyl, R2b is hydrogen; each R3 is individually
selected fromthe group consisting of: hydroxy, halogen, 20cyano, Cl-C4

al kyl, Cl1-C4 al koxy, Cl-C4hal oal kyl, Cl1-C4hal oal koxy, -S02-R7, -

P(0) (OR8) (OkRRds (vWE(INLiIFEBBESe B: -0NECHiu8i@abet(cGkidif Jacalokitiile (v/@ﬁ 00-0- (C1- C4)
al kyl , - NH 00- _Cl-%) al k%L - N%_CI_—IS%_-OO-(CO}- 043Z al (l)>yl ,. -NH(CH2)2-0H and a 5
to 6- menb&FatetePRryaisH 10hagaINLHRLIRGasin g7 vates/ 1087 gpetanifle Brbafimiesach

i ndependendlbat 6% &tk eth JorpaEGIRI o 1010 MPURSS. FMSIv:SREHLMINnMEAIGVIS (scar bon
atom on said het1e)roaryl group is 5optionally substituted with Rzla or a

ni t rogen & thlsai d het eroaryl group is optionally substituted with Rzl b;
Rzl a is hydrogen, Cl-04 al kyl, Cl1-04 al koxy, Cl1-04 hal oal kyl, or hal ogen,

wherein said alkyl is op naII supstituted with hyd ox%/l r Cl-04 al koxy;
Rzl b i's hiSRBeEs - SO0ROV s pvanog -6 ey RUICIVDRWIORAS| |y | - OH or
- CH2- C1- Cdijakflad i)- - pliSz 6y 0yl idPe-Mb@RboRlaté s hydrogen then RS is

hydr ogen or Cl1-04 al kyl; o R6 1s Cl1-04 al kyl or C3-Cé6cycl oal kyl wherein
one carbon atom of said cycl\%al WI noi ety may optionally be substituted
with nmethyl or ethyl; A 7 is represented by Cl-04 al kyl,
C3- C6eycl oal kyl, NH2, or -(CH2)L-8H;, 1 is represented by hydrogen or

t

Cl1-04 al kyl; and RO is repres by hydrogen, C1-04 al kyl,

C3- Coeycl oal kyl, -(CH2)2-0H, - (CH2 , M-OH, - (CH2) 3- 0- CH3,

3-oxetanyl, or 3-hydroxycyclobutyl; ls< N or n is -C(0)-NR8R9, R8 and

R9 can be taken together with the nitrﬁgen at om®t o whi ch they are attached

to form amheditd cathprrindavapypremdred usieg 2angthyles-(ntitimgs ofon g )p3Aldardvainene ring;

O 2 AT FRSSH e ol RCOERLABL & Aol S5 1 sanfre Aol SITRRYR BR5LLT N o
phase HPLC (Column: Waters XBridge C18 19x100, 5 micrometer; Mobile phase

A: 0.03% ammonium hydroxide in water (v/v); Mobile phase B: 0.03% ammonium

hyrdroxide in acetonitrile (v/v); Gradient: 85%water/15%acetonitrile linear to
0%water/100%acetonitrile in 8.5 minutes, hold at 0% water / 100% acetonitrile to 10.0
15  minutes. Flow: 25mL/minute. LCMS (ES+): 461.0 (M+1).

Throughout this application, various publications are referenced. The disclosures
of these publications in their entireties are hereby incorporated by reference into this
application for all purposes.

It will be apparent to those skilled in the art that various modifications and

20  variations can be made in the present invention without departing from the scope or
spirit of the invention. Other embodiments of the invention will be apparent to those
skilled in the art from consideration of the specification and practice of the invention
disclosed herein. ltis intended that the specification and examples be considered as
exemplary only, with a true scope and spirit of the invention being indicated by the

25  following claims.
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mis 1 or 2; Zis -C(0)-0-R6; Rl is hydrogen; R2a is hydrogen; 30R2b is
hydr ogen; and each R3 is independently hydroxy, hal ogen, cyano, CF3,
OCF3, Ci -v00 2aiokpbqo2Ci - C4 al koxy, S02- R7, -P(0) (0OR8) (0R9) pCTaazBRI70r a 5-
to 6-menbered heteroaryl group containing 1, 2, 3 or 4 heteroatons each

i ndependently sel ected from oxygen and nitrogen, wherein a carbon atom on
said heteroaryl group is optionally substituted wwth 5Rzla or a nitrogen
atomon said heteroaryl group is optionally substituted with Rzlb. Xisl Y
is 0; 10mis 1 or 2; Zis -C(0)-0-R6; Rl is hydrogen; R2a is fluoro; R2b is
hydr ogen; and 15each R3 is independently hydroxy, hal ogen, cyano, CF3,
OCF3, Cl- ¢¢hatlsk¥Hime&iss 4 al koxy, S02-R7, -P(0) (0OR8) (0R9), -CO NRBR9, or a 5-
to 6-nmenbered heteroaryl group containing 1, 2, 3 or 4 heteroatons each

i ndependently sel ected from oxygen and nitrogen, wherein a carbon atom on
sai d heteroary. Mrempoisd epinghalFoyngiiipstituted with Rzla or a nitrogen
atomon said heteroaryl group is optionally subgtituted with Rzlb. 20

4. A conpound according to clainms 1 orRR whereiy/nN each R3 is independently
fluoro, nethyl, cyano, -C(0)NR8R9, -S02-R/, tgtrazole, pyrazole, imdazole
or triazole. 5. A compound accordifng to clainms 1, 2 or 4 wherein
25each R3 is independently fluoro, nethyl, cyano, -C(0)NRBR9, -S02-R7, NNMN
RAbR4Aa N NNi\i N W/# [--N)"----- N/

wherein:

R, (R}

Y Y

. NN NV ¥V,
Xis | or l ;

Y is O, CH(R®), or NR?,

10 Z is —C(0)-0-R® or pyrimidine substituted with C-C4 alkyl, CF3, halogen, cyano,
Cs-Cs cycloalkyl or Cs-Cs cycloalkyl wherein one carbon atom of said cycloalkyl moiety
may optionally be substituted with methyl or ethyl;

mis 1,2, or3;

nis 0, 1or2;
15 R' is hydrogen, C1-C4 alkyl, or C3-Cs cycloalkyl;

R* is hydrogen, fluoro or C4-C4 alkyl;

R? is hydrogen or fluoro, with the proviso that when R* is C-C,4 alkyl, R® is

hydrogen;

each R® is individually selected from the group consisting of: hydroxy, halogen,

20  cyano, Ci-C4alkyl, C4-C4 alkoxy, C4-C4 haloalkyl, C4-C4 haloalkoxy, -SO,-R’, -
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\D4db i/ " ' , ', O; and Rzla and Rzl b are each i ndependently hydrogen,
Cl-C4 al kyl, or 'C2-C4 al kyl - OH. WO 2010/ 140092PCT/ 1B2010/ 052377 6. A
conpound wocorodi4mg2t o cl aim 1 wherein (R3), \N | CH3 Xi ®CTNB2090/0520T7 NH, Z
is -C(0)-0-R6; 5nis 0 or 1; Rl is hydrogen; R2a is hydrogen; R2b is
hydrogen; and R3, if present, is Cl-C4 alkyl or a 5- to 6-nenbered

het eroaryl group containing 1, 10 2, 3 or 4 heteroatons each independently
sel ected from oxygen and nitrogen, wherein a carbon atom on said heteroaryl
group is optionally substituted with R4a or a nitrogen atomon said

het eroaryl group is optionally substituted with R4b. 7. A conpound

accordi ngP(@)(@R&)(@R% Hel- NRﬁRS( R&)(CH&)N:d) cﬁgﬁ -&9%ikg, -NHIGO ©- M)talk I4S
-C(0)-0-R6; 1, Rl OR2a is fluoro; b IS ydrogen
and NH- CO (C1 C4)alkyl N(CH3) CO Ci- CB alkyl, -NH-(CH)2-OH and a 5 to 6-membered
heteroaryl group containing 1, 2, 3 or 4 heteroatoms each independently selected from
oxygen, nitrogen and sulfur, wherein a carbon atom on said heteroaryl group is
5  optionally substituted with R*ora nitrogen atom on said heteroaryl group is optionally
substituted with R*;
R* is hydrogen, C-C; alkyl, C4-C4 alkoxy, C4-C4 haloalkyl, or halogen, wherein
said alkyl is optionally substituted with hydroxyl or C4-C4 alkoxy;
R* is hydrogen, C;-C; alkyl, -CH2-C4-C3 haloalkyl, -C2-C4 alkyl-OH or -CH,-C1-Cy
10 alkoxy;
R® is hydrogen or when R’ is hydrogen then R® is hydrogen or C-Cj alkyl;
R® is C4-C4 alkyl or C3-Cg cycloalkyl wherein one carbon atom of said cycloalkyl
moiety may optionally be substituted with methyl or ethyl;
R’ is represented by C4-Cy alkyl, C3-Cg cycloalkyl, NHa, or -(CHz)2-OH;
15 R® is represented by hydrogen or C4-Cj alkyl; and
R? is represented by hydrogen, C4-Cj alkyl, Cs-Cg cycloalkyl, -(CH2),-OH, -
(CH2)2-O-CHas, -(CH2)3-OH, -(CH2)s-O-CH3, 3-oxetanyl, or 3-hydroxycyclobutyl;
or when R®is -C(0)-NR®R?, R® and R® can be taken together with the nitrogen
atom to which they are attached to form an azetidine, a pyrrolidine, a piperidine or a
20 morpholine ring;

or a pharmaceutically acceptable salt thereof.

2. A compound according to claim 1, wherein

(R

Xis I :
25 Yis O;
mis 1 or 2;
Z is —C(0)-0-R%;
R'is hydrogen;
R? is hydrogen;
30 R?" is hydrogen; and
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R3, if present, is Cl1-C4 alkyl or a 5- to 6-nenbered heteroaryl group
containing 1, 2, 3 or 4 heteroatons each independently selected from oxygen
and ni troyerpiovaerdei n a carbon atom on said heteroaryl @coap201&0spti onally
substituted with R4da or a nitrogen 25atomon said heteroaryl group is
optionally substituted with R4b. 8. A conmpound according to any of
clains 1-8 wherein R6 is isopropyl or 1- nethylcyclopropyl. 59. The
conmpound: 1-nethyl cycl opropyl

4-{4-[ (4-carbanoyl- 3-fl uor ophenoxy) net hyl ] - 5- cyano- 1H pyrazol -

yl | pi peri di ne-1-carboxyl ate; 1-nethyl cycl opropyl

4-{4-[(4-car badaa,uwzs n‘nhuwrfa@hwﬁwmehwb&n Qy&RIF; IbERY [aZ®)alkt, Ci-Cy
yIIplperldlne car

4 (B Oy anskasitas BBt ) Y BN on e rmembe eI GoYRs per i i n
e- l-car b@dr){élaing 1, 2; 36t hybeystens @@dﬂ independently selected from oxygen and

4-{5-cyano: 4- di 1 uor

phenoxy
yl | pi peri altrﬁgéri V\@gfeﬂ%ﬁfpgpg atgm I?Btsﬁwl ra;%p%rryﬂgﬂggg IS optlone:hly substituted with

4- { 5- cyanRi¥r [a(rtrSyyedi dtdrid @ GplIETER B A TRG UMD 1s ddtopyyastektitdted with R*.

15yl | pi peri di ne-1-car boxyl ate; 1-nethyl cycl opropyl
4-{5-cyano-4-[(2,3,6-trifluorophenoxy)nethyl]-1H pyrazol -1-

yl I pi peri di ne-3l- pajoapeyh@besordif@ By €8 1, wherein

4[ 5-cyano- 4- ({2-f| yoro-4[ 1- (2- hydroxyethyl) 1Htetrazol - 5-

yl ] phenoxyl net hyl razol - 1-yl ] pi peri di ne- 1- car boxyl at e; 20i sopr opy

4[ 5-cyano-4- ({2-fl -(2- hydroxyet hyl)-2Htetrazol - 5-

yl ] phenoxyl met hyl ) -|]LH pyr §zol - 1- yl ] pi peri di ne- 1- car boxyl ate; i sopropyl

4- (5-cyano-4-{[2-f] (1-met hyl - 1H-i m dazol - 2-yl ) phenoxy] net hyl | - 1Hpyr a
zol -1-y1) pi peri di ne- r boxyl at e; 1- nethylcyclopropyl

4- {5- cyano- 4-[ (4- cyanophenoxy) net hyl] - 1H pyr azol - 1-yl | pi peri di ne-

251- car boxyl atye;s 1- mEYYl cycl opr opy!

4-{4-[(4- carbannylphenoxy)nethyl] 5- cyano- 1H pyrazol -

yl I pi peri di ne-1isc@r boxyl ate; 1-nethyl cycl opropyl

4- (5- gyano- 4- ﬂ%4%{$r thyl -1Htetrazol - 5-yl ) phenoxy] net hyl | - 1Hpyr azol - 1-y1)
pi peri di ne- 1- carboxy ate 301- et hyl cycl opr opyl

4- (5-cyano- 4- {4@—10(@&;@0‘34 (1-met hyl - 1H-t et razol - 5-

yl') phenoxy] netgmyik b &5@ gyrazol - 1-y1) pi peri di ne- 1- car boxyl at e; i sopropyl
4-(5-cyano-4-{[2 Yuo 0-'4- (1-met hyl - 1Hi mi dazol - 5-yl ) phenoxy] met hyl | - 1Hpyr a
zoI-1-y1)piper &ﬁﬂ@%@carboxylate i sopropyl

4-{5-cyano-4 [é@,;%ﬁk dgnng?rophenoxy)nethyl] 1H pyrazol - 1-yl | pi

peridi ne-1- 35carbgx ate; 1sop

"
4-{5-d¥yano- 4- [qazhﬁdﬁmﬁamwsh@h@y@{yquhmgqn YRy Gz 0P Cls W1t Guiaiert iCdiGue - 1-

car boxyl agg; RNV PEYRORPIORY! -co- NR8R9 5- to 6-membered het |
4 (5-cyand 2T 05 et K pyrl dri SN Syt TP RPALeog srowe
tly s

y1) pi peri a@m@nmgda%%sew E@@roamr@%gwpwependen elected from oxygen and
ﬁlflS cyanopioféd, HERLIN Y lcafsoh Lbrt of sAidt Het &y drodh 1dBptibRAI-san¥titl Ry itet hyl ) - 1

R* or a nitrogen atom on said heteroaryl group is optionally substituted with R*".

20
4. A compound according to claims 1 or 2 wherein each R® is independently
fluoro, methyl, cyano, -C(O)N R®RY, -S0O,-R’, tetrazole, pyrazole, imidazole or triazole.
5. A compound according to claims 1, 2 or 4 wherein
25 each R® is independently fluoro, methyl, cyano, -C(O)NR®R?®, -SO»-R,

4b R4a
N/N‘> NéN\ /R \(N\N
A )= {
" o NN
/ 4b ,or "/LLL ;and

R* and R* are each independently hydrogen, C1-C4 alkyl, or C,-C4 alkyl-OH.
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pyrazol - 1-yl ] pi peri di ne- 1- car boxyl ate; i sopropyl

4[ 5-cyano-4- ({[ 2-net hyl -6-(1H 1, 2, 4-tri azol - 1-yl) pyri di n-3-yl ] am nol net hyl)
- 1H pyr awol2010/mb(9pi peri di ne- 1- car boxyl at e; i sopropyl  PCT/IB2010/052377

4[ 5-cyano-4- ({[ 2- net hyl - 6- (net hyl su Ifonyl)pyrid in-3-yl]am nol nethyl)-1H
10pyrazol - 1-yl ] pi peri di ne- 1- car boxyl ate; i sopropyl

4-{5- cyano- 4-[ ( 2- net hyl phenoxy) net hyl ] - 1H pyrazol - 1-yl | pi peri di ne- 1-

car boxyl ate; isopropyl

4- (5-cyano-4-{[2-fluoro-4-(1-nethyl-1Htetrazol -5-yl)phenoxy] net hyl | - 1Hpyr a
zol - 1-y1) pi peri di ne- 1- car boxyl ate; 15i sopropyl

4- (5- cyano- 4- {d. 2A tbmpbehdladcdrdivef taYdaird Hwiedreinzol - 5-yl ) phenoxy] met hyl | - 1H
pyrazol - 1-y1) pi per i di ne- 1- carboxylate i sopropyl

4- (5-cyano-4- {[(2(-R Q%Ipyrldln -yl)am no] net hyl | - 1H pyr azol - 1-y1) pi peri di

nel-car boxyl ate; i r

4- (5-cyano-4-{1-[ (Q- net hyll pyri di n-3-yl)oxy] et hyll-1H pyrazol - 1-yl) pi
peri di ne-1- 20car bgxyl at i sopropyl

4[ 5-cyano-4- ({[ 2-f ' - t hyl sul f onyl ) phenyl ] am nol net hyl ) - 1H- pyr azol -
- yl]piperidine-1-car oxylat%13 i sopropyl

4- (5-cyano-4-{ 42 fl -4- (et hyl sul f onyl ) phenoxy] et hy11- 1H- pyrazol - 1-
yl ) pi peri di ne-1'Scar boxyl ate; 25i sopr opyl

4- (5-cyano- 4- {2[s2 bt NP 0- 4- (et hyl sul f onyl ) phenyl ] propyl1- 1H pyrazol -

y1) pi peri di ne-%’L- c_%rggby&@t e; 1sopropyl

4- (5-cyano- 4- {4 - (e 0-4- (1H-tetrazol -5-yl ) phenoxy] net hyl | - 1H pyrazol - 1-
y1) pi peri di ne-rlis@adrbioxyl at e; i sopropyl

4- (5-cyano-4-{ fl uoro-4-(nethyl su I fonyl)phenyl]ethyll-1H pyrazol -
30y|)p|per|d|H§Ig%XQPBﬂ%ylate i sopropyl

4-{5- cyano- 4- [R%qgm@m@ﬁa fl uor ophenoxy) net hyl ] - 1H pyrazol - 1-yl | pi peri dine-1
- carboxyl at e; sqprq&i 4- (5-cyano-4-{[4-(di

nethoxyphosphd? Hof'Yphenoxy] met hyl | - 1H pyr azol 1-yl ) pi peri d

i ne-1-car boxyl Rﬁ af pr\é‘&rﬁﬂ@@ﬁ%@ﬂ@/ﬂa@% ltB@ﬂc@h{b'é%ﬁWeté@Q@r gmyib contalnlng 1,

fll( 5036 g'ﬁ g ALI‘EZ g@mmh %g%/rhl |g(ljenpe:r31dgnt y se Jc?% fpc}/m |o>-<ylg|_e|_n%¥1 rogen (grgllnpaer I dine

|44? c?/?mcékbéug 3tohl tio548id helelariiyis iy ebtioHallg slibsinped whie RGolameirdydn) - 1Hpyr azo
-1-yl] pi peri di ne-

car bgxyl at.e;

4 (5 cyanBOH 8 557 e it t st SEPshuib R et hyl 1 - 14 pyr azol - 1-
Zl%giper|d|2e{1 ca;Ef?y{ate ||sop{opKI thyll-1H | -1-y1) pi id

cyano- etrazo gnoxylmet hyl | - pyrazol - 1-y1) pi peri di
nel- car boxyl at-’[e g?mpg %Cﬁwd'”g%dep GRS
4- (5-cyano-4-{[ 2-Rkuoro- 4- (net hyl sul fonyl ) phenoxy] met hy11- 1H pyrazol - 1-
10yl ) pi peri di ne-1-c¢c *ﬁQﬁylate;

N

[VaAVAV AV,

15 Xis I
Y is O or NH;
Z is —C(0)-O-R¢;

nis0or1;

F

CHj3

R'is hydrogen;
20 R* s fluoro;
R? is hydrogen; and
R®, if present, is C4-C4 alkyl or a 5- to 6-membered heteroaryl group containing 1,
2, 3 or 4 heteroatoms each independently selected from oxygen and nitrogen, wherein a
carbon atom on said heteroaryl group is optionally substituted with R*® or a nitrogen

25  atom on said heteroaryl group is optionally substituted with R*".
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or a pharmaceutically acceptable salt thereof. 10. A

phar maceuti cal conposition conprising a conpound according to any of clains
1-9, preswotoiomdeoseherapeutically effective anmount, in &dwiIBne/e528it h at

| east one 15pharmaceutically acceptabl e exci pient. 11. The
conposition of claim210 further conprising at |east one additional

phar maceuti cal agent selected fromthe group consisting of an anti-obesity
agent and an anti-di abetic agent. 20 12. The conposition of Caim
11 wherein said anti-obesity agent is selected fromthe group consisting of
dirlotapide, mtratapide, inplitapide, R56918 (CAS No. 403987), CAS No.
913541-47-6, lorcaserin, cetilistat, PYY3 36, naI trexone, ol eoyl -estrone,
obinepitide, praminti de t esof ensi ne, |eptin, mgg utide, brom)crl pti ne,
orlistat, exertath@ePoygd Aeporaing o ?@A@f %mséﬁvzbﬁre 3% isoRERy| Hutr ami ne.

13. The Cﬁiéﬂ@/ﬁjyblbpﬂ@pplf Claim 11l wherein said anti-diabetic agent is

sel ected fromthe group consisting of netform n, acetohexam de,

chl or propam de, di abi nese, glibenclanm de, glipizide, glyburide,
glinmepsride, o.mekasin@eundl i pentide, gliquidone, 30glisol arri de, tol azam de,
t ol butam de, tend restatin car bose, adi posine, | i bose,
emglitat -,m%"ﬁw qpropy@%é‘i i(éé’é@a”l?ryhﬁ‘?'H?@Phe’tﬁxyE%ﬁt%g]s? am? }g}%?'ﬂt azone,
cigli tazogz|ﬁ)|peg}@|[®|.1.t;@rz)@f5eateengl itazone, isaglitazone, piogli tazone
rosiglita i exendi n- 4 dus u m

reservatr i%?eew C;) gcé‘qy éi/?f(g&a a8 OltyE%%P%’tOPher‘QW ”&e&@d:%f’}’?{‘ )jranz%'ﬂ n and

saxagl i pt ylipipsiRline- 1 carboﬂsﬂateA nmet hod for the treat nent of di abetes
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5 18. The method of claim 17 wherein said first conposition and said

second conposition are adm nistered sinultaneously. 19. The net hod
of cl ai mW® 2odversei92 said first conmposition and sai d secend/IRBIENA%i ti on
are adm ni stered sequentially and in any order. 20. The use of a

compound of claim1-9 in the manufacture of a nedicanent for treating a
di sease, condition or disorder that nodul ates the activity of

G protei ncoupl ed receptor GPR119. 15 21. The use of a conpound
according to any of clains 1-9 in the preparation of a nedicanent for the
treatnment of diabetes or a norbidity associated with said di abetes.

isopropyl 4-{5-cyano-4-[(2,4-difluorophenoxy)methyl]-1H-pyrazol-1-yl}piperidine-1-
carboxylate;
1-methylcyclopropyl 4-(5-cyano-4-{[(2-methylpyridin-3-yl)oxy]methyl}-1H-pyrazol-1-
yDpiperidine-1-carboxylate;
5 isopropyl 4-[5-cyano-4-({[2-methyl-6-(1H-1,2,4-triazol-1-yl)pyridin-3-yl]Joxy}methyl)-1H-

pyrazol-1-yl]piperidine-1-carboxylate;
isopropyl 4-[5-cyano-4-({[2-methyl-6-(1H-1,2,4-triazol-1-yl)pyridin-3-ylJamino}methyl)-
1H-pyrazol-1-yl]piperidine-1-carboxylate;
isopropyl 4-[5-cyano-4-({[2-methyl-6-(methylsulfonyl)pyridin-3-ylJamino}methyl)-1H-

10 pyrazol-1-yl]piperidine-1-carboxylate;
isopropyl 4-{5-cyano-4-[(2-methylphenoxy)methyl]-1H-pyrazol-1-yl}piperidine-1-
carboxylate;
isopropyl 4-(5-cyano-4-{[2-fluoro-4-(1-methyl-1H-tetrazol-5-yl)phenoxy]methyl}-1H-
pyrazol-1-yl)piperidine-1-carboxylate;

15  isopropyl 4-(5-cyano-4-{[2-fluoro-4-(2-methyl-2H-tetrazol-5-yl)phenoxy]methyl}-1H-
pyrazol-1-yl)piperidine-1-carboxylate;
isopropyl 4-(5-cyano-4-{[(2-methylpyridin-3-yl)amino]methyl}-1H-pyrazol-1-yl)piperidine-
1-carboxylate;
isopropyl 4-(5-cyano-4-{1-[(2-methylpyridin-3-yloxy]ethyl}-1H-pyrazol-1-yl)piperidine-1-

20 carboxylate;
isopropyl 4-[5-cyano-4-({[2-fluoro-4-(methylsulfonyl)phenyllamino}methyl)-1H-pyrazol-1-
yl]piperidine-1-carboxylate;
isopropyl 4-(5-cyano-4-{1-[2-fluoro-4-(methylsulfonyl)phenoxy]ethyl}-1H-pyrazol-1-
yDpiperidine-1-carboxylate;

25  isopropyl 4-(5-cyano-4-{2-[2-fluoro-4-(methylsulfonyl)phenyl]propyl}-1H-pyrazol-1-
yDpiperidine-1-carboxylate;
isopropyl 4-(5-cyano-4-{[2-fluoro-4-(1H-tetrazol-5-yl)phenoxy]methyl}-1H-pyrazol-1-
yDpiperidine-1-carboxylate;
isopropyl 4-(5-cyano-4-{2-[2-fluoro-4-(methylsulfonyl)phenyllethyl}-1H-pyrazol-1-

30  ylpiperidine-1-carboxylate;
isopropyl 4-{5-cyano-4-[(4-cyano-2-fluorophenoxy)methyl]-1H-pyrazol-1-yl}piperidine-1-
carboxylate;
isopropyl 4-(5-cyano-4-{[4-(dimethoxyphosphoryl)-2-fluorophenoxy]methyl}-1H-pyrazol-
1-yl)piperidine-1-carboxylate;
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isopropyl 4-(5-cyano-4-{[(2-methylpyridin-3-yl)oxy]lmethyl}-1H-pyrazol-1-yl)piperidine-1-
carboxylate;

isopropyl 4-[5-cyano-4-({2-fluoro-4-[(2-hydroxyethyl)sulfonyllphenoxy}tmethyl)-1H-
pyrazol-1-yl]piperidine-1-carboxylate;

isopropyl 4-(5-cyano-4-{[2-fluoro-4-(1H-tetrazol-1-yl)phenoxy]methyl}-1H-pyrazol-1-
yDpiperidine-1-carboxylate;

isopropyl 4-(5-cyano-4-{[4-(1H-tetrazol-1-yl)phenoxy]methyl}-1H-pyrazol-1-yl)piperidine-
1-carboxylate; or

isopropyl 4-(5-cyano-4-{[2-fluoro-4-(methylsulfonyl)phenoxy]lmethyl}-1H-pyrazol-1-
yDpiperidine-1-carboxylate;

or a pharmaceutically acceptable salt thereof.

10. A pharmaceutical composition comprising a compound according to any of
claims 1-9, present in a therapeutically effective amount, in admixture with at least one

pharmaceutically acceptable excipient.

11. The composition of claim 10 further comprising at least one additional
pharmaceutical agent selected from the group consisting of an anti-obesity agent and

an anti-diabetic agent.

12. The composition of Claim 11 wherein said anti-obesity agent is selected from
the group consisting of dirlotapide, mitratapide, implitapide, R56918 (CAS No. 403987),
CAS No. 913541-47-6, lorcaserin, cetilistat, PYY3.35 naltrexone, oleoyl-estrone,
obinepitide, pramlintide, tesofensine, leptin, liraglutide, bromocriptine, orlistat, exenatide,
AOD-9604 (CAS No. 221231-10-3) and sibutramine.

13. The composition of Claim 11 wherein said anti-diabetic agent is selected
from the group consisting of metformin, acetohexamide, chlorpropamide, diabinese,
glibenclamide, glipizide, glyburide, glimepiride, gliclazide, glipentide, gliquidone,
glisolamide, tolazamide, tolbutamide, tendamistat, trestatin, acarbose, adiposine,
camiglibose, emiglitate, miglitol, voglibose, pradimicin-Q, salbostatin, balaglitazone,
ciglitazone, darglitazone, englitazone, isaglitazone, pioglitazone, rosiglitazone,
troglitazone, exendin-3, exendin-4, trodusquemine, reservatrol, hyrtiosal extract,

sitagliptin, vildagliptin, alogliptin and saxagliptin.
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14. A method for the treatment of diabetes comprising the administration of an
effective amount of compound according to any of claims 1-9 to a patient in need
thereof.

15. A method for treating a metabolic or metabolic-related disease, condition or
disorder comprising the step of administering to a patient a therapeutically effective

amount of a compound of any one of claims 1-9.

16. A method for treating a condition selected from the group consisting of
hyperlipidemia, Type | diabetes, Type Il diabetes mellitus, idiopathic Type | diabetes
(Type Ib), latent autoimmune diabetes in adults (LADA), early-onset Type 2 diabetes
(EOD), youth-onset atypical diabetes (YOAD), maturity onset diabetes of the young
(MODY), malnutrition-related diabetes, gestational diabetes, coronary heart disease,
ischemic stroke, restenosis after angioplasty, peripheral vascular disease, intermittent
claudication, myocardial infarction (e.g. necrosis and apoptosis), dyslipidemia, post-
prandial lipemia, conditions of impaired glucose tolerance (IGT), conditions of impaired
fasting plasma glucose, metabolic acidosis, ketosis, arthritis, obesity, osteoporosis,
hypertension, congestive heart failure, left ventricular hypertrophy, peripheral arterial
disease, diabetic retinopathy, macular degeneration, cataract, diabetic nephropathy,
glomerulosclerosis, chronic renal failure, diabetic neuropathy, metabolic syndrome,
syndrome X, premenstrual syndrome, coronary heart disease, angina pectoris,
thrombosis, atherosclerosis, myocardial infarction, transient ischemic attacks, stroke,
vascular restenosis, hyperglycemia, hyperinsulinemia, hyperlipidemia,
hypertrygliceridemia, insulin resistance, impaired glucose metabolism, conditions of
impaired glucose tolerance, conditions of impaired fasting plasma glucose, obesity,
erectile dysfunction, skin and connective tissue disorders, foot ulcerations and
ulcerative colitis, endothelial dysfunction and impaired vascular compliance, hyper apo
B lipoproteinemia, Alzheimer’s, schizophrenia, impaired cognition, inflammatory bowel
disease, ulcerative colitis, Crohn’s disease, and irritable bowel syndrome, comprising

the administration of an effective amount of a compound according to any of claims 1-9.

17. A method for treating a metabolic or metabolic-related disease, condition or
disorder comprising the step of administering to a patient in need of such treatment two

separate pharmaceutical compositions comprising
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(i) a first composition according to claim 12; and
(i) a second composition comprising at least one additional pharmaceutical
agent selected from the group consisting of an anti-obesity agent and an

anti-diabetic agent, and at least one pharmaceutically acceptable excipient.

18. The method of claim 17 wherein said first composition and said second

composition are administered simultaneously.

19. The method of claim 17 wherein said first composition and said second

10 composition are administered sequentially and in any order.

20. The use of a compound of claim 1-9 in the manufacture of a medicament
for treating a disease, condition or disorder that modulates the activity of G-protein-
coupled receptor GPR119.

15
21. The use of a compound according to any of claims 1-9 in the preparation of

a medicament for the treatment of diabetes or a morbidity associated with said diabetes.
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