1 NOVEL | M DAZOLE DERI VATI VES USEFUL FOR THE TREATMENT OF ARTHRITI S
Osteoarthritis is a conplex degenerative di sease of joints characterized by
progressiwe 20estcnwst i on of articular cartilage; peri-ar®PceaiSar288T0€t ur es

i ncl udi ng bones, 5synovium and associated fibrous joint tissues; and
varyi ng degrees of inflammation. Exi stilng drug therapi es can reduce pain
associated with osteoarthritis, but may be only noderately effective over
time and each has variable risk/benefit considerations. Current treatnents
usi ng non-steroidal, anti-inflammatory drugs (NSAIDs) and Cycl ooxygenase- 2
inhibitors (COX-2 inhibitors) are efficacious, but can cause significant
car di ovascul arN@NdLINGRsY ObEREIMATAV ES niShiNaidr @ THE TR EACOMENGUENt | y t hese
cl asses of drugs may be contraindic F many patients due to
pre-existing or energent cardiovascular an(§/ or gastric intestinal

condi ti ons. Addi@sitaoaalhr[tgs iseicrdilplé;@ku:gbr&:ramadbeﬂsenﬁornefahauattem;edd»yer ti nme to
specific drug treat ostaglandin E2 is duced.t hr

ot abol | sm PR eHeaaTe dorh o PhEed s et EuBl SEREES S PUMERT e ¢ ne
unst abl &5 i niyaoviel] ﬁﬁ%sﬂbb@ﬁ:ﬂﬁ@f@ﬁlﬂilrﬂ tikkie§; BﬂHQa)rymg’ﬂe@éaag)k‘aiﬂdmmah& is then

further bol i zed m cr oso prostagl andin E2 nt hase- GES-1) to
PGEz. Pr ostlg@? DAY tEéal?lgs GRS f‘owra?ﬁﬁowgwla i pRriEy rfdwt.%afi é oci at ed

Wit h ost eoahbdvidtély SffedtiQb o &MRa8d cdcB\MEY variaBlle Misk/BEHdfit dVhkiaa®dds OCurrdiier e
remai ns a need for additional options to treat and alleviate pain and/or

201 nf | ammat FHMESSBEIEA0B 4o BSTRTRRHT s (WHaiDsy ardkncloorygsiseon

provi des noygibithd k@@}(tﬂhﬁlbf?&rs)@:)gﬁ%c&euﬁl@doum dgscRpnaichsicaldidvadculal &L 1 NY
patients suffering fromthe pain and/or inflammtion of osteoarthritis. The
pr esent 14 nvgteipisstppoviteresd e dreascasently shagei Flasses offdBys "YARSN N R4 NH H R6
RS | 25"mer&}nﬂa1ﬁa10ét§d ﬁ)ﬂn%ﬁ); Eﬂwﬁt@ 9{1@ topfd- e;é%_g%k emggeﬂt%argovﬁ’srcula%%r R3 is H
or -CH3; R4 is selected from H, 81 and -CF3; R5 is

sel ect ed f rgsatric ptegrinalgonditeny. A@ﬁmonai}ydmmlduglsgm leasbrelreffiaginTy (er fime @ |, and
-CH3; and o Cl\,\,% gijgg[n@mlss N and the 2 other one of X and A is CH,
prowdedth R4 is not For A and when Xis N, R2 is not d;
or a phar naceut iPrastdglandinde pt Ebilwed tirdugh tleregibolism of arachidine gorddnetht

i nventi PLQ i des conp ound ccar.di;n 0, nul ceutically
ncoopt abl o 2oL ERERTBRNGHS AESAUALC Al Be il Pt Rebuh HEIRGHRS 5 o

5- C( CH3) 3; Mrosteglprdef Br @ldiey fiRTher metabibl{zEHBY Riicrosomal proélfh@ar;dﬂtﬁ]ézeslyhthhs&vle ntion

ol s Ther al U Brd R T RedasE S of oo URTRET I R e PERERr ovi s

conpounds agtPsskioaghrite, fo@emﬂ[&p@e,&‘ev@f, pRhgandacuminaiahl y accept abl e sal ts
t hereof, wherein R5 is select from H F, d. 10Preferably R5 i s
The present inv ’iedﬁm?)‘%%??ggor@gﬂlb%%%“%(‘:%trr?i‘it?f{jl at“BV‘f‘tSrpf’rlﬂ}la‘é{C|§ r

phar macayt i i@ 8hhMa@aeRRicRARdeyitalstedartiek €Pho pratef i@l dntiB® plosideh novel The
present invention Er ovi des conmpounds according to forrmula | or
a

phar naceut i BaP{tgrs aEmBHE 2ad B1gy P%b%nﬁ’é?lélcfpr tregHag Ratigniruffesing djogcthepritr om  H,
- CH3, - CHFZ2,h3Ak» idfnmaEERef dsitogitgnbodi ment , A is Nand X is CH The
present invention provides conmpounds accordi to formula | or
phar maceut i cal | yrhaeespt apreptiogire'gdes sempeymds Yn@ilﬁlim is selected from F,
a, -CHF2, and -CF3. More preferably R4 is selected from d, -CHF2, and
-CF3. Sti II nore preferably R4 is N noor& enbodi ment, Ais CH and X is
N. 20The present invention provi onpo cording to fornula | or
pharmaceutical |y acceptabl e sal b erein R is d. In one
enbodi ment, Ais Nand X is Gf nét her enbbdiment, Ais CHand Xis N
The present invention provides Fpsorrp(ﬁ‘]‘nds accordrmg to formula | or
25pharmaceutically acceptabl e salts thereof, vvhe;}epn Rl is -CH(CH3)2 or
-C(CH3)3; R2 is I

25  wherein RI1 is selected from: -Cy4alkyl; R2is Clor -CHF,; R3is H or -CHj3; R4is
selected from: H, F, Cl, -CH;, -CHF», and -CF3; RS is selected from: H, F, CI, and
-CHj;; and R6 is selected from: H, F, Cl, and -CHjs; and one of X and A is N and the




G or -CHF2; R3is -CH3; R4 is selected from F, d, -CH3, -CHF2, and -CF3;
R5 is selected from H F, d, and -CH3; R6 is selected from H, F, d, and
- CH3; onewof20i¥/mm®sSA is N and the other one of X and A PeTAS201pneR20@ed t hat
when Ais N, R4 is not For d and when Xis N, R2 is not d. 30The present
i nvention provides conpounds according to formula | or pharmaceutically
acceptabl e salts thereof, wherein RL is"-CH(CH3)2; R2 is O or -CHF2; R3 is
Hor -CH3; R4 is selected from F, d, -CH3, -CHF2, and -CF3; R5 is 3
selected from H F, d, and -CH3; R6 is H one of X and Ais N and the
other one of X and Ais CH, provided that when Ais N, R4 is not F or C
and when X détberNpe RPXjasd Aot CH; prﬁrﬁéedthMnAiimNeRﬂiimtﬁroo@l gelsvlcopvunds
according t r r abl e salts thereof,
wherein Rl Iﬁsﬁ?{%ﬁ?%fﬁg Rla& %Eée&%ue Salﬁi&%ﬁe%% R4 is sel ect ed from
F, d, -CH3, -CHMHZpreacad mv%ﬁjn Iﬁﬁfldes csmb@mﬂembcbrrdmglto Fyrmkla 16k, and -CH3; R6

|sH one of X an is N .and the other. one a rovi ded that
e 201 Sty g At R IR L R 0Ty K0 gl Sty g ocd !
i nventi on pCYCHYESmoRPRGEIa6lS Radggcdﬂ'((nlg3)§ o formula | or 10phar maceutical |y
acceptabl e salts_ thereof, wherein or -CHF2; R3 is
-CH3; R4 is sel Z@F@Bes?l}tbtﬁﬁentﬁnﬂtow%ﬂs Com %%ﬁ‘iﬁl)dm@lfg%m%laiorsel ected from
H F, d, -fBddnacB@idaBy wb@w@ghltﬁmmoflwhefemﬁls Kl - CH3; one of X and Ais
N and the other one of X and A is CH, provided that when Ais N, R4 is not
For d and wher ipreéewnwlqnéorw&es@mpqm%%ﬁdggéﬂformﬁlﬁéﬁf. on provi des
conmpounds %ﬁ%ﬁbﬁlﬂ:aﬁ@ad‘c%&ﬂ!& aulth theRRE WIRAIIRS RUEIe&Ad frymaccept@bl e sal ts
thereof, wherein RL is - or -Q(CH3)3; R2is CHF2; R3is Hor -CH3;
R4 i s st echieerabbord SH- F, O, -CH3, -CF3. R5 is selected from H F, O,
-CH3, and - CF3; ﬁ@p}e%en?t?ﬂv%ﬁ:ﬁ %r(‘;\rl&gycoﬂﬁlpoﬁds {doording S forAilf 1@pe of X and Ais
N and the ot her one of provided that when Ais N, R4 is not
F 20or O . phaengseeticaiy aqcmz@hiw $ad)tﬁﬂ19re@ﬁ|"d@§flft:]&@r’;§6hnds according to fornula |

e R L T
f r om H, Gb%rmaceutlcajHF@:cemame saQFBierdRb whsrell RRB selsctedfremt Iéd -CHomCHY,, F

er one of X and Ais CH i
pr ovi degpt ha{}’t% ﬁgénhipnng éﬁfb(ﬁﬁfmi S lﬁﬂgn@%s ﬁin{hone enbodi ment, X is CH and A

is N The pr eser‘iIhelpmzemnv@manpmwmhsmmpmmdmtdmdargdolfcdmlugItoo formula | or

phar maceuti cal | a sal t s sgl e d from
-CH(CH3) 2 armaced lcﬁ‘f ltf @1660 ere&]—@%w S%ﬁaf’@l 845248%@ 'sel ected
from H, F,and CFCOMdre [ﬁr@feﬁbﬂfﬂm 3 Belectéd8om:RB1, I -SHFe| et &tF;f S@lﬂ‘ﬂnol‘i F, d,

-CH3, R6 is selected fro H F , ) .and one of X and Ais N and
Lhe ot hor - oneretBRAEE R T nagbisirigad CHAITRHSN. 4% 16 N R 1S ot
and whem A is NThRprdsént MentionGroidles chp&ings ¥bRtig® Mrmui 1ics N and A is CH
The present invention provides conpounds according to forrmula | or

phar maceut|R§]§¥W%Pe‘&&9é]é>p't‘°§ﬁ?t@1%%lhﬁéhefel‘?ér“é’éfem Bh&din RL is selected from
-CH(CH3) 2 or 5 -1bhEhsdbdirét 'A?lsg afdl X Is@ﬂlen a'ﬂgthblsenlfﬁoﬁfmeh%s dRfadasx sel ect ed
from O, -CHF2, and -CF3, R5 is H or d; H, -CH3; and one of X
and A is N&Ad the other one of X and A is CH prowded that when Ais N,
R4 is not F or q'he%ﬂgem@nt%n'[ﬁod\ﬁes%mb&nﬁ@&ccgdmg-m?orﬂﬁlﬁsl%?t i nvention

provi des conpounds accordi n f or mul phar maceutical |y acceptabl e
sal ts tHher eprmpeuticgllyadcenit @lsaﬂtﬁ ﬁmeow@;@ylﬁlos' -CB(dra8)8; C@IsossR@s or
-CHF2; R3 i AE,: S SatH R4S ol SF Hep Rel S f.r H F, and
-CH3; and o(?le o? and ACIB?S’ N Sa%ge%teﬁggbot helr_boﬁ of X Cr}ﬁj gﬁid?s ; provi ded
t hat when Aselestemfrom H,sF,nGt aRkd o HEI R@ndelotiahn(totm:i H, [H CIRZands -Gt ofk of

The present n.,prLo oelys) f for |, ar ically
15accept abl)éagaéﬁ?ésN% %ﬁleoweg er él nnAKI Cﬁ rpglgg&]dtégwﬁlf%i‘%gx?{q%%#%d.

The presentoriGiwadtvhanX pr®vRZssoeCicording to for rrul a | or pharmaceutically
accept e salt t her eof whterel n i S N .oVl d& ? Ré is not C.

The present inve Pﬁeﬁergrubvsﬂpélspr%vd SohBY ng? SIS 'Y qrmu rmrphar maceutical ly

accept abl e galh&cithaneaiceptithessdh thelRbf,i Shaeh @etiedCH(OM);; RI(CHES br or - C( CH3) 3;

R is d H R5.is H i s H d_A.is N The
present |nvgﬁﬁg hﬁﬁ?%}BdE@’gigﬁﬁﬁgﬁﬂgoﬁhlCE§1§§6$'Féfﬁd} 195 Rads ) or a
pharmaceutically acceptable salt thereof A preferred acid addition salt of
t he conpounds of the invention is the hydrogen phosphate addition salt.
25The present invention al so provides 2-(difluoronethyl)-5-{[(2-

nmet hyl propanoyl )am no] nethyll -N {4-nmethyl-5- [4-(trifluoronethyl)phenyl]
-1H imdazol -2-yl | pyridi ne-3-car boxam de. hydr ogen. phosphate salt in
crystalline form



5 characterized by an X-ray powder diffraction pattern obtained froma CuKa
source (2,=1.54056 A), which conprises peaks at a) 4.85, 20.37, and 22.27
+/- 0.2 iW02012/w1968) 4.85, 11.000, 17.93, 20.37, 22.27, pamaS2eu283726¢ - 0. 2
in 20; or c) 4.85, 11.000 , 12.22, 12.67, 17.93, 20.37, 22.27, 23.51, and
24.85 +/- 0.2 in 20; or d) 4.85, 5977, 16.68, 17.93, 19.15, 22.27 and 24.84
+/- 0.2. The present invention al$so provides a conposition conprising
substantially pure 2-(difluoronethyl)-5- {[(2-methyl propanoyl)am no] et hyl |
-N- {4-nethyl-5- [4-
(trifIuoronethyl)phenyl]-lH—inidazol-2-y|Ipyridine-3-carboxanide.hydrogen
phosphat e swletteil froow st ial €, ned f-6Hm RMs Hused oh¥raeil A i$ didnd tteenithealohg/ofpur e
PERErS o %(%R&TR‘)?fé §B el hat 9 h&{East rPg‘f; %&159 W%Enk*l Ncr'd%tn% |Iine
material, nore prefe Qy reater tham e Crys I'ne material,
and strII yet nore preferably greater t han 98%vv/w of the crystalline

2-(Difl th N- {4-neth
ARl e R s g A R e A T N L AT
n phosphat eplaahdceuticallneccpstagests ﬂﬁmﬂtwmelﬁRSQS pCoyCdes Ra iphaHraceut i cal

phar maceut | 4 1y e S EROAIT I rigr ebrasaliat SIEHd: Big piocd

phar maceut i gahl ¥, @C@pﬁrﬁbl@ﬂﬁﬂiﬁd Bf on@@ﬂmamA@rNemrh@baeronewg 4Aagesent
i nvention provi des a phar maceut i cal . conposi tr on cog&};‘gr sing a conmpound

according t% (?%r%‘ildaedlth%whﬁﬁélbﬁa?‘f‘rﬁd@ﬁ PEG] ayl veher &pie AbRE 1520t (4 t her eof |

and at 20l east ong pREed iRBATITBEGMIds €8mpYunds &RPIIRRI t6 r& ANl 1ek, di l uent, or
exci pient and further conprising one or nore additional therapeutrc agents.

The prekbntPhiapgasatticaly preenirdespita theeaoh ottheaein R dat-LCHgH s et of o Hai n

and/ or i nf | gomaidran rRaSS QecAlednP S ePALT NOH, sy 8% ks LRI fhGr @bl y a
met hod of treating pain and/or 1 nflanmation associated with osteoarthritis.

The met hod BofhrCHaesRadmrelattsd Epmndl, P5CE andy -G of X anééds Nrrad dlsf  a
conpound AcEALHDGEL nd RUTVER drollicd ot heB RO RBREW ARl v AfCARRAPLE s !

t hereof, or arnmaceut1 ca cceptabl e conposition 1 ncluding the conpound.
The pr esenthRﬁ/emDi@n provi des use of a conpound according to forrmula | or
1, or a phar |y I i-n, the manufacture
of a me%r5 carrenthfill &We %%#rﬂevg 0nd° rc?ﬁ?eﬁ%é%@%u%d?% ]idsn%'ra?&%lﬁlaals%ngcr ated with
ost eoart hr i phasmace@ically acceﬁﬂitée mlteﬂeretof i whveeeih Rons pradU(iChiesora- G.‘(@Hp)@um is

according t r ceu ce her eof ,
or phar rracegﬁlzg’agg Fr#)o(fs ?0%4 lsﬁglfﬁacrﬁ He dr‘h)o@%ﬁ %rb% 3585 (}

medi canent . frafhEHereS}lntCHﬁ\aﬁdlt cen Rmrlowledes fﬁ)nﬁ(IE[pru(Id accoue eig of X formul a
conposi 1§ o RACFau g FBsebRBbS R for Gicarpritfbapn X i N IR ERE  coent.
i nventimn adsq. provides a compound according to fornula | or II a

pharmaceutical |y acceptabl e salt thereof, or pharnmaceutical conposition
i ncl udi ng the c&%@mﬁatrwnwr?\ﬁdqsﬁemrwéf r@ﬁrdlreftOBamﬁ adQ8/ or i nfl anmati on

associ at ed WMabhacl@RaNERAESIE LIS tHePeo® WHRFBFER | IsRclRaeSroh 1 Rt thereof;
still yet nore preferable the present invention provides a nethod of

treating paithCH9s0R? it ebrrwittH 2088 dodk Phrilli: sR4 i seleqiediiein: Fn -Gled t her eof

Figure 1 is C@{F%%@t e rﬁmm ﬁ6 Es%@[e@t%@ﬂ%ﬁt 'H/GF XB&PQM&{e%fﬁ(%dA is N
-(di fluoroneth

%&@ propaedy ami'no] et hyl

{4- met h34 - mt%/qqthqqog@p tl(h@rpg ﬁ]ﬁ-br[yq)\]ld 1that when X is N, R2 i 1s not Cl In one

15i m dazol Bl W, gl f;a@xani de. hydrogen. phosphate salt. The XRD
spectrogr am‘%ﬁls0 {di ne as esscrr bed in the Exanple 26 bel ow. The
phrase "phar nacéﬁlltelplfmrlt}mammpxrabd@ Celap@lhdr gicerdmgtto fgmiuted cof t he conpounds
O e rvelbhfR.GRAR) AELAtL QR ASESRLAR €, LotcEL] AbaalCARdl gl vet erf nary
use. Phar i“Caf T e sa s an common e preparing
the salts arCéCHQwe]RI 1skﬁb<wn GHFQIR@IEB:TGH3, Bdes sedeced froR: HBt E,hC -€1H3,a|

Handbool of PRar TBESUl! ol SRl 1l PO Lok RRRLLPRATI I F O Journa

of Phar mac eiﬂlt[hpa&ﬂd obet bEXi@L@@A iVNland @6,0tH8¥0 onelof X aaua isyCH;9prévidédithatniehen

enbodi nent, a hydrogen phosphate addition salt is a preferred salt form A
conpound of the present invention can be conbined with other treatnent
25met hods and/ or additional therapeutic agents, preferably agents for the
treatment of arthritis, including the pain and inflanmation associated with
osteoarthritis. Exanples include NSAIDs or COX-2 inhibitors such as

i buprofen, aspirin, acetam nophen, cel ecoxib, naproxen, and ketoprofen;

opi ods such as oxycodone, and fentanyl; and corticosteroids such as
hydrocorti sone, prednisolone, and predni sone. 30The compounds of the

pr esent invention or salts thereof may be prepared by a varrety of

o, T | o



10known to the skilled artisan and are described in the literature. See.
e.g., Geene and Wits, Protective Goups in Organic Synthesis. The
abbr evi atwonsi1usessher ei n are defi ned accordi ng to Al dripchiuse@a/oswba, Vol .
17, No. 1, 1984. O her abbreviations are defined as follows: "ACN' refers
to acetonitrile; "Boc20" refers to di-tert-butyl dicarbonate; "BOP' refers
to benzotriazol-1- 15 yl oxy-tris(di net hyl am no) - phosphoni um

hexaf | uor ophosphate; "DCM refers to dichloronethane; "D PEA" refers to

di i sopropyl et hyl am ne; "DWVF" refers to N, Ndi met hyl formam de; "DVBO' refers
to dimethyl sul foxide; "EDCI" refers to Nethyl, N - (dinethylam no)propyl
car bodi i m d¥ iy dRDishbiol del wheBBTAN, Rdfiens Fray (@t hydnegedpdmenteXat Naadet i ¢
acid;, "Et ZOAig%hers to diethyl ether; "EtOAc" refers to ethyl 20acetate;
"EtOH' refers to ethyl alcohol or ethanol; h refers to hour(s); "HATU
refers to 2-(1HThearabenwottidngrolidd-cythpeunds docBrdBrette farandatitoyl  ur oni um

hexaf | uor ophosphat e t ha 1 ni u " 1" .refers to,1-hy enzotriazol e
nyarate. - mpehigy iy s s Mereaf S 1 KSR B B Pt ers to
t he concentsCaCHOR RE isa0l @g€MF,f Ratis pr oducies BOKs@Ectéd oK, MEIHF, nfridbi t ory

response possi ble. for that agent. "MOH' ref 5to et hyl al cohol or

met hanol ; " BEJ?‘gfS ’e?rsEEoR(ﬁ’gﬁﬂyﬁ’ 'pgﬁt? ‘f‘&‘/‘lﬁgﬂéﬁ15'1\%drt%ef‘§ﬁl¢§ofl‘6°$oom

t enper at ur ex and 3RO'CH; &fr6¥ied BatRVHRRW D RORPRORI € crChydri/icka;X ’Rmd RYTBAdS" refers
to o-benzotrjazol-1-yl-N,N, N N -tetranet hyl uroniumtetrafl uoroborate; "THF"
refers to t%ltrahydrofuran. In the Schenmes bel ow, all substituents unless

ot herw se i ndi Cathgresét envdstionR68¥ds QUBpYundehdcbRithg td REmRAGENt s and starting
materials are general ly readi I%\%ﬂaval | able to one of ordinary skill in the

art. O Her sPhegaceeicayeccpfabde sae dicepof R hivisglaged Bom or(gH kit &hdCHele¥ ocycl i c

chem stry, phiscO @ &rANaRIGOUS JrocHReRIYIENERESs Af RENOWRcRlurkeS: utakl y- 8
similar conpounds and the procedures described in the Preparations and the

Exanpl es, widciiHsokhdoneaidd andidnly MNagnd thotbér gpe oE8dod 4ss -FHe promgsd teds of t he
resent inv i . I r i M ustrated bel ow i n Schenes
p i @ﬁ&@%ldpﬁ%t%’%z@ aﬁ&’ﬁ}% Q8NN ® ot &1l

bel ow. 5Schene yl ation protection Step 3 Y= Hal ogen

4 Sc hélie pies¢rt inysttraatpesviddseoppapds af foomlof orgdepoyeadicdlly t he aryl or
het er oaryl s tit -£a i i >0 e With compound 8 in
Sohen. o ¢ RSRLR S Beof SRR BN LR FPFG ., Schens 1

depi cts the convige preemt dfvebtive psorddds iatastdiole #-famydla hal phgrencarticsliybst i t ut ed

-4-heteroaryl hal ogen to anqQ, group,. e )foll owed by the
reduction of°HH lecsgg%@‘*ﬁ?ﬁﬁﬁ%w?%gﬁﬁ%g‘%}&éﬁth%t?zglﬁ{}é the amne (3, Step 2)
whi ch is al kyl atTd pas¢ht dieptitaingededes compounds bh eraniad cand phfpeiaoehtidallySt ep 3.

The "PG' group is an ester protegting. gr 15 ed acyl. groups
such as a naéf‘%ﬂﬂb,?e s@‘ﬁﬁ@‘FreB "Fhefﬁi‘? ﬁlsgsgﬁgtﬁgglg@uéﬁﬁ@bsgrcf?{%{%r g{éb%%gfre wel |
known amy appfsecidt did M; RB&s BIk6 is H; X is CHehd 8%aRpl e, the skilled artisan
will recognize that there are a variety of caonditions useful for

sel ectively int r'd8RESHY yeripaRsogisdsoRnehdaedich ivaf fosailady cat al yzed
cyanation of hal oarenes. A cyanide source sach as Zn(CN)2, K4[Fe(CN) 6],
(CH3) 3Si CN, 20 NaCN, or KCN and a pal | &glr catal yst such as

N

N
{n\a pol ar aprotic solvent such
as DMF, ACN, or THF give N ) ep I Reduction of the benzonitrile
to the benzyl amine can bé &cconplished by h genation with a pall adi um
source such as 5% pal | adiumon WD 2012/ 161965 US2012/ 037200 9 carbon,
under acidic conditions using an acid such a’hygrochloric acid under about
60 psi of hydrogen to give compound 3 in Step 2. An internedi ate prbduct of
(Step 3) cal HfaRELRRICAY, delfh AR akkos CRIRLEMe ARCiaRoRiAAIE base such as
di i sopropyl ethylamne or triethylamne to give the am de. Deprotection of
t he ester wivawoulksf thedwvisaiian isHw hydiogep phesBatpunddition bdise such as |ithium
hydr oxi gi ves ) . ] _ hWd usfirates the
pr epar a%?on of ghgégegﬁt?ﬁfgﬁ%aarl?%&?%{ﬁgéb(gfthlta?%?lgﬁlypesi %é[?ioaryl 10 i m dazol e
pyri m di ne methylpiopaneybamine]nmtlepaNe! damethilst-[4-(ti bubremsthy iphersilibE1+ t ut ed
het eroaryl i m.daze }: €, [.S 4. | ed the.: - het er oar yl
substi t ut ed ng@agggggg(}@é&a%?%Q%agl%leg@ﬁgoﬁggaﬂgf%ﬂ& S\gg 1I%:o St%&%é S P%f formul a
la. For exanple, an imdazopyrimdine (7, Step 4) can be prepared from an
appropriate a-bronmo or a-chloro ketone with 2-am nopyrimdine in a polar
protic sol vent




15such as isopropanol or ethanol or a non-polar solvent such as tol uene
with or without a base such as sodi um bi carbonate to give an

i m dazo[ wWe-2ajxpidesi di ne (7). The imdazo[ 1, 2-a] pyri m dipa@/uSZj12mar20he
converted to the desired i mdazol-2-amne (8, Step 5) wth hydrazine,
hydrazi ne hydrate, or hydrazine hydroc@%oride or hydroxylam ne The primary
am no group of conpound 8 can then be upled with the carboxylic acid of
10 conmpound 5 in Schenme 1 using coupling agents to give conpounds of
Formula la, | and Il. Common coupling conditions involve using a coupling
agent such as benzotriazol -1- yloxy-tris(dinethyl am no)-phosphoni um
hexafluoropﬁ@sphamébymmdbwwmhwéphmﬁhdkmmhyﬁnbdemc@ﬁommdhé&ymgaabodiinide,

o-pereett] 350} il s NAL g SLAIEL Y| 0B 41 e L g, e, and

hexaf | uor ophasghatioretsivanai 3nk, szanmm R5°0ieN0.2° RaseoreysR5a91.00°,
N- et hyl m)r&hol i ne or diisopr opﬁyﬁl anne to g ve corr(ﬁ)ounds of forrmula Ia.
t

Unl ess not el?-325, ¥2H8° clot3r 24087°, @%@ﬁﬁéﬁr@ﬁ 24.B3°ust 0-at @dOnher di4¥%8r e naned

and nu ngny 0 v ( SYdTy X Solutions, Inc.) or
IUPACNZ% i%#,:&{%e 3>Iifleg’pqasra .2?7;1%118%@ +/ -di fl uor o- 3- oxo- but anoat e Add
sodiumnetal (7 ﬂhgpre’aélﬁ nrveht)onlaﬂsoppm\ndesm:omposﬁitdﬂrdomﬁﬂmﬁg $udpy tanvchailly @ure

odi um 1501 SLESRRE B LG amtiomer e ey BT S ol uti on of
et hyl difl L(@[ﬁﬂhib@(ﬁﬁ@lﬁ}&)p{laﬂyl K- 1@13420@0@)}pyfidlﬁé—eéﬁrb()ﬁa?mli@hydr@geh pRosphale UM

et hoxi de at f 25-40.C, Heat. the reaction mxture tq 65 C
while sti rr%aﬁ r?t'tﬂé gredihgEeiny sypyEnEalPYHE o efséﬂﬁéP‘a‘P‘ﬁ?ﬂté’n‘%l 10% HC1

(30 kg HCl geaera%ég%wm@frthe E9sthinge ﬂih%hw@oﬂérptréfbrampgrdaﬁr ofin v wrivxt ure is
6-7. Extract the mxture with EtOAC separate; and extract the

20aqueous | Ay cragaline mtereleng Agl (/%@%@@re%a?mrﬁﬁéerdhﬁla%f/wﬁha%té% and wash
Wi th brine &mﬁﬂn&ﬁaalhgarofn@w?ise{r (2(141§{§ylbﬂ)})inoyl:%1¥muh§'et}%ﬂQﬁn{4%9&1?553 W th 4A

nol ecul ar si eve powder ( and concentr at give the title conpound
as a brown- ﬁe(rrlfbwqmqthyem@enwa lPhgnxﬁgnOb?ﬂl}p%dm@@cy@maﬂWe hydepeRIVR (500 MHz,
CDC13,) 6 5 QL atesad = 54 Hz, 1H), 4.23 (m 2H), 3.70 (s, 2H), 1.27 (m

3H). 25Preparation 2 Et hyl ' ' ' - N

(22) - 2- [%t hoxynelihapresens ynvantpndilsol ppordss 3-pharoapantiod GemposAide cawmptisieg anhydri de
(166 kg, 16 (33 kg,

199 nol) an i r%?llé& %E?‘d%??%%%%iﬁﬁé?faﬂ?%%%aﬂ%ac}&}&n%H{%rm %g%ﬁg%gé&%ﬁdgo 100 C
Stir the miastieasteonabf @phat@ece@idadly a@cptablovarsciaddueneoroveipentyl 30 acetate

usi ng a Dean- St rat necent h re to give the
titl g conpound ( p%ggn%m@%tf%nfgg‘il%% aé’%%%%f,éungal ? 1%§$Slt%3 M%%ﬁ M—lg
CDC13,) 6 T7coafo(uet acdordm@ tdformilell or ﬁldaohémacélhbcall}llaCBemmle M thetbo afdrat 3H) |

1.32 ( Preparati .o prop-.2- eneni.trile Add
i w2 S0 Sbisspicore R sl Sl Gt SRR SR R Lt o of
cyanoacet i Cco&i}ir1@1ng3ﬁ)e &ﬁgnor85<$dnrmia)thbﬂapelméagbn@xane (120 kg) nmmintained at 80
C. Stir the sultln m Xt ure %mr 4 hours. Thereaftelr concea}rate t he
m xture. Dil ut e TPYY; ‘Hﬁ‘é“%ﬂr%“ %@e(ﬂlﬁl qg&)?a“n&alf?aél?m% ﬁ?rdl?lj‘rﬁn %ad of

silica gel;inangmi@siusidaRtcdliosic6athgiah; saRehond frofelMbBR fdihdd Efeatifgdiect t he
filtrate, and concentrate under vacuumto. give 48 kg crude product in

sol ution (19d@r Kylammagey pseciyted with ptgRa[tBigVIe methed Soypresagninistering =13 5
Hz, 1H)25 3.6 althmndal Tl feca thdfoof l&mpcgmgﬁcc{o%m%)fomm &Qﬁﬁ?hérﬁﬂcéhtlgélf}yl

5- br ono- 2- f or nyl E)yrl di ne- 3- car boxyl at e To each 06 separate 20-nL
m crowave vacasriableal thessohyar pRarmeenwscally ageepiehlespmpetittinaiscledindibryl ate (5 g,
20. 48 mmol , angu uiv), seleniumdioxide (2.98 g, 26.63 mml, 1.3 equiv),
and 1, 4-di oxane (13 nlL). Heat the vessels to 180 C for 20 mn 15with

m crowave i rradiTagipesent Qyepianeroides senefarmogpaind deeording &t foonuly desldlas; filter
through a p (3 L).
Concentrate agIL%%%dlaﬁgé& ? I|L t'gl‘rg?idtﬁg)slerﬁﬁggrtﬁé M%ﬁf&cﬂ_ﬁ %?fzag%llg}ﬁrl%aatﬁle plit the

mat er i a}0 i nraatingyeie guiadr]iyflamimaidn baoched withseatbstieach t hrough a pad of
silica gel (2 kg) eluting wwth DCM Concentrate the filtrate under reduced
pressure to furnish the title conpound as a yellow or pale orange solid
20(473 g, 93.2%vyield). M5 (nmz) (79Br/81Br) 258/ 260 (Mtl). Preparation 5
Et hyl 5-brono-2-(difl uoronethyl)pyridine-3-carboxylate Under a nitrogen

at nosphere, cool a m xture of ethyl 5-brono-2-fornylpyridine- 3-carboxylate
(473 g, 1.83 mol, 1.0 equiv) and DCM (4.73 L) to 0-5 C. Over a 2 h 25
period, add a solution of diethylam nosulfur trifluoride (364 nL., 2.75 nol,
1.5 equiv) in anhydrous DCM (473 nL). Allow the m xture to warmto room
tenperature, and stir for 16 h. Over a 3 h period, transfer the reaction
mxture in allquots to a stlrrlng mxture of ice (2 5 L) water (2.5 L),

Y. o o AN~ - v M " gt .



to give the title conmpound as an off-white crystalline powder (367 Q).

Conbi ne all isohexanes filtrates, and cool to -20 C. Collect the resulting
or ange sowpastzasigssecond crop of the title conmpound (3PCH/us201c0820NEd
yield 799 . M5 (mz) (79Br/81Br) 280/282 (Mtl). 10Preparation 6 Ethyl
5-cyano- 2- (di fl uoronet hyl ) pyri di ne-3-c¢ qraboxyl ate In a flask, dissolve
et hyl 5-brono-2-(difluoronethyl)pyridine-3-carboxylate (150 g, 536 mmol ,
1.0 equiv) in DWW (1.5 L). Degas the resulting m xture by evacuating then
backfilling the flask with nitrogen three tinmes. Add zinc(ll) cyanide (51
g, 434 mmol, 150.81 equiv), followed by

tetraki s(tri phernihepteosymiven)qugirdadtis ereoipdund ageorditg ® formolla [ @104 equi v) . Heat
the resul ti n er f.10 3 h. Cool
the m xt ur BTSRRI R ah St R R FIREL BN b o S Rt e aci i
di et hyl et rmnmmd(foﬂu@ah)lmemmeﬁthe conbl ned or gani ¢ phases with brine (3 x
2.5 L). Extract .the co |ned us Conbi ne al l
or gani ¢ phases, “ﬁt‘ﬁ&rea? I})V\?lét %@3.08 é‘c‘foﬁ m%équoa,éu%%goh Ptration, and
concent rat ep}tahﬁacémtlcbnﬁﬁceepwtﬂegaltrﬂeeiwfﬁd a@ih@ﬁl&bﬂﬁlcal%mpﬁytldnhﬁclﬁ(ﬁﬁgﬂhbI ng
material by flash chronatography on silica gel (2 kg), eluting with a

gr adi ent of “°{"P Pssedﬁ&‘?%ﬁé to 100% DCM Obtain the title conpound as
colorless oil, wh@hsaRliivdhtiingskoPhoededadbngound bécoddin®d- f3fula Me 1( Al 2) 227
(M) . Alternate Preparation 6 25Heat anhydrous DVF (57 kg) to 60- 65 C and
add et hyl (2pymaseuticatipepeciiahl wtéw‘ésofzpw HWF%IP%J Csma%&l%lutl%l%%& @30 kg,
135 ol ) f aldnpomsh Y udeh® tdrRBmdh 66 fﬁobhaﬂopfﬁﬂ%man&pa{swcaa@éa With

3-di math | am noprop-2-enenitrile ( 135.1 nol). Stir the resulting
mi xt ur elat StRogErsfing mameat ingiepd OfAﬁﬁt%ﬂgﬁﬁﬁeaﬁﬁt&&ﬁtﬁtO@ prefsrably tho 02 nol ),

and stir tr&ﬁes’&%ﬁ%nﬁo@faro@ﬁe@?m&hg(‘PBf tile%u@]%ﬂh?ass&‘?ﬁéd M’t’l’?os&&ﬁﬁﬁﬁt%rlnm xture to
RT; 30 quench with water (270 kg); extract wi th MIBE ( kg); and separate
t he | ayers. mﬂémebavma@tthqrné‘ aqueous phase with MIBE (228 kg) Conbi ne t he

(o) wash The SiToaa! Bl Dol Ay [ Bhpate KR Bpah th U RCIFAIES Lo and

concent r at e{[ Zamgﬂlybr@h@y@amdle matind bt {4-@6thkig)-[4- (mﬂumorn@hﬁinhﬁﬂyllblﬂby

[ 47 7 26 kg,
5556 1 o5 OBt LS IPIA BrbO gl ot e ﬁ%ﬁe?gg%%“g( °
8.61 (s, lH):pbtﬁmédlaidescrlbed:ﬁﬂthé-lﬂz(arﬂp-}b26&31@3!&9 (g, J =7 Hz, 1. 46 (t, J =7
Hz, 3 5P ti “ »

5 (am momet hyl 3 3% P SOVHERHSHPRFF AR B DRI ?fthw&}pgems 81 de
Pur ge a m xthemeemtfonveihdidereddo 0y adstopt2bl¢ eirklinical an®biwekeripytyiudé. ne- 3- car boxyl at e

(160 g, 707,4 mmol nd EtOH Ly with nit n nd sti.r 15 mn. Add
hydr ochl or 1 HiosBRgutcsl sy sdngnd o medGER e Hifiarihe B2 siivs and
pal | adi 2o (8 BIvweah BRArt. 48, ¢.g., Z’ZStéhllé}meHanc@O&«SéfP@l@llﬂlha‘ééuticﬁl SattQH (100 n),
and stir the resultl ncgi ensi on un ? of hydrogen at room
t enper at ur ePPRFISYS G Péé‘ﬁﬁ%ﬁe(\f%‘%%’l "?Yd‘éCHyqulzP Mt PYES 60#¥r di at omaceous
earth; washphhgn.sQlics ke M oELMAnLdenkidil sBBELSONR I NBLE rdnhgryf i I trate
under reduced pressure. Repeat this %r ocedure twice; combine thé solids;
P!

and slurry \H7Eigepobpfingny a hgdrgzauphoyphpte additionesa oy 4 prgfeaadisadrfort. he
resul ting mater 'A@&on?ﬂouﬂ@oﬁhé ﬁﬂ’ese’ﬁt ﬂi%}ﬁi‘dﬁ%aﬁ& c%hl\f)‘ﬁleh Behidifet GeftPpROUND as a
| i ght brown solid ( Preparatlon 8

Et hyl 52 anioebedstan /on a@l?t(omlfthqme@hmg@y%)m?fptah yn@erss éoaﬂwm

di hydrochl o
5- cyano- 2- (%—l ?‘ 'tior orret gbag{llg?dﬁj \gxcoaltlr SSOOQ?Itegt“élth(szfo%h,rmﬁ'oféaénprlr%sl ), EtOH
(234 kg), EneMIqNBARRy, 0r1(5(7Xf20hI)1b1tCB@s®® ae Bmpiogen, %lﬁrlnnme)arrémhmt 5% Pd/ C

(14. 2 kg, 0% 6 St r m xture at
20-30 C ung”lfe Techglﬁ&}fxi%a ke&io 5&2%’ groggsl%}{gs 0}@0040 %d o ?a[ gldfagc\l/e and
refill wt WMc&stIaromsduajgerhyémemysdne,qxredn@olom abd pmdmsoneTher eafter filter the

reacti og, m xtur and wa th Et centrate t conbi ned
reracihto o vie EREHERT ot Breharsiion or SEh st B Shelf Pyter med at e.
Dilute the ‘l’mib'@fl‘df@focw&[réﬁ kna e in the Brt,kge ofwblick uiterid@trated ithOSMem24 kQ) .
Separate t ani c ive carbon (1.9 , 0. / and 4A

ol ecul ar - s pOudas EXGmeb S bedl wrdeduchedi s st nen
filter. Dilute the filtrate with MIBE (140 kg), and treat with HCL (19.2
kg) and 1, 4-di oxane (80 kg) at 20- 30 Cto give a suspension. Add a
solution of water (5.0 kg) and 1,4 dioxane (15 kg) 30dropw se then filter
the resulting m xture. Wash the resulting filter cake with MIBE (48 kg) and
DCM (138 kg) to give the title product as an off-white solid (18.5 kg,
66.3% 14 98% HPLC). 1H NMR (500 MHz, d6- DMSO) 6 9.00 (s, 1H), 8.85 (s,
2H), 8.56 (s, 1H), 7.42 (t, J =54 Hz, 1H), 4.37 (q, J =7 Hz, 2H), 4.20 (q,

~ o o,



15vacuum at 50 Cto give the title conpound as an off-white crystalline
powder (164 g). M5 (mz) 301 (Mtl). Preparation 10

2- (Di f1 uowvormetamghides5- { [ ( 2- met hyl pr opanoyl ) am no] et hyl | PpFriSdére37200
-carboxylic acid Dissol ve et hyl

2- (di fluoronet hyl)-5-{[(2-nethyl propann%l ) am no] net hyl |

20pyri di ne- 3-car boxyl ate (414 g, 1.38 1.0 equiv) in 1,4-dioxane (4.97
L). Add water (2.48 L) and lithium hydrOX| de (125.6 g, 2.96 nol, 2.5
equiv); then stir the resulting mxture for 60 mn at room tenperature.
Concentrate the 1, 4-di oxane solution to 1/2 volume under reduced pressure,
and add hydde@@medvrriay bac@tdbi(lé'si iNdiffereing whys, 6t i?lgomiunctionwzthetwi; {rymgliffangény t o
maintain te t L€

25s0l i ds by 111 t%tp?e %}e c9 %3@@%&0@831%1 ﬁﬁ'& fI or SQ% &He![_{%dfs Tﬁe prgﬁl\ll as Oﬁfff’%% Uven at
40 C for 8Sté]1:ll]IﬂE Sblnengas%eloaf oainbct ecoekdddy o@ﬁx&ﬁtldnagmeﬁddﬂ%mdeﬂgd) M5 (m z)
303 (Mm+l). etrnte Pre ﬁ ¢ 5% "

5- (am nonetWFS 2 ?V&P?rf‘tbd’r Bfr?’é‘P {;105110%??‘?‘1&*} %’éa Ycé By YRy A ochi or i de
(0. 5003 kg, cristdhbrtiom! ) , anhydr ous toluene, (3.0277 kg), and 30tri et hyl am ne

(0.8347 kg, 8.24 I 15-L reactor. under njtro Cool the reaction
to 5 C Add a soﬁﬁ%}o)&ﬁl Yofhel SYB‘EﬁdW%?lde%?HP%f&P&‘éep 0"2‘?&%% S OGN Aol ) i n

anhydr ous tQInRNES pri@etthd 22oupd) TEY RBiabIk BRIRURY crBuplindy Bhtihk @aﬂi@(brrtﬁﬂiéréﬂt ng the
tenperature at 0-15 C Warm. 15 the resulting slurry to 20 C_and continue

stirring f o cachuscyrenagdepepding ‘thﬁhﬁ%ﬁl%!?rd%ac%‘} %ﬂnidB‘Hn?( Brdbapasie Uy usi ng

Li OH, ronohy.gk®tBat(dds m:’pei’fgﬂne@nd‘h@?ﬁo&"ch&@an@%@ﬂro&gﬁoﬂfd@)n@llh@nsrag@-@&ll on slurry
over 20 mnutes. Stir the mxture at 15-25 C overnight (18.8 hours).

Separ at ¥) t hgomayeths skilpdiarissatend pis dawsiiberia thelteitugg. tJeeamdy/dicarssand ol uene
(1.0796 kg)WuQSchggeeG,tggg llnqy,gg,geg)%ggsz@m dify the aqueous phase to pH =
3.5-4.5 with 6N HCL ma from12 N HC1 and water). Stir the
slurry at 15-25 leefd@?re\llate)nhbmd erejnsae gafmed h@ogmgtdgllwhfmzmﬁ@wﬂ&i Ri nse

t he reactor; f h. s with water
(1.0 kg) anJ%hy&?gﬁsbéh%{%éﬁgﬁ%&%é%@gﬁg@g&%ﬁe%@gﬁ rgfc%}l gs under reduced
pressure atac%n@llef BrochE’. rﬁfemduri'stettdougilvl'@altbheawi‘BD@”mfﬂpmmeizc(tﬁaﬂuﬁ kg, 70%

L Ll L e L U

Hz, 2H), 2. dlﬂll@lmnethaﬁe 6DBHA? refbid)to dﬂso@ﬂ)p(/ldthylllrrml@“IBMlﬂz reféklyo Pvepar ati on 11

2-Brono-1-(4 fl uor l-one \dd. 4-Trj f omnet hyl
pr opi ophenofl glgt;hﬂg nﬁml%ng[gg'%@o %}ert% @%@%Plf%g i%ﬁgﬁ\{jrafe_fsfﬁy'ﬁ%ﬁgf 20 to
25 C. Add buondtingargif®)penpy Deadtddiifimale)hytvclgbady; afDasetdfas aci d (200 nL) over 60
mnutes. Stir the reaction.mxture for. 1t .5 hou ench the reaction
Th S L or AP el R 00 B Op R 1 et HE T EI AT Kok 6 at -t he
sane tem)er@Ewee“EﬁH”traErsttch@thysllaWohM or BASIRGh Bd @hoW(H I IWater refels bo) at 10
to 15 C, and drg the solids under vacuum 20at 25 to 30 C for 15 hours to

give the titfll @ﬁa&éﬁﬁ%rla(zalz]syli"bl 3gaetyapashyd peppium hexpfpererorhiaz . d6- DVBO) 6
8.20-8.23 (ﬂetha{]namnﬁulﬂ "ﬂ?OB'?’H)eferJtoa aro% lbégzotnlaz&leﬁyd}at'élz“lPlzkgfers% 82-5.89 (q,
J = 6.3 Hz, 1H), 1.79-1.81 (d . Preparation 12

2- Met hy| - 3-ipoproryl alpvh%pblmrwpylp}i&xy|r7ﬁe%t@ﬁlf6?wewaéqoayf hagentikat2s n a
thermal Iy C[QB@JC% $@M of B Limal ﬁhibﬁtoﬁlf r@gﬁﬁ%rp%ss%‘le Rt Q{ap@n#‘lﬁeOH” refers
(trlfluororrethyl)phenyl]propan- -oné , equiy), IPA(51L),
- am ndpy rtormicdivhelcolrd sr gethanod;3“NHBE” aefez s é@]ﬁlﬁ‘,h)’l feiamtﬂs gthi?ru nRT) Fedess onat e
(298 8 g, » & ion, and
concentr at éogﬁt%%eﬁ%%e letﬁ@e It%eésat? sﬁ)ﬁl@ %ﬁ%ﬁgtu grulﬁr)]%d Tk}ﬁb&;Eﬂ)a%?sgtléd wash
with brine QEenzy)trlaRéleﬁl{N NAY N tegraB@thly ireveunpgetratlydroorCMIHE ” Beftry fo conbi ne
all the or%&h do?ﬁ? and dry over My504; filter; and collect the
filtrate. & the filtrate to dryness under reduced pressure, and
slurry the resullhihegchatesgalon, all Etb2@ugérts ldsy othGotideaadicdtérp arcasul ti ng sol id

Fine, ot aiiry e BOfreq i ysnbit Tafog R e il Bl FORUPE ol e

Procedur e AsncRif eflatagt dkdlhinkRe art. Others may be made by standard techniques of organic

2- Met hyl -3 trifluoronethyl)phenyl]imdazo[1, 2-a]pyrimnmdine 5D ssol ve

5 br oo 14 AU SHETRGY ERGHST Yitashino TRtz iogn 683D povol ) Sand
2-am nopyrimdine (5.464 g, 55.729 mmol) in EtOH (40.0 nL). Heat the

m xture to reflux, and stir for 24 hours. Concentrate in yacuo. D ssolve
the residue in Et0OAc (750 nlL); and wash sequentially with saturated agueous
Na5203 (250 nlL), saturated aqueous NaHCO3 (250 nL), and saturated NaCl (350
m.). Crystallize the 10orange residue from heptanes/Et0OAc to give the title
product as a white solid (3.29 g, 46.85%yield). 1H NWVR (399.83 Miz,

d6- DIVBO) 6 8 84 (dd J= 1.9, 7 0 Hz, 1H), 8.54 (dd, J= 2.0, 4.2 Hz, 1H),

N NS N — g~ g ey o~ 4 ~1 N -— A~ £ 1.1 - A a ~ o~ '



20pressure. Cool the distillate to 25 to 30 C, add water (1 L); and stir
the m xture 4 hours. Filter the m xture collecting the solid, and then wash
t he sol i dwai20te/®196% sol uti on of MIBE (200 ni) in hexaneCTMSgomia728@l i d
under vacuumat 45 to 50 C for 12 hours to give the title conpound (35.4 g,
35%ield). 1H NWR (300 MHz, CDCl13) 6 8.858 (g, 1H), 8.24-8.26 (d, J = 6.6
Hz, 1H), 8.00-8.02 (d, J =8.1 Hz, 2H),°7.72-7.75 (d, J = 8.4 Hz, 2H),
256.92-6.96 dd, J = 3.9 Hz and 4.2 Hz, 1H), 2.69 (s, 3H). Preparation 13

4- Met hyl -5-[4-(trifluoronethyl)phenyl]-1Him dazol -2-am ne Stir a

m xture of 2-nmethyl-344-(trifluoronethyl)phenyl]imdazo[1l, 2-a]pyrimdine
(180 g, 64%idilanmrompoundegud hy piopedard idefctibel inYhealrepamtidnoand tharExrennlt59 i |

2.596 nol , . Y . an internal .t r e . 48 .hours. Cool
the i xtur o ManEREHcIRlnd DL RRL R R AU HE S o it s 00w (1 5
L), and wastandegrepmti ad geypenally Hluwedtaibe{@@v d SsBEnasibeloand brine (500 nl). Dry
t he organi c phase over Mg504; filter; collect 17 the filtrate and; and
renove the solvent in vacuo to give a yellow gum Purify the resulting

mat eri al5 by flash chromat ography on S¢Heimea gel (2 kg), eluting with a
gradient of 4:1:0.02 DCM MeOH NH3 to obtain the title conpound as a yell ow
foam (95% vyi el d) o (mz) 242 (M+l). BPRepare the foll ow onmpounds in
Tabl e 1 essentS t he nmet hod o, at i efrodedaiM t PE-L, ropriate

i m dazo-pyrinm dinel Jabl'e 1 Prep. Nane ES/IMS (TMTZz) or 1H NMVR 14
5[6-(Trifluoromethyl)-3- p¥Pidyl]-1Hi mi dazol - 28 ne 1H NVR ([39%c83 Mz,
d6- DMBO) 6 10.68-10.66 (m 1H), 8.96-8. 9§N(m 1H), 8.14-8.11 (mH,1H), 7.73
(d, J= 8.4 Hz, 1H), '7.34-7.33 (m 1H), 5.48-5.46 (m 2H). 15 3

4-Met hyl -5-[6-(trifluoronmethyl)- 3-pyridyl]-1Hi m dazol-2-am ne 1H NWR
(399.83 MHz, d6-DWVS0) 6 8. 85 (d, J= 2.2 Hz, 1H), 8.14 (s, 1H), 8.02 (dd, J=
1.8, 8.1 Hz, ;XIL_;!?aﬁon7'77 d, = 8.1 Hz, 1H), 5.65-5.63 (m 2H), 2.29 (s, 3H).
16 5[ 4- (D fl uoromethytidphényl] - 1H i m dazol - 2-am ne 1H NVR (399. 83 Mz,

d6- DMS0) 6 1(Pes2ectr0. 49 ( H, 7.76-7.75 (m 2H), 7.45-7.43 (m 2H),
7.12-7.10 (m @&k, 5.33-5.80J(m 2H). 17 544-(Di fl uoronet hyl)phenyl]-4-

met hyl - 1H i mi dazol - 2-ani ne §H RMR (399.80 Mz, d6-DVSO) 6

4

Y = Halogen

Scheme 1 illustrates the preparation of compound 4, the aryl or heteroaryl

substituted 3-carboxylic acid to couple with compound 8 in Scheme 2 to prepare
10 compounds of formula I, II or Ia.

Scheme 1 depicts the conversion of the substituted-4-aryl halogen or substituted
-4-heteroaryl halogen to a cyano group, (2, Step 1) followed by the reduction of the cyano
group with hydrogen to give the amine (3, Step 2) which is alkylated and deprotected to
give the amide compound 4, Step 3. The “PG” group is an ester protecting group

15  developed for acyl groups such as a methyl, ethyl or t-butyl groups. Such protecting
groups are well known and appreciated in the art.

For example, the skilled artisan will recognize that there are a variety of
conditions useful for selectively introducing a cyano group such as a palladium catalyzed
cyanation of haloarenes. A cyanide source such as Zn(CN),, K4[Fe(CN)¢], (CH3)3SiCN,

20  NaCN, or KCN and a palladium catalyst such as tetrakis(triphenylphosphino)palladium or
tris(dibenzylideneacetone)dipalladium (0) in a polar aprotic solvent such as DMF, ACN,
or THF give compound 2, Step 1. Reduction of the benzonitrile to the benzylamine can

be accomplished by hydrogenation with a palladium source such as 5% palladium on



7.60-7.54 (m 2H), 7.51-7.47 (m 2H), 7.09-6.81 (m 1H), 5.50-5.47 (m 2H),
2.23 (s, 3H). LCGws: 224 (Mm+1l) 18 5-(4-Fl uorophenyl)-4-nethyl -

1H i m dazwD-28r2awi9se¢ 1H NVR (399. 83 MHz, d6-DVS0) 6 10. 5P€TQIS2@2(087204H) ,
7.49-7.46 (m 2H), 7.12-7.07 (m 2H), 5.05 (s, 2H), 2.18 (s, 3H). 19

4- Met hyl -5-(p-tolyl)-1H imdazol-z-amd’ne 1H NWVR (399.83 MHz, CDCl13) 6 7.59
(d, J= 2.1 Hz, 2H), 7.32 (d, J= 8.1 Hz, 7.11 (d, J-79Hz 2H), 6.33
(t, J= 2.1 Hz, 1H), 2.22 (s, 3H). Preparatlon 20

103- Br ono- 4- (di br ononet hyl ) benzonitrile Heat a m xture of

3- br ono- 4- net hyl benzonitrile (25.0 g, 127.5 mml, 1.0 equiv) and
n- br onosuc cdariom wele( NBRE) co(nsitibﬁs @inm@cm soehpds, hy@rodhleguiaon) uridar 'd@ub@h
tetrachl Orllg?odl‘gy%r %01990 r31?)00 ur&ls nfSQegp%tra %ﬁédlgg }odﬁ %f ngptuh

suspensi on, tion cen |Itrate
under redu c@obrq:pa&slsmmg an acndl clpicnncilef ayldtah ergaeis bhdeisnch asrdust@rqsmzﬂeﬂmlaainndayr

chr omat ogr aph n SI ica e ing with r adi % THE/ hexanes to
Fur i oh enereiy PR sEEH i dhgfledton O fe R InT oere B mAD  Boct ) 6
8. 10 (d,5 5ldducchsbhaf. sﬁc}HiS)h,thlimT@drbdl,de gives the amide34)Hz) , 7. 67 (dd, 1H, J = 8. 2,
1.3 Hz), 6.99 (s, 1H). Preparation 2%

3- Br onp- 4- (di f | uor onet hyl ) benzoni tri PE™ 2  Add silver tetrafl uoroborate
(26.69 g, 135.7 nmmol, 2.5 equiv) to a solution of 3-

br ono- 4- (di brononet hyl ) benzonitrile (19.2/g7n54.3 mmol, 1.0 equiv) imnDCM

(200 nL) 10 under a nitrogen atnosphere, stir overni ght at rog,m/\(
tenperature. Renove fhe solids by filtrati QnN concentrate the filtrate
under reduced pa 7 andesibj ect t4r1/e| estl ting crpee materipdl 0%ilica
gel chronat ogr ylel et i ng—wrtha gy of 2-—5%—'FHF/—|=sexaB? N ufni sh
the title confourd (¥.0 g, 71%yiel d). IES (mz) (79Br/81Bt) £31/233 (M.
Preparation 22 18¥et h 5- cyano- 2- (dlflfjor onet hyl ) benzoat e ° Purge a

yl
m xture of 3-broreo-4-(difluoromethyl)benzonitrile (8.87 g, 38 28mml, 1.0
equiv), triethylamne (16.0 nm., 114.7 mmol, 3.0 equiv), MOH (70 nm), and
DMF (120 nL) with nitrogen; then treat the m xture vvlth al l adiun(11)
acetate (867 nmy, 3.82 nmmol, 0.1 equiv) and Coupfing

1, 3- bi s(di phenyl phosphi no) propane (1.61 g, 3.82 mmol , S8l egy 0O Stir
the m xture under 138 kPag of carbon nonoxi de at roomt eratu or two
days and then 80 C for one day. Cool the m>Rtsure to rodm t enper aly and
dilute with Et20 (300 nL). WAsh the m x t wat er; and satura egeﬂo]\%odl um
chl oride, and separate the organic | Byek. Nlﬂh c |l ayer ové{r sodi um
sulfate; filter; collect the filtrate; and coRAcent r dt e jjunder r eduted
pressure. Subject the resulting crude material to silN€aogel

25chr omat ography eluting with a gradi ent of 10-15% THE/ héxanes gradi ent to
give the title conpound (6.19 g, 77%yield).*"BEks (m 4 ZI1 (M.
Preparation 23 Methyl 5-chloro-2-(trifluoronethyl)benzoate D ssol ve

5-chl oro-2-(trifluoronethyl)benzoic acid (10 g, 0.044 nol) in MeOH 30(150
nm). Add thionyl i ng

m xture to 70 CSCH @%llﬁ&ra&%ﬁh&g Ilgﬁ)aoaﬁﬂr%g1 ngtzéﬁ]%\reﬁg%&é Orﬁlgg%ﬁtg(?gér@%u fer

r educedl(pr essdazele ppowidinctbatiessed trepremraon wastented aQ0omruhstitderthetscoardct t he
aqueous wt 00 n i er sodi um
sul fate, 31 %%g@éné&t at%s T 3@1621 Wltg{tjl%:éet%ié]%?’léosrshgggg gllgnlﬁ\?t(lal%ta ﬁe%ﬁ) % Ye conpound
(11.5 g, 96acﬁP/tjrora§clwmed|tb.gwl:ldoﬁdbﬁu(d@@ﬂfoi\ﬂﬁzlaIaCDClS ) 6 7.78 (d, J = 2.1 Hz,
é::i)l)’ gpsg pc('i?:'it;] gﬁr %Fmpll_'z an %n%ézogyr?rgidﬁl%%/, S‘%ep_4)%é1nlbe p8rép7are|_clzﬂorr]f "c{R’ 3.95 (s,

appropriate a-bromo or a-chloro ketone with 2-aminopyrimidine in a polar protic solvent

15  such as isopropanol or ethanol or a non-polar solvent such as toluene with or without a
base such as sodium bicarbonate to give an imidazo[1,2-a]pyrimidine (7). The
imidazo[1,2-a]pyrimidine (7) can be converted to the desired imidazol-2-amine (8, Step
5) with hydrazine, hydrazine hydrate, or hydrazine hydrochloride or hydroxylamine. The

primary amino group of compound § can then be coupled with the carboxylic acid of



Met hyl 5-cyano-2-(trifluoronethyl)benzoate Di ssol ve net hyl
5-chloro-2-(trifluoronethyl)benzoate (500 ng, 2 1 mmol ), zinc (I1) cyanide
(197 ng, woeasiymwewdes, zinc (55 ng, 0.84 mmol ), di-pal | adipamuSke1p/037200
tris(dibenzylideneacetone) (192 ng, 0.21 mol ), and di phenyl phosphi no
ferrocene (233 10 ng, 0.42 mmol) in di q@t hyl acetam de (20 nmL). Heat the
reaction mxture to 8 C, and stir for 12 hours. Pour the resulting mxture
into water, and extract with EtOAc (2 x 100 nL). Dry the conbi ned organics
over sodiumsulfate; filter; collect the filtrate; and concentrate the
filtrate under reduced pressure. Purify the residue by silica gel

chr omat ogr agimpowddii inrfighevn¢ hugag d.oupémg@leetﬂm grhemBuidefFfongilvk, tdd titl e

comount, (340308, S 5 LML GNP T

5- (am norret3!*1yvk}}tr12({1(rd¢th3|'1ummo)mhdsyﬂo)lbmrn]zaxaﬂlmrmmmlaﬂel mopﬂﬁloﬁiolroge a m' xture of

nmet hyl 5-cya ( oate 44, equi v),
pal | adi um ( flrbcﬁ (g%lﬁlgﬁ %%6%%621 H&Nﬁ ﬁe%me ‘&JOWE’\‘B]H (50 n)
with nity ogtemaﬂmenra&ddndwdlrmalakabenmr&@om (;1371 m%tammﬂqsuro&ual m., 105.6
mmol, 2.38 equiVv); and stir the resulting suspensio 275 Pag of

yar bgen- at BB LRTGHE AR G HERIB RE SoN PSPt § on:
concentr at eortdhg‘oﬁréﬂyﬂarnaﬁ@tolgﬁk@%mﬁ)sﬂw@eﬁlfoﬂﬁﬂgwre and dry the resulting
material in a 40 C vacuum oven overni ght 25to ive the title corrpound as a

light brown sol iy nergd fp theauriyethy pompaynisilipgased henegm grymamed g5depar at i on
26 Met hyl %&me@%ﬁg 'S%Jng/x@ﬁriv(l WEdigRB Qr@;rh%;l shenmoahe) dpachi akde Prepare
essentially é the method of Preparation 25 with the appropriate nitrile.

30 ES/ MY rrl‘ic BABSMr1-C1). Preparation 27

2-(Di fluoronet hyl)-5-[(2-nethyl pr op%]%gtmlno) met hyl ] benzoi ¢ acid 20 Add

i sobutyryl chloride (0.571 nL, 5.42 nmo 1.05 equiv) to a mxture of

met hyl 5-(ami nomet hyl ) - 2- (di Ethyb#, @ﬁﬁlﬂhw 3 benbwaraatchydr ochl oride (1.30 g,
5.17 mmol, 1.0 i r , 2.1 equiv) in
DCM (50 m_) at re'%dce)lr%\é%hg%pqg?tg (Zrﬁé an%ﬂ??glﬂlﬁg&%@@ﬁigé )rggﬁfg hour. Dilute

t he m xt ur e meitthiniDECMe tovasdnatwictbhl oSyt °€r Stit themeamictrrmamsaumﬂ&teesddlsmdl um
chloridg aq S..S e R n sqgi um

ul fat e 111y reso i hdsh e aRFRRLBLR AP, RUGRR Gy Sy A SR SRE

Di ssolve t hekgrygmhdl) inFtOAude kpptoethe sdd1unmet]ho>4de1|atca>tam1®rz(tﬂ1@ ofiRy- 40 and add

sodi um hydr oxi d 1..93 r.the resulting
Suspenst on aiceidBe telebin Rl o bRC0RHE phiine, REHA sonPl kel f Bt e
pressure, andnferaat. Ade 109300k HEbindRo4 W trated) tNthbGﬁqmmuﬁﬂ y@Hagthl ori c
acid until the Hre tract t sus |on th Et OAc (2
2 50 ) vlefhet B3 mredcainee pig BRGSO L st tim chl o i do
aqueous2ol utiddis lah& adih wit BYOAY €90 @@dcmlﬁ@bﬁg&ilephésesl el wasBRdtheeineent r at e
the filtrate under reduced pressure to give iwe t|tIe conpound as a white
solid (1.32{yaC léét8/&<%9.w&5er<1éé§&@ PRy ty 012%?910@ gyvithfspelselasicdn 28 Et hyl

2-(di 1 uor omgiitl(1s ﬁg}zambﬁt}éh%té)ﬂﬁgi&%h@mw by sl dOMBxlvfﬂJleWm@@BbOXy' ate
Treat a mixture of et Qv)/ - (am nonet %Qg 2-(difluoromethyl)pyridine-3-
P QM5 08

car boxyl at e kgi Ryeyisbn?Ge Cepuritg. 9 ICthabE’éaM"v; 5&)@%« [BBo0 n),
and N, Ndi i soprqRybgf, Igwbggnzp% 1(2479(8 , 283.5 mmol, 4.54 equiv) with

i sobutyryl chloride (8 nmml, 1.36 equiv). Stir the resulting
suspenston at roomtenperature for @l@mﬂfﬂtmﬂes pour the mxture into a

sat urat ed sodi um bi t ut4 ) extract with DCM
(3 x 20 nL). Conbi ngﬁftiﬁ@%)r n| c@%ﬁ){l@@gf (gir:h;l/((rg\%eéyo bmmglgﬂerermve t he
solids by fil tr@tdd@netlcanhydrblné&tﬁthgat@%mé)tbialmlxmteeofwﬁd’é# 4r educed pressure
to give a yel ] - I' t 20: i sohexane
(100 1) - aripfiefaesBR e 100 bSD MM R Rle (O KD 400 oo 1 P37
g, 93.6%yi eﬁarﬁ)tam@it%l()@rf@) St&@lﬂs mMﬁ@ at%HtO@l”ﬁdd)rEB Phrepaamdtreoove2ghyiEt hyl

Cool it ARy padhpres Tk RBHEE e SR Bk § s A8 oo ™ ©

30car boxyl atcemfindds g k¢, dotdeeld, Z@"/BGg,puﬂlfly;t 18{ NNV (500 MH2 GDICK) ), & TRM (510

ol Ut on of FoBulgryt: Ghbrithetd 15 4nl st Ts Angr 2 5 equiv) 1 n DOM (23
m.) drop wise over 20 min. Stir 21 overnight while allowing the mxture to

warmto roomtenperature. Renobve the solid precipitate by filtration, and
rinse the filter wwth Et0OAc (500 nmL). Concentrate the filtrate




under reduced pressure; filter the concentrate to renove the solids; and
rinse the solids with EtOAc. Concentrate the filtrate under reduced
pressure wWo 2givei1®syel | ow oi | . Subject 5this crude natepPcalust@298120ca gel
chromat ography eluting with a gradi ent of 40-90% Et OAc/ hexanes gradient, to
give the title conpound as a |light yel Il(i)w crystalline solid (25.8 g, 77%
yield). ESSM5S (mz) 301 (Mtl). Prepare the foll ow ng conpounds in
Table 2 essentially by the method of 10 Preparation 28 with the appropriate
ammonium salt or primary amne. Table 2 Prep. Name ES/M5s (nfz) or 1H NWR 29
Met hyl 5-(acetam donet hyl)-2- (difluoronethyl)benzoate 1H NVR (399. 80 MHz,
d6- DVB0O) 6 8.46-8.43 (m 1H), 7.81Ppgratiad)3, 7.72 (d, J= 8.2 Hz, 1H),

7.61-7.32 (m 2H), 4.30 (d, 5.6, . . (s, 3H), 1.85 (s, 3H). 30
Met hyl 2- (di f1 uor onet hyl )-5-%%%8%5%91?0%%2 %nrﬁ%#%l%l | benzoate 1H NVR (399. 80

MHz, d6- DVMS0) GAELBmMethyltacetd46kE),41% nbbhHiaz |,4dd)xand (38kgf ®,a sbhyipn éf 72 (d, J=
£2 1 10 L8 Bl A0 Hp o, s 212
2- (di f 1 uor orrilting hixbird {02 4 Rourd] Tedréufle peanpainaiel tidinajrereDhiyt feaaddirtvathl H NIVR
51y, 606 (MTBE ke B thiotgia syt i iyt yaghy Sicigy padivisg (B 107y |
WO 2012/ 161965RST/IAIBEA 11/ 11342 AQd 2enc3@dradidayd vadufih tdadiee 48 o ctude product
met Y PropanoX A (18T 1% Vi 2 APRRE (00 e, EBET) §o0Y (@05 43, YR Y
[(2
3.7 (d,J =13.5 Hz, 1H), 2.86 (s, 6H).
10 Preparation 4
Ethyl 5-bromo-2-formylpyridine-3-carboxylate
To each of 106 separate 20-mL microwave vials, add: ethyl 5-bromo-2-
methylpyridine-3-carboxylate (5 g, 20.48 mmol, 1.0 equiv), selenium dioxide (2.98 g,
26.63 mmol, 1.3 equiv), and 1,4-dioxane (13 mL). Heat the vessels to 180 °C for 20 min
15  with microwave irradiation. Combine the contents of the reaction vessels; filter through a
pad of silica gel (2 kg); and rinse the pad with DCM (3 L). Concentrate the combined
filtrates under reduced pressure. Split the material into two equally-sized batches, and
pass each through a pad of silica gel (2 kg) eluting with DCM. Concentrate the filtrate
under reduced pressure to furnish the title compound as a yellow or pale orange solid
20 (473 g, 93.2% yield). MS (m/z) ("Br/*'Br) 258/260 (M+1).
Preparation 5
Ethyl 5-bromo-2-(difluoromethyl)pyridine-3-carboxylate
Under a nitrogen atmosphere, cool a mixture of ethyl 5-bromo-2-formylpyridine-
3-carboxylate (473 g, 1.83 mol, 1.0 equiv) and DCM (4.73 L) to 0-5 °C. Overa2h
25  period, add a solution of diethylaminosulfur trifluoride (364 mL, 2.75 mol, 1.5 equiv) in
anhydrous DCM (473 mL). Allow the mixture to warm to room temperature, and stir for
16 h. Over a 3 h period, transfer the reaction mixture in aliquots to a stirring mixture of
ice (2.5 L), water (2.5 L), and NaOH (50 wt% aqueous, 400 mL), taking care to control
the fuming. Dilute the resulting mixture with DCM (1 L) and water (1 L). Separate the
30 layers, and extract the aqueous layer with DCM (2.5 L). Wash the organic layer with
water (2.5 L), and allow the mixture to settle for 10 minutes. Separate the layers; dry the

combined organic layers over MgSOy, ; remove the solids by filtration; and concentrate



met hyl pr opanoyl am no) net hy1] -2- (trifluoronethyl)benzoate 1H NVR (399. 80
MHz, d6- DwVSO) 6 8.20-8.17 (m 1H), 7.80 (d, J= 8.2 Hz, 1H), 7.63 (s, 1lH),
7.55 (dd,wo=202/161968. 1 Hz, 1H), 4.32 (d, J= 6.0 Hz, 2H), P8TAB2¢12/03RB), 1.11
(s, 9H). 34 Ethyl 2-(difluoronethyl)-5- [(2 2-

di et hyl pr opanoyl am no) net hyl | pyri di ne1 -carboxyl ate 1H NWVR (300. 11 Mz,
DVSO) 6 8.74 (d, J= 2.1 Hz, 1H), 8.27 t2 J= 5.7 Hz, 1H), 8.12 (s, 1H),
7.60- 7.24 (m 1H), 4.39-4.32 (m 4H), 1.35-1.26 (m 3H), 1.13 (s, 9H).
Preparati on 35 Ethyl

5-[(tert-but oxycarbonyl am no) met hyl] - 2- (di fl uor onet hyl ) pyri di ne- 3- car boxyl a
t e Conbi ne tbt RittatGmflemicdionepiessiie: Digsdive theoesitghndtrpyimi RICMe 6@ whi.boxyl ate 5

hydr ochl ori 7 F ) d toxycar bonyl
tert-butyl glg %Sﬁ%r%e%gq%fféﬁﬁngﬁq(E%g)glflgnﬁ%}tﬁ%gpﬂ r(2 e én%%ﬁ ntﬁrrg%ééta%< room
t enper at ur eclfian ualeoretluckQ prassunt, @sd rebystallize dic hgshibing netefisl 2&b hodiso-37. 484
nmml ), and stlr erat . _Renpve t sol.i.ds by vacuum
F1Terat on, s kb QS fUBRARE10 et utbafird N R a8t ™Y e
(pr2 gg sur ES | Flﬁslltrmﬁ()n, tviagh thesdlids writlg c@’lﬁhéo@i}ﬁxfﬂeb any d?ihdﬂd%egﬁ:_bd Illt@ssﬁl]fzﬁ’ai) ngt;%)/g IrE ?ggy
g Redi Se col u el uting. wi a i 0 0 c
gradi ent in® I%g%?éﬁ?e“ ecfoﬁi%%“dt"ﬁénp Py IRt &bt gﬂlﬁa’ovéefégg@- g@%bﬂ}’leéﬁﬂﬂo as a
|2i ?_hhzyeal_b%xgﬂeﬁgltﬁahésl 4 cs6llth d20 IH Mﬁcﬂtﬁ&&sﬁﬁn%&nge@@%@%@ke@n%cr%ﬁ Hg d, 2|J_|) =
42404 21 (hhefecompaeny(s7 Sl gomtinedo T 8 thiay (b W@ i 2 a1
(Mrl). 15Prgpanation 36

2- (Di fl uoronet hyl)-542- et hyl propanoyl ani n 6) met hyl ] pyri di ne- 3- car boxylic
acid 28 Stir a mxture of et Rigparation

2- (di f1 uoromet hyl) - 5- [dq %85%'Pg&ﬂi’lﬁﬁ&lﬂétﬁ}mp?%ﬁ%fb\é}bbxylate
pyri di ne- 3-car boxyl ate (19 equi v),” 1, 4-di oxane (244

m.), water (125 Inﬁﬂasladtasqlvetqﬁhxh prblgrole- é)(dlﬂﬁor(@efhﬂ)]@’ﬂdl@@ eanisIxylae (18) equi v)

at roomte

hydr ochl or| g@l}n(lljl'{ ?51 (ﬁlgqué%r}imr?ﬁ(q%% m%s%%%k@ﬁn@é%x@{kﬁ %Vr%\ﬁ\l/atgn% ﬁgHg?;Zm c

sol vent und@lckﬁlénlgjthecﬂlam\e@smtregendhﬂemtlmes hedd zmllt ¢yagids (A3t omoli t h wat er
500 ni)4 Lt t

Sol 1d v h Viak b0 T8 RE g g bR AR P Rl e ©

conmpound aseqaivf.i Heatwhe beiltiglsigbefsidh 10 ag ;nt&ﬁ%tynlﬁrdl)rc oEBIOVIE (orr‘B h) C2d3 (Mr1).
10Pr epare ttlﬁ

Pr epar ati on §gm§]“te g’ ts%gﬁg%%?e?i‘%%e ggﬁgfner é I@I’S %?dgx'g?% B‘Xth%ieélt@n E@%& Eg? Ngf
(mz) or 1k NSR)3WaIs]h Bl c@mbied drigmtiopiek syl ijh tofng23 22.5 L). Extract the
o ety o opaney am ne) LAV 06, iSRRG LS AR (39900
(m  1H) 20 7.90S3,. 3%nidVe thehdblidsdby3htritehn, skid Bnéeniitte the filtrate under reduced
pressure. Purify the resulting material by flash chromatography on silica gel (2 kg),
eluting with a gradient of 1:1 DCM/isohexane to 100% DCM. Obtain the title compound
as colorless oil, which solidifies on standing (114 g, 94.1%). MS (m/z) 227 (M+1).
Alternate Preparation 6
25 Heat anhydrous DMF (57 kg) to 60-65 °C and add ethyl (27)-2-
(ethoxymethylene)-4,4-difluoro-3-oxo-butanoate (30 kg, 135 mol) followed by the drop
wise addition of a solution of 3-dimethylaminoprop-2-enenitrile (31.6 kg, 135.1 mol).
Stir the resulting mixture at 60-65 °C for about 5 h. Add ammonium acetate (16 kg, 202
mol), and stir the mixture at 60-65 °C for 12 hours. Cool the reaction mixture to RT;
30  quench with water (270 kg); extract with MTBE (114 kg); and separate the layers. Re-
extract the aqueous phase with MTBE (228 kg). Combine the organic phases; wash with
water (300 kg); filter through silica gel (15 kg); wash the silica gel with MTBE (114 kg);



2H), 1.10 (s, 9H). 38 LiOH 5-[(tert-Butoxycarbonyl am no) net hyl ] - 2-

(di fl uoromet hyl ) pyri di ne-3-carboxylic acid 1H NVR (399. 80 MHz, d6-DVS0) 6
8.40 (d, wem2BieHws 1H), 8.12-7.84 (m 2H), 7.50 (t, J=PETAISEIN2/03HpQ
4.14-4.11 (d, J=6.1 Hz, 2H), 1.35 (s, 9H). 39 Li OH 2-chl oro-5-[(2-

met hyl propanoyl am no) net hyl ] benzoi c aci1 256 (M+l) 40 Li OH

5- (Acet am donet hyl )-2- (difluoronethyl)benzoic acid 1H NVR (399. 80 Mz,
d6-DWvVs0) 6 13.51- 13.47 (m 1H), 8.45-8.42 (m 1H), 7.83 (s, 1H), 7.70-7.39
(m 3H), 4.30 (d, J= 6.0 Hz, 2H), 1.85 (s, 3H). WO

2012/ 161965PCT/ US2012/ 037200 24 Prep. Base Nanme ES/M5 (nfz) or 1H NWR 41

Li OH 2- ( Di fdollestdmeeliltigtesy; add cqncprtiopan givk dvionalempetduyt Phbgizohich aqivdfitgH NVR

(399.80 Mz, A6 INRD:& didh B &3 AL (Biveti 8ot isotnds ke, 85% yield
98.6% purity by GC). 'H NMR (500 MHz, CDCl,) 8 9.09 (s, 1H), 8.61 (s, 1H), 7.44 (t,J
=54 Hz, 1H), 4.49 (q, J =7 Hz, 2H), 1.46 (t, ] =7 Hz, 3H).

5 Preparation 7
Ethyl 5-(aminomethyl)-2-(difluoromethyl)pyridine-3-carboxylate hydrochloride
Purge a mixture of methyl 5-cyano-2-(difluoromethyl)pyridine-3-carboxylate (160
g, 707.4 mmol) and EtOH (2 L) with nitrogen and stir 15 min. Add hydrochloric acid (37
wt% aqueous, 273 mL, 3183.2 mmol, 4.5 equiv) and palladium (5% on carbon, 48 g, 22.5
10 mmol, 0.031 equiv) in EtOH (100 mL), and stir the resulting suspension under 60 psi of
hydrogen at room temperature for 70 min. Remove the solids by filtration over
diatomaceous earth; wash the solid cake with EtOH (1 L); and concentrate the filtrate
under reduced pressure. Repeat this procedure twice; combine the solids; and slurry in
Et,O:DCM [10:1, 5.5 L]. Filter the solids and dry the resulting material at 45 °C for 3
15  hours to give the title compound as a light brown solid (714 g, 96% yield). MS (m/z) 216
(M+1).
Preparation 8
Ethyl 5-(aminomethyl)-2-(difluoromethyl)pyridine-3-carboxylate dihydrochloride
Add a mixture of ethyl 5-cyano-2-(difluoromethyl)pyridine-3-carboxylate (24 kg,
20 122 mol), EtOH (234 kg), EtsN (16 kg, 157 mol), Boc,O (57 kg, 251 mol) and wet 5%
Pd/C (14.2 kg, KF= 50%, 0.6 g/g) to an autoclave. Stir the reaction mixture at 20-30 °C
under 0.3-0.4 MPa hydrogen pressure. Empty the autoclave, and refill with fresh
hydrogen every hour for 14.5 hours. Thereafter filter the reaction mixture, and wash with
EtOH (28.4 kg). Concentrate the combined filtrates to give the fert-butoxycarbonyl
25  (BOC) protected intermediate. Dilute the material with water (70 kg), and extract with
DCM (124 kg). Separate the organic layer with active carbon (1.9 kg, 0.1 g/g) and 4A
molecular sieve powder (9.5 kg). Stir the mixture for 3 hours and then filter. Dilute the
filtrate with MTBE (140 kg), and treat with HCI (19.2 kg) and 1,4-dioxane (80 kg) at 20-
30 °C to give a suspension. Add a solution of water (5.0 kg) and 1,4 dioxane (15 kg)
30  dropwise then filter the resulting mixture. Wash the resulting filter cake with MTBE (48
kg) and DCM (138 kg) to give the title product as an off-white solid (18.5 kg, 66.3%,



(m 1H, 7.83 (s, 1H, 7.70-7.39 (m 3H), 4.30 (d, J=6.1 Hz, 2H), 2.13 (q,
J=7.6 Hz, 2H), 0.99 (t, J= 7.6 Hz, 3H). 42 LiOH 2-(Difluoronethyl)-5[(2,2-
di et hyl pwopareoph®si no) net hyl | benzoi ¢ acid 1H NVR (399. 80TMS20120872DNMS0) 6
13.46 (s, 1H), 8.16 (t, J= 6.0 Hz, 1H), 7.82 (s, 1H), 7.71- 7.40 (m 3H),
4.30 (d, J=6.0 Hz, 2H), 1.11 (s, 9H). ﬁS sodi um hydr oxi de
5-[(tert-Butoxycar bonyl am no) net hyl ] -2-"(di fl uor onet hyl ) benzoi ¢ acid

300(M 1) 44 sodium hydroxide 5-[(2-Methyl propanoyl am no) net hy1] - 2-
(trifluoronethyl)benzoic acid HL NVR (400.43 MHz, d6-DVSO) 6 13.66- 13.63
(s, 1H, 838835(m 1H, 7.74 (d, J=8.1 Hz, 1H), 7.60 (s, 1H), 7.49
(dd, J- 0. 898Y8HOLEE, HIMMR @G0BV Hzde- PMSD)S 460 (821-1)[),,8254522@ 3IB6(sdpbet, J=6.8
Hz, rat

. Om) . (dl%{t,gJor%tHzt, ﬁﬁ ’7(92’) zD&ﬁz%z%(qojn 7Rz, 2H), 1.34 (t, T =7 Hz, 3H),

5- br onopyri di ne- 2- car boxal dehyde (Meﬁ)agatma@ 76 mol ) in DCIVI (200 5nL). Add
bi s(2-nmet ho y. Heat

the resul ti %h 221(?)%1?%18%% g t r ih g@%&é@gpg%@o eﬁl?yg}pyﬁgﬂ? f @OF‘\EWS tion
slowy into ice Iwaltmmﬂﬁﬂcoﬂt()lle_d/%ﬂctw ttitaheixpirt of ctliyih - (slﬁinuinbm;nl)izo 7 with a
saLur ot ed MR ATl SOLULL O, EKLE S 6 AUERUE SOl if o i h oM (3
col I ect thepfM Boat@L), ahdDoacEnd hat, .98 el f4 dquivatigenlAuadeintisestuced
pressure. Purify (e HeRlue Y fhasth, chrammtography elufing with a 4:1
temperature is held between 18 °C and 22 °C. Stir for 90 min. Extract the reaction
10  mixture with NaHCOs (sat., 1 L). Add water (1 L) and DCM (1 L), and filter the
resulting suspension through diatomaceous earth. Combine all organic phases, and dry
over MgSO,. Remove the solids by filtration, and concentrate the filtrate under reduced
pressure. Purify the resulting material by slurrying with iso-hexane:Et,O [1:1, 1 L].
Collect the solids by filtration, wash with cold iso-hexanes (500 ml), and dry under
15  vacuum at 50 °C to give the title compound as an off-white crystalline powder (164 g).
MS (m/z) 301 (M+1).
Preparation 10
2-(Difluoromethyl)-5- {[(2-methylpropanoyl)amino]methyl} pyridine-3-carboxylic acid
Dissolve ethyl 2-(difluoromethyl)-5-{[(2-methylpropanoyl)amino Jmethyl}
20  pyridine-3-carboxylate (414 g, 1.38 mol, 1.0 equiv) in 1,4-dioxane (4.97 L). Add water
(2.48 L) and lithium hydroxide (125.6 g, 2.96 mol, 2.5 equiv); then stir the resulting
mixture for 60 min at room temperature. Concentrate the 1,4-dioxane solution to Y2
volume under reduced pressure, and add hydrochloric acid (5 N, 1.16 L, 5.79 mol, 4.2
equiv) slowly to maintain temperature at less than 20 °C until the pH is 2. Collect the
25  solids by filtration; air dry for 18 hours; and then in a vacuum oven at 40 °C for 18 hours
to give a white solid, (355.4 g, 94.7% yield). MS (m/z) 303 (M+1).
Alternate Preparation 10
Add ethyl 5-(aminomethyl)-2-(difluoromethyl)pyridine-3-carboxylate
dihydrochloride (0.5003 kg, 1.649 mol), anhydrous toluene, (3.0277 kg), and
30  triethylamine (0.8347 kg, 8.24 mol) to a 15-L reactor under nitrogen. Cool the reaction to
5°C. Add a solution of isobutyryl chloride (0.2110 kg, 1.98 mol) in anhydrous toluene,

(0.4352 kg) drop wise over 6 min while maintaining the temperature at 0-15 °C. Warm



rati o of petroleumether to EtOAc to give the title compound (8.5 g, 74%
yield) as a 25 yellow liquid. 1H NVR (300 MHz, CDC13) 6 8.73 (d, J=2.4 Hz,
1H), 8. 00wOddi2/13+854, 8.1 Hz, 1H), 7.56 (d, J=8.1 Hz, 1PCT/US2614/087280 (t,
J=54.9 Hz, 1Hz). Preparation 46

6- (Di f1 uoromet hyl ) - N- et hoxy- N- et hyl - pyri di ne- 3- car boxam de 5Conbi ne
5-brono- 2- (di fl uoronet hyl ) pyri di ne (5. g, 24.03 mol), N, O-

di met hyl hydr oxyl am ne hydrochloride (3.52 g, 36.09 mol ), palladiun(ll)
acetate (0.162 g, 0.722 mmol),

4, 5- bi s(di phenyl phosphi no) -9, 9-di net hyl xant hene (0.695 g, 1.201 mmvol), and
pot assi um pthosphibngeslitry i Ccind(cobtiBiegtirring f@ 7.2l Add lithimmhyldenale( 50 i) .
Purge the r ly vessel w th.ca i t lLution to
100°C, and STfibh BRSO R R PR R R SRR 2 P P .

Saf el y pur geadtioe siwag sedr 20miautese | Itir hentixtuat @ d S-20 68 owerhighnil88dgew). unti |l it is

free of carbon oxi de. Add ter (200 nm.).t uench th tion. Adjust
the' pH of -t RO s SR Ehoebfdiat B et fih? Do P gueous

sol uti ors ESdpmattthd Rgeriiaxd wridifyht Bqueb@Athaselo pHt=he.5ehiriith 6N HOCY@mse1 extract s
over sodiumsulfate;, filter; collect the filt .~ and _concentrate the
filtrate 18W ZFOHP b%fdﬁe(ﬁ and wak), gtir mglupry at {15255 gs%f ?‘pﬁ‘aurﬁ'egsio&ffetﬁ%y silica
gel chromat Qgaaphyitefidht iIRIGeWhd Badtordvith thé@filt@teQvicB Sint dhB WA tHI86lidsQvifat OAC t o
give the title canpoun 48%ty§i6el d) as a clear oil. LCVMS (mz) 216

d (2.5 g, ) |
(M) . PrepHtail (96<g21’7nd|\?é‘§’}ﬂf1)“s%91(1€ﬁ°f(p f b Oy thepesth sQfide andep rsduesd) ve
p- car bonet haxyhenzad dehyds 2(BudSe@e thbitlé %&ngmg%o.%{n@%!g&@ iefdy) 'H-Add

bi s(2- met hoxyet hyl )am nosul fur trifluoride . 783 muol ), and
stir 161thoulBIR @5‘6 Hz, 3delYISOnh & 8r7daétlioh0 Riextiir 843 e b~ &84k WHaddd (Gaqueous
NaHCOB aquegys 75@&;; Lon3 80Py Tk ks (BYL s $ALIH)IRSs GY Q1L & 0B, 11D, £0IR] et e
(about 2 hour’s). tract wth DCM (2 x 100 nL). Dry the organic extracts
over Na2504;=968|Hzpt) col l ect the filtrate; and 25concentrate the filtrate
under reduced pressure. Purify by sljr‘l:ﬂa?‘% ge| chromatography (Anal ogix0 80 g
@55 m./mn) eluting wwth a gradient 0 hexanes to 20% et hyl

acet at e/ hexanes over 3Q-Biometke6t-(tafluprarectbyipheny pwpeohpoend as a white solid

770 b, 3= b it s nebE i PP EuhGuelRab ST

3H). 30Pr epad@milont #8025 (OF Aldbroariet (79 k) hénzool iragicil adic Brid 2lovsl et hy |
4-(di fl t )b t 2. 855 . 15. 6 | i H (30 nl),.. Add
o i o gt Y R e S et R Ry P SHR Gl A el 2,0

m xt ur e f orL d6chiitidrvsater G0 e Nhutdatie thic e x thafot 3 Deurdmatxidkame temleratire dBited

pressure, and add EtOAc (.100. m) and .1 N HCL (50 nL). Stir for 30 m nutes.
Separat e t hf eFIH%r"%?Sg%rﬁ?ﬂ%%‘@“}S‘(‘f%tﬁh@ﬂ@? @L@&%I\éﬁ@f& the Feligs unqeg VAU ¢ he
filtratm andseorEanioras Bodrh® divd the adleconpdend reglugesd. pressr §1 NI ve t he
titled compound as a white solid 62. 541 ﬁg 96%8gyi el dé. 1H NVR (399. 83 MHz,
d6- DVB0) 6 (@80 iz DRI 8140y8-28ldph= 8 Hay 2Hp 788073 Gl T 37 1720y, 9= 8.0
Hz, 2H), 7.28.639(q (6382910, 1.9 .81 B ¢pay AL, om)49 _

10N- Met hoxy- N- met hyl - 6- (tri f I uoronet hyl ) pyri di ne- 3- car boxamni de

Di ssol ve 6-(trifluoromethyl)pyridi féaBaEarboxylic acid (0.949 g, 4.767
mol) Lo DV (10 mxind: o bnatha kW AT AS ydgoch o i de (0. 590
g, 5.959 mmol), and DP 1.67 nL, 9.534 nmol ), fol 'éowed by BOP (2.259 g,
5.005 ol ). St ilpatheemplbsaentroling refcior.tiea moyturglodbra®-hidr s. Pour reaction
m xture intQ. RY i t . 7 1). Wash the
conbi ned or(gréf\gl\?%ﬁ{glt}}?) éig@ﬂ%\[ﬂpﬁn é%)é%{s??gt gﬂélé @85#%@?%?’3‘%%@’%%0“5 sol uti on
(5 x 75 ni)amibppyrinhdéno2§agi T1Expk dltequioyend soldinubicabdrfagt (@98.8 8128 ; col | ect
the filtrate;, and.con t h ity at r essure. Dissolve
the resi dueithZ ENBAR: 100 ey 08 b Qi aEnd FANFERERERAN B oac " th
a sat ur at edDiNaHGEBesahme mistusah WAM S L Hndwdshivathrbemo VL aRe-exesctdual aci d

20startihg ymteri al I b t 2 x 50.m), dth sat ur at ed
sodi um gc(ﬂl orige aﬁﬁf]’%ﬁ?@%%ﬁ’(gﬁm%\%e gﬁg% 1 ) e pﬁ?%?g’taﬂgglgrodﬁlfwgg?ﬁyer over
sodi um sul ffltee; anflicblleet the €itttaktee ATont&igrafeithd filabe to aydess andee Riduedderéshaefi | trat e
under reduce ressure to give th i C ound as .a clear liquid (1.04
o G0k v o1t s e Pt S B nan el Bl TBeRer e ST gl 11
8.25-8.23 (m 1H), 7.96 (dd, J= 0.7, 8.1 Hz, 1H), 3.52 (s, 3H), 3.27 (s,
3H). 25Prepare the foll ow ng conmpounds in Table 4 essentially by the nethod

of Preparation 49 with the appropriate acid. Table 4 Prep. Coupling Agent
Name ES/MS (nfz) or 1H NWR 50



EDCl / HOBT 2, 3-Dichl oro-N- net hoxy- N-nmet hyl - benzam de 1H NMR (399. 80 Mz,
d6-DMS0) 6 7.72-7.66 (m 1H), 7.44-7.39 (m 2H), 3.41 (s, 3H), 3.26 (s,

3H). 51 BBQAI2012HEBK52- Chl or o- N- net hoxy- N, 3-di net hyl - 1HPRVRSEBA93R00 MHz,
d6-DMS0) 6 7.41-7.36 (m 1H), 7.27 (td, J= WD 2012/161965PCT/ US2012/ 037200
27 Prep. Coupling Agent Nane ES/ M5 (rﬂlig5 or 1H NVMR benzamde 7.4, 2.8 Hz,
1H), 7.22 (ddd, J= 7.6, 1.8, 0.5 Hz 3.40 (s, 3H), 3.25- 3.22 (m 3H),
2.33 (s, 3H). 52 BOP 4-(Difluoronethyl)-N nethoxy-N nethyl- benzam de 1H
NVR (400.15 MHz, d6-DMS0) 6 7.69 (d, J= 8.5 Hz, 2H), 7.63 (d, J= 8.5 Hz,
2H), 7.22-6.94 (t, J=55.6 Hz, 1H), 3.51 (s, 3H), 3.25 (s, 3H). Preparation
53 146- ( Tr i dndwordoyrésr K nin B-givertheltilld @npanohe Dissolf wdite solid (108 g, 22%

N- net hoxy- N-. -6 j ronet hyl ) pyri di ne- 3- car boxam de (0.685 5 g,
2.92 ol ) 3(1%5#%5(%8%{%&%% met hyl magnesi um bromi de (3.0 Min EtO02,
1.950 nm., 5.850 mml ). Sti rAttdsmateTont:emleerPrej)ﬁaﬁ@uns Pour the reaction

m xture into a sat d%lz ague soI ;é \ﬂ) Extract with
Et OAc (3 x 20 nl). pfisinghs H BT ey pd‘ﬁ??f iR G Tt o (30 ni)
and sat ur at ed scmi;sameakﬂr@mbde{4((21ﬂ>a013>aleﬂ1y))phelaylgprbﬂm pogAMi1e0 @xrxet s over
sodiumsul fate éter col | ect tg ate; é cent ate t he
il trate undEeDeeboeRuopr el 06! by b Rud) BIEORSHRRMNG (B arS g, o8
as a |ight medlrow 8@k, dnd s'kiﬁfd\ﬂw h661@006&ehﬂrﬂe mdﬁcﬂ\/@)ssoﬁfeghe?rfbs@ueaﬁ (m 1H,
8.51- 8.49 (m 1I—%(g 8. 03 (d, Prepare the
fol | owi ng FAEMEN andpsh Ssqlé’«ggaémm %ag}lr%f;ﬂ %qr«féomaﬁ&w (350 mE). py epar ati on
53 with t hesaﬂn?ﬂé@&fhb&fs@iam@r(m ), 98 dairited Rhdyb somanestyanibe mei de i nst ead
of net h}/l magnesi um br om de.
orange residue from heptanes/EtOAc to give the title product as a white solid (3.29 g,
46.85% yield). "H NMR (399.83 MHz, d¢-DMSO) & 8.84 (dd, J=1.9, 7.0 Hz, 1H), 8.54
(dd, J=2.0,4.2 Hz, 1H), 8.06-8.04 (m, 2H), 7.83-7.81 (m, 2H), 7.10 (dd, J= 4.1, 6.9 Hz,
1H), 2.68 (s, 3H).
Alternate Procedure B Preparation 12
15 2-Methyl-3-[4-(trifluoromethyl)phenyl]imidazo[ 1,2-a]pyrimidine
Add 2-bromo-1-(4-(trifluoromethyl)phenyl)propan-1-one (100 g, 0.356 mol), 2-
aminopyrimidine (33.85 g, 0.356 mol), and sodium bicarbonate (59.8 g, 0.811 mol) to
toluene (500 mL) at 25 to 30 °C. Heat the mixture to 90 to 100 °C and stir for 24 hours.
Thereafter cool the mixture to 40 to 45 °C, and distill the title compound under reduced
20 pressure. Cool the distillate to 25 to 30 °C; add water (1 L); and stir the mixture 4 hours.
Filter the mixture collecting the solid, and then wash the solid with a 10% solution of
MTBE (200 mL) in hexane. Dry the solid under vacuum at 45 to 50 °C for 12 hours to
give the title compound (35.4 g, 35%yicld). 'H NMR (300 MHz, CDCl:) & 8.58 (q, 1H),
8.24-8.26 (d, ] = 6.6 Hz, 1H), 8.00-8.02 (d, J = 8.1 Hz, 2H), 7.72-7.75 (d, ] = 8.4 Hz, 2H),
25 6.92-6.96dd, J=3.9 Hz and 4.2 Hz, 1H), 2.69 (s, 3H).
Preparation 13
4-Methyl-5-[4-(trifluoromethyl)phenyl]-1H-imidazol-2-amine
Stir a mixture of 2-methyl-3-[4-(trifluoromethyl)phenyl]imidazo[1,2-a]pyrimidine
(180 g, 649.2 mmol, 1 equiv) in EtOH (1.4 L) and hydroxylamine (159 ml, 2.596 mol, 4
30  equiv) at an internal temperature of 82 °C for 48 hours. Cool the mixture, and
concentrate to dryness. Dilute the residue with DCM (1.5 L), and wash sequentially with
water (2 x 500 ml) and brine (500 ml). Dry the organic phase over MgSQOy; filter; collect



Table 5 Prep. Name ES/MsS (m z) or
Di chl or ophenyl ) propan- 1-
1.6, 8.0 W@,202Hp1963. 53 (dd,

2.88 (q, J

= 7.2 Hz,

J= 1.6, 7.

2H), 1.04 (t,

1H NMR 54 1-(2, 3-
one 1H NVR (399.80 MHz, d6-DMSO) 6 7.72 (dd, J=
7 Hz,
J= 7.2 Hz, 3H).

1H), 7.43 (PCTAS2012831380

1H),

55 1-(2-Chl or o- 3- et hyl -

phenyl ) propan-I-one 1H NVR (399. 80 Mz, _d6- DIVBO) 6 7.44- 7.42 (m 1H),

7.35-7.28
Hz, 3H).

(m 2H),

2.85 (g, J= 7.2 Hz, '2H),
56 1-[6-(Di fluoronethyl)- 3- pyrrdyl]propan-l-one 186 (M+1)

2.34 (s, 3H), 1.04 (t, J=

Preparation 57 146-(Trifluoronethyl)-3-pyridyl]propan-1-01 D ssol ve

6-trifluor
(50 m.) .

qui ckly. Stlre e

aqueous so

onet hyl

Iuro

- pyri di ne- 3- car boxal dehyde (3.526
Aditic &tthayd amdgqmdsémwnebhmd\det i Za@oNd give Ey@liow gund8Purlfy tie2 1 mmmol )

T s

20. 136 mmol ) i

= 7.2
28

n 5 THF

conbi ned or4g&nMioc DeEONIMNEIE/ N ; ttdrolatais atettitiatcontp Nan@hs aqelhmubamcwi% iyehd)(75 ).

Dry the or
concentr at

v At

over
“under

Na2504;
reduced 10

filter;

collect the filtrate;
pressure. Purify the resid

and
ue by

fl ash chy omat ogrraghe th&ibefigxOmaOgd@rhbia ehdn}ialey bit thegnetkotibf a gr adi ent  of

Et OAc/ hexa % 0% over. 30 nut es give the title conpound (2.01
g, 49% yi elnlg‘fpaéi%“ 1§é‘flﬁld£%1pr0pﬂi‘iﬁr rw'ﬁ&zo(%rsmﬂsﬂew d6-DVB0) 6 8.66 (d, J=
1.6 Hz, 1H) 7. 95 (dd, J= 1.9, 8.1 HzrabiH)., 7.81 (d, J= 8.0 Hz, 1H), 5. 47
(d, J= 4.5 Hz, 460 (g J=58 Hz 1H 1.65-1.50 (m 2H 079 (t, J=
7.4 Hz, 3H). Er epar ation 58&,146-(Trifl uor onet hyIﬁS/M?g}/Z)d)yl ] pr opant 1- one
Di ssol ve 1[[6-(trifll uoromethyl)-3-pyridyl]propan-1-olH ¥MR10 g, 9.796 mol )
in DCM (40 nmL). Add 3 3 3-Tri acet oxy 3- i oo NMR (396.86 MHAL As-HPMIKD). 5776
mmol ), and sti1r4 for g gvr t h DAL RLO®G 6, 1HWAD0-88G (m,0. 5 N
NaOH (100 mi). Dry é?ﬂ q&“ a¥Br 8. Na2304m, Ifi)l 1.83 (d, CokMect t he
filtrate; and concentpP'Q émll AT 2EnémfmjeH=Iz,r191c),u7(:3a4(;|7.5)3(m,sllﬂf),%.41835.9'6ve t he
title conpound (1.910 g, 96%yield) as a white solidmDHE)NVR (400. 43| MHz,
d6-DVS0) 6 9.21 (dd, J= 0.5, 1.4 Hz, 1H), |8 %R A99RIMALN, DM g dd, J=
0.7, 8.1 Hz, 1H), 3.4Rlgl-5Ie(tfiffhoromethgh) | 3.88%d,(t 2.2, 103, sH2, (s 3H),
Preparation 595251-[4 &@ﬂ]l-mﬁrﬁiﬂﬁidllﬁllahﬂﬂﬂﬁ nyk betdaanons, D 8saler 77 (d
4- acetyl benzal dehyde Fl. 70 nL, 8.956 mmol| )=gN BCMI|, 3(255@_()3 (3@ﬁ)(2%29963 g,
17.913 nmmo| ), and gtir for 5 days. Pour the reactiongyyure slowy jnto a
sat ur at ed sodi um bi car bonate aqueous soluli gf \(\APBo01s) MFPZ |dr D‘M‘ﬁ))”@ Xture
until the gas evol yt Lfb?éﬂ?ét@l%hén )urﬁ))sz l@qgrﬂp X 100
m). Dry the organilc 309t pAGLS S04 b g5 8143 (1910? 9t12t7% Itrate;
and concentrate thg trate un er reducej pres§H5%33 PUg n¥2 resr due by
fl ash chr omatograpt y \/—\Ild.l ogr x0—40—g @40 VR ﬁb%b le_ adi ent
of hexanes| to 20% Et OAc/ hexanes over 30 m L'gde_ i ] y ) e
conpound as a gl ear| B{4-(HiQuatddhettyy)phédply-itel %9%1 2H)CIG- DVB0)
6 8 06 (d | J= 8 1 Hz, mahylHEiddedoti2-adind. 1 F2o O OH) 1=55. 6
e, 1H), 2,60 (s, 3H). LCMS: 224(M+1)
"H NMR (399.83 MHz, dg-DMSO) &
18 5-(4-Fluorophenyl)-4-methyl- 10.51-10.50 (m, 1H), 7.49-7.46 (m,
1H-imidazol-2-amine 2H), 7.12-7.07 (m, 2H), 5.05 (s, 2H),
2.18 (s, 3H).
"H NMR (399.83 MHz, CDCl3) & 7.59
19 4-Methyl-5-(p-tolyl)-1H- (d, J=2.1 Hz, 2H), 7.32 (d, J= 8.1 Hz,
imidazol-2-amine 2H), 7.11 (d, J=7.9 Hz, 2H), 6.33 (t, J=
2.1 Hz, 1H), 2.22 (s, 3H).
Preparation 20
10 3-Bromo-4-(dibromomethyl)benzonitrile

Heat a mixture of 3-bromo-4-methylbenzonitrile (25.0 g, 127.5 mmol, 1.0 equiv)

and n-bromosuccinimide (NBS) (5.53 g, 306.1 mmol, 2.4 equiv) in carbon tetrachloride



Preparation 60 51-[2-Methyl-4-(trifluoronethyl)phenyl]propan-1-one

Cool a solution of 1-brono-2-nethyl-4-(trifluoronethyl)benzene (2.00 g,

8. 367 mowd 2ardeT¥dF (17 nL) to -71C, and then add n-but PCTIGSROIROBT20R. 5 M i n
hexanes, 9.204 mmol, 3.681 nlL) over 5 mnutes. Stir the mxture for 15

m nutes at -71C. Add Nnet hoxy- N- et hyl gopanam’ de (0.980 g, 8.367 mmol) to
the m xture drop-w se over 3-4 10m nut keepi ng tenperature below -65 C
Continue to stir the solution at -71 C for 15-20 m nutes; then warmthe
solution to roomtenperature. Stir at roomtenperature for 40 m nutes.
Quench the reaction with a saturated ammoni um chl ori de aqueous sol uti on.
Extract the(26@wéous93 Gyfer twai dals. EE@O theWesshing espeivi maidempgatht eolidxby act s

Wi th water tallt}gno%r : Cen%t% tl% ht% rg]e uh&]erf dIO %[e gsgl(ﬂ‘l ;!1%% tf %ﬁe T sultlnlégscef\ude Cf)l | ect

the fil trate and concen uce
Purify the measiidbeg clnyomfatog&bhpm mh@tgagelaqn’rgy\V1¢Mnglgd1Eaﬁdxf 3ePo TWthm)es&i uting

vmthagrad en OCVD(/% (g

col orl ess oufn“;hltﬁe Cgompﬁﬁr‘5 9@?33 % 1 N%R%B@f@ébwf—% %g]??%k%/%gl)oa(é 7.84 (d,
J= 7.8 Hz, MH)I,=§264),7.761d,(1m, ] 2H)3 H2), 987 (d¢, 1T 8.2, HzHzRblp9 (K189 (s, 3H),
1.03 (t, J=7.2 Hz, 3H). 20Prepare the fol é?w ng corrpounds in Table 6
essentially by the method of Prepar&thBH°B68  with the appropriate aryl

brom de. Table 6 Prep. Nans ﬁsfnwa (dmub}o@rthyljﬁeﬁ\ﬂyﬁ{nﬁa, 1 (3 FI uor o- 4- net hyl -
phenyl ) propan-I-one 1H NVR (399 6 J= 1 7, 7.8

Hz, 1H), 7.63 (dtfld Salwie@ﬂuar@b@fafﬁi26 A 135/7W‘(11259®“’7)t‘83ﬁ&1u“0f|—‘i)f 2. 99 (q,

-J— 7 2 HZ AN 3 1 m
1-(4-Fl uorob’)rbﬁ10 42%1%?0n(l&mﬂ‘;lﬁ)b)épzr%oigglﬁ(F;[_Do?r;feﬂ13gﬂ[|][\ll§/1;§1 O%gu z%%ﬁl\/i@-l\é[(%(% > 0) 6

7.89 (dHY, wwWern gtrogenatmeyphergiand a_tm)ovemlmavomte@meram Remos e sphidy m ~ 1H) |

2.99 (q, J‘b 7ﬁ1?rat|i'g1r cc%‘!é'%ntra?e tg@ﬁﬁgte u;lder]re(glcggpres%ﬁpe’ anl sg%eéttthe nlsnlt?ngz HZ 3H)
63 1-(2-Fl uoro 3-met hyl - phenyl) propan-1-one 1 DIVISO) 6

7.60- 7.57 qrade magprial o Glicapelchrgmgtogrpphy cuting W(mh a gyafhenw2 —5% THF/hexanes

2012/ 16196 5RGT ISA0L A Q3A5ARa300 BT £1%  NRATREERIMG /LT R) ) A AVRw),

Preparation 22
15 Methyl 5-cyano-2-(difluoromethyl)benzoate
Purge a mixture of 3-bromo-4-(difluoromethyl)benzonitrile (8.87 g, 38.2 mmol,
1.0 equiv), triethylamine (16.0 mL, 114.7 mmol, 3.0 equiv), MeOH (70 mL), and DMF
(120 mL) with nitrogen; then treat the mixture with palladium(II) acetate (867 mg, 3.82
mmol, 0.1 equiv) and 1,3-bis(diphenylphosphino)propane (1.61 g, 3.82 mmol, 0.1 equiv).
20 Stir the mixture under 138 kPag of carbon monoxide at room temperature for two days
and then 80 °C for one day. Cool the mixture to room temperature, and dilute with Et,0
(300 mL). Wash the mixture with water and saturated sodium chloride, and separate the
organic layer. Dry the organic layer over sodium sulfate; filter; collect the filtrate; and
concentrate under reduced pressure. Subject the resulting crude material to silica gel
25  chromatography eluting with a gradient of 10—15% THF/hexanes gradient to give the title
compound (6.19 g, 77% yield). ES/MS (m/z) 211 (M).
Preparation 23
Methyl 5-chloro-2-(trifluoromethyl)benzoate
Dissolve 5-chloro-2-(trifluoromethyl)benzoic acid (10 g, 0.044 mol) in MeOH
30 (150 mL). Add thionyl chloride (50 g, 0.421 mol) slowly. Heat the resulting mixture to
70 °C, and stir for 12 hours. Concentrate the mixture under reduced pressure. Pour the

residue into water (100 mL), and extract the aqueous with EtOAc (2 x 200 mL). Dry the



7.6 Hz, 1H), 2.94 (qd, J= 7.2, 2.8 Hz, 2H), 2.25 (d, J= 2.4 Hz, 3H), 1.04
(td, J=17.1, 0.6 Hz, 3H). Preparation 64

2- Br ono- Wp4e(wides uor omet hyl ) phenyl ] pr opan- 1- one Di sSoPC&/US2012/037200
p-trifluoronethyl propi ophenone (5.130 g, 25.120 mmol) in hydrogen 5 brom de
(30.00 nL) and acetic acid (20 nL). Add_ bromne (1.23 nL, 23.864 mmol) in
acetic acid (25 nL) drop-w se over 30 nutes. Stir the reaction mxture
for 48 hours, and dilute the reaction mxture with water (1 L) and EtOAc
(250 nL). Add solid sodium carbonate portion-wise to adjust the pHto -7
allowing the gas evolution to cease between additions. Extract the

resul ti ng ndontbined ovganiss B¢ Aedif swfa@s BnddoncenDrte unbie rcxtugmrcssu@e«girvacts over

Na2504. Fil t&lg{lﬂe gogllldJouﬁ(s %11@ B{S k‘tq's gst afY 01?”9[ RC(%H Clt)BF l’}_8;_(§t =gunder

reduced pressure compoun as a cléar ol 100%
crude vyi eldngazﬂmwmQaes» =834 WA H) 065 TNE0) = ﬁl&%.?ﬁz,(]dﬂ,3.95:(so3H). 8.8 Hz, 2H),
7.92-7.90 (m 2H), 5.85 (q, J= 6.5 Hz, 1H), 1.78 (d, J= 6.5 Hz, 3H).
Prepare the foll owi ng conpounds in Table 7 essentially by the nmethod of
15Preparation 64 with the appropri altrq)ai@ﬁbﬁ)lze Tabl e 7 Prep. Nanme ES/ M5
(mz) or 1H NWR 65 2- Brorrg/[ ]1{3'? tr|f onet hﬁ/ ﬁ) yridyl ] et hanone 1H NWR
(400. 43 MHz, d6-DMS0O) 9.2 S§yanp-g “0“1filﬁt yl G%Da dd, J= 2.1, 8.1 Hz,
1H), 8.10-8.07 (mssoﬂvbi)meﬂﬁﬂ @Peh(oso 22tlrihuoreﬁlet%yfﬂs@ﬁwel([sﬁe ﬁfgrﬂhumme hyl) -
3pyr|dyl]propan one 1H NWVR (399. 3M—Iz D\VS0O) 6 dd, J=0.8, 1.4
Hz, 1H), 8.@Wcgngls (19 mg)os @mﬂb %6 35 . @%mn@l)zdln:aaﬂa%mylﬂl 88 (g, J= 6.5

Hz, 1H), 1.@&0d{dnz Ting, 71 gmB3)OIRr dipHe
(di fl uoronet h;llﬂf nﬁ}glggfé]a%%dﬁg)ngge %H@NII\/RH{% 99 dlp le-}élphosghmo ferrocene 23132 (d, J=
o

8.7 Hz, IQHmeP 3 dipethyjapetarzide 205mh Hagf thz Fectio, rglgtu(r%to %H? angg
2- Br omd- 1- [t for 12 hours. Pour the resulting mixture into water, and extract with EtOAc (2 x 100
mL). Dry the combined organics over sodium sulfate; filter; collect the filtrate; and
concentrate the filtrate under reduced pressure. Purify the residue by silica gel
chromatography eluting with 50:1 petroleum ether:EtOAc to give the title compound (320
15 mg, 66.5% yield) as a white solid. "H NMR (300 MHz, CDCls,) & 8.09 (s, 1H), 7.90 (s,
2H), 3.80 (s, 3H).
Preparation 25
Methyl 5-(aminomethyl)-2-(difluoromethyl)benzoate hydrochloride
Purge a mixture of methyl 5-cyano-2-(difluoromethyl)benzoate (9.37 g, 44.4
20  mmol, 1.0 equiv), palladium (10% on carbon, 3.00 g, 2.82 mmol, 0.064 equiv), and
MeOH (50 mL) with nitrogen; then add hydrochloric acid (37 wt% aqueous, 8.0 mL,
105.6 mmol, 2.38 equiv); and stir the resulting suspension under 275 kPag of hydrogen at
room temperature overnight. Remove the solids by filtration; concentrate the filtrate
under reduced pressure; and dry the resulting material in a 40 °C vacuum oven overnight
25  to give the title compound as a light brown solid (7.01 g, 83% yield). ES/MS (m/z) 216
(M+1).
Preparation 26
Methyl 5-(aminomethyl)-2-(trifluoromethyl)benzoate hydrochloride
Prepare essentially by the method of Preparation 25 with the appropriate nitrile.
30  ES/MS m/z 234 (M+1-Cl).
Preparation 27

2-(Difluoromethyl)-5-[(2-methylpropanoylamino)methyl]benzoic acid



(di fluoronethyl)phenyl ] propan- 1-one 1H NWR (399. 80 MHz, d6-DVS0) 6 8. 14
(d, J= 8.5 Hz, 2H), 7.73 (d, J= 8.3 Hz, 2H), 7.25-6.97 (m 1H), 5.82 (q, J=
6.5 Hz, MWP,20/167966d, J= 6.5 Hz, 3H). WO 2012/ 161965PCPCUDSBM2/002¥®00 31
Prep. Name ES/M5 (mz) or 1H NWMR 69 2-Brono-1-[6-(difluoronethyl)-

3-pyridyl ] propan-1-one 264/266 (M1 Br% /Br81) Alternate Preparation 70
2-Brono-1-[4-(trifluoronethyl)phenyl]propan-1-one Add
p-trifluoronethyl propi ophenone (75 g, 360 nmol, 1.0 equiv) to acetic acid
5(375 m.). Add bromne (18.1 nmL, 352 mmol, 0.98 equiv) in acetic acid (375
mL) in a drop-w se fashion over 45 m nutes. After conpletion of the

addi ti on, vvar m tAvkl imbnmlehlpddei@ S7htndy, dR mreeipkfatque tof mQui€of amthyktir for

90 m nut es. v sure, and

di ssolve t he r esfgeﬂtglrhez Ycﬁb 5%‘%83‘%%0%% ﬁéo'téﬂl\(/af{i%&%?a?ur §{ Y lgkij)dl um

bi car bonat ecqatyy exxlisicthglantinedh. 5@ 4nlx 1280 mmio), okequiy) ¢aDCMG ndf) al bowi gor ous gas
evol uti on. Se arate the has a ry over Re ve . t he

Sori ds by ¢ EEPRARTS SRR BEME 68 Roy Rl St She MR TR Wil £ ot
under reducestepthes siitha shmragad\sedminehtolntid: equeouspolikicn. aSeparaeah®se@is oi | whi ch

solidifies on standin 9 0%|eld.1 VR (400 d6- DMS0) 6
8.13 (d, J layes; dgy oyer qujé lgaf% I‘{Har and conge a}qztﬁie %“_‘)ate(uggg-fé\%ed DJCSSUIE. 5 |

1H), 1.93 (IdLssojve:th@re{Sul{ﬂZg cradlé)mataﬂéd?ﬁrepa.rdaixmmlﬂ L), and add sodium hydroxide
2- Brono-1-[ 2- 1-4-(trifl uoraneth enyl ] propan- 1- one

Add
1- [ 2- et hy 164, (Ztmﬁf 1@&%}?@@%9@ héﬁy%f BisBibAR S%p%ﬁ@n@b“%dlsgverrggf#zs mol ),
N- br onmosuc CC&HCBﬂtﬂ@e hO nP&ere Gnd B rlRSedP&sire, aﬁ@%’e&Qhe( resuliR e @iducOvidOBNg, 0. 298

mol ), and Et 20 1 n) to a screw cap vial eq U'E ped with a stir bar. Stir
the reakdi onlugqus bj@fﬁ?@@ﬂ%f@g@%&hﬁpﬁ regghes. gt thoygen it uereasion Bithi m de

(0.663 g, 3pibA3 (FBp)mANdy &AM d%Hl%m%El b, ah1@9ay@1ts v&1@ioa”é‘aiu?a[mﬁ‘§oéﬁﬁfl{&1lcfr%

hours. Add nore N bronosuccinim eﬁ(g nmol ), and conti nue
stirring ataquedmselsnpelddminedry grera lamdultfat@rféﬂer 2n¢1@mp@1traw|thq @lﬁratGhe

reacti on,  anBal.l B SRl b5 % ATRELEL20\ BUERS soheubi byt e, and

concentrate t ate un uce pressure ace the re

m xture in BS/MSder2r272¢dr-hi.ght . Purify 25the resulting material by flash
chromat pgraphy (120 Redi Sep0O sili cq)r%)%;atlggbgnn) eluting with a gradi ent of
0- 30% pentane to give the title ound as a colorless oil (0.820 g,

75% vyi el d). EtHyNVRIi{l88Om80ByIMHH(2- Id&hﬂbﬁ@?no@laﬂm&ﬁm(:tﬁiyl PhEidereB-ddrhoxIlahe,
AR UIETNE X THCAtE PICH T S NI I T
by the net fmﬁaoaj/lai%rdﬂpﬂfoahioﬁﬂe @3%.99, 673 trﬂi@l,ap@é(pﬁ)\l’)i BCRI 60 ame,.andahlie 8 Prep.
B‘ﬁg‘;‘;yﬁs or ORI [S8: 6 VREL o oD VB POBEIY rridi (547
.93-7. 89 (ML, g5 mmo3136 e@ﬁv)( Btir ﬂlid)resuﬁm% Suspensiohat foodn tehperature for 90
minutes; pour the mixture into a saturated sodium bicarbonate aqueous solution (50 mL);
and extract with DCM (3 x 20 mL). Combine the organic extracts; dry over MgSQOy;
remove the solids by filtration; and concentrate the filtrate under reduced pressure to give
a yellow semi-solid. Triturate the material with 1:1 Et,O:isohexane (100 mL), and filter
25  toisolate the title compound as a white solid (17.5 g, 93.6% yield). ES/MS (m/z) 301
(M+1).
Alternate Preparation 28
Ethyl 2-(difluoromethyl)-5-[(2-methylpropanoylamino)methyl]pyridine-3-carboxylate
Cool a mixture of ethyl 5-(aminomethyl)-2-(difluoromethyl)pyridine-3-
30  carboxylate dihydrochloride (29.8 g, 111.8 mmol, 1.0 equiv), DCM (510 mL), and
triethylamine (59.2 mL, 424.6 mmol, 3.8 equiv) to 0 °C, then add a solution of isobutyryl
chloride (15.3 mL, 145.3 mmol, 1.3 equiv) in DCM (23 mL) drop wise over 20 min. Stir



1H), 2.27 (d, J= 1.9 Hz, 3H), 1.73 (d, J= 6.5 Hz, 3H). 73

2- Brono-1-(2-fluoro-3-nethyl - phenyl)propan-1-one 1H NVR (399. 80 Mz,

d6- DVS0) wOo2o21679666 (m 1H), 7.55-7.51 (m 1H), 7.21 (®CTAS2012/0318¢0 1H),
5.50 (q, J= 6.5 Hz, 1H), 2.26 (d, J= 2.3 Hz, 3H), 1.74 (d, J= 6.5 Hz, 3H)
74 2-Brono- 1-(3-fluoro-4-nethyl- phenyl )lpropan-l -one 1H NWR (399.80 Mz,
d6-DVS0) 6 7.78-7.72 (m 2H), 7.47-7.43 (m 1H), 5.79 (g, J= 6.5 Hz, 1H),
2.29 (d, J= 1.8 Hz, 3H), 1.73 (d, J= 6.5 Hz, 3H). 75 2-Brono-1-(2-

fl uorophenyl ) propan-1-one 1H NVR (399.80 MHz, d6-DVS0) 6 7.90-7.86 (m 1H),
7.68-7.64 (m 1H), 7.36-7.33 (m 2H), 5.51-5.46 (m 1H), 1.74 (d, J= 6.5
Hz, 3H). 760ov2mighombild ali@ving tha onixpiedn yia)m roopam-t¢mpenasurt HRMNWVR o (BO®IE0 MHz,

d6-DMVs0) 6 7.8 =.7. 78 N A= . .7 Hz,
Ty 7. bg bttty o Sy ot U AR R, BiclyBne e fymby 7 TE,
1_H) , 1. 74 (whdeded@ed piegsure3 H)ter tHiZcadeditratne fen{a®e e solids; and rinse the solids

10 ooyl A 00t AN AS98,B0, B AEPL Bl S0 (1
6.5 Hz, BH)thiseBud2nBtaiabtokilics gd-chebinfatdgeaphpbiatiyd \ph o padicht @a6-dokk NVR ( 399. 80
Mz, d6- DNS]:Q‘L)OA(SC/h%Xa%Z:s ér(g i(gr’lt, ‘Ejo_giv:lé:l’[hé1 fitle7c'0§n’p0§ﬁc? aslgzligh‘} g/_gll’ow crystalline solid

(25.8 g, 77% yield). ES/MS (m/z) 301 (M+1).

Prepare the following compounds in Table 2 essentially by the method of
10 Preparation 28 with the appropriate ammonium salt or primary amine.

Table 2

ES/MS (m/z) or

Prep. Name 'H NMR

"H NMR (399.80 MHz, de-
DMSO) 3 8.46-8.43 (m, 1H), 7.81
Methyl 5-(acetamidomethyl)-2- (s, 1H), 7.72 (d, J= 8.2 Hz, 1H),

(difluoromethyl)benzoate 7.61-7.32 (m, 2H), 4.30 (d, ]I=6.0
Hz, 2H), 3.84 (s, 3H), 1.85 (s,

3H).

"H NMR (399.80 MHz, d¢-
DMSO) & 8.37 (dt, J=6.0, 5.5 Hz,
1H), 7.81 (s, 1H), 7.72 (d, J= 8.2
Hz, 1H), 7.60-7.32 (m, 2H), 4.31
(d, J= 6.0 Hz, 2H), 3.84 (s, 3H),
2.13 (q, J=7.6 Hz, 2H), 1.00 (t, J=
7.6 Hz, 3H).

29

Methyl 2-(difluoromethyl)-5-

30 [(propanoylamino)methyl]benzoate

"H NMR (400.13 MHz, CDCl;) §
791 (s, 1H), 7.78 (d, J= 8.3 Hz,
1H), 7.63-7.36 (m, 2H), 6.06 (s,
1H), 4.50 (d, J= 5.4 Hz, 2H), 3.93
(s, 3H), 1.25 (s, 10H).

Methyl 2-(difluoromethyl)-5-[(2,2-

3 dimethylpropanoylamino)methyl]benzoate




7.94-7.92 (m 1H),
6.4 Hz, 3H).
MHz, d6- DMBQP126167T9636 (dd, J= 1.3, 8.0 Hz,

1H), 7.44

3H) .

(t, J=

80 2-Brono-1-(3,4- dichl orophenyl

7.65-7.59 (m 1H),

7.9 Hz,

1H, 5.51 (q,

égr 0

5.81 (q,
79 2-Brono-1-(2,3- dichlorophenyl)propan-1-one 1H NVR (399. 80

1H),
J= 6.5 Hz,

J= 6.5 Hz, 1H), 1.75

7.69 (ddpCTais2013/,03720¥
1H),

1.72 (d, J= 6.
pan-1-one 1H NVR (399. 80 Mz,

(d, J=

Hz,
6 Hz,

d6-DVS0) 6 8.21 (d, J= 2.1 Hz, dd, J= 2.0, 8.4 Hz, 1H), 7.81 (d,
J= 8.5 Hz, WO 2012/ 161965PCT/ U82012/ 037200 33 Prep. Name ES/MS (mz) or 1H
NVR 1H), 5.82 (g, J= 6.5 Hz, 1H), 1.73 (d, J= 6.5 Hz, 3H). 81

2- Bronmp- 1- (2-chl oro- 3-net hyl - phenyl ) propan-1-one 1H NVR (399. 80 MHz,
d6-DMVS0) 6| 7.54-7.50 (m 2H), 7.33 (t, J=7.6 Hz, 1H), 5.50 (g, J= 6,6 Hz,
1H), 2.35 (s, 3H), 1.75 (d, J= 6.6 Hz, 3H). |Preparation 82

N-[5-[6- (DO fluoropnet hyl r met hyl -|1H-i m dazol - 2-y| ] acet anj de

Di ssol ve 2} br3dno] 146th | }?fﬁdmﬁ Clho}( §t1h§ %aée dy!l ] @7opanX+o6¢>/007500 g, 1.89
5 mmol ) and acety Ri°gi e Q\%T mml) in DMF (12 nL). Heat the
m xture to| 50 C, and stir for 16 hours. Pour [the m xture into water,| and
extract with EtOAc (3x 20 nL). Dry the conbined organic extracts over
sodiumsulfate; filter; collect the filtrate; and concentrate the fiJtrate
under reduced pressure. Purify the resulting |resHUMRHFOP FAVHIZ do-

chromat ography (silca gel) \glyhisng.with a 40: 1DMEO) & 3@0-PANIMMVBEM %9 i ve
the title [10 3§orrpour}getgyﬁpl%pm&fagn&%&%ﬁ)2229 g,(dd6%A/kls|18). 7.G3aMI HOnm ) 267
(Mk1). Pr epar ati on 83 (trifluoromethy)benzoate 7.55(dd, J=0.7, 8.1 Hz, 1H), 4.32
2-Methyl -3-[4-(trifl uoromet]hn} p\)/Renyﬁl m dazq[ 1¢.2=&]Qyz.i20h).A.He(s.SHr a

m xture of| 2-bropo-144-(tri fI uoronet hy! )phenyl ] pr opan-1l-(ertél)( 500 g, 1.78
nmol , 1 equ' \vl)1 FPA /R I\ 2. am nnpyrl m-dine (1205 ¢ 2 13 mol 2 eq iv)1

and sodi un

N

34

Ethyl 2-(difluoromethyl)-5-[(2,2-
dimethylpropanoylamino)methyl]pyridine-
3-carboxylate

'H NMR (300.11 MHz, DMSO) &
874 (d, J=2.1 Hz, 1H), 8.27 (t, =
5.7 Hz, 1H), 8.12 (s, 1H), 7.60-
7.24 (m, 1H), 4.39-4.32 (m, 4H),
1.35-1.26 (m, 3H), 1.13 (s, 9H).

10

15

Preparation 35

Ethyl 5-[(tert-butoxycarbonylamino)methyl]-2-(difluoromethyl)pyridine-3-carboxylate

Combine ethyl 5-(aminomethyl)-2-(difluoromethyl)pyridine-3-carboxylate
hydrochloride (17.849 mmol, 4.760 g), THF (180 mL) and tert-butoxycarbonyl zerz-butyl

carbonate (21.419 mmol, 4.675 mL). Stir the mixture at room temperature for about 10

minutes. Add triethylamine (5.225 mL, 37.484 mmol), and stir at room temperature 16

hours. Remove the solids by vacuum filtration, and rinse with EtOAc. Concentrate the

filtrate under reduced pressure. Purify the resulting yellow oil by silica gel

chromatography (220 g RediSep® silica gel column) eluting with a gradient of 5-45%

EtOAc gradient in hexane to give the title compound (3.62 g, 68% yield) as a light yellow
crystalline solid. "H NMR (399.80 MHz, d¢-DMSO) & 8.71 (d, J=2.1 Hz, 1H), 8.15-8.13
(m, 1H), 7.56-7.24 (m, 2H), 4.33 (q, J= 7.1 Hz, 2H), 4.24-4.21 (m, 2H), 1.36 (s, 9H), 1.30

(t,J="7.1

Hz, 3H). LCMS (m/z) 331 (M+1).

Preparation 36

2-(Difluoromethyl)-5-[(2-methylpropanoylamino)methyl]pyridine-3-carboxylic acid



15bi carbonate (298.8 g, 3.55 nol, 2 equiv) in a thermally controlled
reactor at 80 C for 18 hours. Cool the suspension, and concentrate in
vacuo. Diwotelrzxteesesul ting m xture with DCM (5 L), andPpCimase@ziosiene h bri ne
(2 L). Re-extract the brine wash with DCM (2.5 L); conbine all the organic
extracts; dry over My504; filter; collg t the filtrate; and concentrate the
filtrate under reduced pressure to ar gum Slurry the resulting red gum
20in Et20 (1.5 L); filter; and collect the solid. Air dry the solid for 45
mn to give the product as a fine off-white solid (108 g, 22%yvyield). ES/ M5
(mz) 278 (M+l). Alternate Preparation 83

2- Met hyl - 3- [ 4- ( tStir & imignemd ety J-pghdwydrhéthy 1t a2 @FrictRylpdopamoy leimdi ety g sol ve

and. 2. am naby i RS TB (G0 BPELhL B SRR e blt e W a

m xt ure to mef, huklithandhyiréxtidef (6171 24130animnsl, 2.CO oduit)at rc@nmemeer@taraafbur B, and

concentrate, u 2d, pressure. e. r Sld t OAc (750
m). Sequentf' g'%f {?e%’étﬂre%ﬂg _?Zggﬁfgqugxlfsrhé@foé:ﬁwl‘f %01%@1 ra@gdzm 3 aqueous
sol uti ors ( 280edqiy), Remsad the atgatic NalkEOEn g uelacksl pabkutt] dinte(tRERsutiyg and a
saturated NaCl agueous sol stal l.i ze t he .Qrange residue

Fr om hept anuseHOnS th a1 b0 TEetrih el CHIBRE YEPEN I PHISEON I 3. 200 g,
46. 85% yi el @ite sbit NNRV&(a&Q@Z 835(MﬂL aﬂ@a@kﬁofbr@Bto@ve{tﬂ@htl@mnﬂpo&nd dodd Hz,

1H), 8.54 (dd, J= I—g -803@ 7.83-7.81 (m 2H)
7.10 (dd, Jﬂnwfmtesehfb(ll&é)g@?—?ﬁymid)eéﬂs NS (maiz) 27381 NS (m{z) 277. 99,

Prepare the foll ow ng conpounds in Table 9 essentially by the nethod of
Preparatl on 83 with the appropriate a-brono ketone or a-chloro ketone.

10Tabl el® Prep. Pxepsee thsfolgvingicompeynds b Tabke Bepseaislly byt the mgded gkt hyl ) - 3-

pyridyl]i mﬂ@ﬁa‘i’z[tijon%%m{ﬁé éBp?dp?i@teJcHeﬂ\'NR (400 43 M4z, DMSO-d6): 6 9.34-9.34
(m 1H), 9.01-8.98 (m , r@a 7.98-7.95 (m 1H), 7.10-7.07
(m 1H. 85 2-Methyl - 3[6(tr|fluoro hﬂyﬂ) 3-

pyridyl ] i mdazg i, 2=ajpyrimdine 279 (Wi 86 3-[4- 3
(Di fl uor onekyl|) pBeseyl | i m dazo[ 1, 2-Nahpyri m di ne 1H N&(%ﬁé;@

d6- DMS0) 6898 (dd—J+ 20,68 Hz—1H);—8- IS?dd, J=2 1H),
8.46 (s, 1H), 8.15-8.13 (m 2H), 7. 66 (d J—82 Hz|, 2H) , 7 21693 m
2H). 87 3-[4-(Difluoronethyl)phenyl]-2- methyl-im daﬂfbﬁ\IMIQ(ﬂ)pWrMHi,d ne 260
(M+1) 88* de-DMSO) 6 8.68 (d, J=
2-(Difluoromethyl)-5-[(2,2- 2.1 Hz, 1H), 8.21 (t, J=
37 LiOH | dimethylpropanoylamino)methyl]pyridine- | 5.9 Hz, 1H), 8.13-8.13
3-carboxylic acid (m, 1H), 7.60-7.33 (m,

1H), 4.34 (d,J= 5.8 Hz,
2H), 1.10 (s, 9H).

"H NMR (399.80 MHz,
de-DMSO) 6 8.40 (d, J=
5-[(tert-Butoxycarbonylamino)methyl]-2- | 2.3 Hz, 1H), 8.12-7.84

38 LiOH (difluoromethyl)pyridine-3-carboxylic (m, 2H), 7.50 (t, J= 6.1
acid Hz, 1H), 4.14-4.11 (d,
J=6.1 Hz, 2H), 1.35 (s,
9H).
2-chloro-5-[(2-
39 LiOH methylpropanoylamino)methyl]benzoic 256 (M+1)
acid

"H NMR (399.80 MHz,
ds-DMSO) 6 13.51-
13.47 (m, 1H), 8.45-8.42
(m, 1H), 7.83 (s, 1H),
7.70-7.39 (m, 3H), 4.30
(d, J= 6.0 Hz, 2H), 1.85
(s, 3H).

5-(Acetamidomethyl)-2-

40 LiOH (difluoromethyl)benzoic acid
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20 to 50 nL of residual volunme to give the crude base. Cool this mxture to
25 to 30 C, and add MeOH (100 nmL). Add a solution of oxalic acid dihydrate
(45.5 g, WoR0/IwRd6y i n MeOH (300 nmL) over 60 m nutes, amdTALSRO120BE200M Xt ure
for 2 hours at 25 to 30C. Cool the slurry to 0 to 5 C, and stir for one
hour. Filter the m xture; wash the soli g with MeOH (100 nL); collect solid;
and dry the solid under vacuum at 45 t& 50 C for 12 25 hours to give the
titIe conmpound (41.0 g, 78%yield). 1H NWVR (300 MHz, d6-DVS0) 6 7.82 (d, J
= 8.4 Hz, 2H), 7.69 (d, J =8.1 Hz, 2H), 2.32 (s, 3H). Preparation 94
4 Met hyl - 5-[ 2- rrethyl 4- (trlfluororrethyl)phen |']-1H i m dazol - 2- am ne Add
2- br onp- 1- (&]l8wdiqoidl O OYMR 3A0)MHp fZPCA) ohd3 (d0J=214Hg, 11D, FED(ddnis B, 8.2- 30

am nopyri mlql qgla’(.}\?\%q]rﬁ%:% 1 s %g@réggﬁoé%%gpdéf\gﬁz( LB, m) to a m crowave

vessel (equi |dp Stir he m xture to 140 Cwth
m crowave irradiation, and stir forPretﬁramibm%es. Cool the m xture to room

tenperature, and a drazi.n 7, 4.554 1 ). at the mxture
to 100 Cwith m crgaggﬁlofomeé}gﬁa$|nbe Whi '@e@l'?yf}d%&'%b%‘@mﬁnut es. Dilute
the reacti on w tGonsteey-bromod- @lﬁldometﬁﬁn)@yﬁmue@um dY2AK 03 menoly, NtO-Et OAc. Wash
t he organic_ ex S er col tract nd dry the acts
over sod undigeiy Qe hve S Euio BB Sk FREE: polfif e ettt 0 7% ne
filtrate under7peduagd, 55015(6@5@@[@05@11{09 Hy- ctulﬁ@thymarﬁlﬁdnakom @n 28CX- 2(r)

colum (10 g) with DCM. R nse t colum wt 40% MeOH in DCM 80%
MeOH i n Du\ﬂlﬁlﬁgrﬁnélpﬁiaé“‘tfﬁéh‘ﬁp%‘a@?bwci H%@ﬂb&WHOb iRraRtensi (20 M) MeOH,
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of 75% hQ)O%Iﬂﬁwrn@spgﬁé of ¢aslea pnegide fer 16th1£84 felyppurgaghg Y?SWEQIH wdln Et 0AC

to give t hevetnhfajte@ a%%ﬁ%&%ﬁ uﬁ‘tllllf 19 Iﬂiee Qleda%nfrﬂﬁahﬁg Qé&?w&er (%66/ 9111?_0?0' d). 1H
NVR (399. 80 ,

7.25-7.23 (cmenczH)le regCtep. @sbusmhs ppr 8@ mlstureapw w1thasatur@¢cb1@éw@ the fol | owi ng
conmpounds i r 94 using the
appr opri at eﬂ%a- @Oq‘al%a %é)tﬁ%?\og‘mo 5@%@%&’“&?&%& mﬁgtrgg CE&‘%EE(%% R 1H VR 95

5- (4- Chl or opbenydXxradts medrhgdium diaterifidtan oblic2t thafiliete; @8l concentrate the filtrate

5- 3Ch -.2- am /C137 97
> (3 e oBRETHL A TR i AP s 08,2001 A, B 15D

4- Met hyl - 5-yizh aredl hgtibeﬁ‘-pet(rcbleurﬁ Etherto MDAyto)ngEahg/ﬁﬂle ddrhpound @afzg 48 %-yaatine 256

Erewﬁill 18&- |53r‘?1[ é&gg#l?gfgﬁﬁsﬁéﬂéggé %@)ﬁeagil )SP?gmlélltz)f;)phenyl) - 4- et hyl -
1H i m dazol - 2-am ne 192 (M1) Preparation 47
Methyl 4-(difluoromethyl)benzoate
20 Dissolve p-carbomethoxybenzaldehyde (3.103 g, 18.713 mmol) in DCM (50
mL). Add bis(2-methoxyethyl)aminosulfur trifluoride (9.079 mL, 46.783 mmol), and stir
16 hours. Slowly pour the reaction mixture into a saturated aqueous NaHCO; aqueous
solution (300 mL). Stir until gas evolution is complete (about 2 hours). Extract with
DCM (2 x 100 mL). Dry the organic extracts over Na,SQy; filter; collect the filtrate; and
25  concentrate the filtrate under reduced pressure. Purify by silica gel chromatography
(Analogix® 80 g @ 55 mL/min) eluting with a gradient of hexanes to 20% ethyl
acetate/hexanes over 30 minutes to give the title compound as a white solid (2.863 g,
82% yield). "H NMR (400.15 MHz, ds-DMSO) & 8.08-8.06 (m, 2H), 7.70 (ddd, J=8.7,
1.1, 0.6 Hz, 2H), 7.26-6.98 (t, ]=55.2 Hz, 1H), 3.86 (s, 3H).
30 Preparation 48
4-(Difluoromethyl)benzoic acid



102 5-(3-Chl oro-4-nethyl - phenyl)-4- nethyl-1H i m dazol - 2-am ne 222/ 224 ( M+l
C135/C137) 103 5-(2,3-Di fl uorophenyl)-4- nethyl-1H i m dazol -2-am ne 210
(Mt1l) 104W6-20%/1965f | uor ophenyl) - 4- et hyl - 1H i m dazol - Pcanisa@22320¢ M+1)
105 5-(3, 4-Di chl orophenyl)-4- nethyl-1Hi m dazol - 2- am ne 241/ 242/ 243/ 244

[ (Mrl (2C135/C137)] WD 2012/ 161965PCT/ US2012/ 037200 38 Prep. Nane ES/ M5
(mz) or 1H NWR 106 5-(2-Fl uoro-3-net h)% - phenyl) - 4-

met hyl - 1H i m dazol - 2-am ne 205 (Mt1l) 107 5-(2-Chl oro- 3-net hyl - phenyl) - 4-

met hyl - 1H i m dazol - 2- am ne 222/224 (M1 C135/C137) 108

5-(2- Fl uor ophenyl)-4-net hyl - 1Him dazol -2-am ne 192 (Mtl) Preparation 109
tert-Butyl Dissolve methyl 4-(difluoromethyl)benzoate (2.855 g, 15.336 mmol) in MeOH

i dazol - 2- G RAT BaBy Rt AR R FET PR AR g - 2

[ 4- met hyl - Smixfuré faril6 hows.oGeichyttatqthe radfjontrtxiung miaizoﬂedlibeglr bicanm® anduaridf or mat e
0. 205 b th

i 11 vor omebty Sl SRR HO TP SRR o RgE e Tt oo (s
FeAt the mxtdre Lo 60 Coana Stir 16 nours “B““‘)““’@““mb otrazor dylaxy )
Yot i s(di RS Ros BROUBRGTIHE P DS oo 90T gMB. 336 ol ).
Stir the m fbmwm&r dGZDMSKU)% 13Poun 28he, 1ieag by od JaT7stHE, eH), a7 wakeyo (15 ni) .
Extract with EtOAc mL, and sequentially wash t he conbi ned or gani cs

with a satufarsd 73%?%71{%51:\58913@ aqueous solution (4 x 15 nL) and a

saturated sodi um bi carbonat e aqueoq:qep%ghltlgﬁmn (15 nm.). Dry the organic
extracts over sodiumsulfate; filter: collect the filtrate; 15and

concent tate the fi N-Msthoxyhgmethyleei(fiBerrpmesbelivadinpdraripxmider esi due by
reverse phase flggshye O@mﬁfo&gﬁ@fwyﬁ&ﬂ@he%zs@éé&d@% &4/ 787 Mm&) Mt i ng with

a gradient of 5-75% A ter over m nutes. Concentrate the appropriate

fractions uPME(19 edyeeteddMeOslimethylhydroxydamipe Wedreghlorislentd »¥ 23d5Phe product
. SO Sy gy A YERR, - (50 7). o
mmol). Stir the resulting mixture for about 60 hours. Pour reaction mixture into water
15 (200 mL). Extract with EtOAc (4 X 75 mL). Wash the combined organic extracts with a
saturated sodium chloride aqueous solution (5 x 75 mL). Dry the organic extracts over
sodium sulfate; filter; collect the filtrate; and concentrate the filtrate under reduced
pressure. Dissolve the residue in EtOAc (100 mL). Sequentially wash the residue in
EtOAc with a saturated NaHCO; aqueous solution (50 mL) to remove any residual acid
20  starting material, followed by water (2 x 50 mL), and then a saturated sodium chloride
aqueous solution (2 x 50 mL). Dry the organic layer over sodium sulfate; filter; collect
the filtrate; and concentrate the filtrate under reduced pressure to give the title compound
as a clear liquid (1.04 g, 93% yield). 'H NMR (400.43 MHz, d¢-DMSO) & 8.90 (d, J=2.0
Hz, 1H), 8.25-8.23 (m, 1H), 7.96 (dd, J=0.7, 8.1 Hz, 1H), 3.52 (s, 3H), 3.27 (s, 3H).
25 Prepare the following compounds in Table 4 essentially by the method of
Preparation 49 with the appropriate acid.

Table 4
Couplin ES/MS (m/z) or
prep. Aglzent : Name 'H IéMR)

EDCL 2,3-Dichloro-N- "H NMR (399.80 MHz, d-DMSO)

50 HOBT methoxy-N-methyl- 0 7.72-7.66 (m, 1H), 7.44-7.39 (m,
benzamide 2H), 3.41 (s, 3H), 3.26 (s, 3H).

. EDCY/ 2-Chloro-N-methoxy- | 'H NMR (399.80 MHz, de-DMSO)

HOBT N,3-dimethyl- 8 7.41-7.36 (m, 1H), 7.27 (td, J=




20 compound (0.212 g, 56% as a white solid. LCM5S (nmlz) 526 (M+l) 524
(M1). Preparation 110

5- (Am noreOlgi12)te®66di f | uor onet hyl ) - N- 0- met hyl - 5-[ 4- (t ri PCwarseorobizb) phenyl ]

-1H imdazol -2-yl]pyridine-3-carboxam de Add hydrochloric acid
(20 mL, 40 O mol, 4 Min 1,4 di oxane) o tert-butyl N

25[ [ 6- (dlf| uororrethyl) 5- [[4 nmet hy1- 5- [ -(trifluoronethyl)phenyl]-1H1im daz
ol -2- yl]carbanoyl]-3-pyridyl]nmethyl]carbamate (0.212 g, 0.403 mmol) and

stir overnight. 39 Dilute with water, and extract with Et20. Adjust the pH

to -8 with_a saturat ed sodi um bi carbonate aqueous solution. Extract with

Et OAc (3 x 3? ouptilie @r gani c,extracts pver sodBovs gukfate; filfer;

col lect the fiPt rat e;Agnd concentrAf&%the fi]trate undemmRrduced pressure.

Purify by Feverse|phase flash chrgpahf@ aphy| ¢Anakegl K9 409 (@4 n&/mn) S

P

eluting with a gradient of 2-55% ACN water oyeg 035)Hg11rygt§$g SOgm)chgr ate the
apgroplri ate fractions under [reduced pressure unt3 2@111 3phhes s reaned
and only water remai ns. Add|a saturated sodi IBRESO 5P ution
(30 nL), and extract wth EtoradiflgoremehyhiN-, Igr% gjggg%%{?qgﬁg tls over
sodi um sul fat& filtePPPcol |l egnethdre-Ninethyht e} _an enb !i*%sfd ltrate
under reduced pressure to gijve t henzantidee conpoungya ;ﬂi a ‘%IL Q ( ow solid
(0.098 g, 57%yiretd)y—iHNWR (40043 vHz, d6-DVS0) :
8.16 (s, 1H), 7.79-7.77 (m 2H), 7.69-7.67 (m 2H) 7. 42 7. 28 (m 1H), 3.81
(s, 2H), 2.43 (s, 3H). Exanmple 1 Preparation23 (Di fl uoronet hyl)-5- {

[ (2- met hyl pr opanoyl ) am no]

15(trifl uor omet hyi ) pheny1] 1”%&%“8@% hg'é Wr@ﬁ?t%nﬂé‘? 3-carboxamide F In a
thermally contr ojlhsedzen\emeﬂmﬁy-sltméthya aiteifluei @n@hy pyiginby lafbddamide (0.685
(trifluoronethyl nyl]-1Hi 'd 2amne 95 g, 1.63 : quiv), 2-
(difluorbmed l?r;}?i)lz‘rggﬁ{n['eTléF g?é? 6%9@?%‘??1}5 lﬂ?/ %(E)Vflfl?ﬁl% lésﬁar boxyl i c
aci d 20(445m8, 93501m&a)). WQ’Jmthé'—mﬂﬂMbYar,m%s( 30&6hé—r)eact1@h REAufe8®6am , 4. 91 nol,
3 equiv) and TBTU (630 g, 1. iv) at _an internal terrper ature

of 75 C forSa%at%ﬂ?%cowpmtsrs@luﬁ?&@ﬁm&) &*Mr%ﬁ éV“\‘RnEt“HAEE%%O Pd)-sWgsh and wash
wi th water &lgc&n@nworgm &Et’a&@w{tﬂ whte? (30 thily anEXAGARY sbdiem CoRIN@ afueous

phases with Et 0Ac (2 nbi ne the organic extracts, and dry over
MySO4. Conceht rlayehg Wéaftl‘be’@ﬁagftﬁé‘s@i spduigisylates filter: copesdpfilragsandy| i d. Sl ur ry

this sofgd eMnEé?mgtfe?%ﬂ’e filgra® ubder Qfuced ﬂﬂ&k‘ﬁn% 0 %Oé !h@‘ﬁhe Eé}ﬁpoﬁ% 5%9&(& jtration;

and air dry for hours then in vacuo at for a urt hours to

give the t i QSIaélgb‘rmBlQWtSO% & NMR(409.62MHzodd- BYISEN OO 1b2 | (@, (1568g Y, 66%

| d 0 63 1 8.13 1 7.74
)(/:je 2?4 J= %‘ﬁﬁr@{%ﬂ%@f@ %%?1)%)_984% ﬁg 7(36 (tH? 1H, J (=854.|2_|)Hz),
4.47 (s, 2H), 252245(m4|—|) 1.13 (d, 6H J= 6.8 Hz): I\/B(n12)496
M+1 Al t t | t -5-

E(z 2ret hyl Sﬁanﬁég%rafeéﬁngﬁo?wﬁﬁh%%ﬂ? a%%desgen%@‘oy W:ﬂcr:%ggﬁ g%tmo g, 0.845
nol , 1 EY),Pdpangton)pd vothdhd :tpprdplrlutef\ﬁffimtehy*\ln)lqhd‘mmg]e]thylHlagmaﬂmndireﬁidam ne (280.6

g, 0 845 nvol rphollne (427.8 g, 4.22 nol, 5 eq) to
Et 0OAc, (2. 5mit5’a]d§ﬁ hy?rﬂaegnFSé‘éIBﬁaf%‘H ¥ixture at 15-25 C for 1 h. Add
pr opyI phosphoni ¢ _anhydride (T3P0) (50Pabw/sv in EtOAc, 1.884 kg, 2.95 nol,

35 eq) 10 ver—17 m a ‘v“v‘:n' | e rn:n nt :n nl no fhn temperature <40 C DI nse the

LA >3 LA | wiAT Ul o —TJ A=

addi tion viessglpw th EtOAc (@445 nL), and add the FYMSE8V@ @'t he react|on
mxture. Stir the rleaction mxture at 15-25 C for 1HNMRid then heat] to
65- 75 C overni ght. [Cool thel®hction nixt UNMVRE3WR2BHE, dsddSQ) & BF2 Wit h
EtOAc (3 L). Wgsh theDicklamphonpioptiuie wi(tdh JrdtteB.0 H21K),2.58)dd, Sedeent i al | y
wash the organic phase with deN HClL (2 [x 727 Uk, 1Hr 7.4R(t(J2 19 Hz, 0B AR 8 15
aqueous so| ution (2 x 2 L), and dei oni zledq, Wwat&rH4, 2Hx 104lQ3), J= CaritedH).at e t he

organi ¢ | ayer under ]g g Cﬁé nti| "I dIMRIE39a1%6 Milis @-DadSQebn- B L,
i Shor
L % Gich

tt‘.l

62% vol une| re ved). H |( 37.42 (m,ang, 735-T.ohGe M) a2 & fghe
sol ution tjo abbut 3 L. RIS U1°8° Et OHI= 1.2 Iy, 21@0d.38 (4, BHY, hedst Be . @At
65-75 C for 30 min [then at 15-25 C for japproxi mat el yzB83%)hours. Cool the
slurry to 15 to -5 C; DEuSionte g-fof > 2 h. Tsolate the solid by
filtration, am 20r|i ns%%mpﬁ%hgi}ég@th col d absol ut® @&0H (-10 C, 420 ni).
Dry the resulting solid under vacuumat b0 Cfor Z nights to give the title
conmpound (268 g, 64%yvyield). 1H NWVR (400 MHz, d6-DMBS0O) 6 12.09 (s, broad,
2H), 8.66 (s, 1H), 8.44 (t, J =5.6 Hz, 1H), 8.07 (s, 1H), 7.78 (dd, J =
38.6 and 8.2 Hz, 4H), 7.37 (t, J = 54.3 Hz, 1H), 4.40 (d, J = 5.6 Hz, 2H),
2.46 (s, 3H, 2.46 (m J =6.8 Hz, 1H), 1.05 (d, J = 6.8 Hz, 6H).

25Al ternate Procedure B, Exanple 1 Di ssol ve

[4-methyl -5-[4-(trifluoronethyl)phenyl]-1Hi m dazol -2-yl]amoni um f or mat e
(1.011 g, 1.00 equiv, 3.520 nmol ), and 2-(difluoronethyl)-542-

a ~ -



Et OAc/ MeOH heptanes. Filter the solid product washing with hexanes and dry
under vacuum overnight to give the title conpound (1.298 g, 74.43%yield)
as a whi two=012w196iH NVR (400. 43 MHz, d6-DWVS0) 6 12. 34- p2TAB2€121032B) , 8. 61
(d, J= 1.8 Hz, 1H), 8.41- 8.37 (m 1H), 8.05-8.02 (m 1H), 7.77 (d, J= 8.2
Hz, 2H), 7.70-7.68 (m 2H), 7.56-7.50 ﬁg(m 1H), 4.34 (d, J= 5.7 Hz, 2H),
2.42-2.38 (m 1H), 1.00 (d, J= 6.9 Hz, ES/MS (nmlz) 496.17. Prepare the
foll owi ng conpounds in Table 11 essentially by the alternate procedure B of
Exanple 1 with the appropriate 2-am noim dazole (or salt thereof) and acid.
15Tabl e 11 Ex Coup! -ing Agent Nane Structure ES/M5 (nmz) or 1H NMR 2 BOP
2- Chl oro-5-[(2- nethyl propanoyl am no) met hy1] - N-

[4-met hyl-5-[6-(trifluoronethyl) P{;%Ea g{\’l})}? 1H i m dazol - 2- ylibenzam de
0C Nit N ,,NH H FF 480/ 482 (|v++1 7 ) 3 BOP 2-Chloro-5-[(2, 2-

di met hyl pr opanoyl am no) met- f@qu]rfﬂubkoﬁrmhyemyyhd'&k}ﬁmbzﬁm—l -ol
3-pyridyl]-1hi rBlssolzve 6- trlﬂucyromet?l pyrldlne 3 calr\!)o’xallémhyue (&6( 26: 1?6 rérllrgn%{)é}r? 6
5  THF (50 mL). Add ethylmagnesium bromide (3.0 M in Et,0, 7.38 mL, 22.1 mmol)
quickly. Stir 30 minutes. Pour the reaction mixture into a saturated NaHCO3 aqueous
solution (100 mL). Extract with EtOAc (3 x 50 mL). Wash the combined organic
extracts with a saturated NaCl aqueous solution (75 mL). Dry the organic extracts over
Na,SOy; filter; collect the filtrate; and concentrate the filtrate under reduced
10 pressure. Purify the residue by flash chromatography (Analogix® 40g @ 40 mL/min)
eluting with a gradient of EtOAc/hexanes (5 % to 50%) over 30 minutes to give the title
compound (2.01 g, 49% yield) as a yellow oil. 'H NMR (400.43 MHz, d¢-DMSO) 8 8.66
(d, J=1.6 Hz, 1H), 7.95 (dd, J= 1.9, 8.1 Hz, 1H), 7.81 (d, J= 8.0 Hz, 1H), 5.47 (d, J=4.5
Hz, 1H), 4.60 (q, J= 5.8 Hz, 1H), 1.65-1.59 (m, 2H), 0.79 (t, J= 7.4 Hz, 3H).
15 Preparation 58
1-[6-(Trifluoromethyl)-3-pyridyl]propan-1-one
Dissolve 1-[6-(trifluoromethyl)-3-pyridyl]propan-1-ol (2.010 g, 9.796 mmol) in
DCM (40 mL). Add 3,3,3-Triacetoxy-3-iodophthalide (4.712 g, 10.776 mmol), and stir
for 16 hours. Dilute with DCM (100 mL). Wash with 0.5 N NaOH (100 mL). Dry the
20  organic extracts over Na,SQy; filter; collect the filtrate; and concentrate the filtrate under
reduced pressure to give the title compound (1.910 g, 96% yield) as a white solid. 'H
NMR (400.43 MHz, de-DMSO) 6 9.21 (dd, J=0.5, 1.4 Hz, 1H), 8.51-8.49 (m, 1H), 8.03
(dd, J=0.7, 8.1 Hz, 1H), 3.12 (q, J="7.1 Hz, 2H), 1.05 (t, J= 7.1 Hz, 3H).
Preparation 59
25 1-[4-(Difluoromethyl)phenyl]ethanone
Dissolve 4-acetylbenzaldehyde (1.270 mL, 8.956 mmol) in DCM (20 mL). Add
(3.963 g, 17.913 mmol), and stir for 5 days. Pour the reaction mixture slowly into a
saturated sodium bicarbonate aqueous solution (250 mL). Stir the mixture until the gas
evolution is complete (~2 hours). Extract with DCM (2 x 100 mL). Dry the organic
30  extracts over Na,SOy; filter; collect the filtrate; and concentrate the filtrate under reduced
pressure. Purify the residue by flash chromatography (Analogix® 40 g @ 40 mL/min)

eluting with a gradient of hexanes to 20% EtOAc/hexanes over 30 minutes to give the



(M1 C135/C137) 4 BOP 2-(Difluoronethyl)-N45-[6-

(di fluoromet hyl)-3-pyridyl]-4- nethyl-1H i m dazol -2-y1]-5-[(2-

met hyl pr oparoidmmieno) met hyl i ben zam de 0 i NA1 FXJ1HH NNPETAIS¢MzD}7260 BOP

2- (Di fluoronmethyl)-5[(2- nethyl propanoyl am no) met hyl] - N-
[4-methyl-5-[6-(trifluoronmethyl)-3- pyridyl]-1Him dazol-2- ylibenzam de O
F,NHN F FN 1H NMR (399.83 MHz, d6- Dlvé) 6 12.16-12.14 (m 1H), 42 Ex
Coup! -ing Agent Nanme Structure ES/MS (nfz) or 1H NWR 11.87-11.85 (m

1H),
title compound as a clear oil (0.714 g, 47% yield). "H NMR (399.83 MHz, d-DMSO) &
8.06 (d, J=8.1 Hz, 2H), 7.70 (d, J= 8.1 Hz, 2H), 7.25-6.97 (t, J=55.6 Hz, 1H), 2.60 (s,
3H).
Preparation 60
5 1-[2-Methyl-4-(trifluoromethyl)phenyl]propan-1-one
Cool a solution of 1-bromo-2-methyl-4-(trifluoromethyl)benzene (2.00 g, 8.367

mmol) and THF (17 mL) to -71°C, and then add n-butyl lithium (2.5 M in hexanes, 9.204
mmol, 3.681 mL) over 5 minutes. Stir the mixture for 15 minutes at -71°C. Add N-
methoxy-N-methylpropanamide (0.980 g, 8.367 mmol) to the mixture drop-wise over 3-4

10  minutes keeping temperature below -65 °C.  Continue to stir the solution at -71 °C for
15-20 minutes; then warm the solution to room temperature. Stir at room temperature for
40 minutes. Quench the reaction with a saturated ammonium chloride aqueous
solution. Extract the aqueous layer with Et,O. Wash the combined organic extracts with
water and brine. Dry the mixture over sodium sulfate; filter; collect the filtrate; and

15  concentrate the filtrate under reduced presssure. Purify the residue by flash
chromatography (40 g RediSep® column) eluting with a gradient o f0-40% DCM/pentane
to give the title compound as a colorless oil (1.490 g, 82% yield). 'H NMR (399.80
MHz, ds-DMSO) & 7.84 (d, J= 7.8 Hz, 1H), 7.64-7.61 (m, 2H), 2.93 (q, J= 7.1 Hz, 2H),
2.39 (s, 3H), 1.03 (t, J= 7.2 Hz, 3H).

20 Prepare the following compounds in Table 6 essentially by the method of
Preparation 60 with the appropriate aryl bromide.

Table 6
ES/MS (m/z) or
Prep. Name IH NMR
"H NMR (399.80 MHz, de-DMSO) 5 7.68
(dd, J=1.7, 7.8 Hz, 1H), 7.63 (dd, J= 1.5,
61 1-(3-Fluoro-4-methyl- 10.6 Hz, 1H), 7.41 (t, J= 7.8 Hz, 1H), 2.99

phenyl)propan-1-one (q, J= 7.2 Hz, 2H), 2.27 (d, J= 1.8 Hz, 3H),

1.04 (t, J= 7.2 Hz, 3H).
"H NMR (399.80 MHz, de-DMSO) & 7.89
(ddd, J=7.6,2.3,0.6 Hz, 1H), 7.84-7.81

1-(4-Fluoro-3-methyl-

62 honyDpropan- 1 one (m, 1H), 7.26-7.21 (m, 1H), 2.99 (q, J=7.2
pheny?prop Hz, 2H), 2.26 (d, J= 1.9 Hz, 3H), 1.04 (t, ]=

7.2 Hz, 3H).
63 1-(2-Fluoro-3-methyl- "H NMR (399.80 MHz, de-DMSO) 3 7.60-

phenyl)propan-1-one 7.57 (m, 1H), 7.51-7.47 (m, 1H), 7.17 (t, J=




9.02-8.99
1H),

10

15

(m 1H), 8.34-8. 31 (m 1H), 8.20-8. 17
(m 1H), 7.71-7. 66

7.87-7.85
WO 2012/161965
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Prep.

Name

ES/MS (m/z) or
'H NMR

7.6 Hz, 1H), 2.94 (qd, J= 7.2, 2.8 Hz, 2H),
2.25 (d, J= 2.4 Hz, 3H), 1.04 (td, J= 7.1, 0.6

Hz, 3H).

Preparation 64

2-Bromo-1-[4-(trifluoromethyl)phenyl]propan-1-one

Dissolve p-trifluoromethylpropiophenone (5.130 g, 25.120 mmol) in hydrogen
bromide (30.00 mL) and acetic acid (20 mL). Add bromine (1.23 mL, 23.864 mmol) in

acetic acid (25 mL) drop-wise over 30 minutes. Stir the reaction mixture for 48 hours,

and dilute the reaction mixture with water (1 L) and EtOAc (250 mL). Add solid sodium

carbonate portion-wise to adjust the pH to ~7 allowing the gas evolution to cease between

additions. Extract the resulting mixture with EtOAc (2 x 250 mL). Dry the organic

extracts over Na;SQO,. Filter; collect the filtrate; and concentrate the filtrate under

reduced pressure to give the title compound as a clear oil (7.140 g, 100% crude yield). 'H
NMR (399.83 MHz, de-DMSO) & 8.20 (dd, J=0.7, 8.8 Hz, 2H), 7.92-7.90 (m, 2H), 5.85
(q, J=6.5 Hz, 1H), 1.78 (d, J= 6.5 Hz, 3H).

Prepare the following compounds in Table 7 essentially by the method of

Preparation 64 with the appropriate ketone.

Table 7
ES/MS (m/z) or
Prep. Name IH NMR
T

. H NMR (400.43 MHz, de-DMSO) 9.25

o 2‘Br°n§‘f'1;Eg'(f]r;i‘;?lrggethyl)' (d. J= 1.9 Hz, 1H), 8.56 (dd, J= 2.1, 8.1

pyndy Hz, 1H), 8.10-8.07 (m, 1H), 5.03 (s,

2H).

"H NMR (399.83 MHz, dg-DMSO) &
. 9.31 (dd, J= 0.8, 1.4 Hz, 1H), 8.64-8.62

66 2'Br§fn°;i1é[?]‘ (trr;ﬂ;lr?_rf_nggghyl)' (m. 1H). 8.10 (dd, = 0.7, 8.2 Hz, 1H),
pynaylprop 5.88 (q, J= 6.5 Hz, 1H), 1.80 (d, J= 6.5

Hz, 3H).
1

H NMR (399.83 MHz, ds-DMSO) 5

67 (iflworo ijﬁo‘f)”l;;[“l']e hanone | 812 (&)= 8.7 Hz, 2H), 7.75-7.73 (m,

Y ybophey 2H), 7.27-6.99 (m, 1H), 4.98 (s, 2H).

T

H NMR (399.80 MHz, ds- DMSO) 5

o ain Oroi; Eg%ﬁﬁ“h ovan. | 814 (d, 1= 8.5 Hz, 2H), 7.73 (d, J- 8.3
u 1y-oEe ylprop Hz, 2H), 7.25-6.97 (m, 1H), 5.82 (q, J=

6.5 Hz, 1H), 1.77 (d, J= 6.5 Hz, 3H).




(m 2H),

2.45-2.42
WO 2012/161965 PCT/US2012/037200
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7.51-7. 47 (m 2H), 4.34 (d, J= 5.9 Hz, 2H),
(m OH), 1.03 (d, J= 6.8 Hz, 6H).
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ES/MS (m/z) or

Prep. Name IH NMR

2-Bromo-1-[6-(difluoromethyl)-
3-pyridyl]propan-1-one

69 264/266 (M+1 Br”’/Br*")

Alternate Preparation 70
2-Bromo-1-[4-(trifluoromethyl)phenyl]propan-1-one

Add p-trifluoromethylpropiophenone (75 g, 360 mmol, 1.0 equiv) to acetic acid
(375 mL). Add bromine (18.1 mL, 352 mmol, 0.98 equiv) in acetic acid (375 mL)in a
drop-wise fashion over 45 minutes. After completion of the addition, warm the mixture
to an internal temperature of 40 °C, and stir for 90 minutes. Remove the volatile
components under reduced pressure, and dissolve the residue in Et,O (300 mL). Treat
with a saturated sodium bicarbonate aqueous solution (4 x 200 mL) being cautious of
vigorous gas evolution. Separate the organic phase, and dry over MgSQO,4. Remove the
solids by filtration; collect the filtrate; and concentrate the filtrate under reduced pressure
to give the title compound as a colorless oil which solidifies on standing (93 g, 92.0%
yield). "H NMR (400 MHz, ds-DMSO) & 8.13 (d, T = 8.3 Hz, 2H), 7.76 (d, ] = 8.3 Hz,
2H), 5.27(q,J = 6.5 Hz, 1H), 1.93 (d, ] = 6.5 Hz, 3H).

Preparation 71
2-Bromo-1-[2-methyl-4-(trifluoromethyl)phenyl]propan-1-one

Add 1-[2-methyl-4-(trifluoromethyl)phenyl]propan-1-one (0.805g, 3.723 mmol),
N-bromosuccinimide (0.662 g, 3.723 mmol), SCX-2® (1 mmol/g; 0.298 g, 0.298 mmol),
and Et,O (11 mL) to a screw cap vial equipped with a stir bar. Stir the reaction at room
temperature for 2 hours. Add N-bromosuccinimide (0.663 g, 3.723 mmol) and continue
stirring at room temperature for 2 hours. Add more N-bromosuccinimide (0.663 g, 3.723
mmol), and continue stirring at room temperature for an additional 2 hours. Filter the
reaction, and wash the solids with ample Et,O. Collect the filtrate, and concentrate the
filtrate under reduced pressure. Place the resulting mixture in a freezer overnight. Purify
the resulting material by flash chromatography (120 RediSep® silica gel column) eluting
with a gradient of 0-30% DCM/pentane to give the title compound as a colorless
0il(0.820 g, 75% yield). "H NMR (399.80 MHz, ds-DMSO) & 7.95 (d, J= 8.0 Hz, 1H),
7.69-7.65 (m, 2H), 5.64 (q, J= 6.5 Hz, 1H), 2.39 (s, 3H), 1.74 (d, J= 6.5 Hz, 3H).




Z0Z1 0z 2Z2Z1HNWR (400. 43 Mz, d6- DVBS0) 6 12.42-12. 41
(m 2H), 8. 63-8. 60 (m 1H), 8. 40- 8. 38
WO 2012/161965 PCT/US2012/037200
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Prepare the following compounds in Table 8§ essentially by the method of

Preparation 71 with the appropriate ketone.

Table 8
ES/MS (m/z) or
Prep. Name 'H NMR
"H NMR (399.80 MHz, d¢-DMSO) &
7.99-7.97 (m, 1H), 7.93-7.89 (m, 1H),
7 2'Br°?°'1'1(4'ﬂ“0r°i3 “methyl- | 531 796 (m. 1H), 5.78 (q, J= 6.5 Hz.
phenyl)propan-1-one 1H), 2.27 (d, J= 1.9 Hz, 3H), 1.73 (d, J=
6.5 Hz, 3H).
"H NMR (399.80 MHz, d¢-DMSO) &
7.71-7.66 (m, 1H), 7.55-7.51 (m, 1H),
73 2'Br°?°'1'1(2'ﬂ“0r°i3 “methyl- 551t J=7.7 Hz, 1H), 5.50 (q, J= 6.5
phenyl)propan-1-one Hz, 1H), 2.26 (d, J= 2.3 Hz, 3H), 1.74
(d, J= 6.5 Hz, 3H).
"H NMR (399.80 MHz, d¢-DMSO) &
74 2-Bromo-1-(3-fluoro-4-methyl- | 7.78-7.72 (m, 2H), 7.47-7.43 (m, 1H),
phenyl)propan-1-one 5.79 (q, J=6.5Hz, 1H),2.29 (d, J= 1.8
Hz, 3H), 1.73 (d, J= 6.5 Hz, 3H).
"H NMR (399.80 MHz, d¢-DMSO) &
2 2-Bromo-1-(2- 7.90-7.86 (m, 1H), 7.68-7.64 (m, 1H),
fluorophenyl)propan-1-one 7.36-7.33 (m, 2H), 5.51-5.46 (m, 1H),
1.74 (d, J= 6.5 Hz, 3H).
"H NMR (399.80 MHz, dg-DMSO) &
7.85 (dt, J=7.6, 1.3 Hz, 1H), 7.78 (ddd,
76 2-Bromo-1-(3- J=9.9,2.6,1.7Hz, 1H), 7.58 (td, J=
fluorophenyl)propan-1-one 8.0, 5.8 Hz, 1H), 7.52-7.48 (m, 1H),
5.80 (q, J=6.5 Hz, 1H), 1.74 (d, J= 6.4
Hz, 3H).
"H NMR (399.80 MHz, d¢-DMSO) &
7 2-Bromo-1-(2,3- 7.73-7.70 (m, 2H), 7.34 (td, J=8.1, 3.2
difluorophenyl)propan-1-one Hz, 1H), 5.49 (q, J=6.5 Hz, 1H), 1.74
(d, J= 6.5 Hz, 3H).
"H NMR (399.80 MHz, d¢-DMSO) &
8.07 (ddd, J=11.4, 7.8, 2.2 Hz, 1H),
78 diﬂuofof}fgg?)grézi_l_one 7.94-7.92 (m, 1H), 7.65-7.59 (m, 1H),
5.81(q, J=6.5 Hz, 1H), 1.75 (d, J= 6.4
Hz, 3H).
"H NMR (399.80 MHz, dg-DMSO) &
7.76 (dd, J=1.3, 8.0 Hz, 1H), 7.69 (dd,
79 Sichlomphonh D@3 | 1= 13,77 Hz, 1H), 7.44 (1, 1= 7.9 Ha,
phenyprop 1H), 5.51 (q, J= 6.5 Hz, 1H), 1.72 (d, J=
1 6.6 Hz, 3H).
H NMR (399.80 MHz, de-DMSO) &
80 dichlofo§ﬁ§$?>ﬁr$ & e | 821(01=2.1 Hz, 1H), 795 (dd, I-
2.0, 8.4 Hz, 1H), 7.81 (d, J=8.5 Hz,




2-(Di fluoromethyl)-N45-[4- (difluoronethyl)phenyl]-1H (m 1H), 8.10-8.08
6 BOP i m dazol -2-y1]-5-[(2- nethyl propanoyl am no)nethyl]pyri (m 1H),

7.85-7.82W0 2dimwiBscar boxam de (m 2H), 7.52-7.49 PaT/UBRA)12/037200
7.39-7.10 (m 2H), 4.36-4. 32 (m 2H),
33
Prep. Name ES/%\;[ISI\%I\I/}/? or
1H), 5.82 (q, J= 6.5 Hz, 1H), 1.73 (d, J=
6.5 Hz, 3H).

"H NMR (399.80 MHz, dg-DMSO) &

2-Bromo-1-(2-chloro-3-methyl- 7.54-7.50 (m, 2H), 7.33 (t, J= 7.6 Hz,
phenyl)propan-1-one 1H), 5.50 (q, J= 6.6 Hz, 1H), 2.35 (s,

3H), 1.75 (d, J= 6.6 Hz, 3H).

81

Preparation 82
N-[5-[6-(Difluoromethyl)-3-pyridyl]-4-methyl-1H-imidazol-2-yl]acetamide
Dissolve 2-bromo-1-[6-(difluoromethyl)-3-pyridyl]propan-1-one (0.500 g, 1.89
5 mmol) and acetyl guanidine (0.514 g, 5.68 mmol) in DMF (12 mL). Heat the mixture to
50 °C, and stir for 16 hours. Pour the mixture into water, and extract with EtOAc (3% 20
mL). Dry the combined organic extracts over sodium sulfate; filter; collect the filtrate;
and concentrate the filtrate under reduced pressure. Purify the resulting residue by flash
chromatography (silca gel) eluting with a 40:1 ratio of DCM/MeOH to give the title
10 compound as a white s01id(0.229 g, 46% yield). LCMS (m/z) 267 (M+1).
Preparation 83
2-Methyl-3-[4-(trifluoromethyl)phenyl]imidazo[ 1,2-a]pyrimidine
Stir a mixture of 2-bromo-1-[4-(trifluoromethyl)phenyl]propan-1-one (500 g, 1.78
mol, 1 equiv), [PA (5 L), 2-aminopyrimidine (205 g, 2.13 mol, 1.2 equiv), and sodium
15  bicarbonate (298.8 g, 3.55 mol, 2 equiv) in a thermally controlled reactor at 80 °C for 18
hours. Cool the suspension, and concentrate in vacuo. Dilute the resulting mixture with
DCM (5 L), and the wash with brine (2 L). Re-extract the brine wash with DCM (2.5 L);
combine all the organic extracts; dry over MgSQy; filter; collect the filtrate; and
concentrate the filtrate under reduced pressure to a red gum. Slurry the resulting red gum
20  in Et,O (1.5 L); filter; and collect the solid. Air dry the solid for 45 min to give the
product as a fine off-white solid (108 g, 22% yield). ES/MS (m/z) 278 (M+1).
Alternate Preparation 83
2-Methyl-3-[4-(trifluoromethyl)phenyl]imidazo[ 1,2-a]pyrimidine
Dissolve 2-bromo-1-[4-(trifluoromethyl)phenyl]propan-1-one (7.120 g, 25.332
25  mmol), and 2-aminopyrimidine (5.464 g, 55.729 mmol) in EtOH (40 mL). Heat the

mixture to reflux, and stir for 24 hours. Cool to room temperature, and concentrate under



2.42-2.41
Agent Nane

d6- DMS0)W6 2012/161965

10

(m 1H), 1.00 (d, J= 6.8 Hz, 6H). 43 Ex Coup! -ing
Structure ES/Ms (mz) or 1H NMR 1H NWVR (400. 43 WVHz,
PCT/US2012/037200
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reduced pressure. Dissolve the residue in EtOAc (750 mL). Sequentially wash the

organic extracts with a saturated NaS,03 aqueous solution (250 mL), a saturated NaHCO3

aqueous solution (250 mL), and a saturated NaCl aqueous solution (350 mL). Crystallize

the orange residue from heptanes/EtOAc. Collect the title compound as a white
501id(3.290 g, 46.85% yield). 'H NMR (399.83 MHz, de-DMSO) & 8.84 (dd, J=1.9, 7.0
Hz, 1H), 8.54 (dd, J=2.0, 4.2 Hz, 1H), 8.06-8.04 (m, 2H), 7.83-7.81 (m, 2H), 7.10 (dd, J=
4.1, 6.9 Hz, 1H), 2.68 (s, 3H). ES/MS (m/z) 277.99.

Prepare the following compounds in Table 9 essentially by the method of

Preparation 83 with the appropriate a-bromo ketone or a-chloro ketone.

Table 9
ES/MS (m/z) or
Prep. Name 'H NMR
"H NMR (400.43 MHz, DMSO-d6): &
’4 3-[6~(Trifluoromethyl)-3- 9.34-9.34 (m, 1H), 9.01-8.98 (m, 1H),
pyridylJimidazo[1,2-a]pyrimidine | 8.61-8.56 (m, 3H), 7.98-7.95 (m, 1H),
7.10-7.07 (m, 1H).
2-Methyl-3-[6-(trifluoromethyl)-3-
83 pyridyl]imidazo[1,2-a]pyrimidine 279 (M+1)

"H NMR (399.83 MHz, d¢-DMSO) &

3-[4- 8.98 (dd, J=2.0, 6.8 Hz, 1H), 8.55
86 (Difluoromethyl)phenyl]imidazo[1,2- | (dd, J=2.0,4.1 Hz, 1H), 8.46 (s, 1H),
a]pyrimidine 8.15-8.13 (m, 2H), 7.66 (d, J= 8.2 Hz,

2H), 7.21-6.93 (m, 2H).
3-[4-(Difluoromethyl)phenyl]-2-
87 methyl-imidazo[1,2-a]pyrimidine 260 (M+1)

"H NMR (399.83 MHz, dg-DMSO) &

8.80 (dd, J=2.0, 6.9 Hz, 1H), 8.50

88 3 'gﬁ;ﬂlizoorﬁpg?;yl)jﬁ;fgl' (dd, J=2.0, 4.1 Hz, 1H), 7.87-7.83
~~-alpy (m, 2H), 7.33-7.28 (m, 2H), 7.07 (dd,

J=4.1,6.8 Hz, 1H), 2.62 (s, 3H).
"H NMR (399.83 MHz, d¢-DMSO) &

8.82 (dd, J=2.0, 6.9 Hz, 1H), 8.53

R9* 3-(4-Bromophenyl)-2-methyl- (dd, J=1.9, 4.1 Hz, 1H), 7.81-7.78

imidazo[1,2-a]pyrimidine

(m, 2H), 7.70-7.67 (m, 2H), 7.09 (dd,
J=4.1, 6.9 Hz, 1H), 2.65 (s, 3H).

*a-chloro ketone used.

Preparation 90

2-Methyl-3-(p-tolyl)imidazo[ 1,2-a]pyrimidine



12. 28-12. 27 (m 2H), 8. 63- 8. 60 (m 1H),
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Add 3-(4-bromophenyl)-2-methyl-imidazo[ 1,2-a]pyrimidine (1.00 g, 3.470 mmol)
and DMF (17 mL) to a 50 mL screw-cap vial (fitted with stir bar). Degas the solution
with nitrogen for 3 min. Add tetramethylstannane (1.91 mL, 13.88 mmol) and
bis(triphenylphosphine)palladium(IT) chloride (0.36 g, 520.57 umol) to the vial, and close
the vial. Heat the mixture in an oil bath to 130 °C for 2 hours. Cool the reaction to room
temperature, and quench with an excess of water. Extract the mixture with EtOAc. Wash
the combined organic extracts with brine. Dry the organic extracts over potassium
carbonate; filter; collect the filtrate; and concentrate the filtrate under reduced
pressure. Purify the crude mixture by silica gel chromatography with a gradient of 50-
100% hexane/EtOAc to give the title compound as a white solid (0.50 g, 64% yield).
LCMS (m/z) 224.2 (M+1). "H NMR (399.83 MHz, d6-DMSO) & 8.81-8.79 (m, 1H),
8.51-8.49 (m, 1H), 7.73 (d, J=7.9 Hz, 2H), 7.31 (d, J="7.9 Hz, 2H), 7.09-7.06 (m, 1H),
2.64 (s, 3H), 2.36 (s, 3H).

Preparation 91
5-[6-(Difluoromethyl)-3-pyridyl]-4-methyl-1H-imidazol-2-amine

Dissolve N-[5-[6-(difluoromethyl)-3-pyridyl]-4-methyl-1H-imidazol-2-
yl]acetamide (0.172 g, 0.65 mmol) in MeOH (5 mL) and water (5 mL). Heat the mixture
to 60 °C. Add hydrochloric acid (12 N, 5 mL, 60 mmol). Stir mixture for 2 hours at 60
°C. Concentrate the mixture to a volume of about 10 mL. Adjust the pH of the aqueous
solution to 8. Extract the resulting solution with EtOAc (2 x 20 mL). Dry the combined
organic extracts over sodium sulfate; filter; collect the filtrate; and concentrate the filtrate
under reduced pressure to give the title compound as a yellow oil (0.153 g, 100% crude
yield). LCMS (m/z) 225 (M+1).

Preparation 92
[4-Methyl-5-[4-(trifluoromethyl)phenyl]-1H-imidazol-2-ylJammonium formate

Suspend 2-methyl-3-[4-(trifluoromethyl)phenyl]imidazo[1,2-a]pyrimidine (2.176
g, 7.849 mmol) in EtOH (15.00 mL, 257.646 mmol). Add hydrazine hydrate (4.00 mL,
81.821 mmol). Heat to 125 °C with microwave irradiation. Stir for 30 minutes, and
concentrate under reduced pressure. Dissolve the residue in EtOAc (75 mL); wash the
organic extracts with water (3 X 50 mL); and then wash with a saturated NaCl aqueous
solution (50 mL). Dry the organic extracts over Na,SQy; filter; collect the filtrate; and

concentrate the filtrate in vacuo. Purify by reverse phase flash chromatography
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36

(Analogix® 150 g @ 40 mL/min) eluting with a gradient of 5-30 % ACN/water over 35
minutes. Material precipitates upon loading samplet. Collect the resulting white
material from the samplet and reflux it MeOH for 15 minutes. Filter the MeOH mixture
through diatomaceous earth collect the filtrate, and wash the diatomaceous earth with
5  MeOH. Concentrate the combined filtrates under reduced pressure to give the title
compound (1.643 g, 72.9% yield) as a white crystalline solid. 'H NMR (400.43 MHz, d¢-
DMSO) 6 13.14-13.11 (m, 2H), 7.77 (d, J= 8.4 Hz, 2H), 7.66 (d, J= 8.2 Hz, 2H), 7.47 (s,
2H), 2.26 (s, 3H). ES/MS (m/z) 241.99 (parent +1, formate not detected).
Preparation 93
10 4-Methyl-5-[4-(trifluoromethyl)phenyl]-1H-imidazol-2-amine; oxalic acid
Add 2-Methyl-3-[4-(trifluoromethyl)phenyl]imadazo[ 1,2-AJpyrimidine (50 g,
0.180 mol), ACN (500 mL), and hydrazine monohydrate (20.1 g 0.628 mol) together at
25 to 30 °C. Heat the reaction mixture to 78 to 82 °C, and stir for 40 to 48 hours.
Monitor the reaction progress by HPLC. When the reaction is complete, cool the mixture
15  to 40 to 45 °C; concentrate to 100 mL of residual volume; and remove residual moisture
by azeotrope distillation with toluene (3x250 mL). Cool the reaction mixture to 25 to 30
°C; add DCM (250 mL); then stir the mixture for 15 minutes. Add water (500 mL) to the
mixture, and stir for 30 minutes. Separate the layers, and wash the organic layer with
water (4x500 mL). Concentrate the organic layer under reduced pressure at 30 to 40 °C
20  to 50 mL of residual volume to give the crude base. Cool this mixture to 25 to 30 °C, and
add MeOH (100 mL). Add a solution of oxalic acid dihydrate (45.5 g, 0.500 mol) in
MeOH (300 mL) over 60 minutes, and stir the mixture for 2 hours at 25 to 30°C. Cool
the slurry to 0 to 5 °C, and stir for one hour. Filter the mixture; wash the solid with
MeOH (100 mL); collect solid; and dry the solid under vacuum at 45 to 50 °C for 12
25 hours to give the title compound (41.0 g, 78% yield). "H NMR (300 MHz, dg-DMSO) &
7.82 (d, J=8.4 Hz, 2H), 7.69 (d, ] = 8.1 Hz, 2H), 2.32 (s, 3H).
Preparation 94
4-Methyl-5-[2-methyl-4-(trifluoromethyl)phenyl]- 1H-imidazol-2-amine
Add 2-bromo-1-(2,3-dichlorophenyl)propan-1-one (0.214 g, 0.759 mmol), 2-
30  aminopyrimidine (0.123 g, 1.290 mmol) and ACN (1.5 mL) to a microwave vessel
(equipped with a stir bar),. Heat the mixture to 140 °C with microwave irradiation, and

stir for 45 minutes. Cool the mixture to room temperature, and add hydrazine (0.23 mL,
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5.71 (s,
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4.554 mmol). Heat the mixture to 100 °C with microwave irradiation while stirring for
30 minutes. Dilute the reaction with water, and extract the aqueous mixture with
EtOAc. Wash the organic extracts with water; collect extracts; and dry the extracts over
sodium sulfate; filter; collect the filtrate; and concentrate the filtrate under reduced
pressure. Purify the material on an SCX-2® column (10 g) with DCM. Rinse the column
with DCM, 40% MeOH in DCM, 80% MeOH in DCM then elute the product with 50%
DCM /7 M ammonia in MeOH. Concentrate the ammonia fraction under reduced
pressure. Purify the residue by radial chromatography on a 2 mm silica gel plate eluting
with a gradient of 75%-100% EtOAc/hexane, then gradient of 1-4% 7 M NH3 in MeOH
in EtOAc to give the title compound as a light beige foam (0.042 g, 23% yield). 'H
NMR (399.80 MHz, de-DMSO) 6 10.50-10.48 (m, 1H), 7.45-7.42 (m, 1H), 7.25-7.23 (m,
2H), 5.07 (s, 2H), 1.89 (s, 3H).

Prepare the following compounds in Table 10 essentially by the method of
Preparation 94 using the appropriate a-bromo ketone.

Table 10

ES/MS (m/z) or

Prep. Name IH NMR

5-(4-Chlorophenyl)-4-methyl-
1H-imidazol-2-amine
5-(3-Chlorophenyl)-4-methyl-
1H-imidazol-2-amine
5-(3-Fluoro-4-methyl-phenyl)-4-
methyl-1H-imidazol-2-amine
4-Methyl-5-[2-methyl-4-

98 (trifluoromethyl)phenyl]-1H- 256 (M+1)
imidazol-2-amine
5-[2-Fluoro-4-
100 (trifluoromethyl)phenyl]-4- 260 (M+1)
methyl-1H-imidazol-2-amine
5-(3-Fluorophenyl)-4-methyl-

95

96 208/210 (M+1 CI*/CFy

97 206 (M+1)

101 1H-imidazol-2-amine 192 (M+1)

102 51(136;1;110{%41;’133011?23264 220/224 (M+1 CI/CE)

103 | ahybtimidagol D amine 210 (M+1)

104 | bybtbimidagol D amine 210 (M+1)

105 >-(3,4-Dichlorophenyl)-4- 241/242/243/244 [(M+1 (2CF%/CF)]

methyl-1H-imidazol-2-amine




4.36-4.32 (m 2H), 2.43-2. 41 (m 1H),
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ES/MS (m/z) or
Prep. Name IH NMR

5-(2-Fluoro-3-methyl-phenyl)-4-

106 methyl-1H-imidazol-2-amine 205 (M+1)

5-(2-Chloro-3-methyl-phenyl)-4- 35,37
107 methyl-1H-imidazol-2-amine 222/224 (ML CI/CT)
108 5-(2-Fluorophenyl)-4-methyl- 192 (M+1)

1H-imidazol-2-amine

Preparation 109
tert-Butyl N-[[6-(difluoromethyl)-5-[[4-methyl-5-[4-(trifluoromethyl)phenyl]-1H-
imidazol-2-yl]carbamoyl]-3-pyridyl]methyl]carbamate
5 Dissolve [4-methyl-5-[4-(trifluoromethyl)phenyl]-1H-imidazol-2-ylJammonium
formate (0.205 g, 0.714 mmol) and 5-[(fert-butoxycarbonylamino)methyl]-2-
(difluoromethyl)pyridine-3-carboxylic acid (0.283 g, 0.749 mmol) in DCM (5 mL). Add
DIPEA (0.50 mL, 2.855 mmol) followed by BOP (0.350 g, 0.792 mmol). Heat the
mixture to 60 °C, and stir 16 hours. Add benzotriazol-1-yloxy-
10 tris(dimethylamino)phosphonium hexafluorophosphate (0.150 g, 0.339 mmol). Stir the
mixture for 2 hours. Pour the reaction mixture into water (15 mL). Extract with EtOAc
(3 x 15 mL, and sequentially wash the combined organics with a saturated sodium
chloride aqueous solution (4 x 15 mL) and a saturated sodium bicarbonate aqueous
solution (15 mL). Dry the organic extracts over sodium sulfate; filter; collect the filtrate;
15  and concentrate the filtrate under reduced pressure. Purify the residue by reverse phase
flash chromatography (Analogix® 55g @ 40 mL/min) eluting with a gradient of 5-75%
ACN/water over 30 minutes. Concentrate the appropriate fractions under reduced
pressure until only water remains and the product is a suspended solid. Add a saturated
NaHCOj; aqueous solution (50 mL), and extract with EtOAc (2 x 30 mL) to give the title
20  compound (0.212 g, 56%) as a white solid. LCMS (m/z) 526 (M+1) 524 (M-1).
Preparation 110
5-(Aminomethyl)-2-(difluoromethyl)-N-[4-methyl-5-[4-(trifluoromethyl)phenyl]-1H-
imidazol-2-yl]pyridine-3-carboxamide
Add hydrochloric acid (10 mL, 40.0 mmol, 4 M in 1,4 dioxane) to tert-butyl N-
25 [[6-(difluoromethyl)-5-[[4-methyl-5-[4-(trifluoromethyl)phenyl]-1H-imidazol-2-
yl]carbamoyl]-3-pyridyl]methyl]carbamate (0.212 g, 0.403 mmol) and stir overnight.



1.00 (d, 3J= 6.8 Hz, 6H.  ...... e-izoz, ,, 1, 0zx* 5 H
NVR (399. 80 MHz, d6- DVS0) 6
WO 2012/161965 PCT/US2012/037200

39

Dilute with water, and extract with Et,O. Adjust the pH to ~8 with a saturated sodium
bicarbonate aqueous solution. Extract with EtOAc (3 x 30 mL). Dry the organic extracts
over sodium sulfate; filter; collect the filtrate; and concentrate the filtrate under reduced
pressure. Purify by reverse phase flash chromatography (Analogix® 40g (@ 40 mL/min)
5 eluting with a gradient of 2-55% ACN/water over 30 minutes. Concentrate the
appropriate fractions under reduced pressure until all the ACN is removed and only water
remains. Add a saturated sodium bicarbonate aqueous solution (30 mL), and extract with
EtOAc (3 x 20 mL). Dry the organic extracts over sodium sulfate; filter; collect the
filtrate; and concentrate the filtrate under reduced pressure to give the title compound as
10 alight yellow solid (0.098 g, 57% yield). 'H NMR (400.43 MHz, ds-DMSO) & 8.71-8.69
(m, 1H), 8.16 (s, 1H), 7.79-7.77 (m, 2H), 7.69-7.67 (m, 2H), 7.42-7.28 (m, 1H), 3.81 (s,
2H), 2.43 (s, 3H).
Example 1
2-(Difluoromethyl)-5-{[(2-methylpropanoyl)amino]methyl}-N- {4-methyl-5-[4-
15 (trifluoromethyl)phenyl]-1H-imidazol-2-yl} pyridine-3-carboxamide

e F

S
N)\N
N H
F H

i

In a thermally controlled reactor stir a mixture of 4-methyl-5-[4-

7
=

(trifluoromethyl)phenyl]-1H-imidazol-2-amine (395 g, 1.63 mol, 1 equiv), 2-
(difluoromethyl)-5-{[(2-methylpropanoyl)amino]methyl} pyridine-3-carboxylic acid

20  (445.8 g, 1.63 mol, 1 equiv), DMF (3.16 L), DIPEA (856 ml, 4.91 mol, 3 equiv) and
TBTU (630 g, 1.965 mol, 1.2 equiv) at an internal temperature of 75 °C for 18 hours.
Cool the mixture; dilute with EtOAc (2.5 L); and wash with water (3 < 5 L) and brine (2
x 2.5 L). Extract the combined aqueous phases with EtOAc (2.5 L). Combine the
organic extracts, and dry over MgSO,. Concentrate the to dryness to give a yellow semi-

25  solid. Slurry this solid with Et,O (2.5 L) for 3 hours; collect the solids by filtration; and
air dry for 16 hours then in vacuo at 50 °C for a further 48 hours to give the title product
as a fine free flowing white solid (568 g, 66% yield). "H NMR (MeOD-d4, 500 MHz): &



12. 25-12. 22 (m 2H), 8.63 (s, 1H), N[ 5- (4- Chl or ophenyl) - 1H
8.40-8. 35 I m dazol -2-yl1]-2-(difluoronmethyl)- (m 1H), 8 TBTU 5-[(2-

8. 06- 8. 02wO 2nextteydepr opanoyl am no) net hyl | pyri  (m 1H), PcCaiusee1i2/0sanboxam de
7.74 (d, J= 8.5 Hz, 2H),
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8.63 (s, 1H), 8.13 (s, 1H), 7.74 (d, 2H, J= 8.1 Hz), 7.67 (d, 2H, J=8.1 Hz), 7.36 (t, 1H, J
=54.2 Hz), 4.47 (s, 2H), 2.52-2.45 (m, 4H), 1.13 (d, 6H, J = 6.8 Hz); MS (m/z) 496
(M+1).
Alternate Procedure A, Example 1

5 Add 2-(Difluoromethyl)-5- {[(2-methylpropanoyl)amino]methyl}pyridine-3-
carboxylic acid (230 g, 0.845 mol, 1 eq), 4-methyl-5-[4-(trifluoromethyl)phenyl]-1H-
imidazol-2-amine (280.6 g, 0.845 mol, 1 eq), and 4-methylmorpholine (427.8 g, 4.22 mol,
5 eq) to EtOAc, (2.5 L). Stir the reaction mixture at 15-25 °C for 1 h. Add
propylphosphonic anhydride (T3P®) (50% w/w in EtOAc, 1.884 kg, 2.95 mol, 3.5 eq)

10 over 17 min while maintaining the temperature <40 °C. Rinse the addition vessel with
EtOAc (415 mL), and add the rinses to the reaction mixture. Stir the reaction mixture at
15-25 °C for 1 h, and then heat to 65-75 °C overnight. Cool the reaction mixture to 15-25
°C, and dilute with EtOAc (3 L). Wash the reaction mixture with water, (2 x 2 L).
Sequentially wash the organic phase with 1 N HCI (2 x 2 L), brine (2 L), 10% Nay,COs

15  aqueous solution (2 x 2 L), and deionized water (2 x 2 L). Concentrate the organic layer
under vacuum at 65 °C until solids are observed (about 4 L, 62% volume removed). Add
absolute EtOH (3 L), and re-concentrate the solution to about 3 L. Add absolute EtOH (1
L), and stir the slurry at 65-75 °C for 30 min then at 15-25 °C for approximately 63 hours.
Cool the slurry to —15 to —5 °C while stirring for > 2 h. Isolate the solid by filtration, and

20  rinse the solid with cold absolute EtOH (-10 °C, 420 mL). Dry the resulting solid under
vacuum at 50 °C for 2 nights to give the title compound (268 g, 64% yield). '"H NMR
(400 MHz, de-DMSO) 8 12.09 (s, broad, 2H), 8.66 (s, 1H), 8.44 (t, J = 5.6 Hz, 1H), 8.07
(s, 1H), 7.78 (dd, J = 38.6 and 8.2 Hz, 4H), 7.37 (t, ] = 54.3 Hz, 1H), 4.40 (d, ] = 5.6 Hz,
2H), 2.46 (s, 3H), 2.46 (m, J = 6.8 Hz, 1H), 1.05 (d, ] = 6.8 Hz, 6H).

25 Alternate Procedure B, Example |
Dissolve [4-methyl-5-[4-(trifluoromethyl)phenyl]-1H-imidazol-2-ylJammonium
formate (1.011 g, 1.00 equiv, 3.520 mmol), and 2-(difluoromethyl)-5-[(2-
methylpropanoylamino)methyl]pyridine-3-carboxylic acid (1.497 g, 1.25 equiv, 4.400
mmol) in DMF (25.00 mL, 323.313 mmol). Add DIPEA (2.46 mL, 14.079 mmol),
30  followed by BOP (2.065 g, 4.576 mmol). Heat to 60 °C, and stir overnight. Pour the

reaction mixture into water (200 mL). Extract the mixture with EtOAc (3 x 75



7.42-7. 36

(m 4H),
2.45-2.40 44 Ex Coup!

(m 1H), WO 2012/161965

10

15

5.72 (s, 1H),

41

4.36 (d, J=

-ing Agent Nanme Structure ES/M5S (mz) or
PCT/US2012/037200

5.7 Hz,

mL). Wash the combined organic extracts with a saturated NaCl aqueous solution (4 x

100 mL), then a saturated NaHCOj3 aqueous solution (100 mL). Dry the organics over

Na,SOy; filter; collect the filtrate; and concentrate the filtrate in vacuo. Purify by flash

chromatography (Analogix® 80g @ 55 mL/min) eluting with a gradient of DCM to 8% 7
N NH; in MeOH/DCM over 40 minutes. Collect 1.592 g of material. Crystallize from

EtOAc/MeOH/heptanes. Filter the solid product washing with hexanes and dry under

vacuum overnight to give the title compound (1.298 g, 74.43% yield) as a white solid. 'H
NMR (400.43 MHz, de-DMSO) 6 12.34-12.26 (m, 2H), 8.61 (d, J= 1.8 Hz, 1H), 8.41-
8.37 (m, 1H), 8.05-8.02 (m, 1H), 7.77 (d, J= 8.2 Hz, 2H), 7.70-7.68 (m, 2H), 7.56-7.50
(m, 1H), 4.34 (d, J=5.7 Hz, 2H), 2.42-2.38 (m, 1H), 1.00 (d, J=6.9 Hz, 6H). ES/MS

(m/z) 496.17.

Prepare the following compounds in Table 11 essentially by the alternate

procedure B of Example 1 with the appropriate 2-aminoimidazole (or salt thereof) and

acid.
Table 11
Coupl ES/MS
Ex | -ing Name Structure (m/z) or
Agent "H NMR
2-Chloro-5-[(2- o O
methylpropanoylamino)methyl]-N- YOJ;\’“{%,QLQ 480/482
2 | BOP | [4-methyl-5-[6-(trifluoromethyl)-3- | . LT & " N (M+1
pyridyl]-1H-imidazol-2- 7 i C1®/cr’y
yl]benzamide
2-Chloro-5-[(2,2- o O
dimethylpropanoylamino)methyl]- Y(j/\[h{%?“Q 494/496
3 | BOP | N-[4-methyl-5-[6-(trifluoromethyl)- | - LJ * " N (M+1
3-pyridyl]-1H-imidazol-2- ¥ I cI®/cr’y
yl]benzamide
2-(Difluoromethy1)-N-[5-[6- o~
(difluoromethyl)-3-pyridyl]-4- YO)’:N\)_N@
4 | BOP methyl-1H-imidazol-2-y1]-5-[(2- CCcra N 478 (M+1)
methylpropanoylamino)methyl]ben re o~
zamide
T
2-(Difluoromethyl)-5-[(2- el H NMR
. 0 (399.83
methylpropanoylamino)methyl]-N- Y(j/\[N\%N@ MHz. d-
5 | BOP | [4-methyl-5-[6-(trifluoromethyl)-3- QA s * O
. . Fo Ny DMSO0) d
pyridyl]-1H-imidazol-2- e Pt 12.16-12.14
yl]benzamide (m, 1H),

2H) ,

1H NMR
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Ex

Coupl
-ing
Agent

Name

Structure

ES/MS
(m/z) or
'H NMR

11.87-11.85
(m, 1H),
9.02-8.99
(m, 1H),
8.34-8.31
(m, 1H),
8.20-8.17
(m, 1H),
7.87-7.85
(m, 1H),
7.71-7.66
(m, 2H),
7.51-7.47
(m, 2H),
434 (d, J=
5.9 Hz, 2H),
2.45-2.42
(m, OH),
1.03 (d, J=
6.8 Hz, 6H).

BOP

2-(Difluoromethyl)-N-[5-[4-
(difluoromethyl)phenyl]-1H-
imidazol-2-y1]-5-[(2-
methylpropanoylamino)methyl]pyri
dine-3-carboxamide

"H NMR
(400.43
MHZ, d6—
DMSO) 8
12.42-12.41
(m, 2H),
8.63-8.60
(m, 1H),
8.40-8.38
(m, 1H),
8.10-8.08
H (m7 1H)7
"\ 7.85-7.82
= (m, 2H),
7.52-7.49
(m, 3H),
7.39-7.10
(m, 2H),
4.36-4.32
(m, 2H),
2.42-2.41
(m, 1H),
1.00 (d, J=
6.8 Hz, 6H).

DIVSO)



(m 1H),

8.17-8.15
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(m 1H),

7.52-7.50

N[ 5- (3- Chl or ophenyl) - 4- met hyl -
8.02-8.01 9 TBTU (difluoronethyl)-542, 2-

(m 1H),

7.40-7.39
43

(m 1H),

7.25-7.24

Coupl
Ex | -ing
Agent

Name

Structure

ES/MS
(m/z) or
'H NMR

7 | BOP

2-(Difluoromethyl)-5-[(2-

methylpropanoylamino)methyl]-N-
[5-[6-(trifluoromethyl)-3-pyridyl]- |
1H-imidazol-2-yl]benzamide

"H NMR
(400.43
MHz, ds-
DMSO) 8
12.28-12.27
(m, 2H),
8.63-8.60
(m, 1H),
8.40-8.38
(m, 1H),
8.11-8.08
(m, 1H),
7.85-7.82
(m, 2H),
7.52-7.49
(m, 3H),
7.39-7.10
(m, 1H),
5.71 (s, 1H),
4.36-4.32
(m, 2H),
2.43-2.41
(m, 1H),
1.00 (d, J=
6.8 Hz, 6H).

8 | TBTU

N-[5-(4-Chlorophenyl)-1H-

imidazol-2-yl]-2-(difluoromethyl)-

5-[(2-

methylpropanoylamino)methyl]pyri
dine-3-carboxamide

H1 NMR
(399.80
MHz, ds-
DMSO) &
12.25-12.22
(m, 2H),
8.63 (s, 1H),
8.40-8.35
(m, TH),
8.06-8.02
(m, 1H),
7.74 (d, J=
8.5 Hz, 2H),
7.42-7.36
(m, 4H),
5.72 (s, 1H),
436 (d,J=
5.7 Hz, 2H),
2.45-2.40
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Coupl
-ing
Agent

Ex

Name

Structure

ES/MS
(m/z) or
'H NMR

(m, 1H),
1.02 (d, J=
6.8 Hz, 6H).

9 | TBTU

N-[5-(3-Chlorophenyl)-4-methyl-
1H-imidazol-2-yl1]-2-
(difluoromethyl)-5-[(2,2-
dimethylpropanoylamino)methyl]p
yridine-3-carboxamide

"H NMR
(399.80
MHZ, d6—
DMSO) 8
12.12-12.09
(m, 2H),
8.57-8.54
(m, 1H),
8.17-8.15
(m, 1H),
8.02-8.01
(m, 1H),
7.56-7.55
(m, 1H),
7.52-7.50
(m, 1H),
7.40-7.39
(m, 1H),
7.25-7.24
(m, 1H),
4.33-4.28
(m, 2H),
2.35 (s, 3H),
1.06 (s, 9H).

10 | TBTU

N-[5-(4-Chlorophenyl)-4-methyl-
1H-imidazol-2-yl1]-2-
(difluoromethyl)-5-[(2,2-
dimethylpropanoylamino)methyl]p
yridine-3-carboxamide

'"H NMR
(399.80
MHZ, d6—
DMSO) &
12.12-12.10
(m, 2H),
8.61 (d, J=
1.7 Hz, 1H),
8.40-8.36
(m, 1H),
8.08-8.04
(m, 1H),
7.59-7.57
(m, 2H),
7.43-7.41
(m, 2H),

7.38-7.36




DVB0) 6
8.61 (d, J=

12.12-12.10
1H i m dazol - 2-y1] - 2-
(di f1 uor owotzniip1w42, 2-

(m 2H),
1.7 Hz,
8. 40- 8. 36

1H),

10 TBTU

N-[ 5- (4- Chl or ophenyl) - 4- et hyl -

di met hyl pr opanoyl arCma)See2iogi2pp

1H), yri di ne- 3-carboxam de 8.08-8.04 (m 1H),
45
Coupl ES/MS
Ex | -ing Name Structure (m/z) or
Agent '"H NMR
(m, 1H),
435(d, J=
5.7 Hz, 2H),
2.43-2.37
(m, 3H),
1.01 (d, J=
6.8 Hz, 6H).
'H NMR
(399.80
MHZ, d6—
DMSO0) d
12.13-12.12
(m, 2H),
8.55(d, J=
0.4 Hz, 1H),
N-[5-(2,3-Dichlorophenyl)-4- o~ 8(n11618Hl)2
methyl-1H-imidazol-2-y1]-2- oy, & ? 021—8 0’2
11 | TBTU (difluoromethyl)-5-[(2,2- N n ('m IH)
dimethylpropanoylamino)methyl]p J\% 7 6’1 7 5’9
yridine-3-carboxamide (ﬁq, 1H),
7.36-7.32
(m, 2H),
7.29-7.27
(m, 1H),
431 (d,J=
5.6 Hz, 2H),
2.05 (s, 3H),
1.07 (s, 9H).
2-(Difluoromethyl)-5-[(2- Loy \
HAT | methylpropanoylamino)methyl]-N- LN =,

2170 | [4-methyl-5-(p-toly])-1H-imidazol- g § | 442 (M
2-yl]pyridine-3-carboxamide °
2-(Difluoromethyl)-N-[5-(4- o~

HAT fluorophenyl)-4-methyl-1H- AW a
13 U imidazol-2-yl]-5-[(2- N A H 446 (M+1)
methylpropanoylamino)methyl]ben | * o
zamide

(m



7.59-7.57
Coup!

(d, J= 5.Wokp12/@H6s 2.43-2.37 (m 3H),

(m 2H),
-ing Agent Nanme Structure ES/M5S (mz) or
1.01 (d,

7.43-7.41

(m 2H),

1H NMR

N-[5-(2, 3-Di chl orophenyl)-4- methyl-1Hi m dazol -2-y1] - 2-
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(m 1H),

7.38-7.36 45 Ex

4. 35

J= 6.8 IPeT/Usk)12/037200/BTU

Ex

Coupl
-ing
Agent

Name

Structure

ES/MS
(m/z) or
'H NMR

14

TBTU

2-(Difluoromethyl)-5-[(2,2-
dimethylpropanoylamino)methyl]-
N-[5-(3-fluoro-4-methyl-phenyl)-4-
methyl-1H-imidazol-2-yl]pyridine-
3-carboxamide

F
:
o]
A 0as
Ea

474 (M+1)

15

TBTU

2-(Difluoromethyl)-5-[(2,2-
dimethylpropanoylamino)methyl]-
N-[4-methyl-5-[2-methyl-4-
(trifluoromethyl)phenyl]-1H-
imidazol-2-yl]pyridine-3-
carboxamide

524 (M+1)

16

TBTU

2-(Difluoromethyl)-5-[(2,2-
dimethylpropanoylamino)methyl]-
N-[5-[2-fluoro-4-
(trifluoromethyl)phenyl]-4-methyl-
1H-imidazol-2-yl]pyridine-3-
carboxamide

528 (M+1)

17

TBTU

2-(Difluoromethyl)-5-[(2,2-
dimethylpropanoylamino)methyl]-
N-[5-(3-fluorophenyl)-4-methyl-
1H-imidazol-2-yl]pyridine-3-
carboxamide

460 (M+1)

18

TBTU

N-[5-(3-Chloro-4-methyl-phenyl)-
4-methyl-1H-imidazol-2-yl1]-2-
(difluoromethyl)-5-[(2,2-
dimethylpropanoylamino)methyl]p
yridine-3-carboxamide

N
o e

490/492
(M+1
CI*/cr’y

19

TBTU

2-(Difluoromethyl)-N-[5-(2,3-
difluorophenyl)-4-methyl-1H-
imidazol-2-y1]-5-[(2,2-
dimethylpropanoylamino)methyl]p
yridine-3-carboxamide

478 (M+1)

20

TBTU

2-(Difluoromethyl)-N-[5-(3,4-
difluorophenyl)-4-methyl-1H-
imidazol-2-y1]-5-[(2,2-
dimethylpropanoylamino)methyl]p
yridine-3-carboxamide

478 (M+1)

21

TBTU

N-[5-(3,4-Dichlorophenyl)-4-
methyl-1H-imidazol-2-yl1]-2-
(difluoromethyl)-5-[(2,2-
dimethylpropanoylamino)methyl]p

510/511/512
/513 [M+1
2 CIP’/CI)]




(di fluoronethyl)-542, 2- di met hyl propanoyl am no) net hyl ] p

yridi ne- 3-carboxam de Y -
MHz, d6- WhB02/B19%R. 13-12. 12 (m 2H),
8.04-8.02 (m 1H),
4.31 (d, J= 5.6 Hz 9

2-(Di fluoronethyl)-5[(2- nethylpropanoﬂ an1no)nethy1] N-
[ 4-methyl-5-(p-tolyl)-1Him dazol -
442 (Mr1l) 13 HAT U 2-(Difluoronethyl)-N45-(4-
-5-[(2- methyl propanoyl am no) nethyl]ben zanide F 0 H 410NH

(m 1H),
(m 1H),

i ni dazol
446 (M#1)

-2-vyil

o0z,",, 1,0

2. 05

Zm z-

761759(m 1H)

i--zm -

1.07 (s,

5* 5 1H NWR (399. 80
8.55 (d, J= 0.4 HeCTAINR012837260 8. 12

7.36-7.32 (m 2H),
9H) .

2-yl ] pyridi ne-3-carboxamde F F 0 40NH H
fl uor ophenyl) - 4-nmet hyl- 1H

46
Ex

Coupl
-ing
Agent

Name

Structure

ES/MS
(m/z) or
'H NMR

yridine-3-carboxamide

2-(Difluoromethyl)-5-[(2,2-
dimethylpropanoylamino)methyl]-
N-[5-(4-fluoro-3-methyl-phenyl)-4-
methyl-1H-imidazol-2-yl]pyridine-
3-carboxamide

22 | TBTU

474 (M+1)

2-(Difluoromethyl)-5-[(2,2-
dimethylpropanoylamino)methyl]-
N-[5-(2-fluoro-3-methyl-phenyl)-4-
methyl-1H-imidazol-2-yl]pyridine-
3-carboxamide

23 | TBTU

474 (M+1)

N-[5-(2-Chloro-3-methyl-phenyl)-
4-methyl-1H-imidazol-2-yl1]-2-
(difluoromethyl)-5-[(2,2-
dimethylpropanoylamino)methyl]p
yridine-3-carboxamide

24 | TBTU

490/492
(M+1
CI*/cr’y

2-(Difluoromethyl)-5-[(2,2-
dimethylpropanoylamino)methyl]-
N-[5-(2-fluorophenyl)-4-methyl-
1H-imidazol-2-yl]pyridine-3-
carboxamide

25 | TBTU

460 (M+1)

Example 26

2-(Difluoromethyl)-5-{[(2-methylpropanoyl)amino]methyl}-N- {4-methyl-5-[4-

(trifluoromethyl)phenyl]-1H-imidazol-2-yl} pyridine-3-carboxamide-hydrogen phosphate

salt

HO-P-OH

Charge a 250 mL round bottom flask with 5.58 g of 2-(difluoromethyl)-5-{[(2-

methylpropanoyl)amino]methyl}-N-{4-methyl-5-[4-(trifluoromethyl)phenyl]-1H-

imidazol-2-yl} pyridine-3-carboxamide and 85% phosphoric acid (800 uL). To this

7.29-7.27
12 HAT U




Ex Coup! -ing Agent Nane Structure ES/M5S (mz) or 1H NVR 14 TBTU
2-(Difluoronethyl)-5-[(2,2- dinmethyl propanoyl am no) net hy1] -

N45- ( 3- f Iwonrortemmss hyl - phenyl) - 4- met hyl- 1H i m dazol - 2- PCrasee1diosz00
3-carboxam de IN 40,NNH 474 (Mtl) 15 TBTU 2-(Difluoronethyl)-5-[(2, 2-

di met hyl pr opanoyl am no) met hy1] - N-[ 4- rrg%hyl- 5-[2-nmet hyl- 4-
(trifluoronethyl)phenyl]-1H imdazol-2°yl]pyridine-3- carboxamde F O
"\'>-NaiHFW FF F N 524 (M1) 16 TBTU 2-(Difluoronethyl)-5-[(2, 2-

di et hyl pr opanoyl am no) net hyl] - N-[5-[2-fl uoro-4-
(trifluoronethyl)phenyl]-4-nmethyl- 1Him dazol-2-yl]pyridine-3- carboxam de
F mixture, add acetonitrile (40 mL) over the course of 20 minutes to produce a loose slurry.

Stir the slurry at ambient temperature for 30 minutes. Collect the solids by vacuum
filtration, and dry the solids under reduced pressure at 100 °C for several hours to provide
the phosphate salt (5.6359 g, 92%).

5 XRD Spectrograph Analysis

The XRD patterns of crystalline solids are obtained on a Bruker D4 Endeavor X-
ray powder diffractometer, equipped with a CuKa source (A = 1.54060 A) and a Vantec
detector, operating at 35 kV and 50 mA. The sample is scanned between 4 and 40 ° in 26,
with a step size of 0.0087 © in 20 and a scan rate of 0.5 seconds/step, and with 0.6 mm

10 divergence, 5.28 mm fixed anti-scatter, and 9.5 mm detector slits. The dry powder is
packed on a quartz sample holder and a smooth surface is obtained using a glass slide.
Peak position variability of + 0.2 in 20 will take into account potential variations without
hindering the unequivocal identification of the indicated crystal form. The crystal form
diffraction patterns, collected at ambient temperature and relative humidity, are adjusted
15  based on NIST 675 standard peaks at 8.85 and 26.77 degrees 2-theta.

A sample of 2-(difluoromethyl)-5-{[(2-methylpropanoyl)amino] methyl}-N-{4-
methyl-5-[4-(trifluoromethyl)phenyl]- 1 H-imidazol-2-yl} pyridine-3-
carboxamide-hydrogen phosphate salt prepared according to Example 26 is characterized
by an XRD pattern using CuKa radiation and having diffraction peaks (2-theta values).

20  Specifically the pattern contains a peak at 4.85 in combination with one or more of the
peaks selected from the group consisting of 9.77, 16.68, 17.93, 19.15, 22.27 and 24.84
with a tolerance for the diffraction angles of 0.2 degrees. A listing of the major peaks in

2-theta is provided below in Table 12.

Table 12
Peak | Angle (2-Theta ©) Intensity (%)
| 4.85 96
5 9.77 28
3 10.63 36
4 11.00 57
s 12.22 47
‘ 12.67 44




O N\NNHFW FHFFF HN528 (Ml) 17 TBTU 2-(Di fluoronethyl)-5-[(2, 2-

di nmet hyl propanoyl am no) net hyl] - N-[5-(3-fl uorophenyl) - 4-net hyl -

1H i mi dazwb-281y16]199r i di ne- 3- carboxamide O N\N 0" H / P¢o@SeMeD37208 TBTU
N45- ( 3- Chl or 0- 4- et hyl - phenyl) - 4-net hyl - 1H i m dazol - 2-y1] - 2-
(difluoronethyl)-542, 2- di net hyl propancz)%l am no)net hyl ] p

yri di ne-3-carboxamde O,NONHHNIi - k 490/ 492 (M+1 C135/C137) 19 TBTU
2-(Di fluoronmethyl)-N[5-(2,3- difluorophenyl)-4-methyl-1H

Peak | Angle (2-Theta ©) Intensity (%)
7 16.68 25
8 17.93 56
9 18.24 29
10 19.15 41
11 20.37 68
12 22.27 100
13 23.51 46
14 24.84 54
Example 26

Alternate procedure
Add 2-(Difluoromethyl)-5-{[(2-methylpropanoyl)amino]methyl}-N-{4-methyl-5-
S5 [4-(trifluoromethyl)phenyl]-1H-imidazol-2-yl} pyridine-3-carboxamide (250 g, 0.505 mol,
1 eq) to ACN, (5 L). Add a solution of 85% H3POy, (110.7 g, 0.960 mol H3PO4, 1.90 eq)
in deionized water, (1 L) to the mixture. Heat the reaction mixture to 60-70 °C, and then
filter through a 1.2 um filter capsule into a 15 L reactor. Heat the resulting slurry to 55-
65 °C and stirat ambient temperature overnight. Thereafter cool the slurry to 5 °C and stir
10 for about 2 hours while maintaining the reaction temperature at 5 °C. Collect the solids,
and rinse the solids with cold ACN (0-10 °C, 2 x 475 mL) and cold deionized water (0-10
°C, 2 x 475 mL). Return the wet solids (354 g) to the reactor, and slurry the solids with
deionized water (2.5 L) at ambient temperature for 2 h. Collect the solids by filtration,
and rinse the solids with the filtrate (3 times) followed by deionized water (1.25 L). Dry
15  the off-white solids under reduced pressure at 110 °C with a stream of nitrogen to give the
title compound as a pale yellow solid (237 g, 79% yield). Analysis for
Ca3HooFsNsOyHaPOy: caled: C, 46.55; H 4.25; F 16.01; N 11.80; found: C, 46.63; H,
4.22;F, 16.30; N, 11.91. '"H-NMR (400 MHz, de-DMSO) 3 8.66 (d, J = 1.8 Hz, 1H), 8.45
(t,J=5.8 Hz, 1H), 8.08(s, 1H), 7.76 (dd, J = 33.3 Hz, 4H), 7.36 (t, ] = 54.3 Hz, 1H), 4.40
20 (d,J=5.8Hz, 2H), 2.45 (s, 3H), 2.45 (m, J = 6.9 Hz, 1H), 1.04 (d, ] = 6.9 Hz, 6H).
Example 27



I m dazol - 2-y1]-5-[(2, 2- di net hyl propanoyl am no) net hyl ] p

yridi ne-3-carboxamde O N\N O " / 478 (Mtl) 20 TBTU

2- (D f1 uoworzet2dmghd6s NAS5- (3, 4- di fl uor ophenyl) - 4- met hy 1- 1IBCT/US2012/037200
i m dazol - 2-y1]-5-[(2, 2- di net hyl propanoyl am no) net hyl ] p

yridi ne-3-carboxamde O N\N O " / % 8 (Mrl) 21 TBTU

N45- (3, 4- Di chl or ophenyl)-4- nethyl-1H i"m dazol - 2-y1] - 2-

(di fluoronethyl)-542, 2- di met hyl propanoyl ami no)nethyl]p 0 N a 40,,\,
510/511/512 /513 [M+1 (2 C135/Cl137)] 47 Ex Coup! -ing Agent

5-(Acetamidomethyl)-2-(difluoromethyl)-N-[4-methyl-5-[4-(trifluoromethyl)phenyl]-1H-

imidazol-2-yl]pyridine-3-carboxamide

N /'\\l

Y —

N H H
F H N)\
FF 0

Dissolve 5-(aminomethyl)-2-(difluoromethyl)-N-[4-methyl-5-[4-

5 (trifluoromethyl)phenyl]-1H-imidazol-2-yl]pyridine-3-carboxamide (0.047 g, 0.110
mmol) in DCM (3 mL). Add triethylamine (0.038 mL, 0.276 mmol) followed by acetyl
chloride (9.830 uL, 0.138 mmol), and stir overnight. Pour the reaction into saturated
aqueous NH4CI (15 mL) solution, and extract with EtOAc (2 x 10 mL). Combine the
organic extracts; dry the organic extracts over sodium sulfate; filter; collect the filtrate;

10 and concentrate the filtrate under reduced pressure to dryness to give the title compound
(0.039 g, 75% yield) as a light yellow solid. LCMS (m/z) 468 (M+1).
Example 28
2-(Difluoromethyl)-N-[4-methyl-5-[4-(trifluoromethyl)phenyl]- 1H-imidazol-2-yl1]-5-

[(propanoylamino)methyl]pyridine-3-carboxamide

F
F
o
N
N 7\
[ >N o
N H H
F H N}\/
15 F F O
Prepare essentially by the method of Example 27 with the appropriate amine and
acid chloride. ES/MS (m/z) 482 (M+1)
Biological Assays
Human mPGES-1 enzyme inhibition assay
20 Human mPGES-1 (Invitrogen™ (Cat# 97002RG, clone ID 6374722)) is

subcloned into pcDNA3.1 and transiently expressed in 293E cells. Microsomes are
prepared from cell pellets based on published methods (Oullet ez a/., Purification and

characterization of recombinant microsomal prostaglandin E synthase-1, Protein



Nane Structure ES/M5S (mz) or 1H NVMR  yridine-3-carboxam de 22 TBTU
2-(Difluoronethyl)-5-[(2,2- dinmethyl propanoyl am no) net hy1] -

N45- (4- f Iworot2Btemess hyl - phenyl) - 4- met hyl- 1H i m dazol - 2- PCragee1diosz200
3-carboxamde O N\N OH\ N 474 (Mrl) 23 TBTU 2-(Di fluoronethyl)-5-[(2, 2-

di met hyl pr opanoyl am no) met hy1] - N45-(2-f | uoro- 3- net hyl - pheny1l) - 4-

nmet hy1l- 1H i m dazol - 2-yl ] pyri di ne- 3-carboxamide F O FN ---N H soN H/ N 474
(M+1) 24 TBTU

Expression and Purification, 26 pp 489-495 (2002); and Thoren ef al., Human
Microsomal Prostanglandin E Synthase-1, J. Biol Chem. 278(25) pp 22199-22209
(2003)). Briefly, pellets are brought up in homogenization buffer (15 mM Tris-HCI, pH
8.0; 0.25 M sucrose; 0.1 mM EDTA; 1 mM glutathione) and sonicated 5 x 30 seconds on
5 ice. Homogenate is centrifuged at 5000 x g for 10 minutes at 4 °C. The supernatant

fraction is decanted; loaded into Beckman Quick-Seal® tubes; and centrifuged at 150,000
x g for 90 minutes at 4 °C. The supernatant fraction is discarded by decantation; and the
pellets are resuspended in assay buffer (10 mM sodium phosphate (pH 7.0), 10%
glycerol, and 2.5 mM glutathione. Complete Protease Inhibitor Cocktail (Roche)).

10 Protein concentration is determined using the Pierce Coomassie Plus™ reagent.

For the enzyme assay, the microsomes are diluted into assay buffer and 7 uL/well
is added to 384 well plates. Compound dilution plates (Nunc Cat #249944) are generated
on a Multimek™, and 1 pL/well is added to the assay plates. Prostaglandin H, (PGH>) is
diluted into assay buffer immediately before use and 7 uL/well is added. Final

15  concentrations are 4.4 pg/mL microsomes and 1.69 uM PGH,. After a 2.5 minute
incubation at room temperature, 2.5 pL/well of 1 mg/mL of SnCl, in 0.5 N HCl is added
to stop the reaction. Five pL of the reaction is transferred to a 384 well plate and
acetonitrile (45 uL) containing deuterated PGE, as an internal standard is added with a
Multidrop; and the plates are stored at -20 °C. The plates are analyzed for PGE; using

20  standard LC/MS analysis (Biocius Lifesciences (Wakefield, MA 01880). The data is
used to calculate the ICso (uM). The results indicate that the Example 1 (2-
(difluoromethyl)-5-{[(2-methylpropanoyl)amino]methyl}-N-{4-methyl-5-[4-
(trifluoromethyl)phenyl]-1H-imidazol-2-yl} pyridine-3-carboxamide) inhibits human
mPGES-1 with an ICso (uM) value of 0.000944 +0.00059 uM (mean + standard

25  deviation; n = 10/22). The exemplified compounds exhibit an ICsy of less than 100 nM.
Thus the exemplified compounds are a potent inhibitors of the mPGES-1 enzyme in an

isolated enzyme preparation.



N45- ( 2- Chl or o- 3- net hyl - phenyl) - 4-net hyl-1H i m dazol - 2-y1] - 2-

(di fl uoronet hyl)-542, 2- di net hyl propanoyl am no) net hyl | p

yri di ne- 3woantreagssde F O ciN ---N H opNH / N 490/ 492 ( WET/US2B3/08108Y) 25
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phosphat e 5sal t Charge a 250 nL round bottomflask with 5.58 g of

2- (di fl uoronet hyl ) - 5- q:qlkﬂasedwésdayﬁmmanmglE)Wm@qmtiyﬂt}l -N- {4- et hyl- 5-

[4-(trifluoronet m de and
85% phosphori c akgl%ﬁl‘aa)n (e gglgdla%mgl é?oa%q%& 14%1 A54%PS bltagﬂeggroglc%fgﬁkgéﬁl e (40 nli)
over the colissendof mdhtaimadit Esighw's Pl AWEEK'Y Iﬁ)%&taetbuvmeysenﬁm(FBShe slurry at
ambi ent te ratur e .spli.ds vacuum

FTtrati on BEIRE HRFuifend st iRkttt R N k00 e Tor several
houlr S t® provi dEFlo@s Physaiate reladstd frEmﬁﬁﬁ&lb?,waQBi}@ i)nngFi‘lB rhpgttteogr gph

Anal ysi s atterns o ine salids are_ogbtained on a
Br uker Ek?'}’éﬂe?ée\%?hrﬁ (% Bﬁ%ﬂ%‘?‘e gty WB%‘%//Eb& ﬁnﬁeégél BIBRES i 7h€éheOJKa sour ce
(2, = 1. 540&@s &) sapehdd Marg e ofl plaged médlu@pﬁlﬂ@&mﬂmg@d at&ﬁ)obvpraradzﬁ@: mA. The

sanple is scanned between 4 and 40. in 20, with step size of 0.0087 in
20 and a sci&hd PiiwesofThg superataphig aynirpisg, and e C\R/IIPFP%ISGG%%H@BGM PdPdnce, 5.28

mm fixed angti>gs C@etlltrﬁfnbeﬁé\ detSenfndiByd L R Qh afdlok §f cclif &y HdYhaP B¥EIRSiIuicd Packed
on a quartz sanple holder and a sfmooth surface is obtai ned using a gl ass

slide. HBeaking&siand ﬁym&bluﬁl@n pihepogytomgierp Gels grg plafed jat 4009/ weik ig 9é<ws>8u nt

potenti al Vajid At AR 4N LRPHb: tB'tﬂéQﬁ{ehPQ?oﬁﬁb%uﬁﬂg%Pé&hM%% DMIERL foocagsl on of
the indicated crystal form The crystal formdiffraction patterns,

col | ect ed athe &ind) |ce¢ﬂent1r'«éwpelr AreaneMatpdtubes| dhe vedibons ginoyed fpa tl@ﬁﬂel}%t ed
iebaecd on DT PRt A iratnal. B Sauende ndllemaspaag fete
nmet hy1- 5- [ Asnetlyn=2| mgiwmtzdmwo)upﬂneﬂwh]; edcht- cmmaz pietré’at@d fop$0 mmuree aB37
car PO 92 A0S RUCSRBIE AR BRESAR SR SRR 72211 on
peaks (2- t higininVidbi@Son 1B (rhIL-1p) dlluted in plating medium to 10 x final. A 10 uL /well
aliquot is added to give a final rhIL-1 concentration of 0.1-0.2 ng/mL. The treatment
period is approximately 18 hours. Conditioned medium is removed to v-bottom
polypropylene plates. Serum-free F12K is added to the cells (50 uL/well) along with
20 CellTiter96 reagent (Promega™) (10 uL/well). The plates are incubated at room
temperature for 30-45 minutes, and then read on a plate reader at A490 to determine
viability. A control well receives 10 uL /well 10% triton X-100 to serve as a toxic
control.
The conditioned medium is assayed for levels of PGE, and PGI, by specific
25  enzyme immune-assays (EIAs) according to the manufacturer’s protocols (Cayman).
Briefly, conditioned medium (1 pL) is added to each well of a 96 well plate coated with a
capture antibody and containing EIA buffer (49 uL) supplied by the manufacturer. The
tracer is diluted with the EIA buffer, and added (50 uL/well). The detection antibody is
diluted with the EIA buffer and added (50 nL/well). The plate is covered with adhesive
30  sealing film, and is incubated for 1 hour at room temperature on an orbital shaker at 100

rpm. The wash buffer is diluted into Millipore purified water, and the plate is washed 5 x



20 Specifically the pattern contains a peak at 4.85 in conbination with one
or nore of the peaks selected fromthe group consisting of 9.77, 16.68,
17.93, 1w02012@19F and 24.84 with a tol erance for the @cfrfusaakiosrro@angl es
of 0.2 degrees. Alisting of the major peaks in 2-theta is provided bel ow
in Table 12. Table 12 Peak Angle (2-Th%a )) Intensity (%9 1 4.85 96 2 9.77
28 3 10.63 36 4 11.00 57 5 12.22 47 6 .67 44 49 Peak Angle (2-Theta ))
Intensity (% 7 16.68 25 8 17.93 56 9 18.24 29 10 19.15 41 11 20.37 68 12
22. 27

350 uL/well using a plate washer. The substrate (Ellman’s reagent) is diluted in
Millipore purified water and added (200 puL/well). After approximately 45 minutes at
room temperature on an orbital shaker at 100 rpm, the plates are read at A412 on a plate
reader. A standard curve of PGE, is used to calibrate the unknowns. Example 1 (2-

5 (difluoromethyl)-5-{[(2-methylpropanoyl)amino]methyl}-N-{4-methyl-5-[4-
(trifluoromethyl)phenyl]-1H-imidazol-2-yl} pyridine-3-carboxamide) inhibits PGE,
formation with an ICso 0£0.0121 +0.0061 uM (mean =+ standard deviation; n = 4) without
affecting the synthesis of other prostanoids. Thus the exemplified compound is shown to
selectively inhibit PGE, synthesis without inhibiting the synthesis of other prostanoids.

10 Human Whole Blood Assay

Blood is collected from normal volunteer donors into sodium heparin vacutainer
tubes. Donors have not taken NSAIDs, aspirin, Celebrex, or glucocorticoids within two
weeks of the donation. All tubes/donor are pooled into 250 mL Corning conical
centrifuge tubes and 436.5 ulL/well is distributed into deep well polypropylene plates.

15  Compounds are diluted in DMSO to 100 % final and 4.5 pL/well in duplicate or triplicate
is added to give 7 point curves. The blood is pretreated at 37 °C, 5% CO,, in a humidified
atmosphere, loosely covered with a silicone cap mat, for 30 minutes after which 9
uL/well of a solution of 5 mg/mL of lipopolysaccharide (LPS) (Sigma 0111:B4) in 1
mg/mL bovine serum albumin (BSA)/PBS is added to give a final LPS concentration of

20 100 pg/mL. The plates are incubated for 20-24 hours, loosely covered, at 37 °C, 5% CO,,
in a humidified atmosphere, on an orbital shaker at approximately 100 rpm. The plates
are tightly sealed with silicone cap mats and are chilled on ice for approximately 1 hour.
Then the plates are centrifuged at 1800 x g, 10 minutes, 4 °C, in an Eppendorf 5810R
centrifuge. Plasma is removed from the cell layer using the Rainin L200 with sterile

25  filtered tips and transferred to v-bottom polypropylene plates. One hundred microliters is
quantitatively transferred to Costar cluster tubes blocks and 400 puL/well of the methanol
stop reagent and internal standards, d-4PGE,, d-4PGF»,, and d-4TX,p are added.

Samples are vortexed for 5 minutes and are placed at -20 °C for at least one hour.
Samples are centrifuged for 10 minutes at 4000 rpm in an Eppendorf 5810R.
30  Solid phase extraction is performed using Waters HLB 30 mg/bed 96 well plates on a

vacuum manifold: 1) the matrix is washed with methanol (1 mL), followed by 0.1%



100 13 23.51 46 14 24.84 54 Exanple 26 Alternate procedure Add
2-(Difluoronethyl)-5- [(2-nethyl propanoyl)am no]jnethyll-N {4-nmethyl-5- 5
[ 4- (triflwororetsyss) phenyl] -1 Himdazol -2-yl} pyridi nec3/useariosran de
(250 g, 0.505 nol, 1 eq) to ACN, (5 L). Add a solution of 85% H3PO4, (110.7
g, 0.960 nmol H3PO4, 1.90 eq) in deionized water, (1 L) to the m xture. Heat
the reaction mxture to 60-70 C, and then filter through a 1.2 umfilter
capsule into a 15 L reactor. Heat the resulting slurry to 55- 65 C and
stirat anbient tenperature overnight. Thereafter cool the slurry to 5 C and
stir 10for about 2 hours while maintaining the reaction tenperature at 5 C.
Col | ect t hefoguiciadid,in eatdr (limiske 2t 408 |dodaimgs inaphicd ol WINO(1 06 foOmiCacid ix 475 L)
and cold dejan ter 7 utEn lids (354
g) to the reée){cljt(o@?” ]‘é‘f}a&ﬁ a}lé\?’?dg/lgtb%d 3 ?mﬁmﬁes rqj)thedﬂﬁ %)I)r(lilsz"‘éa ed\%"ﬁoi% 5 L) at
anbi ent t enfoeniatacidén fvater GOt uL Cddlloset by 8e/28 elatedmethyndl i(6Q0r dt)] Hnhe and ri nse

D) By 1sitgeaied MBrRaoIPe welhl i Fe St S e o =

stream of rnhtmgbgand teQogtitigedtihef 73/29 watciarptotiindle 85th@. lpfachm)C@lcidC(\ﬁO aD).i d ( 237

, 79% vyi el Apal ysis f 3 02H2PO4: c 4.25; F
1. 01; N 11 ro e "é‘a%&%d%’atgﬁss/g%z he gompagn 6(9‘1(1“0%168‘1% STHRVR (400

MHz, d6- DNSQéthﬁpﬁ)pﬁﬁ)y()ﬁlnmé n«retﬂylﬁNL-mmaxh&lrs ﬁl—(‘ﬂ@ﬂlfofrome}hﬁ)pﬁer&l Hgi- 1H), 8.08(s,
1H, 7.76 (dd, J = 3 =54.3,Hz_,1|—?j 4.40 20(d, J =
5.8 Hz, 2H)1m1@za]52 (]S}pyrgﬁ)e 3 Qarlgr(g(aMe @xa.m@e é) qq%ectnj_q]_y) 1nh1?91t@)ﬂ deroguctm]@ 9 Hz,
6H) . Exa”pl Ritl2dn I3P0f 0.012 + 0.0.008 uM (geometric mean =+ standard dev1at10n n=11)

5- (Acet am donet hyl ) - 2- (dlfluoromatﬁ ) - N-[ 4- net hyl - 5-[4-(frifluoromethyl)ph
enyl ]- 11 |Wﬁtmtmhmﬂngglﬂ(ﬁy¢¢1@|ﬁé3m@ﬁwmam de F Fo Dissol ve

5- (am nonet hyl ) - 2- (di fl uoro

5(trifluoronethyl)phenyl]- 1 B&X& gM%]t%ifr? i ne- 3- car boxam de (0.047 g,
0.110 nmol ) in B@N/b()iankin}[artl%g@umﬂa Iagh\yblgkmngl@pp(rﬁklm&slyrﬂﬂp -200 26 bk )

foll owed by, ace , st.ir overnight.

Pour the retac |%1%i| f 088%1 art ét t(Ozlmeasure i Nﬁﬁ%f@del Dﬁle 0% 108, “and
extract w tdgrobgt EAsed(ig axhilds Wh()mg ﬁiom‘and\mamhmmnrgamnstaemmmrmsne add yn & he

or gani c, ext sodj ym s lect the filtr 10and
Concent Far el it PP SPE GHRP, QB IEdaY rbsinE bofbsmiSari BOGRVE ¢ he
title conpouadald@agid@with 2 4bfna Rt ehgeadnandld gt fig€hdcow s fdot dnd Whidfat( m z) 468
(MHD) . . . Exanpl e 28 ) .

2-(Di fluor oar}lefffﬂgﬂej(?%&ﬁﬂfﬁl@tdﬁgﬂ(?%@[ﬂan-(gﬁ CXRHGEBRRIHRTIARETAFFY IS i dazol - 2-y
1] - 5- [ (pr opafet Qﬁﬂrdﬁ@ﬂ B?Eﬂéﬂll] J(0)')% ﬁr@hﬁhﬁo&i Q@[M@fg #l@ Uk® Committees. Prepare
essentially by the nmeth with the appropriate am ne and acid

chloride. ES/ MsIpHe2) an@ésé Mlm()deg)he Flglj'i 1@5?8 OA§eCA BuINeR, RigIIPIeEiSd VitBnzy me
i nhi bi tapn ASLAY3 %%Hh%ﬁne@@ﬁf—} amd {h|emé/ﬂ 008 AT Miia&edor 1P H02ARGatk@ne | D

6374722)) is subcloned into 1 and transiently expressed in 293E
celI's. M crodumalerdfd Wicspelt @wgfm@mce@nqe tgseing.etnsangeidiage GHingURRaREred et hods

(Qullet et gk qigreRHEd fiSRIJANARM bEBRGIEHRLA ARNIANR i RGPERLNRRL, M or ool

prostagl andin E synthase-1, Protein Expression and Purification, 26 pp
489- 495 (20@1Q)eacha\rwhleTm;¢S@ms dle agprage Mdrmnarwb orcogimdntsRagsmegsgicd adir E

Synt hase- 1, J,.qBi ol Chem 278(25) pp 22199-22209 (2003)). Briefly, pellets
are brought up in honogenization buffer (15 nM Tris-HCl, pH 8.0; 0.25 M
sucrose2,5 0. 1 mViHeDi studyniindapigt e dore)l waﬂldith@wbhﬁaltéﬂ)%Cxenmh@@:bhds on

g:,l([i:)gr nat an tfdl%téeﬂb? 15! %?}nrslalflrlfleggrdExamp e 980 or 90 ykg}OAqqou%tgerosupaotf gﬁlng;cl The

pigs are also dosed with the nonsteroidal anti-inflammatory drug diclofenac (vehicle
saline, 30 mg/kg), which acts as a positive control for the study, as it has previously
shown efficacy in the model. All dosing is subcutaneous at a dose volume of 5 ml/kg and
30  group size is n=6. Dose group is randomly assigned to each animal and dosing is
staggered by 10 minutes for each guinea pig. Four hours post-dose, pain is measured

using incapacitance testing. Results are reported in Table 13 as the mean difference in



fraction is decanted; |oaded into Beckman Qui ck-Seal (r) tubes; and
centrifuged at 150,000 x g for 90 mnutes at 4 C. The supernatant fraction
i s di scarsiodotyistssant ati on; and the pellets are resuspentas2iin/azsay
buffer (10 nmM sodi um phosphate (pH 7.0), 10% gl ycerol, and 2.5 mM

gl ut at hi one. Conpl ete Protease | nhi bi t%r Cocktail (Roche)). 10Protein
concentration is determ ned using the Perce Coomassie PLUSTM reagent.

For the enzyne assay, the mcrosones are diluted into assay buffer and 7
pL/well is added to 384 well plates. Conpound dilution plates (Nunc Cat
#249944) are generated on a MultinekTM and 1 pL/well is added to the assay
pl at es. Pr ostiglflbamrdigrochzef REHR pnd B4 i) etalknicestand a8 digalmofrpenisonnaredi at el y

bef ore use 7 (wel ] . Fi_nal n i gns e.4. 4 pgl nm

i cr osomee ‘A tpBsh ffiolelif AHdomibRurchR GRRGRTS b3l AR Bkt

t enper at ur egoniobndodf/Exembledfonknogpaitinahe B0dl2 in 0.5 N HC1 is added to stop
the reaction. Five pL of the reactioghlg It”ransferred to a 384 well plate
and acetonitrile (45 pL) containing 8 é ated PGE2 as an internal standard
is added with a Miltidrop; andMeheDftcadnesindigadstored at -20 C.| The pl ates
are anal yzed |f or PGE2usi ng ZOSt%nd rd L%NB anal Y¥ees % Bidvetians |Li f esci ences
(VWakefield, NA 01%%%.0 The data'f8 gy Regringy cugfq,tdﬁé@akegstg (p M. The
resul ts indidate that the Examp| @alnd(idiee (¢hith | uor omet hyl )™-5"-"{

[ (2- et hyl prapanoyl ) am no] mrethyl |l -N 34- met hyl|- 5- [Yehicle
(trifluoronetlhyl)phenyl] - 1H i m dazoKkteI@l | pyri di ne- 3- car boxani|de) inhibits
human nPGES- I Wi Th @i ddlS0 (PM valiigoqf . 000944 0. 00059 pM (|nean
standard 25 |deviation; n = 10/22). The exenplified conpounds |exhi bit an

| Cso of | ess |t Basmpilod, Wvng/hus t he3@xé&Hpdi fi ed |conpourlds are g potent

i nhi bi tors off the_nPGES 1 IZy e i1 A soated—enzymg prepardti on. 52
Cel | Based Assgx)}ﬁ?%fg@as%{% ng Ei ngg?]%q%é)sa egtivi ty%ﬁuman epi thelial |ung
car ci noma cel|l Didlefenad53POmg/Rg opt ai néd.cf+loM ATCC|( CCL- 285) and |i s mai nt ai ned
in Kai ghn's FR2{(F12K)—+10%fetal—bovine—serum—(FBS—{ptdting nmedi um,
and 5% Q2. The cel | s art¥ds oG PN = ftandardgriof obthGaiern 5E0r ¢ hi s assay,
celI's are rel eagrgh & coMididdsksc May WBENING vaa&Re WS pherphat eechubf er ed
saline (PBS), then once with Trypsin/EDTA. After 3-5 mnutes at 37C, the
cel |'s are s{réperiado vehielpanda Beifigront pipstmedivsed Sn qomeaiise byesd at 2, 000
rpmat 25 Gufh@s. 5 mnutes. The supernatant is aspirated, and the cell
pellet is resuspended in 10 nL FI2K. Cell nunber is determ ned by counting

an aliquot of cdtdtsdosgipiche spampoprdel Fxpmaled rnd didlofeeBsigaitiganty ypHIC bl ue on a
hemocyt giret 6k, vl b shiat KRkt Dn ke $OuDOOLuRI 1 &il%%&%@ﬁéanﬁ'}abi%ﬁnpl ates 24
hours prior to treatnent. Conpounds are diluted in Oto 100 x of the
final conceffiem &tejl8mg/’ke Sevrean theadielofenghzreup.-The nmedi umi s renmoved from the
cells, and fres i 1]1&!11/ i : - conmpounds
are added at 1 ﬁkﬁggwf{eggoz ) ¢ }g@%ét%%ﬁéﬁ\ggﬂ@%gﬁlg%%p% 5?@@%2"%&%&0‘ Cells are
pretreat ed mrphdMagtuiigtlesmabsiBans IbEcoesE@ith depaps adcaerkiuph ERfoprdiduct i on
was i nduce . , L] f I t j nt-arl edki (rhlL-113)
diluted i nd%%%‘étﬁgs%g }ntﬁﬁ‘%q‘tl{%ﬁfﬁ{eg&g’{@é&ﬁ%ﬁﬁmﬂ%ﬁ‘l@ g&iﬁéﬂé‘%gﬁl‘s added to
gi ve a final99ohl L- 113 concentration of 0.1-0.2 ng/nL. The treatnent period

i s approxi mat el hours. ndi ti oned nedi is removed to v-bottom

bol ybropyl ene. patgset iR Ral o rPaR o i e ETE £ Cor B len e 1
al ong wi t h 206al ddhiihietrAonr Tagablct (rlRamdaciddes @ LOmpAInl wethk presdite pl ates are
i ncubat ed at ro.omtene}gﬁr ature forThBO- 45 m ng?ﬁes, and then.r.eaddon a plate
reader at AHBGUPR! GO S TP PUAMACQUEEH FYTPSREIOR 1y WOURYEEI 107 | AL / wel |
10% triton p&tidQiGn b0 FRY MR c@ 13 k0oL DILS pdin. AR eppiopttitd dnyatorrm@e um i s
assayed_for | evels of PGE2 and P ific 25 enzyne inmune-assays

3 2 by spe
(ETAs) #bcoftrny 1P detiea e GimRe dsteapingd 6!2??&%0%”(?6% n) Briefly,
conditioned nedium (1 IAL) is added to each well of a 96 well plate coated
with a capture anti body and contai ning ETA buffer (49 I AL) supplied by the
manuf acturer. The tracer is diluted with the ETA buffer, and added (50
| AL/wel l). The detection antibody is diluted with the ETA buffer and added
(50 1AL/ well). The plate is covered with adhesive 30sealing film and is
i ncubated for 1 hour at roomtenperature on an orbital shaker at 100 rpm
The wash buffer is diluted into MIlipore purified water, and the plate is
washed 5 x 53 350 pL/well using a plate washer. The substrate (El |l man's
reagent) is diluted in MIlipore purified water and added (200 pL/well).
After approximately 45 m nutes at roomtenperature on an orbital shaker at
100 rpm the plates are read at A412 on a plate reader. A standard curve of
PGE2 is used to calibrate the unknowns. Example 1 (2-
5(di fl uoronet hyl)-5-{[ (2-net hyl propanoyl)am no] nethyll -N {4-nethyl-5-

NA N A N NSNS A o Y Y 1




54 formc acid in water (1 nlL); 2) 400 nl, sanple is applied along with
0.1%formc acid in water (900 nL) and allowed to bind for 5 m nutes; 3)
the matriwoizs1vmsdesed with 0. 1% formc acid in water (60@cCmuys0i20820med by
80/ 20 wat er/ net hanol (600 nL); 4) the products are eluted with 2-5000_,

vol unes of ethyl acetate; 5) the sanpl %B are dried under 5nitrogen and
reconstituted in of 75/25 water/acetonitrile with 0.1%formc acid (50 nL).
The products were analyzed by LC M5/ MS. The conpound 2-(difl uoronethyl)-5-
{[(2- nethyl propanoyl)am no]nethyll -N {4-nethyl-5
[4-(trifluoronethyl)phenyl] -1H m dazol-2-yll pyridine-3 -carboxam de
(Exanple 1) selectively inhibits PGE2 production with an |1 Cso of 0.012
0.0.008 nM (g tr an standard deviation; n = 11) 10 w t hout

i nhi biting Pé@%?lsglﬁ%n‘%@ﬁz production. Monoi odoacetate (MA) In vivo nodel
Mal e Dunkin Hartl ey gui neaA cpmgsundeif glisrngladppmoxi mat el y 200- 250 grans at the
time of MA injection are used to neasure pain in the MA nodel. The gui nea
pi gs are group housed®n a chiRH' s wadi ng pool and naintained in a constant
tenmperature and on_a 1 )\ho r p+ght/12 hour dark cycle. On the day before
study, the gui neaApi e-Nov 0 standard caging with 2 animals per
cage. Aninmals RaveNfKee Hccéss food and water at all tinmes except during
data col |l ecti on. | eBgperinments ang carried out according to protocols
approved by the EfM Lilly Institutilpal Animal Care and Use Cormittees. In
the standard M A nodel the right Knees of each guinea pig are injected with
20M A (0.3 ng) in saline (50 nl) and the left knees with saline (50 nl).
Pain is heasuld@fe®t 9 days after MA injection using incapacitance testing.
| ncapaci t anceRrt gsd.id@dM@asuresdpe difference in hind paw weight bearing
between the M A and saline injeCted knees, and each val ue represents the
average of 3 B3pafhte-Gd&surements each measured over 1 second. 25For this
study, gui neagpig ,Op[(@[{gosed with either vehicle (10% Crenophor0 EL (CAS
61791-12-6) in saline) or Exanple 1 (10 or 50 ng/kg). A fourth group of

gui nea pi gs aRéd iajekboteddoed Hii .hCk h€Hnordtter endlalFant i -i nfl anmat ory drug

di cl of epjac (vghi.c ine, 1 k@) ich acts as a positive control for
t he stugji, asﬁlgt1S Jﬁ’gegtseg&ﬂé)\gll' ()P{jg‘lg’yagﬁgg\nce ficacy in the nodel. Al dosing is
subcut aneous &b iascthose fiwol: UveF,ofl, Sindd-CKg; aadd 30group size is n=6. Dose
group is random ssi gn tp,each ani d. ing is staggered by 10

m nutes for eg%%élfg)g?nﬁfe,g153?61'1&1388&1%%1&029{]&8@&18365)% pain is nmeasured using

i ncapaci t anceptoehled gt wRkesAllst?S, Rarrie notdpardledd whenTZhd ¥, RBisast Che nean
difference in 2012/ 161965PCT US%O%Z/O 7200 55 wei ght bearing between
saline and M & ?V\Egﬂaé%?csaﬂﬁ% BLALRAYC A8 cal conparisons are nade between
vehi cl eidreated and conpound treated aninmals to assess the effect of the
conpound of Exanple 1 on knee pai,n in _the nopdel. Table 13 ound Mean
Difference in Hnd Paw VergREPER4Arsglipgsto gl Iopeaetn RI i kﬁ%ﬁg‘ﬁ@aorman %
Reducti on ojc(Eg;)meg?aﬁﬁ@guﬁ@ny@é&@me Vehhgbs 44.290.69 Exanple 1, 10

ng/ kg 37.530. 87 15 anple 1, 50 ng/ kg 28.440.66 36 D cl ofenac, 30 ng/kg
34.651. 14

3. A compound according to claim 1 or 2 wherein R1 is —CH(CH3)s,

20  or a pharmaceutically acceptable salt thereof.

4, A compound according to any one of claims 1 to 3 wherein R3 is

-CH3, or a pharmaceutically acceptable salt thereof.

25 5. A compound according to any one of claims 1 to 4 wherein RS is

selected from: H, F, and Cl, or a pharmaceutically acceptable salt thereof.



22 5Mean + SEM SEM = standard error of the nean Data is eval uated by one
way anal ysis of variance; p<0.05 by Dunnett's test for conparison to
vehi cl e awio 2a12Bemfeen- oni adj ust ment i s used for conpari SCM/USREIROET2OQr OUPS.
Bot h doses of the conpound of Exanple 1 and diclofenac significantly reduce
10 pain verses vehicle with the 50 ng/?g group of Exanple 1 being
significantly different fromthe 10 ngfkg group and the dicl of enac group.
The exenplified conpounds of the present invention can be readily

formul ated into pharnmaceutical conpositions in accordance with accepted
practice such as found in Rem ngton's Pharnmaceutical Sciences, CGennaro,
Ed., Mack Publishing6Co. EasmpeunRaccoi&i®@®0ny one of clddmef ¢ér § edecphdinmceut i ca
conpositio can for. t t or capsule for oral
adninistra?ﬁﬁﬁ%p?%gmfgggébg%ggg%%gﬁpg%%%gludes a conmpound of the present
invention in an effective anount. The pharnmaceutical conposition is

adm nistered to a patient,in anmounts effective to tre steoarjhritis

pai n. An appropri at eganouﬁtcogpo@g%cofﬁgg e38Yi09%0fC MY Zéﬁ gﬂlf)rglfli%ér}lf%an be
det erm nmed & phalneaédtisaldedceeppabiasatieiercofVWhat is clained is: 1. A conmpound of
a formula below RBR2Z NA NNRIHH X1 R5 R6 Swherein Rl is sel ected
from -G 4dalkyl; RRis d or -CHF2; R3is Hor -CH3; R4 is selected from
H F 4, -CH3, -CHFR, and cofepdindb6iRedihStoul 06¢ eLb1dim® Mo Hvhérein®4 isand - CH3;
R6 is selected from H F, O, and -CH3; and one of X and A is N and the
other one oflexted §ama H.s -Gy 5HEwi dWd-(hetr aphimageytically acegptable At F or Q
and when X ihsed, R2 is not O ; or a pharmaceutically acceptable salt

t hereof 15 2. A conpound according to claim1l wherein RL is
-CH(CH3Y® or -C(CH3)3 or a pharmaceutically acceptable salt thereof

3. A conpound accordpng t @ GhhRaheQidif %ﬂﬁ&%h@oﬁﬁﬂﬁéé@&%ﬁ&&@ﬂ@@m%@or a

pharmaceutical |y acceptable salt thereo . conpound
accordi ng t@ aahymmseutigpllycdcagntablelsattghegeofherein R3 is -CH3, or a
pharmaceutically acceptable salt thereof 57 6. A conpound
according to any one of clains 1 to 5 wherein RS is H, or a

phar maceuti cal | y acceépt abAeompbhundtab@rdiog to any one of claims 1 7o 8 Aherompbiuind

accor di t e of ~.cl aj tp-6 ' [
o vk AP o8B £OTIEIGHEE o PP o LB By e,
according to any one of clains 1 to 7 wherein R4 is selected from H, -CH3,
-CHF2, and -CF3, or ?lpharnaceutically acce tabIF salﬁ t her eof

. ng cl to

‘A’'compound accor 0 any ong of claims wherein R4 is

selected from: Cl, -CHF,, and -CF3, or a pharmaceutically acceptable salt thereof.

20 12. A compound according to any one of claims 1 to 8 wherein R4 is

-CF3, or a pharmaceutically acceptable salt thereof.

13. A compound according to any of claims 1 to 12 wherein R2 is Cl,
or a pharmaceutically acceptable salt thereof.
25
14. A compound according to any of claims 1 to 13 wherein R2 is

-CHF>», or a pharmaceutically acceptable salt thereof.

15. A compound according to any one of claims 1 to 12 and 14

30  wherein X is N, or a pharmaceutically acceptable salt thereof.

16. A compound which is:



10 9. A conpound according to any one of clains 1 to 8 wherein
Ais N, or a pharnmaceutically acceptable salt thereof 10. A
conpound wocordicngst o any one of clainms 1 to 8 wherei n RETIGS201588120¢t ed
from F, O, -CHF2, and -CF3, or a pharnaceutically acceptable salt thereof
11. A compound according to any one of ¢lains 1 to 8 wherein R4 is sel ected
from d, -CHF2, and -CF3, or a phar rraéguti cally acceptable salt thereof
2012. A conpound according to any one of clains 1 to 8 wherein R4 is -CF3,
or a pharmaceutically acceptable salt thereof 13. A conmpound according to
any of clainms 1 to 12 wherein R2 is O, or a pharnmaceutically acceptable
salt thereof 25 14. A conpou tcording to any of clains 1 to
13 wherein R2 is -CHF2, or a pharnmageyti accept abl e salt thereof

15. A compound according to anne/of»\cl to 12 and 14 30 wherein X

is N, or a pharmaceuticall§_adg abNe $hl t \gher eof 16. A
conpound which is: 58 or 8 phar mac8ut i cal | y\agceptabl e salt thereof 17.A
conmpound according to claimfi6 wherein the saltTNis a hydrogen 5phosphate
salt. 18. A conpound which is 2-(difluoronethyl) [ (2-

met hyl pr opanoyl ) ami no] net hyl I -N- {4-methyl -5 9 4-{trifluoronethyl)phenyl]

- 1H m dazol - 2-yl | pyridi ne- 3-carboxam de. hydrogen phbsphate salt in

cryst al | i neorfagrhamni@cwivaltyactgribieclltherafi X-ray powder diffraction pattern
obt ai ned from a CuKa source (2,=1.54056 A), which conprises peaks at:

a) 4.85, 20.37, and 22.27 +/- 0.2 in 20; or b) 4.85, 11.00, 17.93, 20.37,
22.27, and 24.85 +/-10. 2 Aro@Poundraccording to claim 16 wherein } sakt i85 hydrdgdd0, 12. 22,
12.67, 17.93, 20,37, 22.27, 23.51, and 1524.85 +/- 0.2 in 20. 19.A

conposi t1 orP j%8tng substantially pure 2-(Difluoromethyl)- 5- {

[ (2- met hyl propanoyl ) am no] nethyl |l -N {4-methyl -5
[4-(trifluoronethyl)phenyl] -1H . imdazol - 2-y] |

pyri di ne- 3- car boxam d#. hyﬁFB@EW“ﬂHﬁ%@H&@'égga‘?rf)mﬂl?yb'rsyggal line form

20accor di ngm¢ By IptophiBy bBmindPaethyd NP QSinbth Pk - CERH Y 1 thyd)phbRIMHS conpri si ng
greater than g}(l)?ﬁ)o?vll{v?ygf ‘crplét a}ﬂ)i ngsz- (gli f?ﬁ%r onet hyl}?)-pg-@l{]

[ (2- et hyl dﬁﬁ%ﬁWV})}ﬁfﬁ%‘@ﬂ rh%apndep@_yd{ogen phgsw;e_sglt In Crystalline form

[ 4- (trifd uosamet-AYddRNaRY b pokitd drdafl padet lobta¥d B o source o
25car boxam de. hydr ogén phosSphate salt. 59 21. A pharmaceutical conposition
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20. A composition according to claim 19 comprising greater than 80%
w/w of crystalline 2-(difluoromethyl)-5-{[(2-methylpropanoyl)amino]methyl}-N-{4-
methyl-5-[4-(trifluoromethyl)phenyl]- 1H-imidazol-2-yl} pyridine-3-
25  carboxamide-hydrogen phosphate salt.



20according to any one of clains 1 to 18 for use in therapy.

26. A conpound, or a pharnmaceutically acceptable salt thereof, according to
any one ovocheimwsde: to 18 for use in the treatnent of pacm/isssoosaded with
arthritis. 25 27. Use of a compound according to any one of
clainms 1 to 18 or a pharmaceutically a;geptable salt thereof, for the

manuf acture of a nedicanent to treat parn associated with arthritis.

21. A pharmaceutical composition comprising a compound according
to any one of claims 1 to 17, or a pharmaceutically acceptable salt thereof, and at least

one of a pharmaceutically acceptable carrier, diluent, or excipient.

5 22. A pharmaceutical composition comprising substantially pure 2-
(difluoromethyl)-5-{[(2-methylpropanoyl)amino]methyl}-N-{4-methyl-5-[4-
(trifluoromethyl)phenyl]-1H-imidazol-2-yl} pyridine-3-carboxamide-hydrogen phosphate
salt in crystalline form according to claim 18 or 19 and at least one of a pharmaceutically

acceptable carrier, diluent, or excipient.
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23. A method of treating a patient in need of treatment for pain
associated with arthritis, said method comprising administering to the patient an effective
amount of a compound, or a pharmaceutically acceptable salt, thereof according to any
one of claims 1 to 18.
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24, A compound, or a pharmaceutically acceptable salt thereof,

according to any one of claims 1 to 18 for use as a medicament.

25. A compound, or a pharmaceutically acceptable salt thereof,

20  according to any one of claims 1 to 18 for use in therapy.

26. A compound, or a pharmaceutically acceptable salt thereof,
according to any one of claims 1 to 18 for use in the treatment of pain associated with
arthritis.
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27.  Use of a compound according to any one of claims 1 to 18 or a

pharmaceutically acceptable salt thereof, for the manufacture of a medicament to treat

pain associated with arthritis.
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