WD 2012/ 085745PCT/ 1B2011/ 055588 1 GLUCAGON RECEPTOR MODULATORS 5FI ELD OF
THE | NVENTI ON The present invention relates to conpounds that are
ant agoni swe,20mosstdsagoni st s/ ant agoni sts, partial agoni SPeT/IBEgaLIFER

all osteric nodul ators or inverse agonists of the glucagon receptor,

phar maceutical conpositions conprising the conpounds, and 10 the uses of

t he conpounds or conpositions. BACKGROUND D abetes is a major public
heal t h concern because of its increasing preval ence and associ ated health
ri sks. The disease is characterized by netabolic defects in the production
and utilization of carbohydrates which result in the failure to maintain
15appropriate bl ood glucose levels. Two major forns of diabetes are
recogni zed. Type | dlabetes i nsul i n-dependent di abetes nellitus

(1 DDMTIDM), is the result MC%OBJH%W@E’EOBM@@%P}EQW insulin. Type Il
diabetes, or non-insulin dependent diabetes nmellitus (N DDMI2DM), often
occurs®with normal, or even elftiidl BF TREBYENFIONsulin and appears to be
the result of the inability of tissues and cells to respond appropriately
to 20insulin. % re%entwee%mrﬁate%tp CRIMPENMAADRA 3(F PhiageaistEamEs i s

essenti al ag&{@@/"ama%mbt% ﬁ&ﬂal%@@&%@sﬁed{dﬁ%’aﬂ&‘t&@%oJLﬁ’étbl‘ércﬁ |rﬁlé%e' doH st
dependence, G ucagon is a twe nine am no acid peptide which is
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t her ehy emqgleggf{hlge;oh{p\{,gﬁdst&Wgﬁ,o,@vel s of this hornone than
non-hepatic tissues. Plasma glucagon |evels decrease in response 25to

hyper gl yceni a, hyperinsulinenia, SASKERAUNPasna non-esterified fatty acid

| evel s and sormbeabetsldﬂmwbeee r@lauwa&%r@e@daetséeﬂtg .ﬁcﬂeaghgeﬁﬂlehaeresponse
to hypoglycen a and el evat ed _Bqasrra amno acid | eve G ucagon, through
i

act i vat i oAndPssocatedhealib sisks.j EhedisRrsers C%@?t%&‘?‘?rbyd?etﬁﬁ‘ﬁﬁqeée(‘é? dbge

product i oprddMctimtdngaltiizdiod loy ea8enRIrytes WhRdedlite ARERAREES hﬁamtémhe gl ucagon
receptor 1s a 62 kDa protein that is activated by glucagon and a menber

of théScl aRROpiatE Bl‘)@fj@iuﬁoé%l‘?ﬁﬂéd Tamaigr fgrms 8%‘@%9%‘?%3‘@0?%9“'2@90@&99 rel ated

G pr ot ei ndiaBetak est nﬁé%ﬁﬁ-l@lb@érﬁje'nﬂ&lbb!ét@s H&WMWKEWQQEH&QS% bregept or
(&P-1), dl ucagonl i ke peptide-2 receptor (G.P-2) and gastric inhibitory

pol ypept i a%soﬂ%teésﬂ%@ncyﬂwsgjimcawdl ﬁ"é*&@ﬁ% cﬂr ”P%"@HE%G%QPW?”E%@W gene in

humans anghelifRSRIDBITRDAN) Sofféh%c@@%ﬁht’ﬁ'rﬁbrrﬂélpbﬁéxﬁaﬁcblé\)’étéd‘l@vélé ¥ehsWintdhdl esser
amounts found in the ki dne he adi pose tissue, spleen, thynus, adrenal
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2012/ 9857ﬂw§aq/ﬂ®28§si/e%5gl%f NIDDM T2DM with medication is essential; otherwise it

can progress into —cell failure and insulin dependence.

Glucagon is a twenty nine amino acid peptide which is secreted from the o cells
of the pancreas into the hepatic portal vein thereby exposing the liver to higher levels of
this hormone than non-hepatic tissues. Plasma glucagon levels decrease in response

25 to hyperglycemia, hyperinsulinemia, elevated plasma non-esterified fatty acid levels and
somatostatin whereas glucagon secretion is increased in response to hypoglycemia and
elevated plasma amino acid levels. Glucagon, through activation of its receptor, is a
potent activator of hepatic glucose production by activating glycogenolysis and
gluconeogenesis.

30 The glucagon receptor is a 62 kDa protein that is activated by glucagon and is a
member of the class B G-protein coupled family of receptors. Other closely related G-
protein coupled receptors include glucagon-like peptide-1 receptor (GLP-1), glucagon-
like peptide-2 receptor (GLP-2) and gastric inhibitory polypeptide receptor. The
glucagon receptor is encoded by the GCGR gene in humans and these receptors are

35 mainly expressed in the liver with lesser amounts found in the kidney, heart, adipose

tissue, spleen, thymus, adrenal glands, pancreas, cerebral cortex and gastrointestinal



2 tract. Stimulation of the glucagon receptor results in activation of
adenyl ate cycl ase and increased | evels of intracellular cAWMP. Reports
have i ndiwatek/d8hat an uncommon m ssense mutation in t heCEOER1yeIsess s
correlated with diabetes nellitus typ2 2 and one reported inactivating

mut ati on of the 5glucagon receptor in humans causes resistance to gl ucagon
and is associated with pancreatic a-cell hyperpl asia, nesidiobl astosis,
hyper gl ucagonem a and pancreati ¢ neuroendocrine tunors. In rodent studies
wi th GCGR knockout mice and mce treated with GCGR anti sense
ollgonucleotldes the m ce exhibited inproved fasting glucose, ucose

t ol er anceafidSHaplieneftee glugagan eaprier 'GaYItS iR a%\taﬁorheaqiqu'a%%%ép 28fi nal s

and l0ani [iRtealBd RIS intnsb&IulardAMM ype 2 di abetes, renoval of circulating
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a functional G.P-1 receptor. Antagoni sm of | ucagon receptor resulted
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or inverse ag e therapeutic treatnent . and
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2012/ 0857 4btRGdridtBA0ikad 5&G&E/adtagonists, partial agonists, negative allosteric modulators
or inverse agonists of the glucagon receptor to lower the level of circulating glucagon
and thereby lower the glycemic level. Therapeutically, it is anticipated that inactivation of
the glucagon receptor would be an effective strategy for lowering blood glucose by
25 reducing hepatic glucose output and normalizing glucose stimulated insulin secretion.
Consequently, a glucagon antagonist, mixed agonist/antagonist, partial agonist,
negative allosteric modulator or or inverse agonist may provide therapeutic treatment for
NIDDM T2DM and associated complications, inter alia, hyperglycemia, dyslipidemia,
insulin resistance syndrome, hyperinsulinemia, hypertension, and obesity.
30 Several drugs in five major categories, each acting by different mechanisms, are
available for treating hyperglycemia and subsequently, NIDDM T2DM (Moller, D. E.,
"New drug targets for Type 2 diabetes and the metabolic syndrome" Nature 414; 821-
827, (2001)): (A) Insulin secretogogues, including sulphonyl-ureas (e.g., glipizide,
glimepiride, glyburide) and meglitinides (e.g., nateglidine and repaglinide) enhance

35 secretion of insulin by acting on the pancreatic beta-cells. While this therapy can



decrease bl ood glucose level, it has limted efficacy and tolerability,
causes wei ght gain and often induces hypoglycem a. (B) Biguanides (e.g.,
met f or M nwvoane/Mshaght to act primarily by decreasi ng hepaiuBmighisegsse
production. Bi guani des often cause ga8trointestinal disturbances and |actic
acidosis, further Iimting their use. (C) Inhibitors 5of al pha-glucosidase
(e.g., acarbose) decrease intestinal glucose absorption. These agents often
cause gastrointestinal disturbances. (D) Thiazolidinediones (e.g.,

pi oglitazone, rosiglitazone) act on a specific receptor (peroxisome
proliferator-activated receptor-gamm) in the liver, nuscle and fat

ti ssues. W?aﬁee@ii@daglécq’ﬁed?@' rfbﬁaédtm'fegrﬁﬁé‘ﬁ‘ﬁ)é éﬁ@lg’r‘ﬁrﬁvl'tén??é’ﬁﬁ W§i9hheain esponse

of these bh@st@sinliRcdshSpagiiéemns. o) BigsaHiddd (e 10 nrstRAMB breBBugt té bese drugs
may | ead to wei ght gain and may induce edema _and anemia. (E) Insulin is

used i n nBrEadKPKAecEeasRg he%?“ﬂ?é%“’é?@ﬁé’“ﬁtﬂoni RIGBRIGERHAESHEAUHPL h t he above
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(c) it wophshtabftéeasise RAEkdirlebinal 6 @Eiu@%cbé‘s(@')fI'HlaEMldﬁffé"(ﬂd’rhgs\(/é?l mechani snf( s)
that are independent fromthe actions_of insulin; (d) it wou d deS|rany be

net abol i CB'IOWa%Q”&bf%'QJ Bzane)cit P8 sPesliciRsARtol FrisORRPrPifFraler-agbyAted be

usabl e i nrezepidr-gamhe) inthkMvéohREaB A ATBEAIE. Theffeguiite i@ ntdiRliomi es of
drugs listed herein. A nunber of publications have aggear ed V\:hl ch di scl ose

non- pept i alébS@BH?fHUrﬁﬂ‘Qa%”gAﬂi‘ieéﬁs%@ﬁe 8t thepe tigauge &y HF ac fdpsulisor  exanypl e,

WO 03/1948 £RReMRBAHCRE HER mMN0eBOWSROR a0 V2153 8543 MO
2006/ 018648%%“,\(7\0 28@7‘4 102067, rT\]/\%026007/ 10I lg%% \a/\D 2087/ ]l_Jl48 W

2007/ 12028EMRAdE) In s '%H@r%ﬁvﬁ@?%ﬁr‘?'%répnﬁpr'”Bi%%”b%ﬁ'ﬁi‘é"'t@the
Medi ci nal abé\erdgehtsy Letters, 2004, 14(9), 2047-2050 each di scl ose

non- pept i de co ounds at act as gl uca t or 25Al t hough
i nvesti gati ons ?”é( %eé)‘?ﬁt'ﬁﬁ ne\e/ﬁr@@tgr?%}t?qr%@?i\/gfi&}g "Yﬂé’gﬂ gtrtn‘é CH'BY"@Qef fective
and safe bh@f@ﬂgm W@umrn@ﬁhmugﬁuwandsua@@if@ﬁs |n@@6tng¢md@fud>ryoﬂ\ﬂ;@@y\r¢ce$hJWRY OF
THE | NVE resent JBVGHII on. provides co unds of

t hat
act as®gl PERRPEN RGP BPYld of feapthary 'er%?'aceg'lnﬁlé@ga;r?c“”g
ant agoni sv@,médmah@fr@g)ehatraaymla@pemdt from theadtivaa bimBilindf d)dlv@cﬁﬁﬁ@@s.rﬁ@l«jl ated

by such aptag éj di se ses related to Type. e and
di abet es- B%Fﬁ%@?‘%{i‘{ éf‘g’é%‘ qJlopeessTERpUERL 505 ) (ieégyvoullg\atﬁ lf5§§reé?rbod| ment of
the pr eSeB@mblﬁyﬂm\Mﬂﬂto&aﬁ@oI@@ﬁi@Qhﬁ@dﬁ afy ofthe Bbiegorids) of dVM3s listed herein.
2012/ 085745PCTA 182811/ 05 58?
number of publications have appeared which disclose non-peptide compounds
20  which act at the glucagon receptor. For example, WO 03/048109, WO 2004/002480,
WO 2005/123668, WO 2005/118542, WO 2006/086488, WO 2006/102067, WO
2007/106181, WO 2007/114855, WO 2007/120270, WO 2007/123581 and
Kurukulasuriya et al. Bioorganic & Medicinal Chemistry Letters, 2004, 14(9), 2047-2050
each disclose non-peptide compounds that act as glucagon receptor antagonists.
25  Although investigations are on-going, there still exists a need for a more effective and

safe therapeutic treatment for diabetes, particularly NIDDM.

SUMMARY OF THE INVENTION
The present invention provides compounds of Formula | that act as glucagon
30 receptor modulators, in particular, glucagon antagonists; therefore, may be used in the
treatment of diseases mediated by such antagonism (e.g., diseases related to Type 2
diabetes, and diabetes-related and obesity-related co-morbidities). A first embodiment

of the present invention are compounds of Formula (I)



R21 or a pharnmaceutically acceptable salt thereof, wherein RL is phenyl
optionally substituted with one to four substituents each independently 5
sel ect ed woam2mbms - S(0)2- (CL_3)al kyl, hydroxy, -C(0)NRaRiB2011/055588
(C3-05) cycl oal kyl, cyano, (C -C6)al ky# optionally substituted with one to
three fluoro, or (G -C6)al koxy optionally substituted with one to three
fluoro; or a 6-nenbered heteroaryl group which is optionally fused with a
(C4-C7)cycl oal kyl, phenyl or 5 to 6 nenbered heteroaryl, and wherein the
optionally fused 6-nmenbered 10heteroaryl group is optionally substituted
with one to four substituents each mdependentlBg sel ected from hal o,
-S(0)2-(CL1_3)al kyl, hydroxy, A cy%mﬁ- yal kyl optionally
substituted with one tQ.t hr i - C6) optionally
substituted with one to thrge fl ugro; d Rb/re ch i ndependently H or
(G-C3)alkyl; 15R2 is H or =3 ;

-(CH2) 2S03H or -(CH2) 2CO2H optional |y substituted witjf a hydroxy or fluoro;
Al, A2, A3 and A4 are each independently CR4 or N, wt h the proviso that no
nore than two of Al, A2, A3 and A4 are N, 20R4 at each occurrence is

Independeaﬁébhé#ma'&autﬂaanyM@tﬁ@tab(&ﬁt@ﬁér@bky\)heﬁémI onal ly substituted with one
to three fluoro, or ( koxy optionally substituted with one to three

fluoro; LR isrhgh Wwa"y&#&twwﬂh%ne tocfqug shgituentsgrackyipdepspgently
(G - Coyal kytbcralem Ha$o 09@9(@4 J)é’lk}ﬂ Lrtwtrdxtyulcf(@b)w\mm wsecg)@ctdan@e cfarépr o,

hydr oxy or_net hoxy % cl oal |sot|onalmsubst|tuted wth
one to t\/\kp1(@§)a'@é)0§FW”y\§H iutgd é"tBBE‘?%@Weyf'%ﬁi(@UQQG A PPioRa o three

fluoro or sgr@tted W®okClothdkalukd: and wherein one to two carbons of the
(C3-C7)cycl oal kyl can be repl aced with a NH, N(Claifﬁlll&%rdk 0 or S or

( C3- C7) cy el dAMRTogrest helgyeand proumuhieh s antenaliyduses)w PYCity
308al d (Céh&xf) 65 tBeybetdd he@rbatyk hd inhefddt tRNstbialgtsdd 6- hlieﬂm)emd h one to

wo (CGi-C3)alkyl which are optionally substituted with one to three fl uoro;
V\D 2019/ Oggt?@mfwggqug@%g@sgtute with one to four substituents each

independently selected from halo, -S(O)2-(C1.3)alkyl, hydroxy, -C(O)NR?R®, cyano, (Cs-
Cs)alkyl optionally substituted with one to three fluoro, or (C1-Cs)alkoxy optionally

substituted with one to three fluoro;
R? and R® are each independently H or (C1-Cs)alkyl;

15 RZ%is H or (C4-Cs)alkyl;

R%is tetrazolyl, -CHz-tetrazolyl, -(CH2)>SO3zH or —(CH2)2CO2H optionally substituted with
a hydroxy or fluoro;

A1, A2, A% and A are each independently CR* or N, with the proviso that no more than
two of A1, A%, A% and A* are N;

20 R*at each occurrence is independently H, halo, cyano, (C+-Cs)alkyl optionally
substituted with one to three fluoro, or (C4-Cs)alkoxy optionally substituted with one to
three fluoro;

L is —=X-CH(R®)- or -CH(R®)-X-;
Xis CHy, O or NH;

25 R®is (C+-Cg)alkyl which is optionally substituted with one to three fluoro, hydroxy or
methoxy; (Cs-Cr)cycloalkyl which is optionally substituted with one to two (C4-Cs)alkyl
which are optionally substituted with one to three fluoro or one to two (C+-Cs)alkyl and
wherein one to two carbons of the (Cs-C7)cycloalkyl can be replaced with a NH, N(C+-
Cs)alkyl, O or S; or (C3-Cr)cycloalkyl-(C4-Ce)alkyl wherein the (Cs-Cy)cycloalkyl group of

30 said (Cs-Cy)cycloalkyl-(C+-Cg)alkyl is optionally substituted with one to two (C¢-Cs)alkyl

which are optionally substituted with one to three fluoro;



Bl, B2, B3 and B4 are each independently CR6 or N, with the proviso that no
nore than two of Bl, B2, B3 and B4 are N; R6 at each occurrence is

i ndependewol2zgi12485tial o, (Cl- C3) al kyl optionally substit utrea/meoiivozsaes t o
three fluoro, or (Cl-C3)al koxy optionally substituted with one to three
fluoro; and 5 further provided that when L is -X-CH(R5)- and Xis CH2 or O
then at |east one of Bl, B2, B3 and B4 is N, when L is -X-CH(R5)- and X is
NH t hen at | east one of Al, A2, A3, A is N, and when L is -CH(R5)-X- then
at |l east one of Bl, B2, B3 and B4 is N. .A second errbodi ment of the present
invention_is.the conpound of the first eﬁnbodl ment or har ITB.CEUtI cal y

accept abl B B a0E 6HE, cagha1depadenty SRy Mol s Progse oy p mara e |

- (CH2) 2CR of B2HBEHCRhER2 e RT - CHZCH(C]—l) COZH A third enbodi nent of the
present inyention is the conpound t he rst or second enbqodi nents or a

phar maceuﬁ EhFIG) QREHIERNCES @dEB‘PQdePWéF'eB‘?'O (%&@'W' KPanaly sybstigiad with

embodi mrenpn®fo t'th%fl%f-ﬁ%ﬂ(C1LO§')§IRé>thtlbﬁalty%b§tﬂG@@W‘tﬁ ok té hﬁeé fligrb; 4d second
enbodi nents _or a pharnmaceutical|y acceptable salt ther wherein X is NH

A fifiEh LENERBGHTRG At hep hds p%‘&*e(ﬁ?t) PAY &rig C6t of © tf‘ﬁ'é%'&ﬁ?}&ﬁ‘ﬁd)féf t he

first or Bé@‘%d@ﬂ@m WESH L @ — ﬁCHm?)naﬂﬁmg Nla'tlhéh AELPLAOLEAS AL AT ér eof ,
wherein X i s CH2. si xth enbodi ment of resent inyention is t he

conpound §N:tand "Yrt%u‘r'-t'ﬁ -GRI arimiian & feast Brl’?a?f cButh (?QP'I%/'%Ncept abl e salt

t her eof wher ei Nsbcond emisodiidrrdf-th@ préseman@intibias e dBinpoBRd oPhedingl B4 are N
A sevent h enbodi nent of the present invention is the conpound of the fourth

20enbodi nEHPOgMeat %’F%PW%E‘@GW"&?Q'IM geogeiaklstsaH taereal wheedy %o‘ﬁ RYAROER R L i s

- CH( RR) - Xme#yfla@R® RI—(EWY),00,HLCHACH(AB 3R dorALHLEHWOH)CO,H. An ei gt h
enmbodi nrent of the present invention i.s the conpoun of the first
t hr ough seVlt W“Bﬂ‘ﬁ%‘&l‘h@ﬁ?%p@?er& inyeRFARISdlE P W‘daftf&*é%f?ré PresesHd t her eof

wher ei n Rémbsmmemel or aqcmramlaeeutusa@r@layﬁ)tablb%@bu{eyéof \R/héwin)bﬁ is @exltomhh
onex

neopent yl cycl.obut cl o I
cycl opr op?'inﬁ?ég B %f%?lpf?ﬁ?i‘tdﬂ‘éqqt'é é%tﬁ%tc 'E“BP ,ﬂ%f'rf}/?rose&‘o'f‘ uoro and
wher ei n s@mdo@.wzaht:swr@mﬁa,rmgawt@@lytabbethM@Is@m&retre/df, wieateinQhRXH. Afifeheach

optionall stituted with 1 tog 2 i nth_enbodi ment of the
preser? i %Wgﬁg'm‘?ﬁt Pidhe Reesephiprian &rt ?ﬁémQP%%fé%Br&f etRcoBY e@go‘j'me”t

phar maceUbt @ahéryna@@@tﬁj@tlyn@&@pmlet senthﬁér@@f, whBejireXis 8,1 A sBJﬂﬁQMboéiQ@Hb&t ituted
vmthatrlfluororreth are

hal o; H, and ovi ded th Al and
not both ftreamasemﬂvaéw?mﬁwwaapﬂ&ff@w& %(gg%y'é‘e%qr RPeUAcelnt h
enbodi nenbcdy‘ptatdr&smtaé@etwhmmn_t s QX-CH(R® r@Qm@thwlo of Bt B8, BexMrIdtare
enbodi msn[§| or a pharnaceuti c h%qp%ozpta It thereaqf wherel n RLis
S

phenyl 't $3YE8H YNRYaeRtql { {Hgnt 'QS‘r'S PmRnd OF fe T8 pr ovi ded

that one embbiihedf olphdhacAdicambdaddép@bre JiitangtedUiidigin LS omH@e‘%J X-hatt 35 A2
and A3 are not bot21Nl , A el %ye h enbodi ment of the present invention is
the WO 2819P0MOM 1 £8304 588 6 compound of the tenth enbodi ment or

a phar maceut i g&i &igthesiaisgdiradntest &) @reéémlirﬁ/@ﬁtuomhemai ¢onfioung of é%ﬁtﬂ@%ﬁ A
twelth enF]odl nment OL&E{@E{?F Pcnient venti on s t he a'??garn%gtﬁﬂ F[] he, 5event h
embodi mentHaNSeYAR! T Y2 BRTEReaBicel L ageent RS IR <
4-trifl uorsamy, waeiﬁoﬁrow idoltinf OF- @mblebsfrhtyl awbeRtﬂyl Qﬂydoﬁ@pﬂt cyRRsbityl,
5occurrence are Af th| teenth e od{ of FT\ es?q L v qqtl on is the
corrpo&ﬁd 8¥c|opentyl ‘cyc ohexy or cyclopropylmethyl each optlona ly 'substituted with
fluoro and wherein said cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl are each
optionally substituted with 1 to 2 methyl.
A ninth embodiment of the present invention is the compound of the sixth
embodiment or a pharmaceutically acceptable salt thereof wherein R' is phenyl
30  substituted with a trifluoromethyl or halo; R? is H; and provided that A" and A? are not
both N and further provided that A? and A are not both N. A tenth embodiment of the
present invention is the compound of the seventh embodiment or a pharmaceutically
acceptable salt thereof wherein R’ is phenyl substituted with a trifluoromethyl or halo; R?
is H; and provided that one or two of A', A% A® and A* are N and further provided that

35 A% and A% are not both N. An eleventh embodiment of the present invention is the



the twelth enbodi nent or a pharmaceutically acceptable salt thereof wherein
Bl is N and B2, B3 and B4 are each CR6; B2 is Nand B 1, B3 and B4 are each
CR6; Bl awmo2B/@s®seach N and B2 and B3 are each CR6; BPcanB2BBossses each N

and Bl and B4 are each CR6; or Bl and6B3 are each N and B2 and B4 are each

CR6. A fourteenth enbodi ment of 10the present invention is the conpound of

the first enbodi ment or a pharmaceutically acceptable salt thereof wherein

Al is N and A2, A3 and A4 are each CR4; A2 is N and Al, A3 and A4 are each

CR 4; Al and A4 are each N and A2 and A3 are each CR4; or Al and A3 are

each N and A2 and A4 are each CR4. A fifteenth enbodi nent of the present
i nvent i onCPEPYHNEARHRREAL hs"éT“éQfW@ﬁ”tfqr@rﬁhﬁﬂﬁa%@%'&f&%‘%ﬂ{%ﬁ"%ﬁ?'ﬁﬁ‘e(ﬁo

(+) - (R - 3whbre{mRMBLIEH;)Ic O - AtweifH éiﬁus&mémaf)rm &Q@é}ﬁlmx@ntlon is the
yl') butyl am no) ni coti nam do) propanoic acid; 3- t|0ﬁ153>1ﬁ nmet h

(trifluor eﬁpwd)qﬁ.t%@ﬁwﬂmew?@mem e H'E?)rmaé%‘{ @apta %ﬂecﬁﬁé{&?ﬁrﬁo‘cam d;

(-)-(S) - 3nhbreln3r’ is 4- trlfluoromethylphen¥] or 4-chlorophenyl; and R* and R°® at each

met hyl-1-(4' -(trifluoronethyl enyl-4-yl )butyl am no) ni cot i nam do)
pr opan6| c OG4rgnceare H. Athirteént embodlment of the present invention is the compound of

(2- (13- et mekwdir émbé(ﬂlfn'eﬁ{d;KHmhﬁﬁédtfébmﬁ&aﬂb}ga}tMr&éf@melﬁél}lFBWS! Ki di ne-5-c¢

ar boxam do) 20pr,opangi c 6. o1 4
(R) - 3- (2- ¢ad RetthyAnd £ @ie e??W'ﬁl BrioNerd\R) Bi #pkbByarepach CR* B' and B are
3(/'83 bgt %/Izaa%apm t@ﬁalaﬁladu B aks 68hNORAB’ dA) BOLAPEADI ¢ add BUand B* are each

- - rre y - -
(trifluor gﬁe’tq’fﬁ )%ﬂpﬁm&ﬁ%a%‘ Vepd & prd@’ @63 RaN R i A iusteenthisgborinegnt of
pr opangi Ctr%%rdse@mventlon is the compound of the first embodlment or a pharmaceutically

ggl ((jl Eé) teE)I fblleugerltot%}eg W%ere nhe'nZN an A2) R&l Xd Rmarrtlao thCOI'\§4I r@ O%gr ppanoi ¢

(1- g 4' - ( g ; AP bhaiat areddeil Ot Rhery A? 4reydach i yh@AT &) At @r@tdaaamRiOeran c
acCl -9
25(4" - (trf¥ F’é‘?o‘?a(‘}}?é\( A @b?%@n?’f e@CS}IC)Fbut yl ami no) ni cot i nan do) propanoi c

aci d; 3-(6-(2-A meddiyilerhbéddiment ofithé preometvantidisphestydouhdsklepfedonathieno)
ni coti nam dO pI’O anol

(6- (104 9r(°t“P|CPP§J SRS 5158 Fehp st 114 By Py phenyt4-
ni cot i namigia érﬂmmcﬁmaﬁqld@ pfoRandc acid; 3- (6 (3-methyl-1-(4*

flu he |
(e gﬁJaW@yl - q)ﬁgylaﬁlm%t PRRARY bropangie Bed | HISH-hoper opanel ¢
bi phenyl - 4reydy) pr(wqylﬂamom)trwl)@@hemmﬂrbhmma@)mc@nmﬂo) dropandic acid; 3-

gg)( g; E)Fz);m E'}y ﬁjﬁal 1- (4 trl{;luoro trh?/ bi rbé/ny}-g-ygguty mlno)r\;yr?r#dlngw(%rrrl!)gx%)rn%o otinam d

(-)-32(6- b&apaﬁéubﬁ&udl(ﬂ)éﬁ @t Brrhéthyor-@anetifydrohéthpgsptendt-44 ) pr opyl ami no) ni cot i n

2500 P N Sind yviniding-Prearasiarity) PIPARRIAFES S BB Tl oKy r azi ne-

2- car boxartifl@rorpétBpsishehy BA:—IyK)butyIamlno)pyrlm|d|ne-5 -carboxamido) propanoic acid; 3-

§/R E)ﬁ'; §/I5a£ﬁ3ﬂg§p8%£’?f9{é tﬁylsli};l;fll?yxlu @gﬁ%l %5{9&1, tlegr}éﬁogdropanoic acid; (R)-3-(6-

(S)-3-(5-(B mtlﬁﬂ)blorﬂ;etﬁﬁl)blphenyl 4-yl)butylamino)nicotinamido)propanoic acid; (S)-3-(6-(1-

35(trifl - 4- t 2- d
prép;'aa. E?éZtFEu bR b e LB Pt 2R 0)
2- (13- met hyflettiA- 44" ((rtfmbffohtetﬂm)mbwmbyl}phﬁjmhuﬁo)wuadmuémld@mbfw)an&b Gdibkx et razol

(3 (1 (el Bl e ahesscuprrapyaying) pisotammiggerppancic acic: (RK-

(N4(((2 tHIIf (840 @ngitifuorométh pissnEnyde-yihprbpiiarh memetinherio)grepd rde; acid; (S)-3-
te

e TR BroBMERYIOBES TR GIOBARBH: €% nar o
2- (6- (33- fvetmgihyLt-(4-(triflisromethgnBipréiyy-hlyl)biophramii o)dicotinabiide) lpaspanol

nicotl namagg,)(_)_%'g(g?( -err?eliwl-qr-]@g(triﬂuoromethyl)biphenyl-4-yl)propylamino)nicotinamido)
propanoic acid; 3-(5-(3-methyl-1-(4'-(trifluoromethyl)biphenyl-4-yl)butylamino)pyrazine-
2-carboxamido) propanoic acid; (R)-3-(5-(3-methyl-1-(4'-(trifluoromethyl)biphenyl-4-
yhbutylamino)pyrazine-2-carboxamido) propanoic acid; (S)-3-(5-(3-methyl-1-(4'-

35  (trifluoromethyl)biphenyl-4-yl)butylamino)pyrazine-2-carboxamido) propanoic acid,;



aci d;

3-(N-net hyl -6-(3-nethyl-1-(4'-(trifluoronethyl)bi phenyl -4-y1)butyl am no)
ni cot i namvoaprmpatoi ¢ aci d; (2R) - 2- hydr oxy- 3- ( 6- ( 3- et kg TAR201 4055588
(trifluoronethyl)bi phenyl-4-yl)butyl af no) nicotinam do) propanoi c acid;
3-(6-(3-nethyl1l -(2-nethyl-4'-(trifluoronethyl)biphenyl-4-y1)butyl am no)
ni coti nam do) propanoi ¢ aci d; 3-

10(2- (3-nmethyl -1-(2-nmet hyl-4' - (trifluoronethyl)bi phenyl - 4-y1)butyl am no) pyr
i mdi ne-5- car boxam do) pr opan0| c acid;

3-(2-(1-(2,6-di trif uororrethyl)blphen 1-4-y1)-3-

met hyl but 91(%1'??%*&' 1d§r trﬂﬂuarq'vée@é'Eéﬁhﬁax'af‘rw'&w%@'ﬁ'ﬂa%%(&Hé%tr%FO' 5

3- (6- (1- (gySrictidms- Bé(:lartfbxamlde N-(3- (1H -tetrazol-5-ylamino)-3-oxopropyl)-6- (3 methyl-1-

(trifluoronethyl) bIP -4-y1)-3-met hyl butyl am no) ni coti nam do) propanoi c
aci d: 4' (trlfluorome hyl) blphenyl “4- yI)butyIam|no)n|cot|nam|de N-((2H- tetrazol 5 -yl)méthyl)-

f (6- (g ;TBI(Q-Metrlwﬂ6(4(énfﬁjbfdrﬁéth5ﬂjbﬁﬁmh{]ly4 -y P& Mind) nicdtimardidy! 2-Bity| am no) ni co
I nam do opanol C

3-(5-(%- (Eﬂetf(yﬂFRﬁr(HB'HBWEI%@M'))%?W:?HéhMDWWTMQHCQW%WM‘%%%%”%'C

carboxar dai; P(0ARAGE-(B5Hely3- ((45(‘t|ﬁfikro((ﬂﬂetﬁill§U|6Helrh9ll’-41§1[§ﬁd’t‘3¥1ér)ﬂh'o heny1- 4-

yl) propyl am no) pyra2| ne- 2- car hboxam do) anoi ¢ acid; 3-(6- (cycl obutyl1(41-

(t ri f1 uor BREYHIIYQPIIRERSE agidy war%:ﬁ Fresthynkif do) propanoi ¢ aci d;

3-(6-(3, 3Trlfluoromethylt)blphenyl -4- yI)buthamlno) nlcotlnamldo) propanoic acid; 3-(6-(3-methyl-

di met hy1- (tri1l uorometh hen I but yl am no) ni cot i nani do)
pr opanoi c 14 naathyj;—4 (trlfluoromethyI¥b| henE/)I 4-y butyla |no) nlcotlnamldo)propan0|c acid; 3-

20( 6- (1@y0t23(3tm§th%4@2 frletryf-bu@riaBRInuthy BidpBAYIVLY bullidniBs pytimmineos-ni cot i nam d

0) propanoi
3-(6- (cycFd) Eeﬁw?mow@icacw@?é%éi R PPN Ry g Py RV PRIPRGRY G Y)-3-

nicoti naffhféﬂ)yltmt}%lﬂllﬂ@) Syradidide-5- carboxamldo)?ropanow acid; 3-(6-(1-(2,6-dimethyl-4'-

ﬁug SI a?n nﬁ?ﬁ"éﬂ??‘&i)ﬁ?ﬁ H&%F%géﬁdﬁ‘é"ﬂ&@mla %@@'?‘%”%’Bldﬁh‘éﬂ@ﬂfoﬁ 3G - 3.

gEt hyl bUt 81(6-;01:3 HQ)WE)QQBJ(MHTILQM)@HWBW@I)@ﬁ'ldd} -3-yl)butylamino)nicotinamido)
or onl

3- . . .
Y5t 151 bRPPEIE QST Cot L HAT KT P SEMARP e butylamino)pyrazine-2-
3-(6-(1- (Barb@kdrﬁfj@hbrbb@rw&a&d y8LY5=@3- (4'cr(caifimxzsfdmﬁtwmmh@ﬁylm coti nam do) propanoi ¢
acid; 3-(6-( t y Zér&_ ridin
yI )ph nyI )('QREPE’M %”H&Pﬁ/ﬁ% L HPH%‘)“BPB?JQH@?Q&C 3¢ p-(6-(cyclobutyl(4*
(1- anﬂJdr@tﬁémmomﬂmyM&r)mémF%m.m@hhythbutu&d)%%dwlbm doft; 3neB,do) pr opanoi ¢

| gﬁiﬂ}%ljﬂqc(qulrﬁéﬁ{(%tgﬁ ﬁBYI rﬂ%éylammo)mcotmamldo) propanoic acid; 3-

( B-toyebpesyd-phgudméthyBipRenyl-4-yl)methylamino)nicotinamido) propanoic
?éc'gcf%agm FeH AT oo b finsthviseyamcusctiamidad) pr opanoi o
'E Bropandid ac@y@r{(@@ ﬁlhﬁiWH4(6‘ﬂt1)eﬂ§ﬁpyndm 3-yl)phenyl)

u no)nicotin r.o

-( “ty WQ‘B?W@H 9@99'51)‘3'08 gm&:&h&l @iﬂm‘?f‘&fﬁ'ﬂb‘?hi cot i nani do) pr opanoi ¢
(MWKU@lammbhwoﬁhamidewdpaﬂaowéaoﬁs -(6-(1-(2-fluorobiphenyl-4-y1)-3-

y|(2?ut | ?l'&llbn |${|Blﬂqlﬁiﬁl n anﬂgﬁiggprgf e&%nﬂ% agzlda% (g -(1-(3'-chlorobiphenyl-4-yl)-3-

thyl bufeWyamwmurnbpmﬁdthddmmmm@; 3861(8smethyl-1-(4-(pyridin-3-

yI( but SISO DO AR 6 s aicis asid o (6- (10 Hudiobipnenyr Bty ©°°°88 ©

(g %1218 é?monﬁdﬂbyérgé;mmwfdd ; BEBL(gIneathyia) @i-@ethyihed@)4or opanoi ¢
; robl pne

| bu y/I') bniq Qj’?‘f‘ﬂ@lﬂp %qr‘t%:a%% C’S @C(ﬂ d? -methoxybiphenyl-4-yl)-3-

- (33- ( Aethyriungaiipbpisiiidmido)pkdpahoic acid; 3-(6-(1-(2'-chlorobiphenyl-4-yl)-3-

yl( butﬁ}l ﬁg/}hng\%]%‘hﬁé%%rg%%)grg %rc])% aCC|da% (g (1-(4'-cyanobiphenyl-4-yl)-3-

yl buhwh@lrbumérﬁinc)?ﬁddﬂﬁémﬂie)mémmm a6 1-(4' ethoxyblphenyl 4 yI) -3-

: (é E%e q;r%\flbl ||Fr)10H1 %)ﬁnf(\raép%pﬁ?r}?r@lc acY(J l%u(tey“ ?@nqg%oxy ip eny ﬂ)ogpr opanoi ¢
henyl )ﬁeuwiuwmmmbmmhamwmdﬂéa%mm|3o(6q¢4(zt 6'-3in{eBhiBiptehiyt-4-yI)-3-

ggt hYLﬁ%&bﬁmn?%ar%moﬁncotham|do¥plr2>pan0|r(r:eé[cm/ |3b(lét(¥ (E’rg 8?3e?f'1ﬁ85f'1e”n??14 yB)

-(1- (4 i sopropyl bi phenyl-4-y1)-3-net hyl but yl am no) ni coti nam do) pr opanoi ¢
id; 3-(6-
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10(3-nethyl -1-(4'-(trifluoronet hoxy)bi phenyl-4-yl)butyl am no)ni coti nam do)
pr opanoi ¢ aci d;

3- (6- ( 3- wOlyi27aks7144' - (et hyl sul f onyl ) bi pheny1- 4-yl) but ylpamiBm)inbzsess nam do)
pr opanoi ¢ aci d; 8
3-(6-(3-nethyl-1-(4-(6-(trifluoronethyppyridin-3-yl)phenyl)butyl am no)ni cot
i nam do) propanoi ¢ aci d;
3-(6-(1-(2,6-dinmethyl-4'-(trifluoromnethyl)bi phenyl-4-ylam no)- 3-

met hyl but yl) nicotinanldo)propan0|c aci d; (R) 3-(6-(1-(2,6-dinethy1-4'-
15(trif|uoronethy|)b| henyl am no) - 3-net h g but yl) ,

ni cot i nanm? y Cé)@p@fmdpéyo;ganow acid; 3-(6-(3-methyl-1-(4'-methylbiphenyl-4-

(6-(1-(2, §|7t§l1tﬁafhM;méotméﬁ]rdoﬁdra@émédwIs)(lat(nhwtmbrmp%awm) -33-met hyl but yl)
nlcotlnanldo)pro anoi c acid

3-(6-(3- nﬁlefﬂylb“ﬂ"i’ﬂmoﬂqqt'f"f‘"ﬂ@PWWM%‘%ﬁe(ﬁﬁ -(4/-methoxybiphenyl-4-yl)-3-
yl ani no) bmewru&;@mmam.&ﬂharmdgwr@.ca@.dis -(6R) 18- &@T&B’fpﬁ'@ﬁ/h&—}ll’)—'@' (4 -

(trifluoromethyl henyl-4-yl| am but ypni cot i nanm do) propanqgi ¢ aci d;
(S)-3-P6- (f@thyﬁw%ﬁrﬂwl”f%'aamPP?HF?%H& ; Ry6yBibreimgachenyl-dwio) but yi )
ni coti na Iﬂmﬁﬂ&ﬁlﬂ@)rﬁkoﬁﬁérﬁbdoﬁrropanow acid; 3-(6-(3- metr&yl 1-(4-(pyridin-2-

(e A anlob bS5 il L RheyLy s g - -31 am oy butypni ot

3-(6-(3- rr@iarhyﬂhyﬂ;a,(bémwl)ﬂwﬂer@f4@f)@mbfhk/mfmh@wcbmmﬁuwmsgsardjldﬂaé’w 3-
ylanlno)bu | ). nicotinam do) propangi ¢ ac gS met h %
(trifluor @y!S?EfHQWP'P?%”yWﬂdi'ﬁ@e%yﬁ?ﬁtm'ﬁamﬂo}'”?ﬁ“@ inr%ﬂwﬁ%ﬂc'dp dfanoi c

aci d; 18- ( lfnbtr(y141 (4 (trlfIuoromethoxy)blphenyl -4-yl butylamlno)nlcotlnamldo) propanoic acid;

25(trif|u ronet m no ni coti nam_ do ro an0|c aci d;
306 (1 ( SEEmR g Famatisaol By PR By et e aoG] SRORSY e apy! )
ni coti na%d@)@(@@ﬁﬂ@lhﬁjl 13-(4 GB (trlfluorometh){])pyrldln -3- yI)phenyI)butylamlno)nlcotlnam|do)

gﬁéﬁnlﬁt); etB{ﬂ%é%F @slpl, %,én&hég dlme(thyl qpftn orométhy|)bqghre'n‘; %%ﬂ?g hy!) bi phenyl - 4-

6- ( 3- met hynktrlifudyly digdtinbhitn)sraBadnid ddi;REBY 8+ A3 barhaaylbut y1) - N- (2Ht et razol -

5-y1)
305 45  LUCBRom YD pASH bR SHER YR iR AS oY AR iR §P) Benzam do
épz ZD?HOI B-@Ici2gb-dimethyl-4'-(trifluoromethyl)biphenyl-4-ylamino)-3-methylbutyl)

t.rifluoromet en ri.m 5-yl am no tyl)benzam do
pr opanoi c”'&é‘i‘rﬁa ?@Pm@aﬁ‘ﬂc(af'gy%'—(é)@ (‘%MVH&%r(gﬂﬁ?rﬁmej[rbﬂg]@?%ﬁéfiym') di n- 5- :
{ls?m3m()z1bwbw(”)2 @nwmcm]giémm@p@p@hac a6idd(R)-3-(6-(3-methyl-1-(4'-

rifluoro

bt i i BT orh R RIS TR By o PRHoR PEREPoIC 86l ) By 1. 1. (4
V\? _2]9|1b2/ 0%ﬂ?ﬁ?@l(ﬁrﬁaﬁﬁx{&%ﬁ)ﬁlﬁﬁeﬁyM-}gamino)butX[I).nicoti_namido) propanoic acid; ?a
g_ E . ( g?%g@&?&?ﬂ%{rﬁuo}&'m&ﬁ%gp Gn |B;?y%i%%-§/|Q%mo%o&ﬁ)rn?é%?ﬁé)rh.%o?c'
14 o et ) e oot 01,
seid or | Hap b SR HReBRTaRTE: 2l T B LY hA si xtoent h
errbo_dl t”?I’l(trlm];orérh@thﬂf)%%ﬁgﬂ)pynﬂM?S{Ib?ﬂﬁd)@{ﬁ) g@@m@mﬁ :ifaé@mb?%cfo; er(sﬁlm Liqr ZUD
consisting of: (-)-(S)-3-(6-(3- -1-(4' - (trifluorone en
o1 bughl ATy VR g BB G g genido) proandic a0, e R e
3-(2-(3- fTBfek‘rWI 6l4-((t41ﬂudrbmbfh|yl)ﬂlidwymbﬁwirﬁ-3 ylamlno)propyl) nicotinamido)propanoic

3 6 (e ( 29 R elEr DA P sher 9 BRus M RBP P aea thinab,)

pr opanoi Cb@t?l)rﬂcotﬁraﬂﬁ)‘e( 3 (BEﬁélWl =1-(4' (trlfIuoromethyl)blphenyl -4-ylamino)butyl)-N-(2H-

101- (4" -(trifl i pheny1-4-yl)butyl am no) pyrazi ne-2-carboxam do)
pr opanoi C%eé qusoyls)nlcotlngm?d%

(_JréI geB (8411824 ﬁg(ubfdnﬁétgﬂmh@ﬁ%lmyhdliﬂﬁfaﬂ%Tgﬁé)t)mydbéhz‘éﬂydcﬁﬁﬂoﬁ@)dwt yl) benza
m do) propano cjd, (=)-3-(6-(2-1me | -1-(4' - (t
b1 pheny. 200y HAR SRS Pet PR B Brem AT it engrmit)
phar maceuptopahdiy asidc@iafat@-(sah(tritlieo@ethyl)phenyl)pyrimidin-5-
ylamino)butyl)benzamido) propanoic acid; (S)-3-(4-(1-(2-(4-(trifluoromethyl)phenyl)
pyrimidin-5-ylamino)butyl)benzamido) propanoic acid; 3-(6-(3-methyl-1-(4'-



15A further enbodi nent of the present invention is a conmpound of Fornula 1
or a pharmaceutically acceptable salt thereof, wherein RL is phenyl

opt i onal Iwo=uotzaisst4at ed with one to four substituents eaebTiipziapessdent|y 20
selected fromhalo, -S(0)2-(C1_3)al kyp, hydroxy, -C(0)NRaRb,

(C3-05)cycl oal kyl, cyano, (C -C6)al kyl optionally substituted with one to
three fluoro, or (G -C6)al koxy optionally substituted with one to three
fluoro; or a 6-nenbered heteroaryl group which is optionally fused with a
(C4-C7) cycl oal kyI phenyl or 5 to 6 nmenbered heteroaryl, and wherein the
optionally fuse menber ed 25heteroaryl group is optlonall substituted
wi th one 21BﬂLf%‘RI”PG@M'%@WQ”ME‘PW@X)QQHW')P'ﬁ%‘%QHQfQH’IOP?”@‘éF’%'E't%&6 ﬁX’Bﬁ‘ hprh 64

- S(0) 2- (C@tm&)o%rkythynmwbrngwyl)bl%@))ﬁ\ﬁalﬂlam. g@ean&&ac.d%bdal kyl optionally

substituted wt 59) C6) al koxy optionally
subst i t ut 846 1(4n (tﬁﬂ'éorf’%‘eﬁﬂ)%h?rlyuéry&PXyﬁéhy H@OW”&P%)pB)&’@HO'Pﬁ&@pendent ly H or

(G - X3) al kyh phafReitialty 6cepfabteShlahéebs. R3 is tetrazolyl, -CH2-tetrazolyl,
- (CH2) 2S03H or (CH2 H optiognally substituted with a h drogﬁaor fl uoro;

VO 20187 085745beHies %mbm%@ f e pRgsenisventionds @ campHed gelered Ha®pendent |y
CR4 or N, thal drbud bshsittiRy of @) Hps-(8re- m@ﬂ@d flJ(lsﬁ-fitr|1fll!f@rol@feth@xibb|pﬁ@nyl-ﬂ3 and A4 are

N; R4 at each occurrence i s independent lt/ ano §C1 C3) al kyl
opt i onal | YIRYMIPINCIRHIEHNANIAR) Bip@apejc ?ﬁ'P'e% (4- %%‘PH‘V' 3)t(4 ((@ U‘@QS”& ¥Bxy

opt i onal | gipheguiyistiEhnhd)By@ndinkS-84rB6eenilid Be; bb%s CH(45) -
- CH(R5) - X—Ip XW}H % )bKIH IISS |erC1 (1,6)9 pgnOI Y %(6 0 tlonaII

I'S
substi t ut Sﬂf'%r?fﬁetﬁﬁ'éb'@f@”ﬁ/h‘i -¥Borepylampo %%'PBW%PF%P%WM TNy !:l oal kyl
whi ch 1bs  epai@mabloyhesPBioht it ady WutyiandRe) dyeadivgd2-tedbokamrlbkplopanoic acid;

(+/-)-3-(4-(1-(2-(4-(trifluoromethyl)phenyl)pyrimidin-5-ylamino)butyl )oenzamido)
propanoic acid; (-)-3-(6-(2-methyl-1-(4'-(trifluoromethyl) biphenyl-4-

yDpropylamino)nicotinamido) propanoic acid; or a pharmaceutically acceptable salt

thereof.
15 A further embodiment of the present invention is a compound of Formula |
_A3 B4: 3
)
'I_AZ B'I_BZ N_R3

or a pharmaceutically acceptable salt thereof, wherein
R is phenyl optionally substituted with one to four substituents each independently
20  selected from halo, -S(0)>-(C+.3)alkyl, hydroxy, -C(O)NR?R®, (C3-Cs)cycloalkyl, cyano,
(C1-Cs)alkyl optionally substituted with one to three fluoro, or (C4-Cg)alkoxy optionally
substituted with one to three fluoro;
or a 6-membered heteroaryl group which is optionally fused with a (C4-C7)cycloalkyl,
phenyl or 5 to 6 membered heteroaryl, and wherein the optionally fused 6-membered
25 heteroaryl group is optionally substituted with one to four substituents each
independently selected from halo, -S(O)2-(C1.3)alkyl, hydroxy, -C(O)NR?R®, cyano, (Cs-
Cs)alkyl optionally substituted with one to three fluoro, or (C+-Cs)alkoxy optionally
substituted with one to three fluoro;
R? and R® are each independently H or (C4-Cs)alkyl;
30 RZis H or (C1-Cs)alkyl;
R%is tetrazolyl, -CHy-tetrazolyl, -(CH2)>SO3sH or —(CH32),CO2H optionally substituted with

a hydroxy or fluoro;



10whi ch are optionally substituted with one to three fluoro or one to two
(C1-C3)al kyl, or (Cl-C3)al koxy which are optionally substituted with one to
t hree fl woap12znsa74dherein one to two carbons of the (C3PCTiiByal/ozbssyl can
be replaced with a NH, N(Cl-C3)al kyl ,100 or S; or

(C3-C7)cycl oal kyl - (C1-C6) al kyl wherein the (C3-C7)cycl oal kyl group of said
(C3- C7)cycloal kyl-(C1l-C6)al kyl is optionally substituted with one to two
(C1-C3)al kyl which 15are optionally substituted with one to three fl uoro;
Bl1, B2, B3 and B4 are each independently CR6 or N, with the proviso that no
nmor e than of Bl ,,B2, B3 and B4 are I\ at each occurrence is

i ndependeﬁt I"\/ ﬁ arl’fjaf‘oare(eéfh W&P’R‘iﬂ”“b&% SR A Wh Nfpreyisatednaimae §188 to
three fl ugigef A At GE-drd)rdldi@Ky optionally substi tut ed vvlth one to three
fluoro; angd 20 further provided that when L is ﬁ and X is CH2 or O
then at | Badtehecserrence ippdepandently Hahale, Wa”%h(gm %)q ky! 09%'00%1?5) and X is
NH t hen atuds@ffdd AMCoRS tobreeARiord\3r (G,°14C§)§Ik&y (ﬁdﬁgnm%bbtltht%d withldRe)to X- then
at least one of Bl, B2, B3 and B4 is N. Yet anot her enbodi nent of the
present i HV@HTY¥H i s a conmpound sel ected fromthe group consisting of

(S) - N- ({6t i xR -cF- mﬁc}()trl fl uoronet hyl) pyridin-2-

25yl ] phenyl | but ypam no] pyri di n- 3-yl | car bonyl ybet a- al ani ne;

(+-) - N- ({é8 Py @ PoNEXy1{ 244- (trifl uor omet hyl ) phenyl ]

pyri m di nRS1gy, ngmz AP ARICAH @mrohdnws&smhie@ammwtzsslﬂ%aﬂabr@nhmoxy or

()-3-(4(15:h rifluoromnethyl 8" razin-2-yl)am ng but)(ly?benzam'd
0 or oot (G sy olga S sbRonaly s Bt G o i RS 1o Mo (Cr-Calak
phenyhbpywaz:hraraoml&manv Msbtutay \b/lbﬁéﬂe’:\tmtﬁll@b flﬂb@ﬂﬂf@ﬁb@o%ﬁ Cg)alkyl or

n

R 4-(1- fl h ph I I
?not(jog gr E) 1,(]%1)% V&hl((,h arle opl’fllgrrme(q)llgestubgtltated %vrll% one cr)?hzrtlaenfluorg rUvr?e?' |lr31%tn)é ) benza

3- (N-net hw two-dattFonewRi e (Clwdﬁkyclbélkylfdau%oaﬁb&ecﬂwmﬂa Nk, hiohemult & or

zll) ) gu'z %p? ( no@gﬁ%};@gg‘ﬁ(& lwpvlﬁr@mltlhe (C3-C7)cycloalkyl group of said (Cs-

(tr Lf ! U;’r gw(%%&&él&ﬁ%c%a)blkplh%ruﬂnbné}ryxshbmmteammon@)t@tvﬁd)@r@wmmrdnpanoi c

aci d; -3-(6-. . ,

((1-( j.gCyaFﬁonilonifltyr%UPfit{}BtPS%WWf)taihrqqﬂ%quheny| ] - 4-yl ) but ypamni no)

ni coti nangti@? BSM@Bﬁml&cﬁmdépendently CR® or N, with the proviso that no more than
(+/-)-3-({543- pyl % Kll f1 uoronet hyl - bi phenyl - 4-y1)-butyl am no]- WO

2012/ 0857 f‘/”@ 58811 pyri ni di ne- 2- carbonyl } - ani no) - pr opi oni ¢

aci d, R® at each occurrence is independently H, halo (C1-Cz)alkyl optlonally substituted with

LA )%%m"ﬁreg e e orane T shny E T WL ol ey i o
met hy ke 1- {udthet prlofnbumrmmmbyh_ OLRITHTRY: 4ny X)is 0w, ok antheo bt Ipgstioned BE- 2- car bon

Lo (S RIS SiaBERC 5Pt UG ek is NHBTATLoR i 61 AL 4%} A'

Sbut yI am Ra; dh)drwrdjnﬂ_els369|€R5’()O(nwe)naéﬂléﬁél o 6B '0BF B amiddB* is N.

(+ - 3(6(4 ifluorg-1-(4'- . o
(tri f | uor onet h f)lq )aBP ﬁéﬁ'ﬁ@(ﬁﬂ&‘ﬂ‘Pfd??Prgﬁ?Wd?V%‘F'efthi TSOMRANN I SEESIEISIA aci d:
3-(6-(2- the group consisting of (S)-N- ({6 [(3- methyl 1- {4 [5-(trifluoromethyl) pyridin-2-

cycl opy Og%ﬁm a&lﬁ)ut)gl)amlno]gﬁ'lrd?n Pgarz) %Iaﬁln%pat/ r)]w &(L)n[( glc%exylt{é [ham do)

pr opardi
3- ( 6- ( 3- matifybroretaPprRhY pyrnitih- E(S/I}méthylWrmﬁﬁ]delﬂ Bhaoxiopey -béthatahing]l ) but yl a

gl ? 8)(2”(: (32%?18%@5@%@”0' C%ﬁiﬁ—@gﬁwl)@yﬁzﬁr%ylgarplpa}guwgpe@zamldo) propanoic

10net hyl bu@ul (BMH3q@L( i -NE@SAH A aFIuproaRanwi ghedgil®irazin-2-yl)amino)butyl)benzamido)
3-(2-(1- étrlfl or omet hyl ) bi pheny1-4-

yl )butyl aPr'ioi'? ?‘ﬁ?PF di ne- 5- car boxam do) propanoi ¢ aci d; 3-(4-(1-(6-(4-
(trif |3D'0r qREeBIY() g ayiriiipyro@tty)Bhetyapyragih ug yanjibebagnbetzamidanoi ¢ aci d;

et hy - 1. BEbRRCie AP -SSR Y BN Heramety sty st hprairho)
ni cot i nanysutpyemasnaicetiraehicks)propanoic acid; (x)-3-(6-(((tetrahydro-2H-pyran-4- yI)(4 _
(19" gog ?néﬁlﬁér}q%w;%?@ Fﬁlﬁﬁ‘éﬂ' Wl)‘r%%?h%e%ﬁ%)rz S d oG Said! APyt ¥ am no)
('S) - 3- (6~ ((3-(PRymd-4'YtrifiGorofettiyni{fi | 1bipRERAIRY Y1 aingyaydino) pootistrido)

35  propanoic acid; (+/-)-3-({5-[3-methyl-1-(4'-trifluoromethyl-biphenyl-4-yl)-butylamino]-



3-yl) butyl am no) nicotinam do)propanoic acid; (+/-)-3-(6-(3-nmethyl-1-(4-(5-
(trifluoronethyppyridin-2-yl)phenyl)butyl am no) nicotinam do) propanoic

aci d; 3- (WoQhr@@s5745 PCT/IB2011/055588

met hoxy-4'-(trifluoromethyl)bi phenyl-#-yl)butyl am no)ni coti nam do)
propanoi ¢ acid; 3-(6-
(1-(3-methoxy-4'-(trifluoronethyl)bi phenyl-4-yl)butyl am no)ni coti nam do)

pr opanoi ¢ aci d;

203- (6-(1-(2-(4-(trifluoronethoxy)phenyl)pyrim din-5-yl)butylam no)nicotina
m do) propanoi c aci d;

(R) - 3- ( 6- P¥RFBEnedaewi-ainereBPisRieAFic: 3-(Ar i REemataiHEYHTSeMA!IM do) pr opa

noi ¢ aci dpiphenyl-4-yl)-butylamino]-pyrimidine-2- carborR/I} amino)- pl’OFIOhIC acid; 3-({5-[(S)-3-

(S)-3-(6- (c¥clopent#1 (41-f uoroblphen% am_no) nlcotlnanldo)propa
noi ¢ aci dme hyl-1-(4'-trifluoromethyl-biphenyl-4-yl)- utylamlno] pyrlmldlne -2-carbonyl}-amino)-

3-(6- (cbe%mtcy&ﬁch([(% ((Bs BfnhéiglﬂD[Qi(mfrllf)d@ﬂﬁﬂéth))lg%éhﬂ}fyrﬂn|5m§61)I]rBt hyl am no)
ni cot i nam o%g{o panqi c an-4-y1)(41-
25(tri Pl uBy ’Fﬂ}TWB‘F"Bﬁérﬁ?ibWNDTWQ]WP%{%'ﬁ8§'dﬂ(|+(:b?’l(ﬁé &OtIB‘HQfBé "c aci d;

(S)-3-(6- (trlfluoromethyl)blphenyl -4- I)butylamlnol) nicotinamido) propanoic acid; 3-(6-(2- )
((tetrahydro-2H pyran- 2/ % or onet hyl ) bi phenyl1-4-yl) net hyI am no)
ni cot i narrPYﬂBpﬁ?%ér{ﬁl (@'lf@e;o(g:ethyl) iphenyl- 4 -yl)ethylamino)nicotinamido) propanoic acid

3- (4- (3- meyby3- rr;b1r(y21((éTﬁétnwfaLqumtrsﬁohwtayw)gﬁ&sy ydih mym)bn Eermmo)

yl am no) but yl ) benzani do). propanoic acid y

(trifluor 8'&8?"{?&7" 5*?9%}6’9[‘9 pyFdn? ¢6-AL-€- S?‘r%{\lﬁrﬁ@j%{ @r'}‘efﬁi&/@&sr' ”h rM'?t‘iB'PB)r%panm C
aci d; 18- (5Te(r(y3)utyl)nlcot|nam|do) pro anoic acid; 31 % (4" (trlfluoromethgl)blphen [-4-

ﬁloggi Pg;ﬁ%ﬁgﬁ{%%ﬁp éﬁ% L Icarb%%r%lrcrj% pr p nollcperq]c?dnyi’}(f(d(%-(jf-et hyl am no)

3-(6-((t e(tﬁﬁhjf@lﬁ@th?lbbﬁé%?l%]mam}(ﬂ-)/léﬁﬂirrc{)tbdtj(lfkkh@érﬂiﬁl@}dﬂ&éénl@lcmwYﬂl ¥B8-j8-zret hyl am

(R 3" (6 (ST BNV LB HE{ T Truopssmitigry BHignyo) rcoinamidopropanoi

py1 1 1 I naBidy(R) BN thylo (e @RI et) B ApgiGin 3] ityamino)

8§51 1P uORBTRETRGOPIRERGE PB (SHrESngny s ifppmethybpheny) pyrcin-
ni coti nang bm&anﬁmlnrcoaﬁardudompa?mucéé@ 20223 @3GHASIRETT-4BZ011/ 055588 12

(6 (1- (2 gfbé tr%%%tbél ;Q{Iggh%gﬁlg}/utylgr%{nbwnlcé)tpna?n|(¥o)2)rtc))%g (l)lg rancﬂ % -(6-(1-(2-

ni coti na

(S)-3-(6- Metr(o&y(mtt(uﬂudrddweta ISy my - pmnwbmmmmndamm@j propanoic acid; 3-(6-

2 cbent abi b-CanetnpRse iRt Bhau 60 My s B o hobRastard o
phar ”?GGUB*(GFN (zzmmmtrr]orﬁéth@m;she@wwrmﬁ@ﬁ séﬂ)buqnmﬁ@)madnfﬁudbhlﬁoa&fﬁ@nt

i nvention ar a e . excCl len di uen or
et or B G gy Sy B e R e Bale ol S BB D BIoPS  f cot i ve
arm;mt of ?adC(S')?C(Gf(dydlfjpehpﬁ4m®&ﬂﬂihdn?N@?I}[)m@th?/Iaﬁh@)?@cﬁf@@%dd)g@gﬁﬁ% al so )
contaln a | e one a on ar ceuti cal, age SCrIl, ereln
e ot o 1 ooy P e g RE e B R BT P YARET S Bt ¢ agent o
(descri beducbmfaﬁamab)bﬁip@mbuc acid; (R)-3-(8- o(t@trarcw@é bErpyesPegh(4of the pr esent

nvention d for condi ti on, or der
o s g @r%a%x'ﬁb'ph%yb%wﬁmeﬁw%m'ncg S EoR e SR TR ecept of

[ nlghnannqtetrtahydrom{:bwa@a mi) (= (ﬁlfl@@om%tr@dﬂbﬁer%ﬂ aryl)n@trtwarmnapmml preferably
a uman

2 GompounticBinHE piAesdHE SeHy SRt BReGH A Ehar ek aTe PV codEE T gn

thereof . [Defgasesy)sdnsahidey sropatioi€ adidi 3-[B(Bsmergi- awgh by gl ucagon i ncl ude

Type 11 (trifluoromethyl)phenyl)pyrimidin-5-ylamino)butyl) picolinamido)propanoic acid; 3-(6-((3-

30  methoxycyclobutyl)(4'-(trifluoromethyl)biphenyl-4-yl)methylamino)
nicotinamido)propanoic acid;
3-(6-((tetrahydro-2H-pyran-3-yl)(4'-(trifluoromethyl)biphenyl-4-yl)methylamino)
nicotinamido)propanoic acid; (R)-3-(6-(cyclopentyl(2-(4-(trifluoromethyl)phenyl)
pyrimidin-5-yl)methylamino) nicotinamido)propanoic acid; (S)-3-(6-(cyclopentyl(2-(4-

35 (trifluoromethyl)phenyl)pyrimidin-5-yl)methylamino) nicotinamido)propanoic acid; (R)-3-



di abetes, hyperglycem a, netabolic syndrone, inpaired glucose tol erance,

gl ucosuria, cataracts, diabetic neuropathy, diabetic nephropathy, diabetic
reti nopatwg,2omssi4sy, 20dysli di demi a, hypertensi on, hypecirnBiii/mssssa, and
insulin resistance syndrone. Preferreld di seases, disorders, or conditions
i nclude Type Il diabetes, hyperglycem a, inpaired glucose tol erance,
obesity, and insulin resistance syndrone. Mire preferred are Type ||

di abet es, hyperglycem a, and obesity. Mst preferred is Type || diabetes.
In yet another aspect of the present invention is a nethod of reducing the

| evel of 25bl ood Plucose in preferably a human, which includes
the step & (adridtt E'H%"Pf"r?&‘yﬂ)Bh%PVHﬁYﬁ'Pﬁ'Fj'”r@TV'Mﬂa'BF‘%[]'éﬂt"’tat”é%‘%)r%?ﬁané'c

t her apeut h&al dn4 (gf) fgqgi(n Y@.(@({pﬂu&orﬁéthﬂ)&@ﬁpwﬂ“d}ﬁ st he present invention, or
a phar maceutl cal nposition th npounds of the present

i nventi onY My'ﬁ@'”%}‘r‘?%'f@f‘é’roéerqpﬁ”%ﬁ‘ﬁ'ldn%rt?i WFW?P?WG?'%@CCEH‘&PWBS@EUU cal
agents (i fhepayfticular, anti-obesity and anti-di abetic agents 30descr| bed
herein_bel ow). The conbi nati on t herapy. nay be adm nistered as (a) a single

phar maéeut i cal %ﬁp?qt(ﬁ?ﬁtr\ﬁﬁr@#”&%'ﬁt%‘é% aphauRfsUieR 6pmPeRitigly Baknt

i nvent i oncompride8d$} a BGpAAMI Jf HENGHesd AVEREEH bhE @) aﬁ;ﬁl%l‘r%a@'&ﬁu@éllybed her ei n
and a pharnaceutically acceptabl e excipient, diluent, or carrier; or (b)

two separ AECEPERLE BRI Qﬂ'&?%@?ﬁ%@% |Pdﬁf§r%ﬂ"rq %Q”FEPS(“P)‘ CQMPIi$et 3 conposi ti on

conpri si nﬂwe?ap%@ﬂmy@f*e@tfveta%ulﬁf E5ELMBRING\? Jﬁes@mmvanmarweutl cally
accept abl e exci %gent | uent, or carrier,

2012/ 08574% PRt 2‘6&&?'@@8@@8‘”@'eé‘éh?ﬂ?daq,dcbtf%‘@%ﬁ’rﬁ”@ﬁc%ﬁ%'ﬁ%f‘h@eé‘i”bﬁgast one

addi t iionaheyr PRsTEHEd S@nt@ENYe dﬁl‘&@bésﬁ'@@gb@t@%lnﬂloa@ﬁ'tl-alabbtﬁféqiﬁwwt ically
accept abl EFI exci pient, djluent, or carrier. The pharnmaceutical conpositions

may be ad espiiedrhegeia PrigW-aneous| y or sequentially and in any order.

SDefinitions Inyet ad&ha%egedwr merpreédmemtv@mtmn"@bkwéthod RF &éénrtgcza disygér ocar bon
radi cal of t I|:_I 2n4- The al léane radi c

G ai ght 6P lRaneaRIpgne A kAR TR (i SeRSarRy S the Plbes o
monoval entecepfof,an ghﬁammm tRAEREINGESS tBé isfPaT a@mEHi Qeh Cto Rt rdamhiag plefé@b@/ L£ar bon
Tobut yfg fuegyr g BfM |trea%m%ég%rsew‘%aﬁggfﬁévm%wfv|0f 5&%@9%@}1 Bty |
neopent yl theSpréserfﬂm‘vr@mtml @r@puérmda@uwal cammpaitiovltRerasbty| | and the like).
PN R T R MR N ST e
have the a@BEteﬂel’fypﬁ@yc@ﬁn@%ét@@me sth@mel .ﬁcbacr@a glcase tbﬁalré‘tgze ptosunal | y
substi tut ggtérac% hgla%(latll(car?eeurcr)p%ctjrlly? |abet|c nepWopathy, dle%etlc >/etllr?gpalj[lf?ﬁu gél’:yf uted or
20 dyslididemia, hypertension, hyperinsulinemia, and insulin resistance syndrome.
Preferred diseases, disorders, or conditions include Type |l diabetes, hyperglycemia,
impaired glucose tolerance, obesity, and insulin resistance syndrome. More preferred
are Type |l diabetes, hyperglycemia, and obesity. Most preferred is Type |l diabetes.
In yet another aspect of the present invention is a method of reducing the level of
25  blood glucose in a mammal, preferably a human, which includes the step of
administering to a mammal in need of such treatment a therapeutically effective amount
of a compound of the present invention, or a pharmaceutical composition thereof.
Compounds of the present invention may be administered in combination with
other pharmaceutical agents (in particular, anti-obesity and anti-diabetic agents
30 described herein below). The combination therapy may be administered as (a) a single
pharmaceutical composition which comprises a compound of the present invention, at
least one additional pharmaceutical agent described herein and a pharmaceutically
acceptable excipient, diluent, or carrier; or (b) two separate pharmaceutical
compositions comprising (i) a first composition comprising a compound of the present

35 invention and a pharmaceutically acceptable excipient, diluent, or carrier, and (ii) a



15substituted with one or nore substituents (generally, one to three
substituents except in the case of hal ogen substituents such as perchloro
or perfl uwsoaalkgEalF. The term "cycl oal kyl " ref ersPCoO/IRZNADIBIER | C
rings that are fully hydrogenated andi3may exist as a single ring, bicyclic
ring or a spiral ring. Unless specified otherw se, the carbocyclic ring is
generally a 3- to 8-nenbered ring. For exanple, (C3-C7)cycloal kyl 20incl ude
groups such as cycl opropyl, cyclobutyl, cyclopentyl, cycl ohexyl,

cycl ohexenyl, cycl oheptyl, norbornyl (bicyclo[2.2.1]heptyl) and the like.
The phrase "5 to 6 nenbered heteroaryl” neans a radical of a 5 or 6

menber ed RRIBHASRFBRBIHOTECOMPIEPINoTededsbPRe aaditonal PRarmasguticaheerhegiaiPedt o 4
het er oat ORBrefPARCS EI%rHa@&JtNaIIPa@@FtaSIe exclpfen® diesheseshrmet gnearyl groups
include pyrrolyl, furanyl, thienyl, 25imdazolyl, thiazolyl, oxazolyl,

triazolyl Ph%r&%cﬁ%t&awqm&gﬁtioaﬁ H}ﬂy,beﬁﬂr’?"ﬁ?t&f‘?ﬂﬁ'ﬂnuwe&ﬁ'ﬁﬂ ,seqqepg%y@p and the
l'i ke. Prefeqdyefidd. to 6 menbered heteroaryl groups include pyridinyl,
pyrimdinyl or pyrazinyl. The phrase "6 nenbered heteroaryl"™ wherein the
ring i8 a 6 menbered heteroaronmati cPPR§ONShe phrase "therapeutical ly

ef fective amuysy (isedB@nginaRe dMURNKyLTefarsd BNYHREadBAfradifd oPiRRAkrdl NVent i on
that (i) treats or prevents the particul ar di sease, condition, or disorder,

(i) attefiRHRSCHare| Theralkans radicalanaybe siraight op Brapeher eorsxapPlsntieof ¢ he

parti cul ater@i“BRASHalk@OREE it&é‘mdhbvéiér&?étfb?ght, &*bréﬂ\d:ﬂe)j alpreatie Rk supor del ays the
onset of one or nore synptons of the &ﬁrtlcular di sease, condition, or

di sorder B¥YRIPINGHoRaER N atoms (8-gp et iQWM””FP@P$r§WPBWhﬁﬁHW§FPWEL@'or

f emal leb . BOPaBuYN lnékiéhtmh_sméthymptyl, l@ﬁd@msjlbutyamg@tn%b@n $86pentyl,®8- sour ce
animal s, zoo aninmals, nmarine ani s, birds and. .

3015/ 0357 e BRY e bG BBar oYt BeriEn Siieialhesliod padion figyi b o

ani lrr;al s" ampleﬁﬁeﬁpoﬁaﬁpak@@yé%@(ea@j am?rﬁoy@ﬂ@mylamir@p?@w@m, gwgtamrajpﬂ Con
poul try. e rase "pharnmaceutica acc abl e" indicates a e
subst ance?® a'éﬂ&ffbg'{%PPgﬁV%‘?tsaﬁlﬁ G iaﬁlaéo\(ﬁwe e Mdpralgasheing

t oxi col ogidpabhally subéthutbdre tef dieineSanigalestiaeft solgmay Bé DBsuwsiivtgidrat i on,
and/ or the ma.n’rr(%ljI bei ng treated therew th. The te{)ms "treati nﬂ
"treat’®, BYPSUUIRAWIRLARE ORBIERUISHYEHS (eeirEly R thiee substiyenttoxcept e and
pal Li flt It V?e’;da@@bﬂﬁélbg%n substit_uents'Ehien b@b@rf:ﬂl'bf@@%e@ﬂl&ﬂéall@ltls);mdu:c ati ntg" 3 (r)]r
"nmodul ate(s)",_as use ereln, unless otherw se iIndi ,, refer e
changes in act{NGE{" o‘?rycp’ﬁ[gy'gFﬂ%@d%ﬁo?%e'é‘ﬁ{'%ﬂ”%thét %réglﬂﬁyﬁ‘ydroge”ateg and

may exist as a single ring, bicyclic ring or a spiral ring. Unless specified otherwise, the
carbogcyclic ring is generally a 3- to 8-membered ring. For example, (Cs-C7)cycloalkyl

20 include groups such as cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cyclohexenyl,
cycloheptyl, norbornyl (bicyclo[2.2.1]heptyl) and the like.

The phrase “5 to 6 membered heteroaryl” means a radical of a 5 or 6 membered
heteroaromatic ring. The heteroaromatic ring can contain 1 to 4 heteroatoms selected
from N, O and S. 5 to 6 membered heteroaryl groups include pyrrolyl, furanyl, thienyl,

25 imidazolyl, thiazolyl, oxazolyl, triazolyl, tetrazolyl, pyridinyl, pyrimidinyl, pyrazinyl,
triazinyl and the like. Preferred 5 to 6 membered heteroaryl groups include pyridinyl,
pyrimidinyl or pyrazinyl. The phrase “6 membered heteroaryl” wherein the ring is a 6
membered heteroaromatic ring.

The phrase “therapeutically effective amount” means an amount of a compound

30 of the present invention that (i) treats or prevents the particular disease, condition, or
disorder, (ii) attenuates, ameliorates, or eliminates one or more symptoms of the
particular disease, condition, or disorder, or (iii) prevents or delays the onset of one or
more symptoms of the particular disease, condition, or disorder described herein.

The term “animal” refers to humans (male or female), companion animals (e.g.,

35 dogs, cats and horses), food-source animals, zoo animals, marine animals, birds and



10of action of the conmpounds of the present invention. The terns
"medi ated” or "nediating” or "nediate(s)", as used herein, unless otherw se
i ndi cat edwonef218s7450 t he treatnment or prevention the paPCraBtarozssease,
condition, or disorder, (ii) attenuati4on, anelioration, or elimnation of
one or nore synptons of the particul ar disease, condition, or disorder, or
(iii1) prevention or delay of 15the onset of one or nore synptons of the
particul ar di sease, condition, or disorder described herein, by nodul ation
of gl ucagon. The term "conpounds of the present invention" (unless
speci fical] Y identified otherwse) refer to conpounds of Formula | and any
phar maceufiNeapiMjanztiBpt psciess 4 %'eé“f"”ﬂ%% r@@ﬁ%@lﬁﬁ%so%{%‘a fRimalszauch gs|

st er eoi sopBkS pidsNshaegh 4ma pbufist er eoi somer s and 20enantioners), tautoners,
conf or mat i onal_| saoners, and isotopically | abeled cog&)]ounds Hydr at es and
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Hydrates and solvates of the compounds of the present invention are considered
compositions of the present invention, wherein the compound is in association with

water or solvent, respectively.

25 DETAILED DESCRIPTION
Compounds of the present invention may be synthesized by synthetic routes that
include processes analogous to those well-known in the chemical arts, particularly in
light of the description contained herein. The starting materials are generally available
from commercial sources such as Aldrich Chemicals (Milwaukee, WI) or are readily
30 prepared using methods well known to those skilled in the art (e.g., prepared by

methods generally described in Louis F. Fieser and Mary Fieser, Reagents for Organic

Synthesis, v. 1-19, Wiley, New York (1967-1999 ed.), or Beilsteins Handbuch der

organischen Chemie, 4, Aufl. ed. Springer-Verlag, Berlin, including supplements (also

available via the Beilstein online database)).




10conventional chem stry well known to those skilled in the art. In the
preparation of conpounds of the present invention, protection of renpte
functi onavotg18s¥5, primary or secondary am ne) of i ntecrasai/esssay be
necessary. The need for such protecti®®n will vary depending on the nature
of the renote functionality and the conditions of the preparation nethods.
Sui tabl e am no-protecting 15groups (NH Pg) include acetyl, trifluoroacetyl,
t - but oxycar bonyl (BOC), benzyl oxycarbonyl (CBz) and

9- fluorenylnethyleneoxycarbonyl (Fmoc). Simlarly, a "hydroxy-protecting
group” refers to a substituent of a hydroxy group that bl ocks or protects

the hydr oxy f UrRAISHAIMGHRIPOSTS BB Fecy PehefI e teptasd beigp gravises qaieh)

i nclude f qut@f@ﬁ@rﬁnes@dn{@’the cBfPbihds ¢Fitthe/bres&rfixhtioPad @eles kexybenzyl
trityl, and the like. The 20need for such Protectlon is readily det er ni ned

by one skint§Bwdiaps; Heor armoredsiailgd desraiption gt MAMdushresction Yeee PRy oups

and thelrEH&ﬂMe§§&ﬁBnt%Mwﬁ?ﬂﬁﬂeskﬁ%@ﬁﬁﬁébMQwmﬁﬂﬂﬁéabﬂthhm#%yﬂh§MﬁtheSlS
John Wley & Sons, New York Reaction Schene | outI i nes the

gener aP protesHuIReke ted toéé(ﬁfhﬁé'zﬁér&i”i’%‘t'ﬁ? SOMARUINAS AR Sectinsgings ent

i nvent i onpterfa®y 4Rd rRadentLare dé@ic?&jha/t@@mnam%ém otferRBeaeid on

Schene | B4.-B30 AzkA31\ Pd cat al yst - Az| A3B 20-R IV + Lg-'
Al-A2 | D maEenaIs;r]q rfggents can be easily substituted to prowde a variety ‘of derivatives

and/or reaction conditions. In addition, many of the compounds prepared by the
methods described below can be further modified in light of this disclosure using

10 conventional chemistry well known to those skilled in the art.

In the preparation of compounds of the present invention, protection of remote

functionality (e.g., primary or secondary amine) of intermediates may be necessary.
The need for such protection will vary depending on the nature of the remote
functionality and the conditions of the preparation methods. Suitable amino-protecting

15 groups (NH-Pg) include acetyl, trifluoroacetyl, t-butoxycarbonyl (BOC),
benzyloxycarbonyl (CBz) and 9-fluorenylmethyleneoxycarbonyl (Fmoc). Similarly, a
“hydroxy-protecting group” refers to a substituent of a hydroxy group that blocks or
protects the hydroxy functionality. Suitable hydroxyl-protecting groups (O-Pg) include
for example, allyl, acetyl, silyl, benzyl, para-methoxybenzyl, trityl, and the like. The

20 need for such protection is readily determined by one skilled in the art. For a general
description of protecting groups and their use, see T. W. Greene, Protective Groups in
Organic Synthesis, John Wiley & Sons, New York, 1991.

Reaction Scheme | outlines the general procedures that can be used to provide

compounds of the present invention of Formula I.
25



VIV R2 R3' -1?1HAMAkA3B4:B3 0 IRl----L---(\i< couple and
deprotect AL. A2B1-B2 N R3 if necessary IR2 Reacti on Schenme | provides
a gener alwoaot2sstisch can be enpl oyed to prepare conpoumrd3/iBioiFossasd a | .
More specific details of the transforiati ons depicted are 5Sprovided in
Reaction Schenes I1-VI below. In step one of Reaction Schene | a netallated
conpound R1-M of Fornula VII and the conpound of Formula VI are coupl ed
using a palladium catal yzed coupling reaction. In the conpound of Formula
VIl Mrepresents a netal and in the conmpound of Fornmula VI Lg is an
appropriate | eaving group, such as a halide or triflate. The conpound of
Formula V can then be reacted 10RfeFHiIehEcRYABbund of Fornula IV to provide
the conpound of Formula Ill. In the conpound of Formulg@g¥ Ly represents a
precursor group which is, ,along with R' in the conppuqd ormula 1V,
coverted into the IipEer AN t hed eaapaund ASFASFor mul a BMBR. e Nconpound of
Formula 111 can®tHen %ﬁ”%of‘ym‘d—t‘o—pr%ﬁ\d‘eﬁ‘ﬁe freeacidoef Fornula Il
whi ch can then b¥él subj ec{/ﬁd to an amide couplt ng reaction with the am ne
R3'I R2NH, 15 followed by 'deprotection if necessary to provide the conpound
of Formula |I. The group R3' in the amne R3'I R2ZNH can represent either R3
itself or a protestgd versdigdn of R3 which can beA@A.gbseqlé@_Bgl y. deprot ect ed
to provide R3.R'—{ »—L—ReattXon Scheamelysit Ouk i(nes-1hecgene 1 procedures
that can be used /P\b“\zpﬂpviB&ézcdh‘pR)unds—O‘r—t—he pr eeqt 1 ngepgti iy havi ng
Forrmul a | a. The conpounds of Formula |a 20are of Formula | wherein L is
-C(R5)-X-, Xis NHpgnd R2 is H WD 2012/ 085745PCT/ 1B2011/ 055588

R®-NH A%A3  BAB3 O

1 /, I>_ <
couple and deprotect R —<>A\1.A2—L_<}31_Bz -p3
if necessary |NQZ R

I

Reaction Scheme | provides a general route which can be employed to prepare
compounds of Formula |. More specific details of the transformations depicted are
5 provided in Reaction Schemes II-VI below. In step one of Reaction Scheme | a
metallated compound R'-M of Formula VIl and the compound of Formula VI are
coupled using a palladium catalyzed coupling reaction. In the compound of Formula VI
M represents a metal and in the compound of Formula VI Lg is an appropriate leaving
group, such as a halide or triflate. The compound of Formula V can then be reacted
10  with the compound of Formula IV to provide the compound of Formula lll. In the
compound of Formula V L’ represents a precursor group which is, along with R” in the
compound of Formula IV, coverted into the linker L in the compound of Formula lIl.
The compound of Formula Il can then be hydrolyzed to provide the free acid of Formula
Il which can then be subjected to an amide coupling reaction with the amine R*R?NH,
15  followed by deprotection if necessary to provide the compound of Formula I. The group
R¥ in the amine R*R®NH can represent either R itself or a protected version of R®
which can be subsequently deprotected to provide R3.
Reaction Scheme Il outlines the general procedures that can be used to provide
compounds of the present invention having Formula la. The compounds of Formula la
20  are of Formula | wherein L is —=C(R®)-X-, X is NH and R?is H.



17 Reaction Schenme Il 0 NH2,0 Pd catal ystkkA3 OVil aAL6A3 N-S R1-K\ ")-(/
AlA2 HA1A2 H VilaVia 134133 0 B1.-2 0-R IVa' [Va 134133 0134133 0 HN-K\
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Reaction Scheme Il
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Vilia' Vllla Vlla Via
403
RSM A4PA3 HN SI'O 4p3 HCI Lg \B B’ P
Via' : - HCI A®A°  NH, B2 o-R IVa'
R RI= B'B2 O-R
A1_A2 R5 A1_A2 R5
Va IVa
B4,B3 o) 4n3 _<B4'B3 0]
A*AS HN—, >4 hydrolysis ASAY HN— | X
<. »<__ B® oR — R— »< B8 OH
ALA2 RS A'AZ R®
lla
lla
' B4.B3 0
R¥-NH? A®AS HN— >
! »~ _ B"B? HN-R3
couple and deprote&t \A1-A2 5

if necessary la

The substituted aldehyde of Formula Vlla may be formed by a palladium
5 catalysed coupling between a metallated compound R'-M of Formula Vllla’ and the
aldehyde derivative of general Formula Vllla. Preferably, the reaction is carried out
between the boronate ester Vllla’ (where M is B(OR’)2and R’ is H or lower alkyl) and an
aldehyde derivative Vllla (wherein Lg is OSO,CF3, Cl, Br or I) using a suitable palladium
catalyst, a suitable phosphine ligand and a suitable base in the presence of a suitable

10  solvent at a temperature of typically from room temperature up to around reflux (or at
temperatures above the boiling point of the solvent e.g. 120 °C using microwave
conditions).

A suitable palladium catalyst is tris(dibenzylideneacetone)dipalladium, bis
(dibenzylideneacetone) palladium, palladium acetate or (1,1’-bis(diphenylphosphino)

15  ferrocene) dichloropalladium. A suitable phosphine ligand is tricyclohexylphosphine,
triphenylphosphine or 2-dicyclohexylphosphino-2’,6’-dimethoxylbiphenyl. A suitable
base is sodium carbonate, potassium carbonate, potassium phosphate or sodium
hydrogen carbonate and solvents are DME, 1,4-dioxane or THF/water.

Alternatively, the cross coupling may be carried out between the trimethyl

20  stannane of general Formula Vllla’ (wherein M is SnMes) and aldehyde derivative of
Formula Vllla using a suitable catalyst, such as tetrakis(triphenylphosphine)palladium,
an optional copper (1) source, such as copper (1) chloride, a suitable base, such as
cesium fluoride, and a suitable solvent, such as N,N-dimethylformamide, at a

temperature of typically around 80 °C to 120 °C. Further alternative methods using



BB HN-R3 A . A2 if necessaryla The substituted al dehyde of Fornula Vila may
be formed by a palladium5 catal ysed coupling between a netall ated conpound
R1- M of Pwormi2zosvi4sl a' and the al dehyde derivative of geoenntoiFessssd a
Villa. Preferably, the reaction is cawried out between the boronate ester
Villa" (where Mis B(OR )2and R is Hor lower alkyl) and an al dehyde
derivative Villa (wherein Lg is OSQ2CF3, Cl, Br or |) using a suitable

pal | adi um cat al yst, a suitable phosphine ligand and a suitable base in the
presence of a suitable 10solvent at a tenperature of typically fromroom
tenperature up to around reflux (or at tenperatures above the boiling point
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Formul a Vbldicycleféiiprdsphhd-206 aiiaathakyisibheryl ®hsiddble copper (1) source is
tetrakis(triphenyl phosphi ne) pal | adi u an optional copper (l) source, such
as copperC‘%R")”@P]P*HBW'%%“%@%B?%I%6198 sSiug %@t%%rﬁogmni T‘épd?g‘?ib, and a
tsui _tablble a&buﬁmg.,%@@gtét@wleghsl\érdingm,m‘i-ﬁr@&mlt 'ldH?F/WTatea. Eﬁngerat_ure OI/\D

ypi cal ly aroup 0 ' r r ernati ve net hods using
2012/ 085745pcﬁ@@{%itfpw@w%yg%ohéqrmUTaaY'i%C%Wﬁaaﬁd%aCﬁad Wit @here Mis MX
or | |anj<j aamyl%ﬁulriha&?iae RatH Qf?-g}/@tﬁﬁ%rbb@nh@,@fshﬁﬁémwé Wiial ih?n@pf’tﬂ)ri@t&dl&e?f); e
pal | adium catal yst, a suitable osphi ne base, ap qptional copper
source, apdresdishlgpmetipnedn the Fﬁﬁ?“ﬁ?é’éBtﬁE'é’”‘tS‘?")%In%g%éb‘P"éﬁ‘”¥é‘F ent at a
t enper at Ufegngdratlipehfrdiakdom enfpengturealig 1xefler absRoder lIHanmRes togsplitabl e
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sour ce i soepRBIRRiufl rkagéHt Whieklin MSdpieabhtithias EShefeacioi ia dypidany eafie@aat e or
sodi um hy%ré)ngaepnpropriate solvent such as THF at a temperature of -78 °C to room temperature
20  for a period of 30 minutes to 24 hours to provide the compound of Formula Va. The
sulfinamide compound of Formula Va can then be treated with an acid, such as HCl in
an appropriate solvent such as diethyl ether, dioxane or methanol typically at room
temperature for a period of 1 to 24 hours to provide the amine compound of Formula
IVa (depicted as the hydrochloride salt).
25 The amine of Formula IVa can then be reacted with an appropriately substituted
compound of Formula IVa'. The compound of Formula IVa’ is one in which the group
Lg represents an appropriate leaving group such as a halide or triflate and the group R
typically represents lower alkyl such as methyl, ethyl or t-butyl, although other groups
which provide hydrolyzable esters can be employed. The reaction of the compound of
30 Formula IVa with the compound of Formula IVa' is carried out in an appropriate solvent,
such as N,N-dimethylformamide, in the presence of a base, such as potassium
carbonate, at a temperature of room temperature to 120 °C for a period of 1 to 24 hours
to provide the compound of Formula llla.
The compound of Formula Illa then undergoes hydrolysis to provide the

35 compound of Formula lla. Depending on which R group is present in the ester of



10car bonate. Suitable solvents are DVE, 1, 4-di oxane or. THF/ water.
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Reaction Scheme Il outlines the general procedures one could use to provide
compounds of the present invention having Formula Ib. The compounds of Formula Ib
are of Formula | wherein L is —X-C(R®)-, X is NH and R?is H.



HBTU i s 0-Benzotriazole-N, N, N, V-tetranethyl uroni um hexaf | uor ophosphat e;
HATU is 0-(7-Azabenzotriazol-1-y1)-N, N, N, V-tetranet hyl uroni um

hexaf | uorwphompisatse; PyBop is Benzotriazol - 1-yl oxyt ri pyPcehBziinesshgssphoni um
hexaf | uor ophosphate; DCC is dicycl ohetyl carbodiimde; CDI is

N, N - carbonyl di i m dazol e and HOBT is 1-hydroxy 25benzotriazole. A suitable
base, such as triethylam ne or diisopropylethylamne, is also used and the
reaction is typically carried out at roomtenperature. In the instance
where R3' represents a protected version of R3, subsequent deprotection can
t hen be carried out met hods known in the art to provide R3. For exanple,
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The nitrile of Formula Va is reacted with an appropriate Grignard reagent R®-M
wherein M represents a magnesium halide such as magnesium chloride or magnesium
bromide. The reaction is carried out in an appropriate solvent such as tetrahydrofuran or
a mixture of tetrahydrofuran and diethyl ether. The reaction is typically carried out at 0
10 °C to 100 °C and microwave irradiation of the reaction mixture is preferred. Upon
completion of the Grignard reaction the reaction mixture is then subjected to reduction
using an appropriate reducing agent such as sodium borohydride in an appropriate
solvent such as methanol to provide the amine compound of Formula IVa. The
compound of Formula IVa is then converted to the compound of Formula la as

15  previously described for Reaction Scheme |l.
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The amine of Formula IVb can be converted to the compound of Formula Illb by
5 two methods. The first method involves reaction of the amine with the aldehyde of
Formula IVb' followed by alkylation of the resulting aldimine with an appropriate
alkylating reagent R®-M of Formula IVb”. The reaction of the amine of Formula [Vb with
the aldehyde of Formula IVb’ to provide the corresponding aldimine is carried out in an
appropriate solvent, such as toluene, typically in the presence of molecular sieves, at a

10  temperature from room temperature up to 100 °C for a period of 1 to 24 hours. The
reaction mixture containing the aldimine can be filtered and concentrated. The resulting
residue can then be redissolved in a solvent appropriate for the alkylation reaction, such
as tetrahydrofuran. Typically, an appropriate metallated alkylating agent, such as a
Grignard reagent R®-M of Formula IVb” where M represents a metal such as a

15 magnesium halide is employed. The alkylation reaction can be carried out at a
temperature of 0 °C to 60 °C for a period of 1 to 24 hours to provide the compound of
Formula lllb. When R®-M represents a Grignard reagent addition of zinc chloride to the
reaction mixture may be desirable to increase the yield of the compound of Formula Illb
(see Ishihara, K. et al.; JACS, 2006, 128, 9998.

20 Alternatively, the compound of Formula Illb ¢an be prepared by reaction of an
amine of Formula Vb and a ketone of Formula IVb™ followed by reduction of the
resulting imine. The reaction can be carried out under typical reductive amination
conditions to provide the compound of Formula lllb. For example, the amine of Formula
IVb and ketone IVb™ in an appropriate solvent such as dimethoxyethane and in the

25 presence of molecular sieves and para-toluene sulfonic acid can be reacted at room
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appropriate solvent such as nethanol to provide the am ne conpound of
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of Formula |la as 15previously describ®d for Reaction Schene Il. WO
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temperature up to 120 °C (sealed tube) for 1 to 24 hours. The reaction mixture can then
be allowed to cool to room temperature and be treated with an appropriate reducing
agent, such as sodium cyanoborohydride in methanol, and in the presence of acetic
acid for 1 to 24 hours to provide the compound of Formula Illb.

5 The compound of Formula Illb can be hydrolyzed to provide the free acid
compound of Formula Ilb by methods as previously described for the preparation of the
compound of Formula Ila in Reaction Scheme Il. The free acid compound of Formula

IIb can then undergoe amide coupling conditions followed by deprotection if necessary
to provide the compound of Formula Ib as previously described for the conversion of the

10  compound of Formula lla to Formula la in Reaction Scheme II.

Reaction Scheme IV outlines the general procedures that can be used to provide
compounds of the present invention having Formula Ic. The compounds of Formula Ic

are of Formula | wherein L is —X-C(R®)-, X is O and R?is H.

15 Reaction Scheme IV
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The compound of Formula IV¢ is prepared by reaction of an aldehyde of Formula
V¢ with an appropriate metallated alkylating compound R*M (V¢'). Typically, R>-M is a
20  Grignard reagent in which M represents a magnesium halide, such as magnesium
chloride or magnesium bromide. The reaction is carried out in an appropriate solvent,
such as tetrahydrofuran, at a temperature from about -78 °C to room temperature for a
period of 15 minutes to 24 hours to provide the alcohol of Formula IVc. The alcohol IVc

is then coupled with the phenol of Formula 1V¢' using phenolic ether Mitsunobu reaction
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The compound of Formula Id is prepared in an analogous manner to the
preparation of the compound of Formula Ic in Reaction Scheme IV by substituting the
20  compounds of Formula Vd, Vd’, IVd, IVd’, llld and Ild for the compounds V¢, Vc', IVc,

IVc', lllc and llc as previously described.
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The phosphomium bromide compound of Formula Vile may be treated with an
appropriate base and then reacted with the ketone derivative of Formula Vlle’ to provide
the olefinic compound of Formula Vle. The compound of Formula Vlle is typically
treated with a base such as lithium bis(trimethylsilyl)amide (LHMDS) in an appropriate

10  solvent such as toluene at -78 °C up to room temperature. Other bases that can be
employed include lithium amides such as lithium diisopropylamide (LDA), lithium
2,2,6,6-tetramethyl piperidide (LiTMP) or lithium diethyl amide as well as alkyl lithiums
such as methyl lithium or n-butyl lithium.

The compound of Formula Vle can then be reacted with the metallated

15 compound R'-M (Vle’), typically by a palladium catalyzed coupling reaction, as was
described previously for the first step in Reaction Scheme Il to provide the compound of
Formula Ve. The compound of Formula Ve is then subjected to hydrolysis, typically in
methanol and tetrahydrofuran using sodium hydroxide as base at 0 °C to room
temperature for a period of 1 to 24 hours to provide the free acid of formula IVe. The

20 free acid of Formula Ve can then be reacted with the amine R*-NH, using the amide
coupling conditions previously described for Reaction Scheme Il to provide the

compound of Formula llle. The compound of Formula llle is then subjected to
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salts can be prepared in situ during the final isolation and purification of a compound, or

by separately reacting the compound with a suitable organic or inorganic acid or base

and isolating the salt thus formed. Representative salts include the hydrobromide,

15 hydrochloride, hydroiodide, sulfate, bisulfate, nitrate, acetate, trifluoroacetate, oxalate,
besylate, palmitiate, pamoate, malonate, stearate, laurate, malate, borate, benzoate,
lactate, phosphate, hexafluorophosphate, benzene sulfonate, tosylate, formate, citrate,
maleate, fumarate, succinate, tartrate, naphthylate, mesylate, glucoheptonate,
lactobionate, and laurylsulphonate salts, and the like. These may include cations based

20 on the alkali and alkaline earth metals, such as sodium, lithium, potassium, calcium,
magnesium, and the like, as well as non-toxic ammonium, quaternary ammonium, and
amine cations including, but not limited to, ammonium, tetramethylammonium,
tetraethylammonium, methylamine, dimethylamine, trimethylamine, triethylamine,
ethylamine, and the like. See, e.g., Berge, et al., J. Pharm. Sci., 66, 1-19 (1977).

25 The compounds of the present invention may contain asymmetric or chiral
centers, and, therefore, exist in different stereoisomeric forms. Unless specified
otherwise, it is intended that all stereocisomeric forms of the compounds of the present
invention as well as mixtures thereof, including racemic mixtures, form part of the
present invention. In addition, the present invention embraces all geometric and

30 positional isomers. For example, if a compound of the present invention incorporates a
double bond or a fused ring, both the c¢is- and trans- forms, as well as mixtures, are
embraced within the scope of the invention.

Diastereomeric mixtures can be separated into their individual diastereoisomers
on the basis of their physical chemical differences by methods well known to those

35 skilled in the art, such as by chromatography and/or fractional crystallization.
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Enantiomers can be separated by converting the enantiomeric mixture into a
diastereomeric mixture by reaction with an appropriate optically active compound (e.g.,
chiral auxiliary such as a chiral alcohol or Mosher’s acid chloride), separating the
diastereoisomers and converting (e.g., hydrolyzing) the individual diastereocisomers to
5 the corresponding pure enantiomers. Also, some of the compounds of the present

invention may be atropisomers (e.g., substituted biaryls) and are considered as part of
this invention. Enantiomers can also be separated by use of a chiral HPLC column.
Alternatively, the specific sterecisomers may be synthesized by using an optically active
starting material, by asymmetric synthesis using optically active reagents, substrates,

10  catalysts or solvents, or by converting one sterecisomer into the other by asymmetric
transformation.

It is also possible that the intermediates and compounds of the present invention
may exist in different tautomeric forms, and all such forms are embraced within the
scope of the invention. The term “tautomer” or “tautomeric form” refers to structural

15  isomers of different energies which are interconvertible via a low energy barrier. For
example, proton tautomers (also known as prototropic tautomers) include
interconversions via migration of a proton, such as keto-enol and imine-enamine
isomerizations. A specific example of a proton tautomer is the imidazole moiety where
the proton may migrate between the two ring nitrogens. Valence tautomers include

20 interconversions by reorganization of some of the bonding electrons. For example, the
pyrimidonr ring of this invention may also exist in its hydroxy pyrimidine form. Both such
forms are included in the compounds of Formula I.

Certain compounds of the present invention may exist in different stable
conformational forms which may be separable. Torsional asymmetry due to restricted

25 rotation about an asymmetric single bond, for example, because of steric hindrance or
ring strain, may permit separation of different conformers.

The present invention also embraces isotopically-labeled compounds of the
present invention which are identical to those recited herein, but for the fact that one or
more atoms are replaced by an atom having an atomic mass or mass number different

30 from the atomic mass or mass number usually found in nature. Examples of isotopes
that can be incorporated into compounds of the invention include isotopes of hydrogen,
carbon, nitrogen, oxygen, phosphorus, sulfur, fluorine, iodine, and chlorine, such as %H,
3H, 110, 130, 140, 13N, 15N, 150, 170, 180, 31P, 32P, 358, 18F, 123|, 125| and 360',

respectively.
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general procedures one could use to provide conmpounds of the present
invention having Fornula la. The conpounds of Formula |la are of Formula I

wherein L is -X-C(R5)-, Xis CH2 and R2 is H Reaction Schene VI B4:1330
A4: A3a) base Certain isotopically-labeled compounds of the present invention (e.g., those

labeled with *H and '*C) are useful in compound and/or substrate tissue distribution
assays. Tritiated (i.e., >H) and carbon-14 (i.e., "*C) isotopes are particularly preferred
for their ease of preparation and detectability. Further, substitution with heavier
5 isotopes such as deuterium (i.e., 2H) may afford certain therapeutic advantages
resulting from greater metabolic stability (e.g., increased in vivo half-life or reduced
dosage requirements) and hence may be preferred in some circumstances. Positron
emitting isotopes such as '°0, *N, "'C, and '®F are useful for positron emission
tomography (PET) studies to examine substrate occupancy. Isotopically labeled
10  compounds of the present invention can generally be prepared by following procedures
analogous to those disclosed in the Schemes and/or in the Examples herein below, by
substituting an isotopically labeled reagent for a non-isotopically labeled reagent.
Certain compounds of the present invention may exist in more than one crystal
form (generally referred to as “polymorphs”). Polymorphs may be prepared by
15 crystallization under various conditions, for example, using different solvents or different
solvent mixtures for recrystallization; crystallization at different temperatures; and/or
various modes of cooling, ranging from very fast to very slow cooling during
crystallization. Polymorphs may also be obtained by heating or melting the compound
of the present invention followed by gradual or fast cooling. The presence of
20 polymorphs may be determined by solid probe NMR spectroscopy, IR spectroscopy,
differential scanning calorimetry, powder X-ray diffraction or such other techniques.
Compounds of the present invention are useful for treating diseases, conditions
and/or disorders modulated by glucagon; therefore, another embodiment of the present
invention is a pharmaceutical composition comprising a therapeutically effective amount
25 of a compound of the present invention and a pharmaceutically acceptable excipient,
diluent or carrier. The compounds of the present invention (including the compositions
and processes used therein) may also be used in the manufacture of a medicament for
the therapeutic applications described herein.
A typical formulation is prepared by mixing a compound of the present invention
30 and a carrier, diluent or excipient. Suitable carriers, diluents and excipients are well
known to those skilled in the art and include materials such as carbohydrates, waxes,
water soluble and/or swellable polymers, hydrophilic or hydrophobic materials, gelatin,
oils, solvents, water, and the like. The particular carrier, diluent or excipient used will
depend upon the means and purpose for which the compound of the present invention

35 is being applied. Solvents are generally selected based on solvents recognized by
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persons skilled in the art as safe (GRAS) to be administered to a mammal. In general,
safe solvents are non-toxic aqueous solvents such as water and other non-toxic
solvents that are soluble or miscible in water. Suitable aqueous solvents include water,
ethanol, propylene glycol, polyethylene glycols (e.g., PEG400, PEG300), etc. and
mixtures thereof. The formulations may also include one or more buffers, stabilizing
agents, surfactants, wetting agents, lubricating agents, emulsifiers, suspending agents,
preservatives, antioxidants, opaquing agents, glidants, processing aids, colorants,
sweeteners, perfuming agents, flavoring agents and other known additives to provide an
elegant presentation of the drug (i.e., a compound of the present invention or
pharmaceutical composition thereof) or aid in the manufacturing of the pharmaceutical
product (i.e., medicament).

The formulations may be prepared using conventional dissolution and mixing
procedures. For example, the bulk drug substance (i.e., compound of the present
invention or stabilized form of the compound (e.g., complex with a cyclodextrin
derivative or other known complexation agent)) is dissolved in a suitable solvent in the
presence of one or more of the excipients described above. The compound of the
present invention is typically formulated into pharmaceutical dosage forms to provide an
easily controllable dosage of the drug and to give the patient an elegant and easily
handleable product.

The pharmaceutical compositions also include solvates and hydrates of the
compounds of Formula |. The term “solvate” refers to a molecular complex of a
compound represented by Formula | (including pharmaceutically acceptable salts
thereof) with one or more solvent molecules. Such solvent molecules are those
commonly used in the pharmaceutical art, which are known to be innocuous to the
recipient, e.g., water, ethanol, ethylene glycol, and the like, The term “hydrate” refers to
the complex where the solvent molecule is water. The solvates and/or hydrates
preferably exist in crystalline form. Other solvents may be used as intermediate
solvates in the preparation of more desirable solvates, such as methanol, methyl t-butyl
ether, ethyl acetate, methyl acetate, (S)-propylene glycol, (R)-propylene glycol, 1,4-
butyne-diol, and the like.

The pharmaceutical composition (or formulation) for application may be
packaged in a variety of ways depending upon the method used for administering the
drug. Generally, an article for distribution includes a container having deposited therein
the pharmaceutical formulation in an appropriate form. Suitable containers are well-

known to those skilled in the art and include materials such as bottles (plastic and
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with a base such as lithiumbis(trinmethylsilyl)amde (LHVMDS) in an
appropriate 10sol vent such as toluene at -78 C up to roomtenperature.

O her bases that can be enployed include lithiumam des such as |ithium

di i sopropyl am de (LDA), lithium 2,2,6, 6-tetranmethyl piperidide (Li TMP) or
l'ithium dg'@ﬁﬁyﬁa%ﬁisdémﬁgu'ﬁ%m'as% bag%wetﬁh Yhndfs 28ddbe i niheripntaingrhi um or

n-butyl | i@ indhid & ey &fasE@ﬁm@@to\érevmmdw&%tb@cerse@&tred with the
net al | at ed 5conﬁound R1- M ly by a pal | adium catal yzed

coupl i ng PHERH Ghihepactpas- d@%?‘ F'%dhepF‘?éW'B%fs'l%? q‘*@PS'ﬁQéhﬂeP%? '%Qeéﬂ‘aff

React i on §6dteiBBs the doRtdPEsOfithke céritsin10 MU AL AfayAsdTHEIBdY/Bpprdp@até OMpound  of
Formula Ve is then subjected to hydrolysis, typically in nethanol and

tetrah?er\aU}'% usi ng sodi um hydroxi de as base at 0 C to room tenperature

for a period ofp rbﬁerﬂﬂw@ﬁwrﬁfuﬁtﬁ)erﬂfr@\ﬂdékea H@ﬂwd‘dr&@reamgﬂd@éas%@rdmhmohéle The
20 free acid of Fornmula |IVe can then be reacted with the am ne R3' - NH2

usi ng t he@3GPUdsEENs MefyIiehaY BlusagonpP @hiasired ﬁh%él‘t'ﬂqeﬁé‘ﬂmﬂrb?te%@tqnon

Scheme || ghihaPihMeed®f btigh ementwithefapeaticaly affédtve ambast engitin@lof For nul a
IIle is then subjected to WD 2012/ 085745PCT/ 1B2011/ 055588 25 hydrogenatlon

to reduce rier%eﬁ”éfri"ﬁ'i‘t@”rﬁflae‘i@ff’”ﬁﬁﬁe%%\ﬁoﬂ@oﬁ'ﬁ%” EYRpEiRRRL el aaIngUI e, The

hydr ogenabf @aom§oarwmf¢raé ﬂ)l{éséfrﬂrrf\ﬁeﬂﬁbr%ﬁd & bhérheceutﬂ:%ﬂm&:e@fabaane@nmﬁpr late
hydrogenat i on cataly such ﬁas 10% al | adlLEm on car S?%%Pd O,. in an

appropri afj'e’eé‘Blc\/éﬂrt"eéupF? meth t'%%"?‘{B‘F ty useiw fRs dieating ﬁ’n‘f'%‘gltr'lof‘%rrper ature

up to 50 Gnd/or disorders that benefit from the modulation of glucagon which include: eating
disorders (e.g., binge eating disorder, anorexia, bulimia, weight loss or control and
obesity), prevention of obesity and insulin resistance.

15 One aspect of the present invention is the treatment of obesity, and obesity-
related disorders (e.g., overweight, weight gain, or weight maintenance).

Obesity and overweight are generally defined by body mass index (BMI), which
is correlated with total body fat and estimates the relative risk of disease. BMI is
calculated by weight in kilograms divided by height in meters squared (kg/m?).

20  Overweight is typically defined as a BMI of 25-29.9 kg/m?, and obesity is typically
defined as a BMI of 30 kg/m?. See, e.g., National Heart, Lung, and Blood Institute,
Clinical Guidelines on the Identification, Evaluation, and Treatment of Overweight and
Obesity in Adults, The Evidence Report, Washington, DC: U.S. Department of Health
and Human Services, NIH publication no. 98-4083 (1998).

25 Another aspect of the present invention is for the treatment or delaying the
progression or onset of diabetes or diabetes-related disorders including Type 1 (insulin-
dependent diabetes mellitus, also referred to as “IDDM”) and Type 2 (noninsulin-
dependent diabetes mellitus, also referred to as “NIDDM”) diabetes, impaired glucose
tolerance, insulin resistance, hyperglycemia, and diabetic complications (such as

30 atherosclerosis, coronary heart disease, stroke, peripheral vascular disease,
nephropathy, hypertension, neuropathy, and retinopathy).

Yet another aspect of the present invention is the treatment of diabetes- or
obesity-related co-morbidities, such as metabolic syndrome. Metabolic syndrome
includes diseases, conditions or disorders such as dyslipidemia, hypertension, insulin

35 resistance, diabetes (e.g., Type 2 diabetes), weight gain, coronary artery disease and
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obtain the benefits of the therapy. The appropriate dosage regimen, the amount of
each dose administered and the intervals between doses of the compound will depend
upon the compound of formula (I) of this invention being used, the type of
30 pharmaceutical compositions being used, the characteristics of the subject being

treated and the severity of the conditions.

In general, an effective dosage for the compounds of the present invention is in
the range of 0.01 mg/kg/day to 30 mg/kg/day, preferably 0.01 mg/kg/day to 5 mg/kg/day
of active compound in single or divided doses. However, some variability in the general

35 dosage range may be required depending upon the age and weight of the subject being
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i sot opi caPl HSVIRRI ARG Breosusmionaveer Shadanstratiohos o
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to dissolve in the mouth without the need to use water.

It is also noted that the compounds of the present invention can be used in
sustained release, controlled release, and delayed release formulations, which forms

20 are also well known to one of ordinary skill in the art.

The compounds of this invention may also be used in conjunction with other
pharmaceutical agents for the treatment of the diseases, conditions and/or disorders
described herein. Therefore, methods of treatment that include administering
compounds of the present invention in combination with other pharmaceutical agents

25 are also provided. Suitable pharmaceutical agents that may be used in combination
with the compounds of the present invention include anti-obesity agents (including
appetite suppressants), anti-diabetic agents, anti-hyperglycemic agents, lipid lowering
agents, and anti-hypertensive agents.

Suitable anti-diabetic agents include an acetyl-CoA carboxylase-2 (ACC-2)

30 inhibitor, a diacylglycerol O-acyltransferase 1 (DGAT-1) inhibitor, a phosphodiesterase
(PDE)-10 inhibitor, a sulfonylurea (e.g., acetohexamide, chlorpropamide, diabinese,
glibenclamide, glipizide, glyburide, glimepiride, gliclazide, glipentide, gliquidone,
glisolamide, tolazamide, and tolbutamide), a meglitinide, an a-amylase inhibitor (e.g.,
tendamistat, trestatin and AL-3688), an a-glucoside hydrolase inhibitor (e.g., acarbose),

35 an a-glucosidase inhibitor (e.g., adiposine, camiglibose, emiglitate, miglitol, voglibose,
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applied. Solvents are gene sel ect ed based on sol vents recognlzed by
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( GRASK t OchBle AAHKMIrSA RCER-A) @R FhoahMmeFeNRAR inhDRAGE (SRhwent s are
non-toxi ¢ aqueous sol vents 'such as water and other non-toxic solvents that

are sol ubpiguigaming} syHPathpringiicagentsy P+ adipeerai§uaeniists slopaming periititle wat er,
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agents, eligiddofiis®, gaYRReMEIJAfisRIFRse inhibitors (such as tetrahydrolipstatin, i.e.
25 orlistat), anorectic agents (such as a bombesin agonist), neuropeptide-Y antagonists
(e.g., NPY Y5 antagonists), PYY3.35 (including analogs thereof), thyromimetic agents,
dehydroepiandrosterone or an analog thereof, glucocorticoid agonists or antagonists,
orexin antagonists, glucagon-like peptide-1 agonists, ciliary neurotrophic factors (such
as Axokine™ available from Regeneron Pharmaceuticals, Inc., Tarrytown, NY and
30 Procter & Gamble Company, Cincinnati, OH), human agouti-related protein (AGRP)
inhibitors, ghrelin antagonists, histamine 3 antagonists or inverse agonists,
neuromedin U agonists, MTP/ApoB inhibitors (e.g., gut-selective MTP inhibitors, such
as dirlotapide), opioid antagonist, orexin antagonist, and the like.
Preferred anti-obesity agents for use in the combination aspects of the present

35 invention include gut-selective MTP inhibitors (e.g., dirlotapide, mitratapide and
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phar maceuPfeared &Y sufrdc NOgE eRFERA N HSHDéJql'?ﬁ'ﬂ?&?@Qé/OﬂBSQQ*?é %’Eﬂ‘%m pi ent,

e.g., wat Qﬁtag@’hé’t@'@@b ngmr’@yér@)eolgéyy@%onea(mgm@ 1I8|ob@3 ﬁm doemitidpy dr at e”
refers to _the ent. mol ecu ter. The sol vates

and/ or hy#h '\é:f@g’Sbrpé‘?’ElmgP&SﬂWir@) ‘ieﬁOfEWE? éh‘sl’%?’r?@) f"iﬂt'ﬁl liraglHiide. sol vent s may be

used as i PEcRigTRMIIrAL, orliset, \é&bﬁfﬁlder(BFét%@)rRO@K%OMQGASdeTQQW:ﬂ’ﬁ% Bpghe

sol vat es, EUCh as net hanol but et her, ethyl acetate, nethyl

acetate, EYIHPRBy! é‘?f%raﬁlyyewpo%féf O%F %Pﬁ‘é ny Py andcombinglig fhatanies oI

and the Itall@eadm.n.steredﬂha;oﬁjaaétmqmuie@@dusé:mseﬁs.m@di(eor formul ation) for
ariety o

application na dependi n n the met hod
used for adm 'B?féP$%BOVFHEC'WHé% @%ﬁ%‘ﬁé’i”?;?“b%?¥%rﬁ ?fgl“écolr at&Bi‘FF‘?'%BYu on

i ncl udes g@fgRta ner havi ng deposited therein the pharnaceutlcal

formulation in_a propriate form Suitable cont are | 1 - 35known

to thdse skill Qﬁ"ﬁ’%?ﬂﬁé A RIRRAN! MYPLERD ?fﬁﬂ'lé’ﬂr%tﬁg%¥3%%5%W'B%r\é-§?@§'e€pl astic
la;md WO 291&’0&%5' Yn%I%@ddlB&QéadrOt;aﬁEtag eAfbodinfsiy of tﬁ@ﬁh@ht&)n a&am_@unnleiseéj gl astic
ags, net cyl i nder e like contain y .al so include a

t anper - pr Sp&%‘ﬁ%aﬁﬁaiﬁ%fatgﬁsepgﬁ%?{?s aﬁd’inéeéﬁ’é%%“o&é g(%t"ﬂl?}?‘hg”%htoént s of the
package. hpparastiit lightof theansiamtiaddisurd) &sostepasidingd ke eéerarg | abel t hat
describes the contents of the contq&QE&Pnge | abel may al so include

appropriate 5warni ngs.
20 Unless specified otherwise, starting materials are generally available from

commercial sources such as Aldrich Chemicals Co. (Milwaukee, WI), Lancaster
Synthesis, Inc. (Windham, NH), Acros Organics (Fairlawn, NJ), Maybridge Chemical
Company, Ltd. (Cornwall, England), Tyger Scientific (Princeton, NJ), and AstraZeneca
Pharmaceuticals (London, England).

25 General Experimental Procedures

NMR spectra were recorded on a Varian Unity™ 400 (available from Varian Inc.,

Palo Alto, CA) at room temperature at 400 MHz for proton. Chemical shifts are
expressed in parts per million (8) relative to residual solvent as an internal reference.
The peak shapes are denoted as follows: s, singlet; d, doublet; dd, doublet of doublet; t,

30 triplet; g, quartet; m, multiplet; bs, broad singlet; 2s, two singlets. Atmospheric pressure
chemical ionization mass spectra (APCI) were obtained on a Fisons™ Platform Il
Spectrometer (carrier gas: acetonitrile: available from Micromass Ltd, Manchester, UK).
Chemical ionization mass spectra (Cl) were obtained on a Hewlett-Packard™ 5989
instrument (ammonia ionization, PBMS: available from Hewlett-Packard Company, Palo

35 Alto, CA). Electrospray ionization mass spectra (ES) were obtained on a Waters™



The present invention further provides a nethod of treating di seases,
condi tions and/or disorders nodul ated by glucagon in an ani mal that

i ncl udes womM/@BsAESIi Ng to an animal in need of such tre&CWAR201H055588
therapeutically effective anmount of a4conpound of the present invention or
a pharmaceutical conposition conprising an effective anpunt 10of a conpound
of the present invention and a pharnmaceutically acceptabl e exci pient,
diluent, or carrier. The nethod is particularly useful for treating

di seases, conditions and/or disorders that benefit fromthe nodul ati on of

gl ucagon V\:hl ch include: eating disorders nge  eat ||Mgf\% di sorder,

anor exi a, W'Fﬁvl’e{“e%?%ﬂ‘?r 9365%066?”'@%?Y%\agﬁﬁﬂ)”ﬂ)}ﬂ\@é‘?rﬁ)P)OFF’p EhtMOn of

obesity apgyhi rassllitidh hEsd $jeans e-RUSPRRrasREIREd Bh ah &)iIKtOERBtel GMONEINGN | S
the treatnent of obesity, and obesit rel ated disorders (e.g., overweight,

wei ght gafiie % Higiiengihed: n’g\{ W%W&d'&%)‘s'xf of Chlor'@%@rsbrpm%@%wnwnﬁﬂe are
gener al | yd@@fnb@@dh@zéxmﬁbd |H@ﬁ§|ty rﬂﬁ@kﬂ/aé BMérved/\@pﬁfbxlrﬁatél&r?J1‘3“0&?5@5’37\@1 h total

body fat and estimates the relative k cal cul ated by
wei ght ®i noRIIPIBREAeRS SRR IRy HrregRiaining foes Lang B ety ok grikgye lower

200ver wei ghks ich i yivesald ébnﬁi@éés'é@@n@sre@regéﬂtamfe 125Nn2|9< &akgéf&gw@nobgtzesl ty is
typically defined as a BM of i onal Heart, Lung,

and Bl ood QNS (g determinpe qn acﬁﬁ”ﬂ@'ﬁ'ﬁ% %‘H @%'m%tehﬁawia@éﬁfr% Eval uati on,

and Tr eat peAinEdhev8! \mugaby anal) @w&gbxou.nwﬁﬂ%é By = Egenﬁybﬂme%.d%@&prt

Washi ngton, DC: U.S partment of alth and Human Services, NH

publ i cat i tﬂmnﬂﬁatuwmme r%@‘@g)as folmsdelnsr”> seprestratgn (ICheg/ﬂ)Q(eﬁ‘é)n@nd nventi on

is for10thgo|%érﬁat ment or del aying the progression or onset of diabetes or

di abetes-related disorders including Type 1 (insulin-dependent diabetes

mel litus, al schlemerchexﬂrlat@grthy wai]wr’,iormnd Wﬂym@ha Bateni'redlichigeti@pemuent

di abetes gl blLEUSpyf Soled, %ﬂ.cé%e‘?ﬁo @Mn);eéjwaeﬁ%ﬁfo wo! 1B hq‘?a%sg' ucose

tolerance, insulinr SIS ema and dra I'c’conpl®cations

(such as 8@athgopomdlashodl Enptagef“bmiumnshésm Indi, Shabe), G5t) ooR®tagedt iSHiA¢t al

vascul ar L ™ Y/ nd. retinopathy).

Yet anot hgéﬁg@%gﬁsqﬁ’ﬂ 'ng) %ggé%/&%n%ﬁ% Jlj}g]% |sp°‘%§g @%ﬁbgﬁl?@ﬁ ggﬁ di abet es-

or obesi t preselrat @hllrai(SFm)(Bbpetcmnoelstumtcuhrbrramgmnrabwbs pedyrmnudamghe bkitabol i ¢

syndr one es, conditions or disorders such as dyslipidem a,

hypertens%@ﬁhH??\ga&aﬁ 5resi stance, diabetes (e.g., Type 2 diabetes),

wei ght gai n, coronar Preparatign of Stating Maderiad®an0 12te@dBdiAERCT/ 1B2011/ 055588
ght g P g

30 heart ﬁ-ﬁ% olﬁé\%?g'ﬁ%te@ gredﬁ%ﬂéélﬁgrgh%% %ﬁﬁ?'ﬁﬁg%&ggo' i ¢ Syndrone, see,

e.g., abo erhaps an Etiol ogic

Ivystery butetr%ﬁ hvdmwyraccvmaw FMbeckeDdds, HadfielhDermashirend Di abet es

<o, by othPR e ARGREEAR PHERA e PR oIS do Dot mition, -
Lancet 36@1hy1%9b&2>y(|m5 c@rb@kydaiam Ark Rigminninst, Livertpvilleod L, tUSA corrpeunds of
the pr eset‘ttH-ie’Pr\é‘E@td @?n&ﬁ&ﬁ’dn(?\ﬁé %?éh%H S, gx?clr!hysrﬁh&zﬁ%t{< r\f a@%A( p<0. 05)

one cardlovasc

reduction ctor, such as

| oweri ng &kampple . ) ) «b'1NWesteroI as
conpar ed E% %ﬁ&B g aﬁuQ%Eﬂ' contalnlng no drug The admi ni stration of
conpounds entlon may al so

| sease ri s




10provide a statistically significant (p<0.05) reduction in glucose serum
| evel s. I n yet another aspect of the present invention, the condition
treat ed iwoizopaissad gl ucose tol erance, hyperglycem a, diralbaB2oa1/055588
conplications such as sugar cataracts3s diabetic neuropathy, diabetic

nephr opat hy, di abetic retinopathy and di abetic cardi onyopat hy, anorexia
nervosa, bulima, cachexia, hyperuricem a, hyperinsulinem a,
15hyper chol esterol em a, hyperlipidem a, dyslipidem a, m xed dyslipidem a,
hypertri gl yceridem a, nonal coholic fatty |liver disease, atherosclerosis,
arteriosclerosis, acute heart failure, con%estive heart failure, coronary
artery di 82 Aifly R FAEERY nfarction, angi na pectoris,
hypert ensi on, hypoten5|on stroke, i schem a, Fi schem c reperfusion injury,
aneurysm restenosis, vascul ar stenosis, sol&d tunors, skin 20cancer,

mel anoma, | ynphonma, breast cancer, |lung , colorectal cancer, stonmach
cancer, esophageal cancer, pancreatg r, prostate cancer, kidney
cancer, liver cancer, bl adder cance ervi cal cancer, uterine cancer,
testlcular cancer and ovari an canter. The present invention also relates to
t herapeutic methods for treating fhe above 25 described conditions in a
manmmal , i ncluding a human, wherein a conpound of Formula I of this

i nvegti OnAirSurﬁﬁHﬁﬂtf@i@ﬂ@k@ﬁbs&ﬁtafg’eﬁtwiW4-Mn&%@h h.@epdiétﬁytj@ (@b)sgge?a m@tdmem desi gﬂed
to obtal n the en the the . e a riate I men, the
oot - of (Ero e ou Ay R e 6rast Lo ¢ LD HTBN o & PheeRaLR suacr et he

g onpougd Vddctl%rdmtmﬂé wa#@eggb?ﬂ)rqenﬁﬁued a®fooourmh teleét éol@tfont\MSSobtéiM@(ElL ion

€l ng use e ar SI | S e
SOt P L R S R e e A A N

condi t i onpalladium(ll) é(fet;ﬂ@f(llﬂr’]@ﬂng, an3 ﬁfn]ﬁ(ﬂ)éQl\Nﬁ)dﬁiQﬁ@@‘boﬁété 22?%m1;0461qu Ay of the
present I NV on er (0] to

D1 of o abl JMONGET RFREHH 6 SRR R BTy L R i LR e or

gu vi ded dgaa)eSnL)H@a@emd e ad@élﬂ@nd/taélr@ébtlbl&b\)ﬁslcﬁol'eﬂ@o Q‘E]’lhlﬂraﬁhhg@EatﬁOS'ale range may
e requlire en n an wel 1 esulect

Do15f Al el was bt SRS R e (AP aRds Urfldhe e faiteoung sresinpted . O

adm ni str @hé ﬁﬂxtur’@hﬂasﬂﬁéﬁ fnt:eabaén@mémm/abﬁedwutra&ﬁw Wa&ire(‘#&&d) ran)d Theeolid ke.
The determ nati on articul ar

dosage, range nd optim
bati ont 1 Bengdien RS PRSI ol e iseIRRRRG 2 aerior SoRE B
hﬁvi ngkt hem&frnatmg with gtdn@/mtnat](a&tsaml rAC). ReHoRal dPtRCEdian® DRdes r@tfdcbd appr e% ihat e
that "kg" refers_to the t t he tient S Kl lograns. e
ompoundsPRe B RIbRelHGHE Gr O RE plbEnl Rt tigTRaS 20 i okl PR gl o
15 white solid. "H NMR (400 MHz, CDCls, 8): 7.75 (s, 4 H) 7.76 - 7.79 (m, 2 H) 7.96 - 8.04
(m, 2 H) 10.10 (s, 1 H). MS (M+1): 250.3.

Step B: (R,E)-2-methyl-N-((4'-(trifluoromethyl)biphenyl-4-ylYmethylene)propane-2-

O CF3

sulfinamide

20 A round bottom flask equipped with a condenser was charged with 4'-
(trifluoromethyl)biphenyl-4-carbaldehyde (20.0 g, 79.9 mmol), (R)-(+)-2-methylpropane-
2-sulfinamide (9.69 g, 79.9 mmol) and dichloromethane (400 mL). Titanium(lV) ethoxide
(33.2 mL, 160 mmol) was then added, and the mixture was heated to reflux for 3 hours.
Methanol (50 mL) and saturated sodium bicarbonate (10 mL) were then added to the

25 reaction, causing the titanium salts to precipitate. This mixture was stirred for 30

minutes and then filtered, rinsing with ethyl acetate. Sodium sulfate was added to the



(e.qg., once daily) or multiple doses or via constant infusion. The
conpounds of this invention nmay al so be adm ni stered alone or in

conbi nat iwo 2eiZdssakRar maceuti cal ly acceptabl e carriers, PemiBLEy035588
diluents, in either single or nultipl3® doses. Suitable 10pharmceuti cal
carriers, vehicles and diluents include inert solid diluents or fillers,
steril e aqueous solutions and various organic solvents. The conpounds or
conpositions of the present invention nay be adnmnistered to a subject in
need of treatnent by a variety of conventional routes of adm nistration,

i ncl udi ng oraIIy and parenteral |y # g |ntravenoush¥, subcut aneously or
i nt r amedufliraieytp remeys ihe yegter %”I‘i‘éh‘frfh%! %ﬁ??%l“%rfﬁt%? Yeshwagferpgyed

i nvent i onufdat r@@c@drﬂéysaﬁeetb%ﬁordm@m@tﬂym @&(mﬂwammyt)@.wenm using a
"flash" fornmulation, i.e., allown dlcatlo in the nouth

wi thout t Kemplb¥ignelprapsaegatuiinamide &3 79, 89l aapis %92‘&* '%‘Mgt(“%éﬂ%rrpounds
of the prepen 6? VI @H)qano 74168 D H)7 34$d, almyeﬂ% e¥ 93, 2t Btgek! £d

rel ease, and del ayed rel ease formulations, which fornms 20are al so well
known Po BheMSHMEHO 32Y skill in the art. The conpounds of this
invention may al so be used in conjunction with other pharmaceutical agents
for the t et OBRY-2Gheth NN-HRISAREHYI- TNl iPOBMOBiSHerYi- 39N B ISordesfer | bed
herein. Therefore, methods of treatnent that include adm nistering
conpounds28liipaRider esent i nvention in conbination with other pharmaceuti cal
agents 25are al so provided. Suitable pharmaceutical agents that may be used
i i i i gSeRrt_ i nvention include
anti-obesity agents (including appetite s esghnts), anti -di abetic
agents, anti-hyperglycem c agents ipid-Toweri ng agents, and
anti-hypertensive agents. SuithLE di abeti c agents include an
acetyl - CoA carboxyl ase-2 (ACC-2p 30| nhrbitor, a diacylglycerol
O-acyltransferase 1 (DGAT-1) @M bi te¥; a phosphodi esterase (PDE)-10
inhibitor, a sulfonylurea (e.g., acetlohexam de, chl orpropam de, di abi nese,
gl i bencl am de, glipizide, glyburide, glinepiride, gliclazide, glipentide,

.y aserami FUAT R wds 2y BEREAR (0EF bRABANT Sl o Brigl drche.
a- %! g_otoi) |r dﬁl)mﬂwtﬂnagmow@erebslgmemée ¢25.0 gcér-bosegl) ?rBB’ratralaydyd)fums(ﬂél@islebose
WO 2012/ ogﬁ*?ig‘ﬁ&ﬂ‘?%g@%;bo?éﬁg ‘gg{ %gaag?on”ﬁ@%‘%ﬁe% g"é’“g)"?‘lbfé’rhgatﬁm 7 PPARy
agoni s: ag begiane; 9dl&yl-) drapwise,ovei 2 mrwze}aneThedaa@Iont\mmﬂeweét£g$t|rtaaz7(8ﬁ@a/
agoni st - (10 mhite. AR Bnall 88 kedEaTe 8RS0t 980 bl B Wit ol ™ Y
LR-90, MKand8ie fameatieB-of Meowouctalidsieyeemendd4.6el) glhe nescticorwasnguenahed ucagon-

tSL/Ir ke Qep{:/v‘tﬁ]Eat’?]ra(tga'gmmonﬁlgr%ﬂlgrqde(&ogextragféaWhrbtﬁyl 3BdaRAGRA! Amd) . @ protein

combined organic layers were washed with water and brine, dried over magnesium
sulfate, filtered and concentrated under reduced pressure. Purification by column
chromatography (1-10% ethyl acetate/dichloromethane) allowed isolation of the major
isomer (the less polar isomer), (R)-2-methyl-N-((R)-3-methyl-1-(4'-

20 (trifluoromethyl)biphenyl-4-yl)butyl)propane-2-sulfinamide (47.5 g, 74.2 %) as a
colorless gum. "H NMR (400 MHz, CDCls, 3): 0.91 (d, 3 H) 0.96 (d, J=6.44 Hz, 3 H)
1.24 (s,9H)1.49-1.59 (m, 1 H)1.63-1.72(m, 1 H) 1.84 - 1.94 (m, 1 H) 3.38 (br. s., 1
H) 4.46 (dd, J=8.19, 6.83 Hz, 1 H) 7.43-7.46 (m, 2H) 7.56 - 7.60 (m, 2 H) 7.68 - 7.70
(m, 4 H). MS (M+1): 412.3.

25



phosphat ase- 1B (PTP-1B) inhibitor (e.g., trodusquem ne, hyrtiosal extract,
and conpounds di scl osed by Zhang, S., et al., Drug Di scovery Today,
12(9/10) ,we28128837462007) ), SIRT-1 inhibitor (e.g., reserPcaiBmi)/P55888

di pepti dyl peptidease |V (DPP-1V) inh7bitor (e.g., sitagliptin,
vildagliptin, alogliptin and saxagliptin), an SGT2 inhibitor (e.g.
10dapagliflozin, renogliflozin, sergliflozin and AVE2268), an insulin
secreatagogue, a fatty acid oxidation inhibitor, an A2 antagonist, a c-jun
am no-term nal kinase (JNK) inhibitor, insulin, an insulin mnmetic, a

gl ycogen hos_hor Iaste |1nh| bi tor, and a VPAC2 rectept or agonl st . i Preferred
stapD R yomethyhbiphenylsdo Zi) drpehlorists
inhibitors (e.g. dapagl i flozin, rem)gl iflozin, sergliflozin and AVE22638)
and DPP- 151V inhibitors (e.g., sitagliptin, vildagliptin, alogliptin and
saxagliptin). Preferred conbinations includg tRe instant corrpounds of
Formula | wth nmetformn and a DPP-1V i nhlor For with metformn and an
SGLT2 i nhi bitor. Sui t abl e anti - eBgstty” agents include 1113-hydroxy

1) inhibitors, stearoyl-CoA
desaturase-1 (SCD-1) i nh| bi tor, agoni sts, 20chol ecyst oki ni n-A (CCK- A)
agoni sts, nonoam ne reuptake i nh| b| (such as sibutram ne),

synpat honi meti ¢ agents, 133 adrenergi|c agoni sts, dopam ne agonists (such as
bronocriptine), nelanocyte-stimulating hornone anal ogs, 5HT2c agoni sts,

nmel ani n cgncen ng hor none ant ago th rotein | eptin
anal olgs éBT”#]bo%’:%ﬁ%ﬁké’vasg“QlaEﬁ‘ﬁdﬁN g‘n@i%dﬁ?@y Igﬁ'( Rn&g@gﬁylcﬁ(‘gl t orls %suchpals
t et r ahydr ghifiyaséraéthgl)bipheryl-4 %btﬁjﬂ praﬁaﬂe)z s@Mneice (47.3gemsss (meiotiarns a

Do Rl ouT eSS BRI s Al Gl B8 85 =)

dehydr oepivasad@sd. e'rmaafonaﬁasasfmﬂedgoﬂmmfes !thélﬁéa@ﬁ)%rt waoih@gnagoni st s f)_r

ant agoni Sts exl,n nt aqoni sts e- ni st y Clilrtary
T ool MO0 R St AR o R 6P EP bick iR B LM 1

Phar mac e ut4'¢t@flsaromsihyl)biglagnyii-gubutaiNY -anide BORo o bede (&5@%31’@9%)@3@%&(%

ant agon sedid nFopdHTED PG Af; & 6057001 BLDse 1E5hR 4 Yl BBy

agoni gb's, (MFPHAPGB -i1rei (B, tiaH 1.9 2- 8.03 (muﬂwalmuvgwm snsble t ). 5esuch as

di rl ot api ,, ORI QI ni a o]

Preferr edqg‘?t(m’ 25857?%46%61%&‘3&%&&&5@&?1 ?i*ag | n1a1t agﬁ%ﬁ'”of t he
present 35invention include gut-selective MIP inhi bi tors (e.qg.,

di r| ot api gesp B (Ri-Aledtpi-043-amdhy W4 2@ RicEBhetAv BiphehR20 11 I UddahiB8 )ndcdtinate

i nplitapide, R56918 (CAS No. 403987) and CAS No. 913541-47-6), CCKa
agonists (e.g.,

N- benzyl-244- (1H i ndol- 3-yl net le )(|)-5 oxo- 1- phenyl - 4, 5-di hydro- 2, 3, 6, 10btetr
aaza- benzo[ e] azul en- 6-y1] - N-i sopyopyl - acet amFd described in PCT

Publ i cation No. WD 2005/116034 oA US Publ j¢ gn No. 2005-0267100 Al),

I\/CR4 n| t (e.g., conpounds described
in US 6,818,658), |ipase inhibi : t|||stat) PYY3 36 (as used
herein "PYY3_36" includes anal og dluch as pegl ated PYY3_ 36 e.g., those
described in US Publication 2006/ 0178501), opioid antagonists (e.qg.,
nal trexone), ol eoyl -estrone (CAS Now7180003-17-2), obinepitide (TM30338),
pramintide (SyminQ), tesofensine (INS2330), leptin, liraglutide,

15

5HT2c agonists (e.g., 5lorcaserfin)l

A 1.0 L round bottom flask was charged with methyl 6-fluoronicotinate (14.2g,
91.6mmol), (R)-3-methyl-1-(4'-(trifluoromethyl)biphenyl-4-yl)butan-1-amine
hydrochloride (30.0 g, 87.3 mmol), potassium carbonate (36.2 g, 262 mmol) and N,N-
dimethylformamide (300 mL). The reaction was heated to 110°C and stirred for 15

20  hours. The reaction was cooled to room temperature and filtered. The filtrate was
diluted with ethyl acetate and saturated ammonium chloride. The layers were
separated and the aqueous was extracted with ethyl acetate. The combined organic

layers were washed with water (5X) and brine (1X), dried over sodium sulfate, filtered



10bronocriptine, orlistat, exenatide (ByettaO), AOD 9604 (CAS No.
221231-10-3) and sibutram ne. Preferably, conpounds of the present
i nvent i orwandi2osstaisnat i on therapi es are adm ni stered i nPCONBLMCHISEEE Wi t h

exerci se and a sensible diet. A8l of the above recited U. S. patents
and publications are incorporated herein by reference. 15Enbodi nents of the
present invention are illustrated by the followng Exanples. It is to be

under st ood, however, that the enbodi nents of the invention are not limted
to the specific details of these Exanpl es, as other vari ations thereof wil |
be known, or apparent inljg of the instant disclosure, to on

ordinary &R§ Fq’”qeﬁtr@tﬁ@ t%P'iOV'dEXB}\?m?ﬁy' Q@@Jmeé@é 13(69@11‘?1{)6{&“%'{136)\@}%@@ 4'st arting
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em cal s
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Engl and), -I)B@errh &H)%FEG @i g=q &r Hacere,ssl‘oHr) s., a 7AﬁzrﬁZ¢GﬂC@HZh@6rrwtl cal s
(London, 25Cener al g)/(S)erl mental  Procedur es MR spectra

wer e récokfag%erﬁﬁé “Vefi9 Eh 4 890 ek 4509 (-5 Mol B) BBV 1917 AdY):  Pal o
Al to, CA)Ng(ngrmn;em)erature at 400 MHz for proton. Chem cal shifts are
expressed in parts per mllion (6) relative to residual solvent as an

i nt ernal reference The peak shapes are denot ed as foI I ows: s, sinhglet; d,
doubl et ; 8k FddRhb4e-mgth il ' I-4-yl)bulylay 261 | pl et ;
bs, broad sr nglet; 2s, two si ngjecsH At rmspher_rr C pressure chem cal

i oni zati on mass spect ra (APCl) re obtained a Fisons TM Platform 11
Spectroneter (carrier gas: acetghifrile: ble from M cronmass Ltd,
Manchester, UK). Chem cal ionizatign ectra (Cl) were obtained on a
Hewl ettPackar dTM 5989 instrunent [(a la 1onization, PBMS: available from
Hew ett - Packard Conpany, Palo 35N CA). Electrospray ionization mass
spectra (ES) were obtained on a Waters TM WO 2012/ 085745PCT/ 1B2011/ 055588
34 ZND instrunent (carrier gas: acefjonitrile: available fromWters Corp.,
MIford, MA). High resolution nmass spectra (HRVS) were obtained on an

Agi | ent TM Model 6210 using tine of flight nmethod. Where the intensity of
chl ori ne Arrolmdbinotioes Msrkt\mdsrdhraggeidomith &)-enaled-Er[Bbeethylth@'-expect ed intensity

11 £ SRE TSt PR R P Bt ettt et oy BRClASPeld ¢Bler “rmss
ion is giwdpand tetrsabyr#ommreGZOOmrhm t.8NMNesHh { ERSI mb)\&aftmlhRapdm(anrhme gi ven.

i cal d k
Cava 1 abl BR0b3BAG! e S Ba8 O Pl MBS LR B 1 e (i
589 nn) temiperdtere armiitbab@antoemb@ntstrarr@vemdncmreed@pdrptasiums Waetel ows
[ a] Drenp, (@% q_?Wars%%déWar(&the n%&l‘l‘rpe WEE %Cldﬂ%jwrth 10% citric acid topH = 3. A

15  white precipitate formed and the heterogeneous mixture was stirred for 30 minutes at

0°C. The mixture was then filtered and the solid was dried under reduced pressure to
afford (R)-6-(3-methyl-1-(4'-(trifluoromethyl)biphenyl-4-yl)butylamino)nicotinic acid (36.2
g, 90.0%). "H NMR (400 MHz, CDCls, 5): 0.98 (d, J=6.46 Hz, 3 H) 1.03 (d, J=6.46 Hz, 3
H)1.66-1.78 (m, 1H)1.78-1.89 (m, 1 H) 1.96 - 2.05 (m, 1 H) 4.49 - 4.63 (m, 1 H)

20 6.44 (d, J=9.00Hz, 1 H)7.44-7.50 (m, 2H) 7.53-7.58 (m, 2H) 7.63-7.70 (m, 4 H)
8.17 (d, J=9.19 Hz, 1 H) 8.69 - 8.74 (m, 1 H) 9.44 (br. s., 1 H). MS (M+1): 429.4.



10sol vent. Col um chr omat ogr aphy was perfornmed with either Baker TM
silica gel (40 urn; J.T. Baker, Phillipsburg, NJ) or Silica Gl 50 (EM
Sci ences WbI2p12@s8btast own, NJ) in glass columms or in Fl ashTAB20B1/035888TM
colums (I1SC, Inc., Shelton, CT) or Bi%otage TM SNAP cartridge KPsil or
Redisep Rf silica (from Tel edyneTm | scoTM under |ow nitrogen 15pressure.
Chiral SFC (supercritical fluid chromatography) was perforned on the chiral
colums as specified. Preparation of Starting Materials and |Internedi ates
The following materials are available fromthe correspondi ng sources:

met hyl 6- hydrox_nlcotlnate - FIuorochen1Ltd Hadfi el d, Derbyshire, UK
20met hyl | Sp{81(2 A (A S /hbighended-yvi | | e, IL, USA
nmet hyl 2- SR AhBRidR e at e - Ar k Phar m Inc., Libertyville,
IL, USA (%g%tetrazol-S-yl5net%anan1ne - Ani chem LLC, Nor t h Brunswi ck, NJ,
USA Exanple 1.1: 0 Cl,

(R -3-(6-(3-nmethyl-1-(4"-(trifluoroniethyl)bi ohenyl-4-yl)butylam no)

ni cot i nam do) oropanoic acid 25 2012/ 085745PCT/ 1B2011/ 055588 35 Step
A: 4" -(trifluoronethvl)biphenvl: 4- rbaldehvde FE F H A round bottom fl ask
was charged wi th 4-bronobenzal e (69.6 g,F376 Mol ), 4-

(trifluoronethyl)phenyl boronic id (75.0
m.). The 5reaction m xture was [sti red f
sol uti on was obtai ned. The resu S
tri phenyl phosphi ne (888ng, 3. 38n
nmmol ), 2M sodi um carbonate (226 nL
reacti on was heated at reflux for

Y5 mmol ) and 1-propanol (627
5 mnutes at 70C until a clear
on was treated with

pal | adi un(11) acetate (256 ny, 1.13
451 mmol ) and water (138 nL). The

our, open to air. Water

A round bottom flask was charged with (R)-6-(3-methyl-1-(4'-(trifluoromethyl)biphenyl-4-
5 yDhbutylamino)nicotinic acid (36.2 g, 84.4 mmol), 1-hydroxy-7-azabenzotriazole (12.6 g,

92.8 mmol), B-alanine methyl ester hydrochloride (14.3 g, 101 mmol), triethylamine
(14.2 mL, 101 mmol) and dichloromethane (300 mL). 1-Ethyl-3-(3-
dimethylaminopropyl)carbodiimide hydrochloride (18.0 g, 92.8 mmol) was then added
and the reaction was stirred at room temperature for 1 hour. The reaction was diluted

10  with dichloromethane and saturated ammonium chloride and water were added. The
layers were separated, and the aqueous was extracted with dichloromethane. The
combined organics were washed with brine, dried over sodium sulfate, filtered and
concentrated to provide the crude compound as an orange gum. Purification by column
chromatography (80% ethyl acetate / heptanes) provided (R)-methyl 3-(6-(3-methyl-1-

15 (4'-(trifluoromethyl)biphenyl-4-yl)butylamino)nicotinamido) propanoate (34.6 g, 79.8 %)
as a white solid. "H NMR (400 MHz, CDCl3, 8):0.94 - 1.04 (m, 6 H) 1.65 - 1.85 (m, 4 H)
258-265(m,2H)3.64-3.72(m,4H)4.73-4.83 (m, 1H)5.33-5.41(m, 1 H) 6.26
(d, J=8.78 Hz, 1 H)6.53-6.63 (m, 1 H) 7.41 -7.46 (m, 2 H) 7.53 - 7.58 (m, 2 H) 7.64 -
7.70 (m, 4 H) 7.76 (dd, J=8.78, 2.34 Hz, 1 H) 8.49 (d, J=2.34 Hz, 1 H). MS (M+1):

20 514.4.



(900 nL) was then added and the reaction was cooled to 7Cin an ice bath.
The 10reaction was thoroughly stirred for 30 mnutes until the title
conmpound woeoiqissAsed out. The m xture was then filtereacansuiivessssd i d
washed with cold water (-600 m.). Thetosolid was then solubilized in

di et hyl ether (500 nL) and filtered through a pad of celite and silica,
rinsing wth diethylether (2 x 500 nL). Renoval of the solvent under
reduced pressure afforded 4'-(trifluoromethyl) biphenyl-4-carbal dehyde
(90.0 g, 96@6 as a pure 15white solid. 1H NWR (400 MHz, CDCI 3, 6): 7.75 (s,

4 7.76 - 7.96 8. 04 10.10 (s, 1 M5 (MED) :
255? 3. St §_ggg§-| (R)—g% (3- methvl 1-(4' (trlfluorome(thvl)blphlg)nvl 4- vI)butv(Iamlno) H . ( )

(R E)-2- nﬁkbydaﬁﬁé)hﬁ)?aﬁé,ﬁlatbuor onet hvl ) bi phenv1-4-vpnet hvl ene) pr opane- 2-
sul fi nam de round bottom f| ask equi pped with a condenser was
charged with 4'- (trifluoronethyl )bt %ny1-4-carbaldehyde (20.0 g, 79.9
mml ), (R)-(+)-2-nethyl propane2-sul finamde (9.69 g, 79.9 mmol) and

di chl oronet hane (400 ni). Titanium(lV) ethoxide (33.2 nL, 160 mmol) was

t hen added, and the m xture wa ed to refgux for 3 hours. Methanol (50
m.) and saturated sodi um bi carbonate (10 ‘~re then added to the
25reaction, causing the titani ecipitate This m xture was
stirred for 30 minutes and then nsing with ethyl acetate.
Sodi um sul fate was added to thepy WO 2/ 085745PCT/ 1B2011/ 055588 36
filtrate to renove the water and then filtered a second tinme. The sol vent
was renoved under reduced pressuce to afford

(R E)-2-nmethyl -N-((4'-(trifluoronmethyl)bi phenyl-4-

yl) met hyl ene) propane-2-sul finam de (23.7 g, 84% as a white solid. 1H NWR

400 MHz, 7.7 7. 74.(s, 4 H 7.95
2000 m o1 reslpofiar Teb e ohasofaidy IRkt g Gbunfr el o 4 P
(R) - 2- get (iyfludberaéthyDBpheeilyh4-3Hdutyidminohricdtinamidabpanoals @y, 04 mipdyut yl ) pro
pane2- sul 1 nam 48 -1 (60 mL) and methanol (60 mL). 1.0N NaOH (18.3 mL, 18.3 mmol) was

added and the resulting solution was stirred at room temperature for 15min. The

organic solvents were removed under reduced pressure and the resulting crude was
diluted with water. 10% Citric acid was added to acidify the solution to pH~3. A white

10  precipitate formed. After stirring for 30 minutes at room temperature, the solid was
filtered off and dried under vacuum. Purification by column chromatography (0 — 10%
methanol / dichloromethane) provided (R)-3-(6-(3-methyl-1-(4'-(trifluoromethyl)biphenyl-
4-yl)butylamino)nicotinamido)propanoic acid (25.7 g, 76.4%) as a white solid. H NMR
(400 MHz, (CD3)2S0, 8): 0.91 (d, J=6.44 Hz, 3 H) 0.95 (d, J=6.44 Hz, 3H) 1.48 - 1.59

15 (m,1TH)1.61-1.71(m, 1H)1.72-1.82 (m, 1 H) 2.44 (t, J=7.12 Hz, 2 H) 3.34 - 3.42 (m,
2H)5.10 (br.s., 1 H) 6.52 (d, J=8.78 Hz, 1 H) 7.46 - 7.51 (m, 2 H) 7.57 (d, J=8.19 Hz, 1
H) 7.63-7.69 (m, 2 H) 7.74 (dd, J=8.88, 2.44 Hz, 1 H) 7.76 - 7.81 (m, 2 H) 7.83 - 7.89
(m, 2 H)8.15 (t, J=5.46 Hz, 1 H) 8.40 (d, J=2.34 Hz, 1 H) 12.18 (br. s., 1 H). MS (M+1):
500.4.

20



A round bottom flask was charged with

(R E)-2-nmethyl -N-((4'-(trifluoronethyl) biphenyl-

104-yl ) mawbybermsjasopane- 2- sul fi nam de (25.0 g, 70.7 nmmeCY/1Bzd1/055588
tetrahydrofuran (140 nL) and cooled ddwn to -78 C. To this solution was
added isobutyllithium (1.6Min heptane; 50.8 nlL) dropw se over 20 m nutes.
The reaction was allowed to stir at -78C for 30 mnutes. LC-MS anal ysi s
showed conpl ete conversion of the starting material and the formation of
two product diastereoners (4.6:1). The reaction was quenched 15 with

saturated_amoni um chl oride and extracted with ethyl acetate tw ce. The
Example.2: X 4'-(taflugramatiaybinheny 4 tylg a

magnesi un ,{i@@ d Iaﬁggida cocnt ra d une educéd pr esur e.

Purification by co‘ umm chromat ogr aphy (1-10% et hyl acet at e/ di chl or onet hane)

al l owed isolation of the major i socgreroét he | ess pol ar isoner),

(R -2-methyl-N-((R)-3-nethyl-1-(4 ;/
0

20(trifl uoronet hyl)bi phenyl-4-yl)butlyl ) propane-2-sul finam de (47.5 g, 74.2
")/ 0) as a colorless gum 1H NMR (400 MHz, CDCI 3, 6): 0.91 (d, 3 H 0.96
(d, J=6.44 Hz, 3 H 1.24 (s, 9 NH49 - 1.5-(m 1 H) 1.63 - 1.72 (m 1 H
1.84 - 1.94 (m 1 H 3.38 (br. s 1 H 4,46 kdd, J=8.19, 6.83 Hz, 1 H)
7.43 - 7.46 (m 2 H) 7.56- 7.60]( 68- F7.70 (m 4 H). M5 (M+1):
412.3. WD 2012/ 085745PCT/ 1B201 Step D

(R -3-nmethvl-1-(4"-(trifluoronmegfivl
hydr ochl ori de A round bottom tMask™was charged with
(R -2-methyl -N- ((R)-3-nmethyl-1-{&4
(trifluoromethyl)bi phenyl-4-yl)butyl)propane-2-sulfinamde (47.5 g, 115.5
mmol ) and 5 nethanol (300 nL). The m xture was cooled to OC and 2. ON HCl in
et her (150 nl)_was, added. The reaction was stirred for 20 nm nutes. The
reaction was tﬂ?ﬁ'“@cﬁ‘?&@ﬁ’c’?&"’éﬁ PIAREET] 1P @dTIRUMET BPlsgsdo ér”‘i‘ﬂﬁﬁ% U8AH9wi t h

(ezhez t pr ?rﬂc@ﬁﬁh ﬁ-ﬁ]eﬂl%d%ﬁ@bér':iélﬁéulgnar?idg int SteplB and without separatlion of 3
"-(trifluorone I phenyl-4-yl )byt an-1; e roc ri 35.3 0,
boop s SoaRAETY A CHaARET s e COUM 6Pt NS AoBR:SE. 8508108 (o
i=% 42 %(d,aaemgﬂzgs H) 01933(36;1%&4 HZ, W)?i.4§8 1-.5791(ggl1(+€)m.611- '1*)7;3@32 H) 2833( (m

. . J=10. 15, - 7. . - 7. m
5 1. e (WRT-08h 34 0 v 1aked W3 g lan)s & s = TR 6.sh
(R) - met hy(d, 8=§.38me4 H)7146(-47.5( trh) 4 Hypso @t S2el JoakphenvAe- ylephmt glHgmi no) ni co
tinate 7 74(dd, J=8.88, 2.44 Hz, 1 H) 7.76 - 7.81 (m. 2 H) 7.83 - 7.89 (m, 2 H) 8.15 (t, J=5.46

Hz, 1 H) 8.40 (d, J=2.34 Hz, 1 H) 12.18 (br. 5., 1 H). MS (M+1): 500.4.

Example 1.3: (-)-(S)-3-(6-(3-methyl-1-(4'-(trifluoromethybiphenyl-4-y)butylamino)

nicotinamido)propanoic acid

15 The title compound is obtained by resolving racemic 3-(6-(3-methyl-1-(4'-
(trifluoromethyl)biphenyl-4-yl)butylamino)nicotinamido) propanoic acid Example 1.2, by
chiral SFC. Column: Chiralpak AD-H. Dimensions: 4.6 mm x 25 cm. Mobile Phase:
65/35 COylisopropanol. Flow Rate: 2.5 mL/min. Modifier: 0.2% diisopropyl amine.
Retention time: 6.73 minutes. Optical Rotation: [a]° = - 12.4; ¢ = 0.42 (CHCI3).



15 A 1.0 L round bottom flask was charged with nethyl 6-fluoronicotinate
(14. 2g, 91. 6mmol),

(R) - 3- metwpl2om/0884745(t ri f | uor onet hyl ) bi pheny1-4-yl) but anPCTAR2MNE055588
hydrochl ori de (30.0 g, 87.3 mmol ), potassi um carbonate (36.2 g, 262 mmol)
and N, N- di nmet hyl formam de (300 nlL). The reaction was heated to 110C and
stirred for 15 20hours. The reaction was cooled to roomtenperature and
filtered. The filtrate was diluted with ethyl acetate and saturated
anmoni um chl oride. The |ayers were separated and the aqueous was extracted

with et hyI acet ate. The conbl ned or an| c layers were washed wth water (5X)
I Teli 4 Ioro ethyhbighenydrylbutylamino

2012/ 08574@&@5{@@9%9&55&@ 38 and concentrat ed to prOV| de
(R -met hyl - 6- (3-net hyl -1- (trlféuo(éﬁrrethyl)bl phenyl -

yl ) butyl am no) ni cotinate (41.5 |'i ght brown solid. 1H NWVR (400 MHz,
CDCl 3, 6): 0.98 (d, J=6.24 Hz, 3H) 1.02 (d, J=6.24 Hz, 3 H 1.67 - 1.92
(m 3H 3.8 (s, 3H 4.68 - 4.8447m 1 H) 6.36 (d, J=8.97 Hz, 1 H 6.65
(br. s., 1 H 7.42 - 7.47 (m 55 - 5@5(m2|—|)766-769(m4
H 8.00 (dd, J=8.97, 2.15 Hz, 1 8.66 ( Jl. 95 Hz, H)NB(NH)

443. 4. A round bottomflask was([ ch rged ' (Iﬁ) nmet hyl - 6- (3-net hyl - 1-(4' -
10(trifluoronethyl)bi phenyl-4-y tyrtgmirRgy ni cotinate (41.5 g, 93.8 mmol),
met hanol (200 nL) and tetrahydrqfurg 200 nm.). 1.0N NaOH (188 nL) was then
added and the resulting solution was Stirred at 50C for 3 hours. The
reaction was cooled to roomte at ure and the organic solvents renoved
under reduced pressure. Water (300m.) was added and the m xture was

acidified wt 10WC|tr|c = 3.. A 15 whit i,tate fornmed and
the heter ogengr ﬁ1C)?{Tlﬁ’logn%sc’%ﬁ'n‘?‘(ftéydre%l?’m%a?ﬁnﬁﬁbég'(g 98 1'I(ﬁe m xture was
then fblt erufad)r@ndthylbtﬂpmlyl dyWaﬁyldmirm)humldemudoe}dmdoupraesls&x«amdeﬂ af byrd
(R-6-(3-ne 1- t uor t Ayl ) bi 1-4 but onlcotlnlc
Serd (36, ST EEG: o g R AT B S gy Pt oS F 5
1.03 (d, 858540 oprSoa20l. HowlREE: 2.5Im /i rIdIod]fldrl)O 2%7(B|seprﬂ>p38%n(|ma 1 H) 1. 96-
205(m 1 6. 44 (i, 7.44 - 750(m
ﬂ@‘e@‘/‘“%%t'’Pﬁx 5%8%'” 7r86§ca'la/’ta/tt?” Pﬂﬁ 2 |—1)1 % 1"75%9 (&HEE?) 19 Hz,
8 69 - 8 Edarhipe 114: Hi/-9-344-(8Horeth\d-1; (4'1(trl‘ﬂlJoMEne(tMﬂb)ﬁhe4\294 butWihino)

2012/ qg57é\?rﬁnq(lj-|/n%- -((:)alr éx%?nﬁg’c%propanow acid

F
FF

A
N)\N/
H

A solution of 3-methyl-1-(4'-(trifluoromethyl)biphenyl-4-yl)butan-1-amine (307 mg,

1 mmol), prepared as in example 1.1 using racemic 2-methylpropane-2-sulfinamide,
methyl 2-chloropyrimidine-5-carboxylate (186 mg, 1 mmol) and diisopropylethylamine
15 (516 mg, 4 mmol) in 2-propanol (3 mL) was heated to 100°C for 3 hours. The mixture
was concentrated under reduced pressure and the crude residue was purified by
column chromatography to give methyl 2-(3-methyl-1-(4'-(trifluoromethyl)biphenyl-4-
yhbutylamino)pyrimidine-5-carboxylate (500 mg, 87.3%).

The title compound was prepared from methyl 2-(3-methyl-1-(4'-(trifluoromethyl)
20  biphenyl-4-yl)butylamino)pyrimidine-5-carboxylate by a method analogous to Example
1.1, steps F through H. "H NMR (400 MHz, CD30D, 3): 8.67 (s, 2H), 7.81-7.78 (m, 1H),



Step G (R -nethvl 3-(6-(3-nethvl-1-(4"'-(trifluoronethvl)biphenvl-4-

v1) but vl am no) ni coti nam do) pr opanoat e A round bottom fl ask was charged
wi th (R)-wo(8txmsstagl - 1- (4' - (trifl uoronet hyl)bi phenyl-4- PCT/IB2011/055588

5yl )butylam no)nicotinic acid (36.2 g3 84.4 mol ),

1- hydr oxy- 7- azabenzotri azole (12.6 g, 92.8 mmol ), 13-al anine nethyl ester
hydrochl oride (14.3 g, 101 nmol), triethylamne (14.2 nL, 101 mmol) and
di chl oronet hane (300 nl). 1-Ethyl-3-(3- dinethylam nopropyl)carbodiim de
hydrochl oride (18.0 g, 92.8 nmol) was t hen added and the reaction was
stirred at roomtenperature for 1 hour. The reaction was diluted 10 with

di chl or omét/Reiné! EhdHaf- ﬁ?&@d”ﬁ%ﬂ Préry SR (B 1 e 2a#Yct® Rt @r 1%@@Oa%é@d The
| ayers we(f, aepakatesh (ndnth)! Nesamsaala Hess®x is0ast ed), W.0320.98 ¢hl empves hane.
The conbi ned or ani cs were washed with brine, dried over sodiumsulfate,
filtered Mtcokténtrated to provi de the crude conpound as an orange gum
Purification by colum chronat ography (80% ethyl acetate / heptanes)

provi ded ERImpRUNE 3-B2-(Hmedrymel hyirifidorombhyl)biphenyl-4-ybutylamino)pyrimidine-

(4" -(triflLuoronethyl)bi phenyl-4-yl)butylam no)nicotinam do) propanoate
(34.6 8, mm@mm%&gmm NMR (400 MHz, CDC13, 6): 0.94 - 1.04
(m 6 H 1.65-1.8 (m 4H 2.568-2.65(m 2H 3.64-3.72(m 4H
4.73 - 4.83 (m 1 H) 533 - 54t4m 1 H 6.26 (d, J=8.78 Hz, 1 H) 6.53 -
6.63 (m 1 H 7.41 - 7.46 (m 2 M) 7.53 - 7.58 (m 2 H) 7.64 - 7.70 (m 4
H 7.76 (dd, J=8.78, 2.34 Hz, @ 8.49 (d, J=2.34 Hz, 1 H). M5 (M¥1):
20514. 4. WD 2012/ 085745PCT/ 1B2834&/ 055588 40 Step H:

(R -3-(6-(3-nmethyl-1-(4"-(triflu

ni cot i nam do) propanoic acid O
(R) -nmet hyl 3-(6-(3-nethyl -1- (4'
5(trifluoronethyl)biphenyl- 4-

or onet hyl ) bi chenv1-4-vl) butyl am no)
A rounfl bott flask was charged with

uty\a no’y) ni cotl nam do) propanoate (6.26 g,
10.2 mmol ), tetrahydrofuran 0 axd net hanol (60 m.). 1.0N NaOH (18.3
m., 18.3 mml) was added and the resulting solution was stirred at room

t enper at ur e f orhelifleicompdhed Grajpdained isyltegelning rawmac qus'ecbtmmde(n' reduced

hes added (VAR figh b e ShNR AR RS R e B ad UL o e
After sti Examglef1o¢ by @hiralr8RG@ sCalumnoGhirdlpakpéD-at. Iimenditres: 4@ moh &S chi | t er ed

ff d i Lan.. . hy (0 - 10%
of t.2nd ol BRAGE o¥AR! ezfprg::%r{ of 58 Rafb: 2% SRS S8 20980 (0 - 10%
(R -3-(6- ér&meetFthéntibn(tme (4 42 frimubesonet hyI ) bi phenyl 4-yl) but yI am no) ni coti nam
i do) pr opapg 7 it 400.

( CD3) 250, =6 T ‘ #8 - 1.50
15 (M 1 Ehcaﬁboﬁamdb)ﬂrdzodmcécld-hlscinérz- 182 (m 1 H) 2. 44 (t, J=7.12 Hz, 2
H 3.34 -3.42 (m 2 H 5.10 (br. 1 H 6.52 (d, J=8.78 Hz, 1 H) 7.46-
7.51 (m 2 H 7.57 (d, J819F1H)7.63-769(m2H)774(d
J=8.88, 2.44 Hz, 1 H) 7.76 - 7.8 15 (t,

(m 2 H 7.83 - 7.89 (m 2 H 8.
By 1 H) 12.18 (br. s., 1 H. M (Ml):

O o)
e
N)\N/
H

15 The title compound is obtained by resolving racemic 3-(2-(3-methyl-1-(4'-

J=5.46 Hz, 1 H) 8.40 (d, J=2.34
500. 4. 20

(trifluoromethyl)biphenyl-4-yl)butylamino)pyrimidine-5-carboxamido)propanoic acid
Example 1.4, by chiral SFC. Column: Chiralpak AD-H. Dimensions: 4.6 mm x 25 cm.
Mobile Phase: 60/40 COJ/propanol. Flow Rate: 2.5 mL/min. Modifier: 0.2% isopropyl
amine. Retention time: 5.91 minutes.

20



WO 2012/ 085745PCT/ 1B2011/ 055588 41 Exanple 1.2:
(+/-)-3-(6-(3-nmethyl-1-(4"'-(trifluoronethyl)biphenvl-4-vl)butylam no)
ni cot i namvoaprmspatoi c acid OOH The title conpound wagCpnBpal/ehsssn a
manner anal ogous to Exanple 1.1 usingH5racem c
2- met hyl propane-2-sulfinamde in Step B and wi thout separation of
di astereoners after Gignard addition in Step C. 1H NWVR (400 MHz, (CD3) 250,
6): 0.91 (d, J=6.44 Hz, 3 H 0.95 (d, J=6.44 Hz, 3 H 1.48- 1.59 (m 1 H
1.61 - 171(m1H)172-1.82(m1H)244(tJ712Hz 2 H 3.34 -
3.42 (m 2 1'_652(d J878Hz 1H)746-751(m2
H 7.57 (Bxamelg g . pighenyl-dayllpgtylaming)yqy,  J=8.88, 2. 44
Hz, 1 H) ﬁlcaﬁhamlao@ﬂoFéﬁblc%cH) 7.83 - 7.89 (m 2 H 815 (t, J=5.46 Hz, 1 H
8.40 (d, F 1 H. M5 (M1l): 500.4. Exanple 1.3:
(-)-(S)-3-(6-(3-nethyl-1-(4"- (trl GIuorom&*thyl)bi phenvl-4-v1) butyl am no)
ni coti nam do) propanoi ¢ acid OQH 5The title conpound is obtained by

. (4 -

Example 1.2, by chiral SFC. Col
cm Mbobil e Phase: 65/35 CQ2/iso
0.2%di i sopropyl am ne. Ret entl
=-124 c =0.42 (CHC 3) .

(+) (R)-3-(6- ('I%entﬂﬁle%# gﬁéjlwa% re%or;yoér% %ld)a%ia%ggﬂél go-lﬁifa\ﬁ%p}lg l1't1ytjsﬂ1r8 no)

ni cot i nam do) proparnoi
5 racemic 2-methylpropane-2-sulfinamide in Step B and n-propylmagnesium bromide in

Step C. "H NMR (500 MHz, DMSO-ds) ppm 0.90 (t, J=7.44 Hz, 3 H) 1.26 - 1.35 (m, 1

H)1.36-1.45(m, 1H)1.65-1.76 (m, 1 H) 1.75- 1.86 (m, 1 H) 2.43 (t, J=7.07 Hz, 2 H)

3.34-3.40 (m, 2H)5.01 (br.s., 1H)6.51 (d, J=8.78 Hz, 1 H) 7.48 (d, J=8.29 Hz, 2 H)

7.57 (d, J=8.05 Hz, 1 H) 7.66 (d, J=8.29 Hz, 2 H) 7.73 (dd, J=8.90, 2.32 Hz, 1 H) 7.76 -
10 7.81(m,2H)7.82-7.88 (m, 2 H) 8.14 (t, J=5.49 Hz, 1 H) 8.39 (d, J=2.44 Hz, 1 H)

12.15 (br. s., 1 H). MS (M+1): 486.3.

Example 1.8: 3-(6-(1-(4'-(trifluoromethyhbiphenyl-4-yl)butylamino)nicotinamido)

Chirgl pak g¢D-H D nensions: 4.6 mmx 25
Flwﬁﬂ@e 2.5 mL/mn. Mdifier:

: ndtes. Optical Rotation: [cd
5745PCT/ 1B2011/ 055588 42 Exanpl e

propanoic acid, Isomer 1

CF;

C
SPE IS Y

N” N
H
15 The title compound is obtained by resolving racemic 3-(6-(1-(4'-

(trifluoromethyl)biphenyl-4-yl)butylamino)nicotinamido)propanoic acid Example 1.7, by
chiral SFC. Column: Chiralpak AD-H. Dimensions: 10 mm x 250 cm; Mobile Phase: 60
/ 40 (CO,/ ethanol); Flow Rate: 10.0 mL/min.; Modifier: 0.2% diisopropylamine.
Retention time: 3.08 minutes.

20



The title conpound is obtained by resolving racemc 3-(6-(3-nmethyl-1-(4"-
5(trifluoronethyl)biphenyl-4-yl)butylam no)nicoti nam do) propanoic acid
Exanpl e Iw®,20teysstasr al SFC. Col utm: Chiral pak AD-H. D mpa3iiBrd1/03558 nm x 25
cm Mbobil e Phase: 65/35 CO2/isopropan®l. Flow Rate: 2.5 niL/mn. Modifier:
0.2% di i sopropyl amine. Retention tine: 5.28mn. Optical Rotation: [ar = +
11.3; ¢ = 0.40 (CHC13). Exanple 1.4:
(+-)-3-(2-(3-nethyl-1-(4"-(trifluoromethyl)bi phenvl-4-vl)butyl am no)
10PVri m di ne- 5- car boxam do) pr opanoi ¢ aci d A sol ution of

3- net hyl - 1 (4' tr|fI uororret hyI)b| henyl 4- but an-1-am ne (307 ng, 1
3 : A-yhbutylamino)nicotinamido)

2- met hyl p aﬁgcamgwggm@aglde nethyl 2-ch|oropyr|nldlne-5-carboxylate (186
ng, 1 nnn|; and diisopropyl et hyl anmi ne 15(516 ng, 4 mmol) in 2-propanol (3
nL) was heated to 100C for 3 houf& The mixture was concentrated under
reduced pressure and the crude i due was purified by colum

chromat ography to gi ve net hyl
2-(3-nethyl-21-(4"-(trifluoronethyl)bi phenyl-4-

yl ) but yl am no) pyri m di ne-5-carhb ate (500 Ny, 87.3% . The title conpound
was prepared from nethyl 2-(3- | - triJf | uoronet hyl)

20bi phenyl - 4-yl ) but yl am no) pyri i -cq{ oXyl @te by a net hod anal ogous
to Exanple 1.1, steps F thrg 400 MHz, CD30D, 6): 8.67 (s,
2H), 7.81-7.78 (m 1H), WO 2012/ d85745PCT/ 1B2011/ 055588 43 7.73-7.71 (m

21y 2. 622, 5o Eesgreofng& chidde ) reppmoTa e B R- 21 1030 98 (m
6H) . Mz ( Miflororbétbyihiphenyl-Eyiogiyleminodnicotinamido)propanoic acid Example 1.7, by

3-(2- (3me§|1| @(éFé ((flolun(nll rd)rgrlavq% %@hh?ém%spom%ny&m% XQQ&E%I @I%ineoﬂ’l%ls L gb di nes5-

car boxa pr opanol ¢ aci
/ 40 (CO,/ ethanol); Flow Rate: 10.0 mL/min.; Modifier: 0.2% diisopropylamine.

Retention time: 3.99 minutes.

Example 1.10: (+/-)-3-(6-(2-methyl-1-(4'-(trifluoromethyl)biphenyl-4-y)propylamino)

CF;
1k
- H
N N

H

The title compound was prepared by a method analogous to that described for

10  nicotinamido)propanoic acid

Example 1.1 using racemic 2-methylpropane-2-sulfinamide in Step B and
isopropylmagnesuim chloride in step C. "H NMR (400 MHz, (CD3),S0, d): 12.15 (s, 1

15 H),839(d,J=2.0Hz 1H),8.14(t, J=54Hz 1H), 7.84-7.94 (m, 2H),7.76 - 7.83
(m,2H),7.73(dd, J=8.8,2.3Hz 1H),7.67 (d, J=82Hz 2H),7.53(d, J=8.8 Hz, 1
H), 748 (d, J=8.2Hz 2H),6.57 (d, J=9.0Hz, 1 H), 4.82 (br.s., 1H), 3.37 (g9, J=6.7
Hz, 2H),2.44 (t, J=7.1 Hz, 2 H), 2.08 (dgq, J=13.8,6.7 Hz, 1 H), 1.00 (d, J=6.6 Hz, 3
H),0.81(d, J=6.6 Hz, 3 H). MS (M+1): 486.4.

20



The title conpound is obtained by resolving racemc 3-(2-(3-nmethyl-1-(4"-

(trifluoronethyl)biphenyl-4-yl)butylam no)pyrim di ne-5-carboxam do) propanoi

c acid baopbe/msAs by chiral SFC. Col um: Chiral pak ADPHI/IBROTENSSEENS: 4. 6

nm x 25 cm 10Mbobi |l e Phase: 60/ 40 COXopr opanol. Flow Rate: 2.5 nL/m n.

Modifier: 0.2% i sopropyl amne. Retention tine: 4.42 mnutes. Exanple 1.6:

3-(2-(3-nethyl-1-(4'-(trifluoronethyl)bi phenvl-4-vnbutyl am no)pyri m di ne5-c

ar boxam do) propanoi ¢ acid, |soner 2 15The title conpound is obtai ned by

resolving racemc 3-(2-(3-nmethyl-1-(4"-

(trifluor orret hyI )b| phen 1-4- I )butyl ani no%p ri mdi ne-5-carboxam do) propanoi
- : ({73140 afe elibibien BICOHBMINO) I nensi ons: 4. 6

nm x 25 Cﬁbom@@Qa@ﬁ@ic a@g/ 40 COZ/ propanol . Flow Rate: 2.5 niL/mn.

Modi fi er: o1 sopropyl amne. Retention time: 5.91 mnutes. WO

2012/ 085745PCT/ 1B2011/ 055588 44 ample 1.7:

(-F/-)-3-(6-(1-(4"-(trifluorongthyl)bi phenvl-4-vl)butvl am no)

ni cot i nam do) propanoic acid C BOO ).( N\ .).(OHIH--...,... NNH

The title conpound was prepared[by a nethod anal ogous to Exanple 1.1 using

5 racem c 2-net hyl propane- 2- sulFNnam degi n Step B and n-propyl magnesi um

bromde in Step C. 1H NWR (500 7, mO0.90 (t, J=7.44 Hz, 3 H)
1.26-1.35(m1|—|)136-145 /1 % -Om76(m1H)175-186
(mlH)243(tJ707Hz 40(m2 5.01 (br. s., 1 H
6.51 (d, J=8.78 Hz, 1 748(dHJ 29Hz 7.57 (d, J=8.05 Hz, lH)
7.66 (d, J=8.2 3 VA 81 m
2 By vmo 7 6 R C%?%Z%W%z%%ar%d@ B % H@%&a@% e AT
12. 15 6br Example]j ‘HuisindvEce i1 3-med8or8pane-2- sulfinamide in Step B and

ethylmagnesuim bromide in step C. "H NMR (400 MHz, CDCls, 8):1.04 (t, J=7.32 Hz, 3

H)1.86-2.01 (m, 1 H)2.01-2.15(m, 1 H) 2.57 - 2.69 (m, 2 H) 3.68 - 3.83 (m, 2 H)

4.32-4.44 (m, 1H)6.48 (d, J=8.78 Hz, 1 H) 7.44 (d, J=8.19 Hz, 2 H) 7.57 (d, J=8.19

Hz, 2H)7.63-7.72(m,4 H)7.77 - 7.88 (m, 1 H) 8.01 - 8.30 (m, 2 H) 9.40 (br. s., 1 H).

10 MS (M+1): 472.4.
Example 1.12: 3-(6-(1-(4'-(trifluoromethyl)biphenyl-4-yl)propylamino)nicotinamido)

propanoic acid, Isomer 1

The title compound is obtained by resolving racemic 3-(6-(1-(4'-
15 (trifluoromethyl)biphenyl-4-yl)propylamino)nicotinamido)propanoic acid Example 1.11,
by chiral SFC. Column: Chiralpak AD-H. Dimensions: 10 mm x 250 cm; Mobile Phase:
60 / 40 (CO_/ ethanol); Flow Rate: 10.0 mL/min.; Modifier: 0.2% diisopropylamine.

Retention time: 3.86 minutes.



Exanpl e 1.8:

3-(6-(1-(4"-(trifluoronethvl)bi phenvl-4-v1l)butvlam no)ni cotinam do)

pr opanoi cwaab/osksismer 1 15The title conpound i s obtaPoEdBiy1/n¥sSEH vi ng
racemc 3-(6-(1-(4" - 47

(trifluoromnethyl)biphenyl-4-yl)butyl am no)ni coti nam do) propanoi ¢ acid
Exanple 1.7, by chiral SFC. Columm: Chiral pak AD-H Di nensions: 10 mm x 250
cm Mbbile Phase: 60 /40 (CQ2/ ethanol); Flow Rate: 10.0 nmi/mn.; Modifier:
0.2% di i sopropyl ami ne. Retention time: 3.08 mnutes. WO

2012/ 085745PCT/ 152011/ 055588 45 _Exanpl e 1.9:
3-(6-(1-(8xa plels 3o{ 0 (- fdis(teifiuoromethvibinhs

propanoi c bﬁ|@|cb§|gmg5m3r2 The title corrpound |s obt ai ned by resol Vi ng
racemc 3-5%-(1 (4 -

5(trifl uoromethyl)bi phenyl- 4-yl ) btspr@fri no) ni cot i nani do) pr opanoi ¢ aci d
Exanple 1.7, by chiral SFC. Col um: _Chiral pak AD-H Di nensions: 10 mm x 250
cm Mbobile Phase: 60 /40 (CQ2/ eth@anol); Flow Rate: 10.0 nmi/mn.; Modifier:
0. 2% di i sopropyl ami ne. Retenti Ntre: 3.99 ni nutes. Exanpl e 1. 10:
(+/-)-3-(6-(2-nmethyl-1-(4"-(trifluoronethyl)bkphenvl-4-v1)propvl am no)
10ni cot i nam do) propanoi ¢ aci d 00 NJ[(OH I H NN H The title
conmpound was prepared by a nethsg-M Qgoug”to that described for Exanple
1.1 using racem c 2-nethyl propapg- 2- finamde in Step B and
i sopropyl magnesui m chloride in step 1H NWR (400 MHz, (CD3)250, 6): 12.15
(s, 1 15 H), 8.39 (d, J:20Hz 814(tJ 5.4 Hz, 1 H), 7.84 -
7.94 (m 2 H, 7.76 - (m Q??S (dd, J 8.8, 2.3 Hz, 1 H, 7.67
(d, J =8.2 HzThezt't'ﬁ)CO”‘POB’Bd (Scpbtajn @/@SPJX'”QIQ‘W'C?(%1'6‘&| J =282 Hz, 2 H),
6. 57 (g rlﬂﬁo?orﬂe )bi 44§ p¥Bin |cot|3aar|ﬁ)do 0 ncﬁcﬂamd'Exarﬁ 1é 1t 2 H),
> ah (F th'?)éhg)ﬁxfzﬁl&&aiﬁ o )&éi acid! 1|s>lg 22
Hz, 3 H), bmc@@l@EC polurgné)fnglp Aﬂé-H W?W (21@@1 )3{250 cm; Mobile Phase:
60 / 40 (CO_/ ethanol); Flow Rate: 10.0 mL/min.; Modifier: 0.2% diisopropylamine.

Retention time: 7.90 minutes.

Example 1.14: (+)-3-(6-(2-methyl-1-(4'-(trifluoromethy)biphenyl-4-y)propylamino)

@) @)
KE)LN/\/U\OH
~ H
HN N

Yo

F
F

10  nicotinamido)propanoic acid

The title compound was prepared by a method analogous to that described for

Example 1.1 using (R)-(+)-2-methyl-2-propanesulfinamide in step B and
isopropylmagnesium chloride in step C. "H NMR (400 MHz, (CD3),S0, d): 12.15 (s, 1

15 H),839(d,J=2.0Hz, 1H), 814 (t, J=5.4Hz, 1 H),7.84-7.94 (m, 2H), 7.76 - 7.83
(m,2H),7.73(dd, J=8.8,2.3Hz, 1H),7.67 (d, J=8.2Hz, 2H), 7.53 (d, J=8.8 Hz, 1
H), 7.48 (d, J = 8.2 Hz, 2 H), 6.57 (d, J= 9.0 Hz, 1 H), 4.82 (br. s., 1 H), 3.37 (q, J = 6.7
Hz, 2 H), 2.44 (t, J=7.1 Hz, 2 H), 2.08 (dq, J = 13.8,6.7 Hz, 1 H), 1.00 (d, J=6.6 Hz, 3
H), 0.81 (d, J=6.6 Hz, 3 H). MS (M+1): 486.4. Optical Rotation: Dextrorotatory [a]°

20  20.0°C = +234; ¢ = 0.26 (MeOH). Analytical Chiral SFC: Column: Chiralpak IA, 4.6
mm X 25 cm, Mobile Phase: 70:30 CO,:MeOH, Flow: 2.5 mL/min, Modifier: 0.2%

isopropylamine; Retention time: 4.810 minutes, Peak 1.



WD 2012/ 085745PCT/ 1B2011/ 055588 46 Exanple 1.11:
(+/-)-3-(6-(1-(4"-(trifluoronethvl)biphenvl-4-vl)Propvl am no)
ni cot i namvoaprmpatoi ¢ acid CF3 00 )LOH N N The titl e eompBrndoisass
prepared by a nethod anal ogous to tha#8 described for 5Exanple 1.1 using
racem c 2-net hyl propane-2-sulfinam de in Step B and et hyl magnesui m brom de
in step C. 1H NWR (400 MHz, CDCI 3, 6): 1.04 (t, J=7.32 Hz, 3 H 1.86 -2.01
(m 1H 2.01 -2.15 (m 1 H 2.57 - 2.69 (m 2 H 3.68 - 3.83 (m 2 H) 4.32
-4.44 (m 1 H 6.48 (d, J=8.78 Hz, 1 H 7.44 (d, J=8.19 Hz, 2 H 7.57 (d,

7

J=8.19 Hz 8.01 - 8.30 (m 2
H 9.40 (& T (! [ phg lpropylamino
3-(6-(1- (ﬂ,coﬁr{arm,aé 1ohé6|<) b| phenvl 4- v1) Propvl am no) ni cot i nam do)
propanoi ¢ aci d, Isoner % OOH The title conpound i s obtained by resolving
racemc 3-(6-(1- (4 - Q

15(trifluoronethyl)bi phenyl-4-yl)p m/hgﬁ’%oﬂoti nam do) pr opanoi ¢ acid
Exanple 1.11, by chiral SFC Col unn; lchi Hal pak AD-H. Dinensions: 10 nm X
250 cm Mbbile Phase: 60 / 40 (@&2/ Nethanol); Flow Rate: 10.0 nlL/min.;

Modi fier: 0.2%diisopropyl am ne~Retepntion tinme: 3.86 mnutes. WO

2012/ 085745PCT/ 1B2011/ 055588 47

The title compound was prepared by a method analogous to that described for

5 Example 1.1 using (S)-(-)-2-methyl-2-propanesulfinamide in step B and
isopropylmagnesium chloride in step C. "H NMR (400 MHz, (CD3);S0, 3): 12.16 (br. s.,
1H),839(d, J=16Hz, 1H),816 (br.s., 1H),7.83-7.94(m,2H),7.72-7.83 (m, 3
H), 7.67 (d, J = 8.0 Hz, 2 H), 7.54 - 7.64 (m, 1 H), 7.48 (d, J=8.0 Hz, 2 H), 6.59 (d, J =
8.6 Hz, 1 H), 4.83 (br. s., 1 H), 3.16 - 3.53 (m, 2 H), 2.44 (t, J=7.0 Hz, 2 H), 2.08 (dq, J

10 =13.8,6.7 Hz, 1 H), 1.00 (d, J = 6.4 Hz, 3 H), 0.81 (d, J =6.6 Hz, 3 H). MS (M+1):
486.4. Optical Rotation: Levorotatory [a]° 20.0°C = -218; ¢ = 0.51 (MeOH). Analytical
Chiral SFC: Column: Chiralpak IA, 4.6 mm x 25 ¢cm, Mobile Phase: 70:30 CO2:MeOH,
Flow: 2.5 mL/min, Modifier: 0.2% isopropylamine; Retention time: 7.910 min, Peak 2.

Example 1.16: (+/-)-3-(5-(3-methyl-1-(4'-(trifluoromethybiphenyl-4-y)butylamino)

15  pyrazine-2-carboxamido)propanoic acid




Ex

1.13:3-(6-(1-(4

anp

| e

pr opanoi cwaaby/oskeemer 2 OCH The title conpound is @btraBredoingss
resolving racemc 3-(6-(1-(4'- 49

5(trifluoronethyl)bi phenyl-4-yl)propyl am no)ni coti nam do) pr opanoi ¢ aci d
Exanple 1.11, by chiral SFC. Columm: Chiral pak AD-H Di nensions: 10 nmm X
250 cm Mbbile Phase: 60 / 40 (CQ2/ ethanol); Flow Rate: 10.0 nL/mn.;
Modi fier:

1. 14: (+)- 3. (6, (2-methyl-1
10ni cot | nkals\Rseraration o

was prepa

(R -(+)-2-methyl-2-propanesu

0. 2% di i sopr opyl am ne. Retention tine: 7.90 m nutes. Exanpl
(4'

e

-(trifluoronethvl)biphenvl-4-v1l)Propvl am no)ni coti nam do)

(t rifluor omet th )b| phenvl 4- vl) Pr opvl am no)
S-(@-methyle] -(4y(trflyore Lbipheqyl-¢4 t | e conmpound

m@!t)ﬁymmo@pgm @.@gﬂb@_@%@ to that descrl bed for Exanple 1.1 using

chloride in step C. 1H NWVR (400 MHz, 250, 6): 12.15 (s, 1 15 H),

(d

(&)

10

15

20

2.

0 Hz, 1 H, 8.14 (t, J = 54 ~ot H, 7.84 - 7.94 (n]
7.73 (dd, J = 8.8, 2.3 H H, 7.67 (d, J = 8.
. iy J .2 Hz, 2 H), 6.57 (d

Hz, 2 H), 2.44 (t, J

2
2

=
o

H)
Hz
J

1
M (MH1): 486

5 cm I\/bblle Phase: 70:30 CO2: MePH, Flow. 2.5 ni/m n,
0.2% i sopropyl ami ne; Retention tine:" 4. 810 m nutes, Peak 1.

A solution of 3-methyl-1-(4'-(trifluoromethyl)biphenyl-4-yl)butan-1-amine (0.200g, 0.651
mmol), methyl 5-chloropyrazine-2-carboxylate (124 mg, 0.716 mmol), and
diisopropylethylamine (168 mg, 1.30 mmol) in 2-propanol (5 mL) was heated in a
microwave reactor at 100°C for 2h. The mixture was cooled to room temperature and
concentrated. The mixture was concentrated and purified by column chromatography to
give methyl 5-(3-methyl-1-(4'-(trifluoromethyl)biphenyl-4-yl)butylamino)pyrazine-2-
carboxylate (150 mg, 52%). "H NMR (400 MHz, CDCls, 5): 8.75 (s, 1H),7.87 (s,
1H),7.68 (d, J=8.8 Hz, 2H),7.64 (d, J=8.8 Hz, 2H),7.55 (d, J=8.0 Hz, 2H),7.43 (d, J=8.0
Hz, 2H), 5.46 (s, 1H),5.04 (t, 1H), 4.12 (s, 3H), 1.87-1.80 (m, 1H),1.80-1.60 (m, 2H),
1.02 (d, J=6.4 Hz, 3H), 0.98 (d, J=6.4 Hz, 3H).

Step B: (+/-)-3-(5-(3-methyl-1-(4'-(trifluoromethyl)biphenyl-4-yl)butylamino) pyrazine-2-

carboxamido)propanoic acid

The title compound was prepared from methyl 5-(3-methyl-1-(4'-
(trifluoromethyl)biphenyl-4-yl)butylamino)pyrazine-2-carboxylate by a method analogous
to Example 1.1, steps F through H. "H NMR (400 MHz, CD3sOD, d): 8.52 (s, 1H), 7.92
(s, 1H), 7.79 (d, J=8.4 Hz, 2H), 7.71 (d, J=8.4 Hz, 2H), 7.64 (d, J=8.4 Hz, 2H), 7.49 (d,
J=8.4 Hz, 2H), 5.22-5.16 (m, 1H), 3.61 (m, J=6.4 Hz, 2H), 2.59 (m, J=6.4 Hz, 2H), 1.90-
1.82 (m, 1H), 1.78-1.64 (m, 2H), 1.02 (d, 2H), 0.98 (d, 2H). MS (M+1): 501.5.

Example 1.17: 3-(5-(3-methyl-1-(4'-(trifluoromethyl)biphenyl-4-yl)butylamino) pyrazine-

2-carboxamido)propanoic acid, Isomer 1

~NeT

1 T

3.8, 6.7 .00(d, J=6.6 Hz, 3 H), 0.81
> | Rotation: Dextrorotatory[ar

.26 (MeOH). Anal ytical “Lhijal SFC. Col umm: Chiral pak

Inam de in step B and isopropyl magnesi um

8. 39
7.76
2
9.0

21



WD 2012/ 085745PCT/ 1B2011/ 055588 48 Exanpl e
1.15:(-)-3-(6-(2-nmethvl-1-(4"-(trifluoronethvl)bi phenvl-4-v1l)Propvl am no)
ni cot i namvoapi1zmseEanci ¢ acid The title conpound was pr epanBzhibyssassret hod
anal ogous to that described for 5Exam® e 1.1 using

(S)-(-)-2-nmethyl -2-propanesul finam de in step B and i sopropyl magnesi um

chloride in step C 1H NMR (400 WHz, (CD3)2S0, 6): 12.16 (br. s., 1 H),
8.39 (d, J =1.6 Hz, 1 H), 8.16 (br. s., 1 H, 7.83- 7.949 (m 2 H, 7.72 -
7.83 (m 3 H, 7.67 (d, J 80 Hz, 2 H, 7.54 - 7.64 (m 1H, 7.48 (d, J
=80Hz,, 2 H, 6.5 (d, J 86Hz, 1 , 483 (br. s., 1 H, 3.16 - 3.53
(m2H),2.44(t,J:7.0Hz, ,28 JlO 13.8, 6.7 Hz, 1 H,
1.00 (d, J =6.4 Hz, 3 H, 0.81 (d, U (:31H) M5 (Mtl): 486. 4.

Optical Rotation: Levorotatory [4" 12O, C 218 C 0.51 (MeOH).

Anal ytical Chiral SFC. Columm:| CH raNpak A, 4.6 mmx 25 cm Mobile Phase:
70:30 CO2: MeOH, Flow. 2.5 nmlL/m {fier: 0.2% i sopropylam ne; Retention
time: 7.910 mn, Peak 2. Exanple
1.16:(+/-)-3-(5-(3-methyl-1-(4"-(trr¥u
15 pvrazi ne- 2- car boxam do) propanoi ¢ aci
2012/ 085745PCT/ 1B2011/ 055588 49 Step A: Prep
5-(3-nmethvl-1-(4'-(trifluoronethyl)bi phenvl-4-

vpbut vl ani no) piHeient®mpoGad BLBAiIRdEby @sbMinglr@cemic 3=(5-(3-methyl-1-(4'-

(trifluoromethyl) biphenyl-4-yl)butylamino)pyrazine-2-carboxamido)propanoic acid, by
chiral SFC. Column: Chiralcel OJ-H. Dimensions: 10 mm x 25 cm; Mobile Phase: 65 /
5 35 (CO2/ methanol); Flow Rate: 10.0 mL/min.; Modifier: none. Retention time: 2.63

minutes.

t hvl ) bi phenv1-4-v1) but vl am no)
l1#6)L N7.).LOHIHHNN W
ation of nethyl

Example 1.18: 3-(5-(3-methyl-1-(4"-(trifluoromethybiphenyl-4-yl)butylamino)

pyrazine-2-carboxamido)propanoic acid, Isomer 2

-

10
The title compound is obtained by resolving racemic 3-(5-(3-methyl-1-(4'-
(trifluoromethyl) biphenyl-4-yl)butylamino)pyrazine-2-carboxamido)propanoic acid, by
chiral SFC. Column: Chiralcel OJ-H. Dimensions: 10 mm x 25 cm; Mobile Phase: 65 /
35 (CO2/ methanol); Flow Rate: 10.0 mL/min.; Modifier: none. Retention time: 3.45

15 minutes.



HNN F A sol ution of

3-nethyl-1-(4'-(trifluoronethyl)bi phenyl-4-yl)butan-1-am ne (0.200g, 0.651
5nmmol ), meOlyi2/BsTkl or opyr azi ne- 2- car boxyl ate (124 ng, @CTAB20mvodsH$s and

di i sopropyl ethyl am ne (168 ng, 1.30 mtol) in 2-propanol (5 nL) was heated
in a mcrowave reactor at 100C for 2h. The m xture was cooled to room
tenperature and concentrated. The m xture was concentrated and purified by
col utm chr omat ogr aphy to gi ve net hyl

5-(3-nmethyl-1-(4"-(trifluoromethyl)bi phenyl-4- yI )butyl am no) pyr azi ne- 2-

10car boxyl ate (150 ng, 529 I) s, 1H),7.87
(S 1H) G, 'l g ) h i tf a RC 1NN - W _‘ N HZ,
2H), 7. 43 (1H-tela8olG-Yoyrididine- 5—céﬁ)o(<§m|d13H) 5. 04 (t 1H) 4.12 (S 3H),

1.87-1. sog_fﬁr%ﬂ_m)_fm . 2 (d, J=6.4 Hz, 3H), 0.98 (d, J=6.4

Hz, 3H). Step B:
(+/-)-3-(5-(3-nmethyl -1-(4"-(trifl
pyrazi ne-2- 15car boxam do) pr op
fromnmethyl 5-(3-nethyl-1-(4'-
(trifluoromethyl)bi phenyl-4-yl)bufyl am no)pyrazi ne-2-carboxyl ate by a

nmet hod anal ogous to Exanple 1.1, eps Fdhrough H 1H NVR (400 MHz, CD30D,

éromet hyl ) bi pheny1l-4-yl)butyl am no)
c acid The title conpound was prepared

6): 8.52 (s, 1H), 7.92 (s, 1H), 9 =gli4 Mz, 2H), 7.71 (d, J=8.4 Hz,
2H), 7.64 (d, J=8.4 Hz, 2H), 7.49( (N 2[3=8 4Nz, 2H), 5.22-5.16 (m 1H),
3.61 (m J=6.4 Hz, 2H), 2.59 (m - 3%6. , 2H), i.90- i.82 (m 1H),

1.78-1.64 (m 2H, 1.02 (d, 2H), 0H98 (d, 2H). M5 (Mt1l): 501.5. Exanple
1.17: g-(S-(S- met hyl - 1- (4' - (trifluoronet hvl) bi phenvl-4-v1l)butvl am no)
pvrazi ne2- car boxam do) propanoi ¢ acid, Isoner 1 WO
2012/ 085745PCT/ 1B2011/ 055588 50 00 9% -N.)- OH IH

To a solution of methyl 2-(3-methyl-1-(4'-(trifluoromethyl)biphenyl-4-

yhbutylamino)pyrimidine-5-carboxylate (Example 1.4, step A) (0.220 g, 0.496 mmol) in
anhydrous tetrahydrofuran (8 mL) was added 2M LiOH (8 mL) slowly at 0°C. The

10 mixture was heated to 50°C and stirred for 48 hours. The mixture was neutralized with
1N HCI and extracted with ethyl acetate (3 x 10 mL). The combined organic layers
were dried over sodium sulfate, filtered, and concentrated. The residue was dissolved
in N,N-dimethylformamide (20 mL) and 1,1’-carbonyldiimidazole (123 mg, 0.757 mmol)
and diisopropylethylamine (113 mg, 0.873 mmol) were added. The mixture was stirred

15 for 30 minutes at 80°C. 5-Aminotetrazole (148 mg, 1.75 mmol) was then added to the
reaction mixture. The resulting mixture was stirred overnight at 80°C. The mixture was
quenched with water and extracted with ethyl acetate (3 x 10 mL). The organic layer
was washed with brine, dried over sodium sulfate, filtered, and concentrated.
Purification by preparative HPLC gave (+/-)-2-(3-methyl-1-(4'-(trifluoromethyl)biphenyl-

20  4-yh)butylamino)-N-(1H-tetrazol-5-yl)pyrimidine-5-carboxamide (11 mg, 3.8%) as a white
solid. "H NMR (400 MHz, CD30D, &): 8.87 (s, 2H), 7.78 (d, 2H), 7.26 (d, 2H), 7.64 (d,
2H), 7.51 (d, 2H), 5.32-5.26 (m, 1H), 1.95-1.89 (m, 1H), 1.78-1.65 (m, 2H), 1.01 (d, 3H),
0.99 (d, 3H) ppm. MS (M+1): 495.1.
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HNN The title conpound is obtained by resolving racemc
3-(5-(3-nethyl-1-(4'- (trifluoronethyl)

bi phenyl-woypbianssyban no) pyrazi ne- 2- car boxam do) pr opanoiPCTAB2d]/038$8schi r al
SFC. Columm: Chiralcel QJ-H Dinensioits: 10 nmx 25 cm Mbil e Phase: 65!
535 (CO nmethanol); Flow Rate: 10.0 niL/mn.; Mdifier: none. Retention
time: 2.63 mnutes. Exanple

1.18:3-(5-(3-nethyl-1-(4"'-(trifluoronethyl)bi phenyl-4-yl)butylam no)

pyrazi ne- 2- car boxani do) propanoi ¢ acid, Isoner 2 10 The title
compound s obta| ned by resol Vi ng racemc 3-(5- (3 met hyl 1-(4' -
(trifluor&nel ple| 20, r1-NA(3c 1. HEY 340 Ve RO, QRioY J6elsenet 8Fpr opanoi ¢

acid, by mldc%m&ﬁ -b|
Mobi I e Phase:

none. Retention t| me: 3.45 15mn
Exanpl e
1.19:(+/-)-2-(3-nmethyl-1-(4"-(trifryoronet hyl) bi ohenvl-4-yl)butyl am no)- N
(1Htetrazol - 5-vnovri m di ne-5-ca am de 5 To a sol ution of

met hyl 2-(3-nmethyl-1-(4"-(trifluorfonet hyl ) bi phenyl- 4-

yl) butyl am no) pyri m di ne-5-car boxyhate (Exanpiend. 4, step A) (0.220 g,
0.496 mml) in anhydrous tetrahy uran (I8 ni) nvas added 2M Li OH (8 nl)
slowy at OC. The 10m xture wag atg@fgﬁc Bnd stirred for 48 hours. The
m xture was neutralized with 1t xtracted with ethyl acetate (3 X
10 nmL). The conbi ned organic | ayersHwere dried over sodiumsulfate,
filtered, and concentrated. The residue was dissolved in

N, N- di met hyl f orhreetitieciompR0ndrivps ar&wa&edlfrornéf(ﬁmﬂgth!iﬂ'r(m déftoremgth@® ng, 0. 757

| d LF Th
vt e 8o pBhERRRL AR EXOREHATe had s Breogdsll PERRu IR e 2e
1. 75 nmol neleipropene-Zeldttbnide irhatep Eaand oraningtetiazole tha meadised arial@om:m ure
t ' i ) h
vas <111 EENENO Bl BOG VBN 1% Mot UEnclindy A veETAC |
brine, dr V@_él (e\idt), E@Gl(dﬂﬁ%)u?-ﬂét(@?"f)i 6-5él(<bd,H),aﬁ1ﬂ8 m,nﬂénﬂ ﬂéﬂe?ﬂ(mPuHi) fication
by prepar 51‘.t7'1yﬁGi’(‘R‘:%?’,al‘.’&)-ﬁ.’55(&,‘13{),(62’.95@'5 @Mib?%%’:ﬁl—().t Mg {WM)PH@S.EY' ) bi phenyl -

|cdﬂﬂmaH+deD nensi ons: 10 mnx 25 cm
; te: 10.0 nL/mn.; Mdifier:
B. WD 2012/ 085745PCT/ 182011/ 055588 51

10 Example 1.21: (+/-)-N-((2H-tetrazol-5-ylYmethy-6-(3-methyl-1-(4'-(trifluoromethyl)

biphenyl-4-yl)butylamino)nicotinamide

S

A 5 mL vial equipped with a stir bar was charged with 6-(3-methyl-1-(4'-

(trifluoromethyl)biphenyl-4-yl)butylamino)nicotinic acid (0.100 g, 0.233 mmol) as

15  prepared in Example 1.1 using racemic 2-methylpropane-2-sulfinamide in Step B, O-(7-
azabenzotriazol-1-yl)-N,N,N’,N'-tetramethyl uronium hexafluorophosphate (133.0 mg,
0.350 mmol), N-methylmorpholine (118.0 mg, 1.167 mmol), N,N-dimethylformamide
(1.2 mL). The mixture was purged with nitrogen, heated to 50°C and stirred for 30
minutes. Then, (1H-tetrazol-5-yl)methanamine (39.9 mg, 0.233 mmol) was added. The

20  mixture was stirred at 50°C overnight. The reaction mixture was purified by prep-HPLC
to give (+/-)-N-((2H-tetrazol-5-yl)methyl)-6-(3-methyl-1-(4'-(trifluoromethyl)biphenyl-4-



204-yl ) butyl am no)-N- (1Htetrazol -5-yl ) pyri m di ne-5-carboxam de (11 nyg,
3.89%9 as a white solid. 1H NWR (400 MHz, CD30D, 6): 8.87 (s, 2H), 7.78 (d,
2H), 7.26W0p1221857457. 64 (d, 2H), 7.51 (d, 2H), 5.32-5.2@CcimB201Hh355548 95- 1. 89
(m 1H), 1.78-1.65 (m 2H), 1.01 (d, 8H, 0.99 (d, 3H ppm M (Mt1l):

495.1. 25 WO 2012/ 085745PCT/ 1B2011/ 055588 52 Exanpl e
1.20:(+/-)-N(3-(1Htetrazol - 5-vl am no) - 3- oxopropvl)-6-(3-nethyl-1-(4" -
(trifluoromethyl)bi phenvl-4-vl)butylam no)nicotinamde F F The title
compound was prepared from 6-(3-nethyl - 1 (4 - (trlfluoronethyl)

Sbi phenyl - 4-yl ) but yl ami no) ni cotini ¢ acid, as epared in usi ng
racenic 2¥) W'W!”By 'H%mﬁjes(u@m%ér%/@é‘sl%w?ifeeip"é ﬁW%im MHFe@P%ﬁ%I e by a

met hod angj; @gswa 1@) emmba&}) 180 @&r?Wﬁ@@@HWmWMO (d28ho858d, 1H),

7.90(dd, 1 6. 53
(@ (. I d Pt 2k (98 £ 8o s 1423 0720 k. S h
0.94 9 g3 3. 10EX |

1 21 (+-) m?\ﬂ“ﬁ?—pﬁtﬂ% 3@%’*@ ﬂm% (3- net hyl -f?zpr Ea(trif| uor omet hyl )

bi phenyl - Exa{rﬂ;blbutzd am n@)- mlzaei(maarm\ﬂiﬂ (4'~(trifluororfetyl Nbiphvdrdl-4 §ObutPREEhoM t h a

stir bar was_charged vmthlf6 (3-methyl-1-(4"-
(trlfluorﬁﬁm%mﬁqﬁﬁ—qﬂ%%utyl am no)nicotinic acid (0.100 g, 0.233

mmol ) as 15prepared in Exanple 1.1 ysing racemc

2- met hyl propane- 2- sul fi nam de< t & B 0-(7-
azabenzotriazol -1-y1)-N, N, N, V-jtet [ angl ur oni um hexaf | uor ophosphat e
(133.0 ngy, 0.350 mml), N-rret hyl f 418.0 ng, 1.167 mol),

N, N- di et hyl formam de (1.2 ni).
heated to 50C and stirred for 30
(1Htetrazol - 5-yl ) net hanam ne (394

g was purged with nitrogen,
nut es. Then,
ng, 0.23 /swﬁol) was added. The

o oH

A 5 mL vial equipped with magnetic stirrer was charged with 6-(3-methyl-1-(4'-

10 (trifluoromethyl)biphenyl-4-yl)butylamino)nicotinic acid (0.200 g, 0.467 mmol) as
prepared in Example 1.1 using racemic 2-methylpropane-2-sulfinamide in Step B, O-(7-
azabenzotriazol-1-yl)-N,N,N’,N'-tetramethyl uronium hexafluorophosphate (266.0 mg,
0.700 mmol), N-methylmorpholine (236.1 mg, 2.334 mmol), N,N-dimethylformamide
(2.4 mL). The mixture was purged with nitrogen, heated to 30°C and stirred for 30

15 minutes. Then 2-aminoethanesulfonic acid (58.4 mg, 0.467 mmol) was added. The
mixture was stirred at 30°C for 2h. The reaction mixture was diluted with water (20 mL)
and extracted with ethyl acetate (3 x 20 mL). The combined organic layers were washed
with water (2 x 20 mL) and dried over sodium sulfate, filtered and concentrated.
Purification by prep-HPLC provided (+/-)-2-(6-(3-methyl-1-(4'-(trifluoromethyl)biphenyl-4-

20  yl)butylamino)nicotinamido) ethanesulfonic acid (89.6 mg, 35.8%) as a white solid. 'H
NMR (400 MHz, CD30OD, 8): 8.41 (s, 1H), 8.29 (m, 1H), 8.25-8.19 (m, 1H), 7.88(d, 2H),
7.78-7.70 (m, 4H), 7.54 (d, 2H), 7.13 (d, 1 H), 5.05-4.92 (m, 1H), 3.76 (t, 2H), 3.06 (t,
2H), 1.88-1.82 (m, 1H), 1.72-1.62 (m, 2H), 1.07 (d, 3H), 1.04 (d, 3H) ppm. MS (M+1):
536.2.
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20m xture was stirred at 50C overnight. The reaction m xture was purified
by prep-HPLC to give

(+/-)-N (WoHBet2assmzol - 5-yl ) met hyl ) - 6- (3- et hyl - 1- (4' - (t PCtiiBononsssssy| ) bi phe
nyl -4- WD 2012/ 085745PCT/ 1B2011/ 055588 53 yl ) but yl am no) ni coti nam de (10
ng, 4.2% as a white solid. 1H NWR (400 MHz, CD30D, 6): 8.50 (d, 1H), 7.86
(dd, 1H), 7.80 (d, 2H), 7.72 (d, 2H), 7.64 (d, 2H), 7.50 (d2H), 6.58 (d,
1H, 5.11 (m 1H), 4.82 (s, 2H), 1.89-1.82(m 1H), 1.80-1.72(m 1H),
1.68-1.62(m 1H) 1.03(d, 3H) 1.00(d, 3H) ppm M (M+l): 510.3 5Exanple
1.22:(+/ - 3- tnfluororrethyl% blphen 14y|)buty|amno)
ni coti na I-6-(3-mathyl-1 [ biphe ghetic

IDIS ) : R e

stirrer w@m&ﬂ%&@%mtmammo@ @%J%. deid - (4' - o _
10(trifluoromnethy I phenyl-4-y utylam no)nicotinic acid (0.200 g, 0.467
mmol ) as prepared in Exanple 1.1 using racemc

2- met hyl propane-2-sulfinam de in Step B, 0-(7-

azabenzotriazol -1-y1)-N, N, N , N et ramet hyl uroni um hexaf | uor ophosphat e
(266.0 ng, 0.700 mmol ), N-nethyljporipholine (236.1 ng, 2.334 mml ),

N, N- di met hyl formani de (2.4 nl). {xture was purged with nitrogen

heated to 30C and stirred for 30 m OThen 2-am noet hanesul fonic acid
(58.4 ng, 0.467 nmol) was added. m xture was stirred at 30C for 2h. The
reaction m xture was diluted w t htat er m.) and extracted wth ethyl
acetate (3 x 20 nL). The conbi nedlorganic | ayelss were washed with water (2
x 20 nmL) and dried over sodium ste, filtefed and concentrat ed.
Purification by prep-H PLC provi tge OH

(+/-)-2-(6-(3-nethyl-1-(4"-(trifdyoronet hyl)bi phenyl-4- 20

yl ) but yl am no) ni coti nam do) etheifesul fonic acid (89.6 ng, 35.8% as a white
solid. ;j1H NMR (400 MHz, CD30D, 6): 8.41 (s, 1H), 8.29 (m 1H), 8.25-8.19
(m 1H) 7.88(d, 2H), 778770(m 4H) 7.54 (d, 2H), 7.13 (d, 1 H),

5. 05- 4. 924(m A-1B7) ; - : 8-1.82 (m 1H), 1.72-1.62
(m 2H), 07— a) C ) ppn - 536.2. WD

2012/ 085745PCT/ 182011/ 055588 54 Exarrpl e

1.23:(+/-)-3-(N-nethyl -6-(3-nmethyl -1- (4" -(trifluoronethyl)biphenyl-4-

o~
A

A 100 mL three-necked round bottom flask equipped with a stir bar was charged with

10  tert-butyl acrylate (10.0 g, 78 mmol) and methanol (15.6 mL). The mixture was purged
with nitrogen and cooled to 0°C. A solution of N-methyl-1-phenylmethanamine (10.4 g,
85.8 mmol) in methanol (15.6 mL) was then added. The reaction mixture was allowed
to warm to room temperature and stir for 20hr. Purification by column chromatography
(ethyl acetate/petroleum ether 0 — 25%) gave the intermediate (18.4 g, 93.9%) as a light

15 yellow oil.

To a solution of the above oil (17.5 g, 70.2 mmol) in methanol (120 mL) was
added 10% palladium on carbon (5 g). The solution was degassed, then saturated with
hydrogen and stirred for 70h. The reaction mixture was filtered through Celite, and the
solvent carefully removed under reduced pressure to give tert-butyl 3-

20 (methylamino)propanoate (8 g, 69.6%) as a light yellow oil. "H NMR (400 MHz, CDCls,
0): 2.73 (t, 2H), 2.39-2.34 (m, 5H), 1.38 (s, 9H). MS (M+1): 160.0.



yl ) but yl am no) ni coti nam do) or ooanoi ¢ aci d 5 Step A: Preparation of
tert-butyl 3-(nethylam no)propanoate A 100 nlL three-necked round bottom
fl ask equwpper/osst4s a stir bar was charged with 10 tert Powtiptoiaessgssat e
(10.0 g, 78 mml) and nmethanol (15.6 3%L). The m xture was purged with
nitrogen and cooled to OC. A solution of N-nethyl-1-phenyl net hanam ne (10. 4
g, 85.8 mmol) in nethanol (15.6 nlL) was then added. The reaction m xture
was allowed to warmto roomtenperature and stir for 20hr. Purification by
col um chr omat ogr aphy (ethyl acetate/ petroleumether 0 - 25% gave the
internediate (1¢ asall%ht 15 eIIow0|I Toasolutlon
of the absiE i 33-pN s -(trifusnorpethvh) Biohamdkdy 109
pal | adi U”}g%gtﬂ@rﬁlﬁ@ﬂmé&u@)md&?@o@bmddm was degassed then saturat ed with
hydrogen and stirre e reaction mxture was filtered through
Celite, and the solvent carefully renmoved under reduced pressure to give
tert-butyl 3- "ié%Y'ﬂlﬁO&fﬁpﬁgi"ﬁtP(ﬁﬁ'ﬁéa’t‘éﬁ(@‘agjge‘%‘g'”ﬂi%(?’ﬁ?set%yl'ﬂr(éht yel | ow oil .
1H NMR (4@9ﬂlM‘5’mel@%l ishen§l-4-yBout aﬁnoirﬂ&‘d)tmlc%o'ﬁ)gg)zzo'@%@r%?%ol)3;838 (s, 9H).
M5 (Mt1l): 160.0 2012/ 085745PCT/ 1B2011/ 055588 Ste Pr epar atl on of
(+/-)-8- (Rﬁeﬂ?@ﬁﬁw‘ Eéa'(‘B'erﬂei H§/‘P9 iac@ﬁ"c%ﬁth'WSP%?ﬁy'lf'?arBidﬁhreﬁﬁﬁi’

yl') but yl agidpehzétrigRsH10a00 $ON', WwLieRaReth ! u’#@rlndm hexafluordbr%sﬁﬂaaty (&d6. (?ﬁh@ pped
with a stir _bar was charged with 6-(3-ne

(trifluor B@Pm?'bu%%ﬁv norPplng e ém%8)3ry§i46@iPP'h|9@da{‘&Ncp ingthytimgmide 467

ol ) as g anares m&tlﬁémb@rg%d Mlﬂhﬁ“lltﬂ%eh%@@tlﬁed for 30 minutes at room
2- et hyl propane 2-sul fi nam de

azabenzot FMREGRIUE: 1§D Igripulyl- NmQ’f%‘:ﬂ@fHW@ﬁ War\%@rﬁ7ﬂlm9e9é‘@l7@8}®ﬁ¥ﬁ‘§3phat e

(266. Qo MY addbdr4Hy tﬁerm&turel\bvégeétméb@Pmtdmrétau%ﬁovbrrnyat Phe3cihixtur@nd
N, N- di met hyl f or mam biﬁ he m xture wasﬁg g{ W th nltrogen and
stirred f¥esgtutad WJM@ %{t(ZQ'B Ndeaxariad yia ettphagetate 3 x 20 mb). T

tert - but ybordbic8®bRjsha Wé@lﬁz%h%ﬁ@zv%%téﬂm,xﬂ)ﬂﬁ?@ﬁ@ébvé’l@%dmﬂﬁdded and
the m xture was_ stirre room tegﬂerature overnight. The reaction m xture

was di | ut 8¢ tiienzd eap CPQ@ﬁﬁ_r)ateQﬁea G¥RIPWPIi th ethyl acetate (3 x 20 nl).
The conbi ned organic | ayers were washed with water (3 x 20 nlL), dried over

sodi um subfchicfeméthhihé (226l L pRgs SQEEBiaéde b (B12084,90. 3l @)@k the

Di chl oronet hane (2 nL) was added to the crude oil (0.120 g, 0.211 nmmol) and
the 15 mixture was cooled to 0°C. Trlfluoroacetlc acid (3 mL) was then added drop-wise. The

reaction was allowed to warm to room temperature and stir for 3hr. The reaction was
concentrated. Purification by prep-HPLC gave (+/-)-3-(N-methyl-6-(3-methyl-1-(4'-
(trifluoromethyl)biphenyl-4-yl)butylamino)nicotinamido)propanoic acid (56.5 mg, 52.3%)
as a white solid. "H NMR (400 MHz, CDCls, 8): 8.14-7.99 (m, 1H), 7.65-7.45 (m, 7H),

20 7.37(d, 2H), 6.30 (d, 1H), 4.42 (m, 1H), 3.70 (m, 2H), 3.02 (s, 3H), 2.65-2.55 (m, 2H),
1.88-1.82 (m, 1H), 1.72-1.67 (m, 1H), 1.65-1.36 (m, 1H), 0.94 (d, 3H), 0.88 (d, 3H) ppm.
MS (M+1): 514.3.

Example 1.24: (+/-)-(2R)-2-hydroxy-3-(6-(3-methyl-1-(4'-(trifluoromethybiphenyl-

4-yDbutylamino)nicotinamido)propanoic acid

25 H



15m xture was cooled to OC. Trifluoroacetic acid (3 nL) was then added
drop-wi se. The reaction was allowed to warmto roomtenperature and stir
for 3hr. Wwbeorxmst4son was concentrated. Purification byPpprapzo/pissssgave
(+/-)-3-(N-nethyl-6-(3-nethyl-1-(4'- 56

(trifluoromethyl)biphenyl-4-yl)butyl am no)nicoti nam do) propanoic acid (56.5
ng, 52.3% as a white solid. 1H NWR (400 MHz, CDC13, 6): 8.14-7.99 (m 1H),
7.65-7.45 (m 7H), 207.37 (d, 2H), 6.30 (d, 1H, 4.42 (m 1H, 3.70 (m

2H), 3.02 (s, 3H), 265255(m 2H) 188182(m 1H) 1.72-1.67 (m 1H),
1.65-1.36 (m 1H), 0.94 ( I-Ph 6 H&)P (Mt1l): 514.3. Exanple
1.24: (+/ - (ZIQSOQSWWH%%P @ el é"31 ﬁf’tﬂ(tﬁ Liorgm(a Y ?‘PW'TVI' for onet hyl ) bi phenyl -
4-yl ) but yly oS JtiRRHCRODPDORA 0 A6e nﬁﬁbl as ared i |n Example 1.1 usin

2012/ 0857%?06% 182g{1p(§1/ OSSSg)g(bSG & §1 oldtﬁ%b g J

6- ( 3- met hiﬁlce'f["‘{-?frme(tWF?rPP%JI‘?r%ﬁ'élf"Pﬁm'P%l"bﬁ*@ﬁﬁ "MN WPW?LEHWPHW’H@%?'EBW%C acid
(0.200 g, a8deto3- (Vﬂﬁﬁéﬂenz@ﬁla%lelpﬁ)’ ﬂd\l NnNﬁé&mbﬂlym@mMﬁ|h@9afru@€cﬁiﬁb§phate

2- methél pr opane- 2-sul fi nam de 1.n met hyl f or mani de (2nl) was

cdted b { B TRG LRy e Tssapn AR e del *tomtsmsﬁmrerf%%@ methyl-
hexaf | uor Qmﬁ@bﬂyémxfpbﬂé‘%a@m 13-mig 0198 ol e GRS SRS RE (dzed at

roomtenperature R) - net hy1l- 3-am no-2-h roxypropanoate 111 ,
0.934 oM artd Tyl WﬁF%‘B?P é?ﬁ%ﬂ %fﬂﬁ the reasdion s Sﬁ”%ahﬁ%m) eW@P@“{rﬁ added

and the reagt TIRNreaBSorShixiUrE Waddillite® With @ERFAtEE Y@ drim &BiBridel ﬁaa}kjl on
m xture was diluted with saturated ammoni um chloride (10 nL extracted

with et hyPXERARGYIE gthyhaceimie{d x 16 EEEB%?'HE'H%P@&HIC%V%W@S with
10bri ne, diinedrioy eversodiuvnmffald, akéred Bhd beiRAtrated. concent r at ed The
crude residue (0.200 g, 0.543 mml) was dissolved in tetrahydrofuran (4 ni)

?nd |2E L[I_?-l V\Hﬁ]e&ddwre(sﬂjum(() 200'56(()1B?Bfﬁﬁf(;m@maﬁalgﬁigddnﬁﬁbtﬁ]ydl@mmrﬁ enpey at ur e
or e 1.ONn C. IT1 € to t

Lt r nct eqys PN TEoR s 28868 PEMLS Trossafion Wadandg i Gt mskbtaidhe ari ed
oveCr sodi UIH? sadctia Was tHehtaeraefidd tapél ﬂg&v\ﬁlﬁqﬁﬂﬂcm—:‘&@ extRstéd witlaéthginadalater ep- H
PL ave (+/-)- -(3-net 1-1- i

Car O o [ 2 e G oA b8 o R Ao st B o Bbanoi ¢ aci d
(152. #sngcont@nBafed aPutficslioh By padp-dP LG GaNVR/()42R)-MhirdroP3 96 (3-ethyB140 (s,

1H) 3 (1);(‘% ghﬂli{g’meﬁ'yéﬁp'%‘?”y' %Q)butglawozglcgﬁ %ﬁdo%panglch&@(@éw{mG 91(d,

1 80 1. 647§. B%)%lsl)a wHiteGso1i6.. 04 NMR (mmmmem ZSQ(SWO.QS, 151@(37(dExamlm

1.25: (+/ th th th i -4-y1
but yl g:n ngﬁ %f—' gz[ 735?55&6’;/6[?%5(%3&2 i% 61@(5)6 Lé&gﬂﬁ) 4% )(PHP'B],W% y1)
3.51 (m, 2H), 1.94-1.89 (m, 1H), 1.80-1.64 (m, 2H), 107094(m 6H) ppm. MS

20 (M+1): 516.3.

Example 1.25: (+/-)-3-(6-(3-methyl-1-(2-methyl-4'-(trifluoromethyl)biphenyl-4-yI)

butylamino)nicotinamido)propanoic acid

FOF

0 _ I 1
- H
N" N
H

25



IH,..... * .,., NNH WO 2012/ 085745PCT/ 1B2011/ 055588 57 Step A

2- rret hyl-4'-(trifl uoronethyl)bi phenvl-4-carbonitrile A m xture of

4- br ono- woebtedsbaszonitrile (1.00 g, 5.10 nmol), 4- PCT/IB2011/055588
5(trifluoromethyl)phenyl boronic acid §70. 969 g, 5.10 mml), potassium
carbonate (1.76 g, 12.8 mml) and tetrakis(tri phenyl phosphi ne)pal | adi un{0)
(0.295 g, 0.255 nmmol) in 1:1 dioxane:water (20 nL) was stirred at 80C
overnight. The mixture was filtered through Celite. The filtrate was
extracted with ethyl acetate. The organic | ayer was washed with water and
brine, dried over sodlun1sulfate filtered and concentrated. Purification
by 10 CO| 4y ‘ hvl)biphenyl-4-carbonitrile

2- et hyl - (trlfl uoronet hyI )b| phenyl-4-carbonitrile (1.26 g, 959 . 1H NWR
(400 MHz, CDCI3 6): 7.72 (d, 2H), 7.59 (s, 1H), 7.56 (d, 1H), 7.42 (d,
2H), 7.31 (d, 1H), 2.29 (s, 3HF St e\

3-nethyl-1-(2-nmethyl-4'-(trifl @e y
A m crowave reaction vial was chargé
2-methyl-4"-(trifluoronethyl)bi phenyl- 4-carbonitrile (500 ng, 1.91 mmol)
and tetrahydrof ur ( a but yl magnesi um
brom de (2.87 'I‘rrﬁ] ﬁ%refifgfgmog mﬁlb%n I‘?’ﬁi\%ragagﬁlﬁgwlr]vxgs&heat ed at 100C in
a m cr owaitsflfopom&ylphenubesnicEoa (0e68td, 6 Ommibl)r otaesiun hanboldte dt.@6 gl | y

added to g, 30l Ut Ny RliraRQHHSHENDRR SN Gl AR0 118,208 B8 288 Rl ol I {7t hanol

(5

1-4-yl)butan-1-amne 15 F

dioxane:water (20 mL) was stirred at 80°C overnight. The mixture was filtered through
Celite. The filtrate was extracted with ethyl acetate. The organic layer was washed with
water and brine, dried over sodium sulfate, filtered and concentrated. Purification by

10 column chromatography gave 2-methyl-4'-(trifluoromethyl)biphenyl-4-carbonitrile (1.26
g, 95%). "H NMR (400 MHz, CDCls, 8): 7.72 (d, 2H), 7.59 (s, 1H), 7.56 (d, 1H), 7.42 (d,
2H), 7.31 (d, 1H), 2.29 (s, 3H).

Step B: 3-methyl-1-(2-methyl-4'-(trifluoromethylbiphenyl-4-y)butan-1-amine

R NH,
O~
F

15

A microwave reaction vial was charged with 2-methyl-4'-(trifluoromethyl)biphenyl-
4-carbonitrile (500 mg, 1.91 mmol) and tetrahydrofuran (5 mL). To the mixture was
added isobutylmagnesium bromide (2.87 mL, 5.74 mmol, 2M in THF). The reaction was
heated at 100°C in a microwave for 30 min utes. The reaction mixture was then

20 carefully added to a solution of sodium borohydride (145 mg, 3.83 mmol) in methanol (5
mL). After stirring for 5 minutes, the mixture was concentrated to dryness. Purification
by column chromatography gave 3-methyl-1-(2-methyl-4'-(trifluoromethyl)biphenyl-4-
yl)butan-1-amine (470 mg). "H NMR (400 MHz, CDsOD, &): 7.72 (d, 2H), 7.50 (d, 2H),
7.24 (s, 1H), 7.19 (d, 2H), 3.94 (m, 1H), 2.27 (s, 3H), 1.65 (m, 2H), 1.49 (m, 1H), 0.95

25 (d, 3H), 0.92 (d, 3H).



m.). After stirring for 5 mnutes, the m xture was concentrated to dryness.
Purification by colum chronat ography gave

3- et hyl -weoQarxmsstagl- 4' - (trifl uoronet hyl) bi phenyl -4- ylpowtimrilesmsssne (470
ng). 1H NMR (400 MHz, CD30D, 6): 7.728(d, 2H), 7.50 (d, 2H), 7.24 (s, 1H),
7.19 (d, 2H), 3.94 (m 1H), 2.27 (s, 3H), 1.65 (m 2H), 1.49 (m 1H), 0.95
25(d, 3H), 0.92 (d, 3H). WD 2012/085745PCT/ 1B2011/ 055588 58 Step C
Preparation of methyl

6- (3-nethyl - 1- (2-methy1-4'-(trifl uoronethyl)bi phenyl-4-

vl ) butvl ani no)nicotinate A mxture of
3- net hyl - $igpXipBigparation of m 3 A (e 5(250
ng, O. 778)!'5@?5“”@@%8@ fl uoroni cotl nate (264 ny, 1 17 rrm)l) and

pot assi um carbonate ng, 2.33 nmmol) in N, N-di net hyl formam de (4nlL) was
stirred for 12hrs at 120C. The reaction was concentrated and purification
by col umm chromat ogr aphy gave netIrp
6-(3-nethyl-1-(2-methyl-4'-(trifluorfomethyl) biphenyl-4-

yl ) butyl am no) ni coti nate (300 ng). D4 NVR (400 MHz, CD30D, 6): 8.65 (s,
1H), 7.87 (d, 101H ), 7.58 (d, 2H) 33 (d, 2H), 7.13 (d, 2H), 7.09 (s,
1H, 6.20 (d, 1H, 4.65 (m 1H, 3.78 (s, 3H, 2.17 (s, 3H, 1.72 (m 2H),
1.67 (m 1H), 0.94 (d, 3H), 0.91 H . Step D

(+/-)-3-(6-(3-nethyl-1-(2-nmethyl- 4 ri {1 ugropethyl)bi phenyl-4-
yl ) but yl am no) ni coti nam do) propa 0i § a@}\ﬁé title conpound was prepared

from6-(3-nethyl-i-(2-nethyl-
15(trifluoronethyl)bi phenyl- 4- yI)butymam no) ni coti nate by a met hod
anal ogous to that described in Exanple 1.1 steps F - H 1H NWR (400 MHz,

SEDS?D7 (]5.)8 (s, 4€%>§turg q'fé r?%thﬁ I_ézdmgt]hg?f éﬁ&ﬂ&i‘r et@%g%h?%lﬁ faﬂzll_%mknﬁ] 32 (d,
2 25 (S 6}5}) md,.BBA8Lmifibl)( rlfn‘ethgl-ﬁ-ﬂudroﬁBetihaﬁel(Z(BmmgLHl)17 rhm@8, 4rdi pB&gsjund. 00 (d
()5 ( AphragHring 230 NS Nphe PR o BRE R A" 120
vpbut vl amah®0@r Tma idianiierbrasacdnarainated ppd ppdfivatian yccaumn chromatography

gave methyl 6-(3-methyl-1-(2-methyl-4'-(trifluoromethyl) biphenyl-4-

yhbutylamino)nicotinate (300 mg). "H NMR (400 MHz, CD30OD, 0): 8.65 (s, 1H), 7.87 (d,

10 1H), 7.58 (d, 2H), 7.33 (d, 2H), 7.13 (d, 2H), 7.09 (s, 1H), 6.20 (d, 1H), 4.65 (m, 1H),
3.78 (s, 3H), 2.17 (s, 3H), 1.72 (m, 2H), 1.67 (m, 1H), 0.94 (d, 3H), 0.91 (d, 3H).

Step D: (+/-)-3-(6-(3-methyl-1-(2-methyl-4'-(trifluoromethyl)biphenyl-4-

ybutylamino)nicotinamido)propanoic acid

The title compound was prepared from 6-(3-methyl-1-(2-methyl-4'-
15 (trifluoromethyl)biphenyl-4-yl)butylamino)nicotinate by a method analogous to that
described in Example 1.1 steps F — H. "H NMR (400 MHz, CD50D, d): 8.43 (s, 1H),
7.80 (d, 1H), 7.71 (d, 2H), 7.50 (d, 2H), 7.32 (d, 2H), 7.18 (s, 1H), 6.55 (d, 1H), 5.05 (m,
1H), 3.59 (m, 2H), 2.61 (m, 2H), 2.25 (s, 3H), 1.88-1.71 (m, 2H), 1.68-1.61 (m, 1H), 1.03
(d, 3H), 1.00 (d, 3H). MS (M+1): 514.7.

20



5The title conpound was prepared by a nethod anal ogous to Exanple 1.4,
using 3-nethyl-1-(2-nmethyl-4'-(trifluoronethyl)biphenyl-4-y1)butan-1-am ne
in Step AVORbi2WSR46400 MHz, CD30D, 6): 8.68 (s, 2H), 7. PeT(iH2012b55588 7. 50
(d, 2H, 7.31 (s, 1H, 7.29 (d, 1H), .17 (d, 1H), 5.21 (m 1H), 3.60 (m
2H), 2.62 (m 2H), 2.25 (s, 3H, 1.88 (m 1H), 1.65 (m 2H), 1.02 (d, 3H),
1.00 (d, 3H). M5 (Mtl): 515.7. 10Exanple
1.27:(+/-)-3-(2-(1-(2,6-dinethyl-4"-(trifluoronethyl)biphenvl-4-vl)- 3-

met hyl but vl am no) pyri m di ne- 5- car boxam do) propanoi ¢ acid The title
conpound was prepared by a nethod anal ggous to that described for Exanple
1. 4. usi ngxample 1.26: (+/-)-3-(2-(3-methyl-1-(Z-methyl-4'-(trifluoromethyl)biphenyl-4-

1-(2, 6-di M!Mémi‘ﬂ{o)@?iﬁiiJiﬂmélec@FBé&BdeﬁirQ@Aé%laﬁd y1) - 3- et hyl butan-1- 15
am ne (prepared as In anple 1. st eps - B, using 4-brono-3, 5-
di met hyl benzonitrile) in Step A FlH NVR (400 MHz, CD30D, 6): 8.67 (s, 2H),
7.73 (d, 2H), 7.32 (d, 2H), 7.AA4Ks, 2H), 5.15 (m 1H), 3.59 (m 2H), 2.60
(m 2H), 1.99 (s, 6H, 1.89-1.82|{(m 1H, 1.77-1.57 (m 2H), 0.92 (d, 3H),
0.91 (d, 3H). M5 (M+l1l): 529. 3. S 2012/ 085745PCT/ 1B2011/ 055588 60 Exanpl e
1.28:(+/-)-3-(6-(1-(2,6-di nethy
nmet hyl but vl am no) ni cot i nam do) pr §panoi ¢ aci d 00 )LN).LOHIH NH The
title conpound was prepared by~z thod gnal ogeus to that described for
5Exanpl e 1.25, using 4-brono-3, mef hyllbenzogitrile in Step A. 1H NWVR
(400 MHz, CD30D, 6): 8.43 (s, . W8 (q’jI ,Of7. 73 (d, 2H), 7.32 (d
,2H), 7.13 (s, 2H), 6.55 (d,_AH ,\AJLJQQ (m 1H, 3.58 (m J=6.8Hz, 2H),
2.60 (m 2H), 1.98 (s, 6H, 1.86-1H72 (m 2H), 1.66-1.57 (m 1H), 1.02 (d,
3H), 0.99 (d, 3H). M5 (M+l): 528.5.

5 The title compound was prepared by a method analogous to Example 1.4, using

3-methyl-1-(2-methyl-4'-(trifluoromethyl)biphenyl-4-yl)butan-1-amine in Step A. "H NMR
(400 MHz, CD3s0D, d): 8.68 (s, 2H), 7.72 (d, 2H ), 7.50 (d, 2H), 7.31 (s, 1H), 7.29 (d,
1H), 7.17 (d, 1H), 5.21 (m, 1H), 3.60 (m, 2H), 2.62 (m, 2H), 2.25 (s, 3H), 1.88 (m, 1H),
1.65 (m, 2H), 1.02 (d, 3H), 1.00 (d, 3H). MS (M+1): 515.7.

10 Example 1.27: (+/-)-3-(2-(1-(2,6-dimethyl-4'-(trifluoromethyl)biphenyl-4-yI)-3-

methylbutylamino)pyrimidine-5-carboxamido)propanoic acid

F

FLF
(J I
N)\\N
H

The title compound was prepared by a method analogous to that described for
Example 1.4, using 1-(2,6-dimethyl-4'-(trifluoromethyl)biphenyl-4-yl)-3-methylbutan-1-
15 amine (prepared as in Example 1.25 steps A — B, using 4-bromo-3,5-
dimethylbenzonitrile) in Step A. H NMR (400 MHz, CD3s0OD, d): 8.67 (s, 2H), 7.73 (d,
2H), 7.32 (d, 2H), 7.14 (s, 2H), 5.15 (m, 1H), 3.59 (m, 2H), 2.60 (m, 2H), 1.99 (s, 6H),
1.89-1.82 (m, 1H), 1.77-1.57 (m, 2H), 0.92 (d, 3H), 0.91 (d, 3H). MS (M+1): 529.3.



Exanpl e
1.29:(+/-)-3-(6-(3-nmethyl-1-(6-(4-(trifluoronethyl)phenvl)pyridin-3- 1

Ovl ) but viwoi2oyassTst | nam do) pr opanoi ¢ aci d The t ipCraBmonpssassd was
prepared by a nethod anal ogous to that described for Exanple 1.25, using
6- bronmoni cotinonitrile in Step A. 1H NWVR (400 Mz, CD30D, 6): 8.62 (m 1
H, 827 (m 1 H, 804 (m 2H, 7.90-7.86 (m 3 H, 7.69 (n 3 H, 6.73
(m 151 H), 5.09-5.01 (m 1 H, 3.47 (m 2 H, 2.49 (m 2 H), 1.89-1.77 (m
1H, 1.72-1.58 (m 2 H, 0.95 (d, 3 H, 0.92 (d, 3 H. M (M1l): 501.3.
WO 2012/ 085745PCT/ 182011/ 055588 61 Exarrpl e

1. 30: (+/ - &3 28 " (pBdimetnylpd’ ’5) pyr azi ne-

2-car boxam@)mﬁmm@}rﬁ%oaﬁérﬂ.do%m@%%oﬂd _ _
1-(4' - (trifTuoronethy I phenyl-4-v ut an- 1- am ne The title
conpound was prepared by a nethod anal ogous to that described in Exanple
1. 25, using 4-bronobenzonitril & f e St ep A and n-propyl nagnesi um brom de in
. 7.58 (m 4H), 7.49 (d, 2H), 7.31 (d,

)y 2H), 1.37-1.25 (m 1H), 1.23-1.16 (m

Step B. 1H NWR (400 MHz, CDC13,
2H), 3.88 (t, lolH), 1.66-1.56
1H), 0.83 (t, 3H). Step B:
(+/-)-3-(5-(1-(4"-(trifluoromethyl)biphenyl-4-vl)butvlam no)pyrazine-2-
car boxam do) propanoi c acid The e Copp ound ovas prepared from
1-(4'-(trifluoromethyl)bi phenyll) ut &n- mne and

met hyl - 5- chl or opyr azi n- 2- car boxy a%ﬁ/g\ tHodO®nal ogous to that
15descri bed for Exanple 1.16 ( 00 , CD30D, 6): 8.57 (s, 1H),
7.94 (s, 1H,

The title compound was prepared by a method analogous to that described for
5 Example 1.25, using 4-bromo-3,5-dimethylbenzonitrile in Step A. 'H NMR (400 MHz,
CD30D, 9): 8.43 (s, 1H), 7.80 (d, 1H), 7.73 (d, 2H), 7.32 (d ,2H), 7.13 (s, 2H), 6.55 (d,
1H), 4.95 (m, 1 H), 3.58 (m, J=6.8Hz, 2H), 2.60 (m, 2H), 1.98 (s, 6H), 1.86-1.72 (m,
2H), 1.66-1.57 (m, 1H), 1.02 (d, 3H), 0.99 (d, 3H). MS (M+1): 528.5.

Example 1.29: (+/-)-3-(6-(3-methyl-1-(6-(4-(trifluoromethyphenylpyridin-3-
10  yDbutylamino)nicotinamido)propanoic acid

F
FF

The title compound was prepared by a method analogous to that described for
Example 1.25, using 6-bromonicotinonitrile in Step A. "H NMR (400 MHz, CD3s0D, 0):
8.62 (m, 1 H), 8.27 (m, 1 H), 8.04 (m, 2 H), 7.90 -7.86 (m, 3 H), 7.69 (m, , 3 H), 6.73 (m,
15 1 H), 5.09-5.01 (m, 1 H), 3.47 (m, 2 H), 2.49 (m, 2 H), 1.89-1.77 (m, 1 H), 1.72-1.58 (m,
2 H), 0.95 (d, 3 H), 0.92 (d, 3 H). MS (M+1): 501.3.



7.81 (d, 2H), 7.73 (d, 2H), 7.65 (d, 2H), 7.50 (d, 2H), 5.11-5.05 (m 1H),
3.63 (t, 2H), 2.60 (t, 2H), 1.97-1.85 (m 2H), 1.51-1.44 (m 1H), 1.43-1.39
(m 1H), woldhius5743H). WD 2012/ 085745PCT/ 1B2011/ 055588 P62/1B2A V35688

1.31: (+/-)-3-(5-(1-(4" -(trifluoronethsl)bi phenyl - 4-

vl ) ProPvl am no) pvr azi ne- 2- car boxam do) propanoi ¢ acid 5The title conpound
was prepared by a nethod anal ogous to that described for Exanple 1.30,

usi ng et hyl magnesi um brom de. 1H NWR (400 WMHz, CD30D, 6): 8.53 (s, 1H),
7.96 (s, 1H), 7.81 (d, 2H), 7.73 (d, 2H), 7.66 (d, 2H), 7.59 (d, 2H),

4.99-4. 97 1 3.62 (t, 2 2.61 (t, 2H), 1.99-1.93 2H), 1.03 (t,
3H) . NS (\g&%pletﬂb@:z_ EX(%H};@%@ED-(1-(4'-(trif|ucgromethl\_/?)biphenvl-4-v|)butvl%rrrqino)rl)_grazine- (

1. 32: (+/ - »=c3rdRafosdr Volddd- (trifluoromet hvl) bi phenvl-4-vQOret hvl am no)
10ni cot i nam do) propanoi ¢ aci d Step A
Cycl obutyl1(41-(trifluoromethyl) binhenyI - 4-yl ) met hanam ne WO

2012/ 085745PCT/ 1B2011/ 055588 6% Magnesium (1.86 g, 77.4 mol) was
suspended in diethyl ether (70 ) and to the suspension was added i odi ne
(17.8 ng, 0.07 mmol ). Brono-cyc tane (10 g, 70 mmol) was added slowy
and the m xture was refluxed fo . To a solution of 4'-
(trifluoronethyl)bi phenyl-4-carbgnitrile (300 ng, 1.21 nmol) (prepared as
in Exanple 51.25 Step A, using onobegzonitile) in tetrahydrofuran (3
m.) was added this prepared Gi d (33 qg\vﬁkOG m. in diethyl ether,
6.06 nmol ) at OC under nitrogen. [Thg”r@sul}ing nPXture was heated in a
m crowave at 100C for |hr. ime, nmethanol (5 nL) and sodi um
borohyd ride (91.8 ng, 2.43 muol) kwere carefully added at 0C. After
stirring for 5 mnutes, the reaction m xture was quenched with saturated

5 Step A: 1-(4'-(trifluoromethyl)biphenyl-4-yl)butan-1-amine

F

F

F

The title compound was prepared by a method analogous to that described in
Example 1.25, using 4-bromobenzonitrile in Step A and n-propylmagnesium bromide in
Step B. 'H NMR (400 MHz, CDCls, 3): 7.58 (m, 4H), 7.49 (d, 2H), 7.31 (d, 2H), 3.88 (t,
10  1H), 1.66-1.56 (m, 2H), 1.37-1.25 (m, 1H), 1.23-1.16 (m, 1H), 0.83 (t, 3H).

Step B: (+/-)-3-(5-(1-(4'-(trifluoromethylbiphenyl-4-yl)butylamino)pyrazine-2-

carboxamido)propanoic acid

The title compound was prepared from 1-(4'-(trifluoromethyl)biphenyl-4-yl)butan-
1-amine and methyl-5-chloropyrazin-2-carboxylate by a method analogous to that
15 described for Example 1.16. "H NMR (400 MHz, CDsOD, 3): 8.57 (s, 1H), 7.94 (s, 1H),
7.81(d, 2H), 7.73 (d, 2H), 7.65 (d, 2H), 7.50 (d, 2H), 5.11-5.05 (m, 1H), 3.63 (i, 2H),
2.60 (t, 2H), 1.97-1.85 (m, 2H), 1.51-1.44 (m, 1H), 1.43-1.39 (m, 1H), 1.01 (t, 3H).



10amoni um chl oride (20 m.) and extracted with ethyl acetate (3 x 10 niL).
The conbi ned organic |ayers were concentrated. Purification by colum

chr omat ogwephi2/088745 6% net hanol / di chl or onet hane) gave PCT/IB2011/055588

cycl obutyl1(41-(trifluoronethyl)bi pheml-4- yl)nethanam ne (0.100 g, 27% as
a yellow solid. 1H NWVR (400 MHz, CD30D, 6): 7.84 (d, J=8.0, 2 H), 7.77 (dd,
J=8.0, J=8.0, 4 H, 7.53 (d, J=8.0, 2 H), 4.27 (d, J=10.4, 1 H,
152.98-2.92 (m 1 H, 2.08-2.06 (m 1 H, 1.86-1.80 (m 5 H. Step B
(+/-)-3-(6-(cyclobutyl(41-(trifluoronethyl)biphenyl-4-vpmethyl an no)

ni cot i nam_do) proan0| Cc aci d . The t|tIe corrpound was prepared from
cycl obut yE£4 Dle f gih s aham ne by a net hod

anal ogous @hind R FIARE cABbxdrsia ' ghokuckf eps C - 20D. 1H NMR (400
Mz, mo%%ﬁﬁﬁ%ﬁm, 7.61 (d 2 H, 7.52 (d,

2H) 7.38 (d, 2 H, 6.41 (d, 1 H, 45 (m 1H), 3.48 (m 2 H, 2.78-2.51
(m 1 H, 2249 (m 2 H, 2.19-2.07 (m 1 H), 1.84-1.78 (m 2 H. M (M1l):
498. 3. Exanpl e ek
1.33:(+/-)-3-(6-(3,3-dinethyl- (F4'-(trifIuororrethyl)biphenvl-4-

yI)butyIarn'no)nicotinam'do)prooic acid 00 ).LN).LOHIH 7.:-..,.. N

N7 H The titl e conpoung s prepared by a nethod anal ogous to that
descri bed for Exanple 1.32, usthyg 1-brono-2, 2-di et hyl propane. 1H NVR (400
RCT/ 182011/ 055588 64 8.41 (s, 1H), 7.80 (d,
7 62 2H)Q 7.48 (d, 2H), 6.56 (d, 1H),
/1\/9%\01,..88(m 1H), 1.75-1.70 (m

MHz, CD30D, 6): WD 2012/ 08574
1H), 7.78 (d, 2H), 7.71 (d, 2
5.18 (d, 1H), 3.57 (m 2H), 2.3
1H), 1.04 (s, 9H). M5 (M1):

5 The title compound was prepared by a method analogous to that described for
Example 1.30, using ethylmagnesium bromide. '"H NMR (400 MHz, CDsOD, &): 8.53 (s,
1H), 7.96 (s, 1H), 7.81 (d, 2H), 7.73 (d, 2H), 7.66 (d, 2H), 7.59 (d, 2H), 4.99-4.97 (m,
1H), 3.62 (t, 2H), 2.61 (t, 2H), 1.99-1.93 (m, 2H), 1.03 (t, 3H). MS (M+1): 473.2.

Example 1.32: (+/-)-3-(6-(cyclobutyl(4'-(trifluoromethylbiphenyl-4-ylYmethylamino)

10  nicotinamido)propanoic acid

7 R "




Exanple 1.34:(+/-)-3-(6-(cyclooroovl(4' -(trifluoromethyl)biohenvl-4-
5vl ) met hyl am no) ni cot i nam do) or ooanoi ¢ aci d To a sol ution of

- (triflwonromashys) bi phenyl- 4- car bal dehyde (1 g, 4 molpCT/Ip20t0bisesse
sul fonic acid (50 ng, 0.3 mmol ), and @ctivated nol ecul ar sieves in tol uene
(15 nm), was added nethyl 6-am nonicotinate (670 ng, 4.4 mol ). The
reaction was 10refluxed for 12h. The reaction was cooled to room
tenperature and concentrated to give the internediate imne. To a 0C
solution of nmethyl 6-((4'- (trifluoronethyl)biphenyl 4-
yI)netherneanlno)nlcotlnate (600 in tetrah drofuran (10 nli)

was added cyclMponssiHmheltesi i mpm%q@pﬁ@dedzmdﬁthyfpﬁaer Orfie) 3nd tehe

reaction wassud shdrf\%’s adddGodifg (1708 mgt Den nY\ﬁélﬂEgrth) -EyRRIBuIRERES gl 2y € and
| eft stlrrln or . The reactjon was uenc ed with saturated ampni um

chl ori de H‘r'i‘bo by %‘35’(9@&'%'?( An@ fheynixikewas & Féeqfolghn{‘a a seiyior g ned

or gani cs vtﬁm@r@lﬁetﬂgh)&wnysmaawhmé gﬁioﬂng 11.01 e PRPaRANRARTEXEIDI

Purificatign by preparative | eum et her: ethyl acetate) gave
met hyl 5 1.25 Stép A, using 4- bromobenzonltrlle) |n tetrahydrofuran (3’ mL) was added this

6- (cycl opprpyrddddridriard (dsu%@reeadmxrbu@m?nmeﬁlew@mmbwlaamm@)d‘@rﬁ geat e (130

20mg) . The title compound was prepared from cl opropy 41-
(trifluordhefesylt U‘Bl”ﬂﬁémaﬁhmprﬁ/mm%ﬁerﬂtégg|fo§’féh'byxé? riRat 8% anal ogous
to that dﬁ%@ﬁdnbﬁ(@ thn) eEPéjaéaSﬂlu% Boréhy‘&iri@l@%QFS g, tHstRo()% B/éwiéfuu@aa@éa atb) :
828(5 1% é 2 H),767(d,J Hz, 7.61 (d,
J =8.0 f'.tﬁer st-yrrl @f(((é m@utessthg r%@n mz>pblre v¢934%e(r18hedJW|ih gatgr 2H), 6.41
( d J & 9a|2m1'dl1|un1t°ﬂlorld°e @8 nfld.and extr8ct8d Wth elly) acedatéd 63 (<mo ndH) .Thd. 46 (m 2H)

VD 5015] oeumhiEPEbopBis A S nss et Pyl ety B

met Ihod a?a|69’9ﬁ>1'éﬂ1ah@vdldﬂﬂéroﬁ|\%&%hb &5l ef sY6lobuthiX AT Borbmdthy! \Biph Bigy é ;1- "
CyCl open nesi um S

ey ?d, § Sipagamipe | @ﬂ&n 972679@ 3P V9 WOW @(ﬁﬂwﬂ? N“ﬁ‘m%w% ?@O% ot %830:

2H) 7.78(d, dr8@)d2zl-§ ATHedd, 358.0, {—86(7 4(Hl), 7$37d, 812—63 d"QZH)%Jé'l)ZY (8, %%)(m; H5}6 2853
(n{ 1:3%’ 29%?5;2%1('#%]21%25%('@9%1 T%6- ?T#’T@k&w)i 50- 1. 431(m 1H). M8

(Mt1l): 512.5. 10Exanmples 1.36 - 1.60 Step A
N- (4-i odobespzey! i+9d8Bep-(@ydmiubyUPr RSN &hd WigHeA@E-dmethylamino)

nicotinamido) propanoic acid

The title compound was prepared from cyclobutyl(4'-(trifluoromethyl) biphenyl-4-
yl)methanamine by a method analogous to that described for Example 1.25 steps C —
20 D. "H NMR (400 MHz, CDsOD, 5): 8.31 (d, 1 H), 7.73-7.65 (m, 3 H), 7.61 (d, 2 H), 7.52
(d, 2H), 7.38 (d, 2H), 6.41 (d, 1H), 4.5 (m, 1H), 3.48 (m, 2 H), 2.78-2.51 (m, 1 H),
2.49 (m, 2 H), 2.19-2.07 (m, 1 H), 1.84-1.78 (m, 2 H). MS (M+1): 498.3.

Example 1.33: (+/-)-3-(6-(3,3-dimethyl-1-(4'-(trifluoromethybiphenyl-4-

ybutylamino)nicotinamido)propanoic acid

25
The title compound was prepared by a method analogous to that described for

Example 1.32, using 1-bromo-2,2-dimethylpropane. "H NMR (400 MHz, CD3s0D, 0):



4-1 odobenzal dehyde (1.26 g, 5.43 muol) was dissol ved in dichl oronethane
(41.8 nmL). 2-nethyl propane-2-sul finam de (0.679 g, 5.43 mmol) was added,
fol | owed W 208485 B8i un(1V) ethoxide (2.25 nL, 10.9 mol pPCTIBB11/655688 ON was
heated to reflux for 1 hour. The reaocii on was then allowed to cool to room
tenperature and stir for 18 hours. Methanol (8.0 nL) and saturated sodi um
bi carbonate (1.5 nmL.) were added to the reaction m xture. The resulting
slurry was filtered through sodiumsulfate, and rinsed with ethyl acetate.
The filtrate was concentrated to yield the title conpound N (4-
20i odobenzyl i dene) - 2- net hyl pr opane- 2- sul fi nam de (1.69 93% as a white
sol i d. 1HSKS.(UDo7 ffikd, 1@6(:?-?,{3 (&y2H)g7-51 (¢ £H).14§2 (07 2B 7-‘987(.d83'4/3,r%-56204), 7.53
- 7.57 (mH2H)18 &, 28), 657 @tHeH) M54 M 1IR), 386-188 (MAH), 1.75-1.70 (m, 1H), 1.04
2012/ 085745PCT/ 1B2011/ 055588 66 Step B:
N- (1- (4-i 6udphdhy (YN B: mdfyl but vi) - 2- met hyl pr opane- 2- sul fi nani de A
sol ution gkampiebu4/| magnesi e vI(AP-(BifigbidedtynBiohedy1 29 L, 9.98 nmol)
[ , . , . Then a sol ution
5 Rz AH PP Fgpane- 2-sul finam de (1.52 g, 4.54
mmol) in tetrahydrofuran (11.5_rmL) was added drop-w se over 20 m nutes. The
resulting solution was stirred™a"0C for 30 mnutes. The ice bath was then
renoved and the reaction was al llgwed to warmto roomtenperature and stir
for an additional 1.5 hours. T eaction was then slowy quenched by the
addition of saturated amoni um~e#t oride. This solution was 10diluted with
wat er and ethyl acetate. The | aylers were separated, and the aqueous was
extracted 2 tines with ethyl pte. The co ned organi cs were washed
with brine, dried over magnesi t\ypsul ~NET d and concentrat ed.
Purification by colum chronat ography (0 H 40% et hyl acet at e/ hept ane)
provided a 2:1 di astereoner unNe
N-(1-(4-i odophenyl)-3-nethylb tylf-z-nethylpropane-2-su|finanide (1.40 g,
789% as a 15 c - I i : { | 3, AN /02 - 7.67
(m 2y, 7. 02 108 S 84, Rimugbgnibty ATy e pRdeny T & 4 fhan 0% 1y
1.21 - 1. BH{amne sglfpnic acid 350 mgpBBmoaland@ctirted modzulapsiewss in taserawvi ) :

394. 1. mL), was added methyl 6-aminonicotinate (670 mg, 4.4 mmol). The reaction was

10 refluxed for 12h. The reaction was cooled to room temperature and concentrated to
give the intermediate imine.

To a 0°C solution of methyl 6-((4'-(trifluoromethyl)biphenyl-4-
yl)methyleneamino)nicotinate (600 mg, 1.56 mmol) in tetrahydrofuran (10 mL) was
added cyclopropylmagnesium bromide (5 mL, 2N in THF, 8 mmol). The reaction was

15  stirred at 0°C for 1hr, then warmed to room temperature and left stirring for 12 h. The
reaction was quenched with saturated ammonium chloride and extracted with ethyl
acetate (3 x 15 mL). The combined organics were dried over sodium sulfate, filtered
and concentrated. Purification by preparative TLC (5:1 petroleum ether:ethyl acetate)
gave methyl 6-(cyclopropyl(4'-(trifluoromethyl)biphenyl-4-yl)methylamino)nicotinate (130

20  mg).

The title compound was prepared from methyl 6-(cyclopropyl(4'-
(trifluoromethyl)biphenyl-4-yl)methylamino)nicotinate by a method analogous to that
described in Example 2.1 steps F-G. "H NMR (400 MHz, CD30D, 5): 8.28 (s, 1H), 7.68
(d,J =9.2 Hz, 1H), 7.67 (d, J = 8.0 Hz, 2H), 7.61 (d, J = 8.0 Hz, 2H), 7.52 (d, J = 8.4

25 Hz, 2H), 7.42 (d, J = 8.4 Hz, 2H), 6.41 (d, J = 9.2 Hz, 1H), 4.33 (d, J = 8.8 Hz, 1H), 3.46
(m, 2H), 2.46 (m, 2H), 1.38-1.12 (m, 1H), 0.69-0.49 (m, 2H), 0.37-0.36 (m, 2H). MS
(M+1): 484.4.



Step C. 1-(4-iodophenyl) - 3-net hyl but an-1-am ne hydrochl ori de

20N- (1- (4-i odophenyl) - 3- et hyl but yl1) - 2- met hyl pr opane- 2-sul fi nam de (1. 36 g,
3. 45 molwowar/dsasisol ved in nethanol (17.2 nli). 4M HCl ipoTdBDM&an&ss§84. 31 ni,
17.2 mmol ) was added and the reactiomdwas stirred at roomtenperature for 1
hour. The reaction was concentrated and the resulting solid was triturated
with ether and dried under vacuumto provide

1- (4-1i odophenyl) - 3- et hyl but an- 1- am ne hydrochloride (1.1 g, 100% as a
white 25solid. 1H NWR (400 Mz, CD30D, 6): 7.80 - 7.84 (m 2H), 7.20 - 7.24
(m 2H), 4.25 - V\D 2012/ 085745PCT/ 1B2011/ 055588 67 4. 31 (m lH) 1.83 -
1.92 (m KR le 153 /-3 3-(B-tsyclopent 4 iifluoromets hiphe nwl- -0 92 (dd J = 12. 19,

6.54 Hz, Q@eth;&_ta @E.c&rn@ﬁﬁﬁ%@ﬂogan&é A58t _hyl _ _

6- (1- (4-1i odophenyl) - 3- et hyl butyl am no) ni cotinate i H

51- (4-1 odophenyl) - 3- et hyl but am< 1-ram ne hydrochloride (1.14 g, 3.49 mol),
nmet hyl 6- fluoronicotinate (0.568 g, 3.66 nmol), and potassi um carbonate
(1.45 g, 10.5 nmmol) were conbi nethin N, N-di net hyl formam de (11.6 ni) and
heated to 100C for 3.5 hours. reacti on was then cooled to room
tenperature and diluted with watgr and ethyl acetate. The | ayers were
separated and the aqueous was acted g ti mes with ethyl 10 acetate. The
conbi ned organi cs were washed @ brine over magnesi um sul f at e,
filtered and concentrated. Puri cat o| y\lco un®™ chr omat ography (0 - 30%
ethyl acetate/heptane) provided (FJL (4-1iodophenyl) - 3-

nmet hyl but yl am no) ni coti nate g, 52% as a white solid. 1H NWR (400
MHz, CDCI3, 6): 8.69 (d, J =T1.8 Hz, 7.89 (dd, J = 8.8, 2.3 Hz, 1H),
7.60 - 7.64 (Mhehle, coﬂr@%u@&lwasﬁre%%rdd%y @H)etho@ ah@( oud toth8t (fesbﬁbed]fbD
5.49(d, J = 6.4 Hz , 4.62 - r’% - 1.76 (m
3H), 0590Examplg7. %%US'BM)CVC'RWEWHJWGSMB 'zom'é? ep EMF%%QM&? sCQS*p[E@trrpl es
1.36 - 1.867i8 1IH)b79nxd fjof gBtHA AHY HX dJU& ) th,@Hﬁmy?qarJ atgey REraMyi ¢ acid
(0. 227mm1) and | ystyrene triphenyl g)h ne pall adiu 0)) 0. 009Mmmol ),
was added’d8 ééplhrMH*%fZFHe%ﬁw .6-784 R 8,68 (o J= 68 Hz, TH), 4.85'(d. J =

20i odopheny b)xz31 A3y @rﬁ{tZH),aﬂVB%mﬁPQ!SIGaQ.QO (BO11D, p7-2013L@h, rmp) 9.890 1, 2-
1.61 (m, 6H), 1.50-1.48 (m, 1H). MS (M+1): 512.5.
10 Examples 1.36 — 1.60
Step A: N-(4-iodobenzylidene)-2-methylpropane-2-sulfinamide

4-lodobenzaldehyde (1.26 g, 5.43 mmol) was dissolved in dichloromethane (41.8

mL). 2-methylpropane-2-sulfinamide (0.679 g, 5.43 mmol) was added, followed by

15 titanium(IV) ethoxide (2.25 mL, 10.9 mmol). The reaction was heated to reflux for 1
hour. The reaction was then allowed to cool to room temperature and stir for 18 hours.
Methanol (8.0 mL) and saturated sodium bicarbonate (1.5 mL) were added to the
reaction mixture. The resulting slurry was filtered through sodium sulfate, and rinsed
with ethyl acetate. The filtrate was concentrated to yield the title compound N-(4-

20  iodobenzylidene)-2-methylpropane-2-sulfinamide (1.69 g, 93%) as a white solid. 'H
NMR (400 MHz, CDCls, 8): 8.51 (s, 1H), 7.80 — 7.84 (m, 2H), 7.53 - 7.57 (m, 2H), 1.25
(s, 9H). MS (M+1): 336.0.



di et hoxyet hane (1.9 nlL). Then aqueous potassi um carbonate (0.95 niL, 1.9
nmol ) was added. The reaction was heated for 1 hour at 100C in a m crowave.
The reactwonromasstdsen filtered, the polynmer was rinsed wctrhBoat/nshgsdr of ur an
(3 x 2.0 nL), and the conbined filtrates were concentrated. 25The crude

resi due was di ssolved in nethanol (1.3 nlL) and tetrahydrofuran (1.3 nmL). 2N
LiCH (1.3 nL) was added, and the reaction was heated to 60C for 18 hours.
The reaction was then concentrated. This crude m xture was acidified by the
addition of 2N HCl (5 nL) and again was concentrated. WD
2012/085745PCT/182011/055588 68 To the crude re5|due was added a m xture of
8- al ani neStery byl 2m . Bulfinat

1- hydroxybenzotrlazole hydrate (29. , 0.190 nnDI), and
1-et hyl 3-(3- dlnethylanlnopropyl) caronll de hydrochloride (54.6 ng, 0.285
mmol) in tetrahydrofuran (1.9 nL). Tr'etﬁ m ne (106 pL, 0.760 mml) was
added and the 5 reaction was agitate toroomtenperature for 18 hours.

Pol ystyrene trisamne (250 ng, 0.95 | ) and tetrahydrofuran (5 nL) were
then added and the reaction was agitafed for another 18 hours. The reaction
was filtered and the polynmer was rinsed with tetrahydrofuran (3 x 2 nl).
The filtrate was concentrated. Dichloronethane (1.0 nL) and trifluoroacetic
aci d (1.0 nl) Aweleticrdefégbbutymagnesiunteronide ieglieldethah@. $9%embt 9.8 mmeat) agi t at ed

room t r r t and
U1 11 ed Bt b rck-ychoUR 1 S A b8 e, PR ERGRAAREEE. °0° 0smm
col um> uslngb@nzghcéﬂmeéatm@hylwa)p@me prsulioemisiei (fl 152192 4 (58.raHob) 1rbt|erﬁal@yda@fuwn

di f {
15 (572115 B Fat R RTb S B Em S P oo RS T BIA AR o)
15ni cot i narﬁ o PRMypeas )Elhea@e ath was then sgrapyad ang the astion weeatiovsed toi ne 0. 58
m nut es ((@gﬂﬁ“tc; %oﬁﬁ%n&%rﬁu d ¥ f5bn d 90@'1%%@5“/@ P@@Eﬁf#\ﬁﬁ%gﬂ' :E ril 09/0

| i near lent t owat er/ acetonitrile ove Om nut es
wat er/ ac e'@l@wiytcruen@hqdobylths agyition eksatgrats ammenigmebiaside etlhis sbitian weg f i er:

2012/ dbs IR THELAY PR bR The il sEbirated, and the aqueous was

(+/ -) - 3- ( extraptqda? e with gthyl ycegataetl h§ combiped 9rgenjosivease weahetiwith piitghanoi ¢
aci d

dried over magnesium sulfate, filtered and concentrated. Purification by column
chromatography (0 — 40% ethyl acetate/heptane) provided a 2:1 diastereomer mixture
of N-(1-(4-iodophenyl)-3-methylbutyl)-2-methylpropane-2-sulfinamide (1.40 g, 78%) as a

15  clear, colorless oil. "H NMR (400 MHz, CDCls, 8): 7.62 - 7.67 (m, 2H), 7.02 - 7.08 (m,
2H), 4.28 - 4.41 (m, 1H), 3.24 - 3.33 (m, 1H), 1.21 - 1.85 (m, 3H), 1.13 - 1.20 (m, 9H),
0.83-0.93 (m, 6H). MS (M+1): 394.1.

Step C: 1-(4-iodophenyl)-3-methylbutan-1-amine hydrochloride

NH, HCI

20  N-(1-(4-iodophenyl)-3-methylbutyl)-2-methylpropane-2-sulfinamide (1.36 g, 3.45 mmol)
was dissolved in methanol (17.2 mL). 4M HCl in dioxane (4.31 mL, 17.2 mmol) was
added and the reaction was stirred at room temperature for 1 hour. The reaction was
concentrated and the resulting solid was triturated with ether and dried under vacuum to
provide 1-(4-iodophenyl)-3-methylbutan-1-amine hydrochloride (1.1 g, 100%) as a white

25  solid. "H NMR (400 MHz, CDsOD, 5): 7.80 - 7.84 (m, 2H), 7.20 - 7.24 (m, 2H), 4.25 -



Anal ytical LCVS: retention tine 0.96 mnutes (Acguity HSS T3 2.1 x 50 mm
1.8p 5 colum; 95 % water/acetonitrile linear gradient to 2 %

wat er / acewonniwissasover 1.6 mnutes, hold at 2 % wat er/ acetiBriii/nisses to 1. 8
mnutes; 0.05 %trifluoroacetic acid Grodifier; flowrate 1.3 mJm nute);
LCVB (M+l): 432.22. Exanple 1.38:

(+/-)-3-(6-(1-(2"-fl uorobi phenyl-4-yl)-3-nethyl butyl am no)

ni cot i nam do) propanoic acid 10 Anal ytical LCVMS: retention tine
0.97 m nutes (Acguity HSS T3 2.1 x 50 mm 1.8p colum; 95 %

wat er/acetonitri I e linear gradient to 2 %water/acetonitrile over 1.6
minut es, AdNdmat Hb 1983t 82 MacHoni’d it € 1t)el-A nadeédm. oHpd.9 (d. J:

trifl uoroagqg|@54ip||zd6mrpd| fier; flowrate 1.3 nmUm nute); LCMS (M+1): 450. 15.
15Exanple 1.39: (+/-)-3-(6-(1-(3"-chlorobi phenvl-4-yl)-3-nethylbutyl am no)
ni coti nani do) pr gpanoi ¢ aC| d V\D 2012/ 085745PCT/ 182011/ 055588 70 m nut es,
hol d at 2StgRd: Brepgralion 6+ ] Z acetic acid
nodifier; flowrate 1.3 nim nute) lLCIVB (I\/Hrl) 466 18. Exarrple 1. 40:
(+/-)-3-(6-(3-nethyl-1-(4-(pyridin-2.vl)phenvl)butyl am no)

ni coti nam do) propanoic acid 5 tical LCVS: retention tine 0.57
m nutes (Acguity HSS T3 2.1 x 50 ofm; 95 % water/acetonitrile
linear gradient to 2 % water/aceflonitr] 1.6 mnutes, hold at 2 %
wat er/acetonitrile to 1.8 mnutes;”0.M5 Y% trifluoroacetic aci d nmodi fier;
flowrate 1. 3 mJm nute); LCMS (NH) 433 21 10Exarrp|e 1.41:

(+/-)-3-(6 3' -fI uor obi phenv1- 4- % yl but yl ami no)
ni coti Aa 'Iﬂ -j moF3methydputan-1-amine ydrochlorlde (1.14°g, 3.49 mmol), methyl 6-

quoronlcotlnate (0.568 g, 3.66 mmol), and potassium carbonate (1.45 g, 10.5 mmol)

were combined in N,N-dimethylformamide (11.6 mL) and heated to 100°C for 3.5 hours.
The reaction was then cooled to room temperature and diluted with water and ethyl
acetate. The layers were separated and the aqueous was extracted 3 times with ethyl

10  acetate. The combined organics were washed with brine, dried over magnesium
sulfate, filtered and concentrated. Purification by column chromatography (0 — 30%
ethyl acetate/heptane) provided methyl 6-(1-(4-iodophenyl)-3-
methylbutylamino)nicotinate (0.772 g, 52%) as a white solid. "H NMR (400 MHz,
CDCls, 8): 8.69 (d, J = 1.8 Hz, 1H), 7.89 (dd, J = 8.8, 2.3 Hz, 1H), 7.60 - 7.64 (m, 2H),

15 7.04-7.08 (m, 2H), 6.16 (d, J = 8.4 Hz, 1H), 5.49 (d, J = 6.4 Hz, 1H), 4.62 - 4.69 (m,
1H), 3.82 (s, 3H), 1.54 - 1.76 (m, 3H), 0.90 - 0.97 (m, 6H). MS (M+1): 425.2.

Step E: Synthesis of Examples 1.36 — 1.60 in library format

To a mixture of the appropriate boronic acid (0.227mmol) and polystyrene
triphenylphosphine palladium(0) (0.009mmol), was added a solution of methyl 6-(1-(4-
20  iodophenyl)-3-methylbutylamino)nicotinate (80.0 mg, 0.19 mmol) in 1,2-
dimethoxyethane (1.9 mL). Then aqueous potassium carbonate (0.95 mL, 1.9 mmol)
was added. The reaction was heated for 1 hour at 100°C in a microwave. The reaction
was then filtered, the polymer was rinsed with tetrahydrofuran (3 x 2.0 mL), and the

combined filtrates were concentrated.

25  The crude residue was dissolved in methanol (1.3 mL) and tetrahydrofuran (1.3 mL).
2N LiOH (1.3 mL) was added, and the reaction was heated to 60°C for 18 hours. The
reaction was then concentrated. This crude mixture was acidified by the addition of 2N

HCI (6 mL) and again was concentrated.



Anal ytical LCVS: retention tine 0.98 mnutes (Acguity HSS T3 2.1 x 50 mm
1.8p columm; 95 % water/acetonitrile linear gradient to 2 %

wat er / acewonniwissasover 1.6 15mi nutes, hold at 2% wat er PaTaBzNiH3BeEe to 1.8
m nutes; 0.05%trifluoroacetic acid nmsdifier; flowrate 1.3 nUmnute); LCVS
(M+l): 450.15. WD 2012/ 085745PCT/ 1B2011/ 055588 71 Exanple 1.42:
(+/-)-3-(6-(3-nmethyl-1-(2'-nethyl bi phenvl-4-v1l)butyl am no)

ni cot i nam do) propanoi ¢ acid Anal ytical LCVMS: retention time 0.98 m nutes
(Acguity HSS T3 2.1 x 50 nm 1.8p 5 col urm 95 %vvater/acetonitrile | i near
gradient to 2 % water/acetonjtrile over m nut es,

wat er / acef 8ifi& ¢rH rasiglug vasAEE @dmixiyresf %'{af‘inﬁltﬁ’é%ﬁg@t hwr%ﬁ'%'d%m Bier;

flow rate ARGl € Db @ !
(o) 5 (55 f2psmnel hé**xy;’t‘;‘?‘yﬁz"nﬂ“{r“%z°'eﬁaaa‘ﬁggﬁ§l O po iy, and 1-othyl

ni cot i nantd ﬁﬁ?%}dﬂf@lf‘@p@@w&ca@d“m'de ydrOIs‘\WaT"}ﬁ ¥ MBSO FEIHRi on ti ne
0. 96 m nut@sh{dhe@rrd y.918b). Tﬁ.éhylammé(@mmm D. 70 Rl WEis sdded@nd the

wat er/ acetonitrile |1 near gradie Yo wat er/ acetonitrile over 1.6

mi nut e8, Fﬁﬂcﬁorh‘f"a%a%%%q %trrPQ’@é?'BH?rtanr? @rﬂ@ hPuEs. HlEEhe fispming, (250

trifluor oar%eblgs naﬁblqlaﬁmtrfahwrofufrérpw rh@)weeré tﬁemmealana)the teablio Whd) © 462, 22.
15Exanpl e (+/ - ?] (1- - chl or obi glhenvl -v1) - 3- met hy| but yl am no)

ni cot i nanPeBst BhanANer %ﬁ:hqyrs 'WJ'G’EG?L% L) %WT@?@PWFG%S@@S‘”?@

with tetrahydrofuran (3 x 2 mL). The filtrate was concentrated.

Dichloromethane (1.0 mL) and trifluoroacetic acid (1.0 mL) were added to the crude
10  residue. The reaction was agitated at room temperature for 1 hour. The reaction was

then concentrated and purified by reversed-phase HPLC on a Waters Sunfire C4s 19 X

100mm, 0.005mm column using a gradient of water in acetonitrile (0.05% formic acid

modifier) to give the desired product.

Example 1.36: (+/-)-3-(6-(3-methyl-1-(4-(6-methylpyridin-3-y)phenylbutylamino)

15  nicotinamido)propanoic acid

Analytical LCMS: retention time 0.58 minutes (Acquity HSS T3 2.1 x 50 mm, 1.8
column; 95 % water/acetonitrile linear gradient to 2 % water/acetonitrile over 1.6
20  minutes, hold at 2 % water/acetonitrile to 1.8 minutes; 0.05 % ftrifluoroacetic acid
modifier; flow rate 1.3 mL/minute); LCMS (M+1): 447.18.



Anal ytical LCVS: retention time 1.00 mnute (Acquity HSS T3 2.1 x 50 mm
1.8p columm; 95 % water/acetonitrile linear gradient to 2 %

wat er / acewonniwissasover 1.6 mnutes, hold at 2 % wat er/ acetiBriii/nisses to 1. 8
mnutes; 0.05 %trifluoroacetic acid odifier; flowrate 1.3 mJm nute);
LCVB (M+l): 466.18. 5Exanple 1.45:

(+/-)-3-(6-(1-(4" -cyanobi phenvl-4-y1l)-3-net hyl butyl am no)

ni cot i nam do) propanoic acid ON Anal ytical LCVS: retention tinme 0.91
m nutes (Acquity HSS T3 2.1 x 50 nm 1.8p columm; 95 % water/acetonitrile

| i near gradi ent to 2 %water/acetonltrlle over 1 6 10m nutes hoId at 2%
wat er / aceEXamPleil ¢ (§/- )y 346+ yl-4 ethylp

flow rategdig3 rrUm nut e) ; LCIVB (I\/Hrl) 457 21. Exanpl e 1. 46
(+/-)-3-(6-(1-(4' - et hoxybi pheny1-4-y1) - 3-net hyl but yl am no)

ni coti nam do) propanoi c acid al ytical LCVS: retention tine 1.03
1 i 1.8p columm; 95 % water/acetonitrile
| i near gradient to 2 %vvater/aceonitrile over 1.6 mnutes, hold at 2 %

flowrate 1.3 nmnute); LCVS (‘%
2012/ 085745PCT/ 1B2011/ 055588 7 naI th|Ca|HLCNB retention tinme 0.96

m nutes (Acguity HSS T3 2.1 0" 8T 8p 5 colum; 95 % water/acetonitrile
linear gradient to 2 %water/acetdnhitrile over 1.6 mnutes, hold at 2 %

wat er / acet oni tAndigicald.CMS: rﬁtemlbreﬁme(@ %nﬂ»mtdsl(AbwuymtrBQ 16bCB(Oirrmdei.8|i er;
flowrate

(2 8 (el B i el aesran s B e adany B2 % MATTRrelTi averbp

T ggtl naWw hpﬂFmIZ@A&mtdgeqcéthnle to 1.8 nﬁ\ngﬂeyto oal% infmﬁggm/t@ﬂtdl on time
m nut e . col um; %

wat er / acefné’ﬁlf'%F Wr?eénggm%?'gﬂ iﬂt)&'\?% (@H&v@? facetonitrile over 1.6

m nut es, Hehddplat1.3B: 9(0+W§9=8¢6-/(’a(2’}1ﬂ0@iobibhbm/l-t4a/l)13 Bethyiiit\@shind) 05 %

trifluoroacetic |d nodifier; flowrate 1.3 nmm nute); LCVS (Mtl): 460. 24
nicotinamido propan0|c aci

o

Analytical LCMS: retention time 0.97 minutes (Acquity HSS T3 2.1 x 50 mm, 1.8y

column; 95 % water/acetonitrile linear gradient to 2 % water/acetonitrile over 1.6

10

minutes, hold at 2 % water/acetonitrile to 1.8 minutes; 0.05 % trifluoroacetic acid
modifier; flow rate 1.3 mL/minute); LCMS (M+1): 450.15.

15  Example 1.39: (+/-)-3-(6-(1-(3'-chlorobiphenyl-4-vl)-3-methylbutylamino)

nicotinamido)propanoic acid

Analytical LCMS: retention time 1.05 minutes (Acquity HSS T3 2.1 x 50 mm, 1.8y

20  column; 95 % water/acetonitrile linear gradient to 2 % water/acetonitrile over 1.6



15Exanpl e 1.49:

(+/-)-3-(6-(1-(2',5" -di net hyl bi phenvl-4-v1l)-3-net hyl butyl am no)

ni cot i namvoa)mspasoi ¢ aci d WO 2012/ 085745PCT/ 1B2011,058B881/535588

Anal ytical LCVS: retention tinme 1.07 M nutes (Acguity HSS T3 2.1 x 50 nm
1.8p colum; 95 % water/acetonitrile linear gradient to 2 %

wat er/ acetonitrile over 1.6 mnutes, hold at 2 % water/acetonitrile to 1.8
mnutes; 0.05 %trifluoroacetic acid nodifier; flowrate 1.3 mJm nute);
LCVMS (Mrl): 460.24. S5Exanpl e 1.50:

(+/-)- 3(6(3 met hyl - 1- (4' - met hyl bi phenv1-4-yl)butyl am no)

ni cot i namMiBY e BBEQrﬁS?é%é[‘(ﬁt‘?i/aceton'tr”e t%ﬂ\§l'§}'ﬂpt@§l Q@%Bt”f'ﬁﬂ"é"f)é?ﬁt'ic@ﬁ'dt| me 1.03
i nutes (Aeakick YioWSSie 33 ALiminuRY, oMS W8P ceumn; 95 % water/acetonitrile
i near gradient to 2 %vvater/acetonltrlle over 1 6 10m nutes, hold at 2%
wat er / aceEXaNPlei140: (/- y346-f; &1 (G (e ) dcid nodifier:

fl ow rat enitothdmibd },O,CIQQNB (M+1) 446 20. Exarrpl e 1.51:
(+/-)-3-(6-(1I- (& H uor obi phenv1-4-y1) - 3-net hyl but yl am no)
ni coti nam do) propanoi c acid al ytical LCVS: retention tine 0.98

' 1.8p colum; 95 % water/acetonitrile
linear gradient to 2 %Water/aceonltrlle over 1.6 mnutes, hold at 2 %

t/rl\f/\Fl’l);Q())roacetl c acid nodifier;

flowrate 1.3 nm nute); LCVS (‘M
2012/ 085745PCT/ 1B2011/ 055588 7 .
(+/-)- 3(6(1(4' rrethoxyb|e 4 - 3-
met hyl But yl ami no) ni cot i nani do) prop'énm c acid O
Analytical LCMS: retention time 0.57 minutes (Acquity HSS T3 2.1 x 50 mm, 1.8y
column; 95 % water/acetonitrile linear gradient to 2 % water/acetonitrile over 1.6
minutes, hold at 2 % water/acetonitrile to 1.8 minutes; 0.05 % trifluoroacetic acid

modifier; flow rate 1.3 mL/minute); LCMS (M+1): 433.21.

10 Example 1.41: (+/-)-3-(6-(1-(3'-fluorobiphenyl-4-yl)-3-methylbutylamino)

nicotinamido)propanoic acid

Analytical LCMS: retention time 0.98 minutes (Acquity HSS T3 2.1 x 50 mm, 1.8y
column; 95 % water/acetonitrile linear gradient to 2 % water/acetonitrile over 1.6
15  minutes, hold at 2 % water/acetonitrile to 1.8 minutes; 0.05 % trifluoroacetic acid
modifier; flow rate 1.3 mL/minute); LCMS (M+1): 450.15.



Anal ytical LCVS: retention tine 0.96 mnutes (Acquity HSS T3 2.1 x 50 nmm
1.8p 5 colum; 95 % water/acetonitrile linear gradient to 2 %

wat er / acewonniwissasover 1.6 mnutes, hold at 2 % wat er/ acetiBriii/nisses to 1. 8
mnutes; 0.05 %trifluoroacetic acid odifier; flowrate 1.3 mJm nute);
LCVS (M+l): 462.22. Exanple 1.53:

(+/-)-3-(6-(1-(4"-chl orobi phenvl-4-vl)-3-nethyl butyl am no)

ni cot i nam do) propanoic acid C Anal ytical LCVS: retention tine
1.05 minutes (Acquity HSS T3 2.1 x 50 mm 1.8p colum; 95 %

water/acetonl tri I e I | near rad| ent to 2 %water/acetonl trile over 1.6

m nutes, B lg Lok {rr 844 4 athylk -4 )

trifl uoroai@@ﬁd;gm Q) gﬁ@ibfab@r fI ow rate 1 3 rrUm nut e) ; LCIVB (M+1l): 466. 18.
WD 2012/ 08572[5F5C:i§ tI)B'ZKUIE 055588 76 Exanple 1.54:

(+/-)-3-(6-(1-(4"-ethyl bi phenv 1) - 3- net hyl but yl am no)
ni coti nam do) propanoi ¢ acid A tical LCVS: retention tinme 1.09 m nutes
(Acquity HSS T3 2.1 x 50 nm 1.8p 5 colum; 95 % water/acetonitrile linear

gradient to 2 % water/acetonitr .6 mRutes, hold at 2 %

wat er/ acetonitrile to 1.8 m nut'e & oacetic acid nodifier;
flowrate 1.3 nlm nute); LCVS|( ). 460. 24. Exanple 1.55:
(+/-)-3-(6-(3-nethyl-1-(4-(7 i vf | phenvnbut yl am no)

ni coti nam do) propanoic acid 10 13" Anal ytical LCVS: retention tine

0.61 mnutes (Acquity HSS T3 2.1 x 50 mm 1.8p colum; 95 %

wat er/ acet oni tAridIy&lcbli UTNAS: rgfeadbrenhetomsanﬂmmt(ﬂbajlm@e{wirs el e5@wei, 1186
m nut es, ter/ Ftlom tri

0) 8 mnutes; .0.05 %
T o8 o adufn e 7 o RA Rl ShaRal © 2 el Ry B VR (Bh1) . 433, 21,

minutes, hold at 2 % Water/acetonltrlle to 1.8 minutes; 0.05 % trifluoroacetic acid
modifier; flow rate 1.3 mL/minute); LCMS (M+1): 450.15.

Example 1.43: (+/-)-3-(6-(1-(2'-methoxybiphenyl-4-yI)-3-methylbutylamino)

nicotinamido)propanoic acid

10

Analytical LCMS: retention time 0.96 minutes (Acquity HSS T3 2.1 x 50 mm, 1.8
column; 95 % water/acetonitrile linear gradient to 2 % water/acetonitrile over 1.6
minutes, hold at 2 % water/acetonitrile to 1.8 minutes; 0.05 % trifluoroacetic acid
modifier; flow rate 1.3 mL/minute); LCMS (M+1): 462.22.

15  Example 1.44: (+/-)-3-(6-(1-(2'-chlorobiphenyl-4-vl)-3-methylbutylamino)

nicotinamido)propanoic acid




WO 2012/ 085745PCT/ 1B2011/ 055588 77 Exanpl e 1.56:

(+/-)-3-(6-(1-(4"-(di met hyl car banovnbi phenv1l-4-vl)- 3-

met hyl butwbanmixsjrscot i nam do) propanoic acid | N., 00 PHET/IB201N03¥588

Anal ytical LCVS: retention tinme 0.81 Minutes (Acquity HSS T3 2.1 x 50 nm
1.8p 5 colum; 95 % water/acetonitrile linear gradient to 2 %

wat er/ acetonitrile over 1.6 mnutes, hold at 2 % water/acetonitrile to 1.8
mnutes; 0.05 %trifluoroacetic acid nodifier; flowrate 1.3 mJm nute);
LCVMS (Mr1l): 503.38. Exanple 1.57:

(+/-)-3-(6-(1-(4'-isopropyl bi phenvl-4-v1)-3-nethyl but Iamn

ni coti nami do) p‘?’!?ﬂiﬁ'ﬁ%'ll@'\ég rﬁte”?@” time 1.00 migyig Wﬂ@éﬂ H§M2 Té? MMoh8k i me

1. 14 m nut&EmMOAGSIW WatetEsetdnitril IheXr ér@dl'?ém top BRvAeVbenitAle ¥er 1.6
wat er/ acetonitrile |inear gradient to Yowat er/ acetonitrile over 1.6

m nutes, AWIUEanol awamagracetopiile (¢ f § ’"t“BUthBO B riutriduoropcelis agid

trifl uoroafbatﬂbraflawrgtemt)@lwrﬁmutef)Immwenl 486nfigm nute); LCMS (Mrl): 474.29.
WD 2012/ 085745PCT/ 1B2011/ 055588 78 Exanpl'e 1. 58:

(+/-)-3-(6-(3-nmethyl- 1 4 - 1(trlfluoromsthoxv b|p -4-v1) butyl am no)
ni coti Pa -3 6;(4 (4'-cyanobiphenyl-4-yl)-3-meth I t Iamln

nicotinamido)propanoic acid

CN
O P
= N/\/U\OH
| H
N
N N
H

Analytical LCMS: retention time 0.91 minutes (Acquity HSS T3 2.1 x 50 mm, 1.8y

column; 95 % water/acetonitrile linear gradient to 2 % water/acetonitrile over 1.6

10  minutes, hold at 2 % water/acetonitrile to 1.8 minutes; 0.05 % trifluoroacetic acid
modifier; flow rate 1.3 mL/minute); LCMS (M+1): 457.21.

Example 1.46: (+/-)-3-(6-(1-(4'-ethoxybiphenyl-4-y|)-3-methylbutylamino)

nicotinamido)propanoic acid

15 Analytical LCMS: retention time 1.03 minutes (Acquity HSS T3 2.1 x 50 mm, 1.8y
column; 95 % water/acetonitrile linear gradient to 2 % water/acetonitrile over 1.6
minutes, hold at 2 % water/acetonitrile to 1.8 minutes; 0.05 % trifluoroacetic acid
modifier; flow rate 1.3 mL/minute); LCMS (M+1): 476.20.



Anal ytical LCVS: retention tinme 1.09 mnutes (Acguity HSS T3 2.1 x 50 mm
1.8p 5 colum; 95 % water/acetonitrile linear gradient to 2 %

wat er / acewonniwissasover 1.6 mnutes, hold at 2 % wat er/ acetiBriii/nisses to 1. 8
mnutes; 0.05 %trifluoroacetic acid Wodifier; flowrate 1.3 mJm nute);
LCVB (M+l): 516.23. Exanple 1.59:
(+/-)-3-(6-(3-nmethyl -1-(4"-(nmet hyl sul fonyl ) bi phenv1-4-

yl ) but yl am no) ni coti nam do) propanoic acid 1 0 10 15 Anal yti cal
LCVS: retention tinme 0.81 mnutes (Acguity HSS T3 2.1 x 50 nm 1.8p col um;
95 %water/acetonltrlle Ilnear gradl ent to 2 %water/acetonltrlle over 1.6
m nutes, B ADIg+1.47 - oft(rs 8-46-( 13 mathaxybiphenyi-4 | ,I %

trifluoroagstidsni Q) gﬁ@ibfab@r flowrate 1 3 rrUm nut e) LCIVB (M+1): 510. 16.
WD 2012/ 08572[5F5C‘,:i§ti)32[0117 055588 79 Exanple 1.60: (+/-)-

3-(643- et hyl - 1- (446-(trifl uvorogretdhyppyri di n- 3-
v1) phenyl ) butyl am no) ni coti nam pr opanoi ¢ aci d Anal yti cal LCVE:

% wat er/ acetonitrile linear gragfent to & % waer/acetonitrile over 1.6
m nutes, hold at 2 % water/acett rile 1\8j§?mnutes 0.05 %

trifluoroacetic acid nodifier; flfow r/at| 1H3 nmJm nute); LCVS (Mtl): 501.19.
Exanple 2. 1: N

N7 N
(+/-)-3-(641-(2,6-dinmethyl-4"-(trifil uor onet hyl ) bi phenyl - 4-yl am no) - 3-
met hyl but ypni cot i nam do) propanoi ¢ acid

Analytical LCMS: retention time 0.96 minutes (Acquity HSS T3 2.1 x 50 mm, 1.8y
5 column; 95 % water/acetonitrile linear gradient to 2 % water/acetonitrile over 1.6
minutes, hold at 2 % water/acetonitrile to 1.8 minutes; 0.05 % trifluoroacetic acid
modifier; flow rate 1.3 mL/minute); LCMS (M+1): 462.22.

Example 1.48: (+/-)-3-(6-(1-(2',6'-dimethylbiphenyl-4-yl)-3-methylbutylamino)
nicotinamido)propanoic acid

O @) @)
- H
N

N
10 H

Analytical LCMS: retention time 1.05 minutes (Acquity HSS T3 2.1 x 50 mm, 1.8y
column; 95 % water/acetonitrile linear gradient to 2 % water/acetonitrile over 1.6
minutes, hold at 2 % water/acetonitrile to 1.8 minutes; 0.05 % trifluoroacetic acid
modifier; flow rate 1.3 mL/minute); LCMS (M+1): 460.24

15  Example 1.49: (+/-)-3-(6-(1-(2',5'-dimethylbiphenvyl-4-y1)-3-methylbutylamino)
nicotinamido)propanoic acid

O 0] 0]
- H
N

N
H




Step A: 2,6-di nethyl-4-nitrophenyl trifluoronmethanesul fonate F FF 1.0 -S
0" 0 WD 2012/ 085745PCT/ 1B2011/ 055588 80 tri fl uor onmet hanesul foni c

anhydri dewQ2022/08874543 mmol ) was added dropw se. The reaeCraB20aa8s5ss rred at
OC for 3h. The reaction was diluted wvi4th saturated amoni um chl ori de and
the | ayers were separated. The organic | ayer was washed with 1IN HCl (3 x 50
m.), 1IN NaOH (3 x 50 nL), and brine. The organics were dried over sodium
Ssulfate, filtered and concentrated to give 2, 6-dinethyl-4-nitrophenyl
trifluoronethanesul fonate (10.0 g, 93% as a brown solid. 1H NVR (400 MHz,
CDCl 3, 6): 8.0/%‘355,, ZLQZ)’ 2.50 (s, 6H). S_teP B: ,

2-brono- 1, 3- di qu_l_ -M&trﬁ%‘@ﬂ'}@i‘ig 1.(§rm|n_u e@(quuﬂg_HSS T3 2.1 x50 mm, 1.8y

102, 6- di megimh; 95 M Watephetyitrile linkhtgraarnt dangsidtémitaittiRe-ded1.617 Mol ) was

minutes, hold at 2 % water/acetonitrile to 1.8 minutes; 0.05 % trifluoroacetic acid
modifier; flow rate 1.3 mL/minute); LCMS (M+1): 460.24.

5 Example 1.50: (+/-)-3-(6-(3-methyl-1-(4'-methylbiphenyl-4-yl)butylamino)

nicotinamido)propanoic acid

.
SPU NS

Analytical LCMS: retention time 1.03 minutes (Acquity HSS T3 2.1 x 50 mm, 1.8y

column; 95 % water/acetonitrile linear gradient to 2 % water/acetonitrile over 1.6

10  minutes, hold at 2 % water/acetonitrile to 1.8 minutes; 0.05 % trifluoroacetic acid
modifier; flow rate 1.3 mL/minute); LCMS (M+1): 446.20.

Example 1.51: (+/-)-3-(6-(1-(4'-fluorobiphenyl-4-yl)-3-methylbutylamino)

nicotinamido)propanoic acid

15 Analytical LCMS: retention time 0.98 minutes (Acquity HSS T3 2.1 x 50 mm, 1.8y
column; 95 % water/acetonitrile linear gradient to 2 % water/acetonitrile over 1.6
minutes, hold at 2 % water/acetonitrile to 1.8 minutes; 0.05 % trifluoroacetic acid
modifier; flow rate 1.3 mL/minute); LCMS (M+1): 450.22.



di ssolved in N, N-dinethyl formam de (40 nL). Lithium brom de nonohydrate

(4.7 g, 45 mol) was added and the reaction was refluxed overnight. The

reacti on waovdsst4ed wi t h sat urated anmoni um chl ori de amrdTiBz11/635688 wer e

separated. The organics were washed wisth water (3 x 40 nL) and brine, dried

over sodiumsulfate, filtered and 15 concentrated. Purification by colum

chromat ography (2% ethyl acetate in petroleumether) gave

2- brono-1, 3-di net hyl-5-ni trobenzene (2.7 g, 69% as a light yellow solid.

1H NWR (400 MHz, CDCI 3, 6): 7.94 (s, 2H), 2.50 (s, 6H). Step C

2, 6- dlnethyl 4- n|tro 4 - tr|fluoronethxl)b|phenyl 20To a solution of
gt 52194 i ; 4137 mmol) in tol uene (36 ni)

was addedﬁ&%@k*l&%b}dﬂi&ﬁ%@hﬁ@@ida@&m ladi un(0) (1.36 g, 1.17 mol), 4
(trifluoronmethyl) phenyl boronic aci g, 23.5 mmol ), and potassium
fluoride hydrate (3.31 g, 43 nnDD) The reaction was purged with nitrogen
three tines. Water (9 nL) was added and the reaction was refluxed
overnight. The reaction was dil d with 25 saturated amoni um chl ori de and
the | ayers were separated. The oO¥Qganic | ayer was washed with water (3 x 40
nl) and brine, dried over sodiupwsulfate, filtgred and concentrated.
Purification by colum chronmato ohy ga e 2, 6 di rethyl-4-nitro-4'-
(trifluoronethyl)biphenyl (1. | W solid. 1H NVR (400 MHz,
CDCl 3, 6): 7.99 (s, 2H), 7.75.(d 2 " 7 (s, 1H), 7.25 (s, 1H), 2.10 (s,
6H). WO 2012/ 085745PCT/ 1B2011/055%88N81 Step D

2,6-di methyl-4'- (trifluoronethyl)blphenyl 4-am ne To a sol ution of

2,6-di methyl-4-nitro- étrlfluoronet ) bi phenyl (600 2.03 mmol)

o hanol (20 mATAMGSHAIES Telsnion R O TP (Gaus < B3 B S0 Re bt | on

was S5 pr eééiU%hZ@ﬁ%t\Datéﬁadb?zémtméqm@gﬁg}aél@ﬂt Bid %rv@aie@écefdmmetc%p%at ure
overnight. The reaction was filtered onto Celi and concentrat ed.

Purificat pmpt%sy h@@|q§|@nﬂ>d\fﬁtqﬁ?§p@@}t@5ft®1§d‘g@ute3 0 05 % trifluoroacetic acid

2, 6-di et lypdifidr: TI6§vrrhtfe|1U@ﬁQVfﬁﬁ1Ubé2:Dtgl\W@W¥1)' 4earpone (480 ng, 89% as a light
yeIIowsolld TH NVR (40 765(d 2H) 7.27 (s, 1H), 7.25

(s, 1H). 24, 3.80 VB (M1): 266. 1. 10Step
E: net hy| Exampled.98: (fmseH { ¥aNino)
met hyl but Mll@BﬂeréPrﬁlH(E‘)@Fcﬁ)anow acid

Cl
(] P!
Y N/\/U\OH
| H
NS
N~ N
H

Analytical LCMS: retention time 1.05 minutes (Acquity HSS T3 2.1 x 50 mm, 1.8y

column; 95 % water/acetonitrile linear gradient to 2 % water/acetonitrile over 1.6

yl am no) - 3-

10

minutes, hold at 2 % water/acetonitrile to 1.8 minutes; 0.05 % trifluoroacetic acid
modifier; flow rate 1.3 mL/minute); LCMS (M+1): 466.18.

15



0 rC HNe \/ To a solution of nethyl 6-fornylnicotinate (200 ng, 1.21
mml) in toluene (8 nL) containing activated nol ecul ar sieves was added

2, 6- di metwoor/o855(tri fl uoronet hyl ) bi phenyl-4-am ne (3P6TmE201L03388mol ) .
The reaction m xture was heated to 908 and stirred overnight. The reaction
m xture was concentrated and the residue dissolved in tetrahydrofuran (8
m.). The solution was cooled to OC. Zinc chloride (3.64 nL of a 1.0M
solution in diethyl ether, 3.64 nmol) was added, followed by

i sobutyl magnesi um bromide (1.82 nmL of a 2.0Msolution in THF, 3.64 mmol).
The 20reaction nlxture was stlrred at OC for 2h The reacti on was quenched
with sat uEXeBeledadkg SR 4 : ded-ylisSrpnsthylbylyl ure was diluted

W th dlCthbmﬁﬂm&@BkaSQC@bm and mater (30 m.) . "The | ayers were separated
and the aqueous Tayer was extracted with dichloronmethane (30 nL.) two nore
times. The conbined organic |ayers were dried over sodiumsulfate,

filtered, and concentrated. Purjif§cation by colum 25chromat ography gave
met hyl 6-(1-(2,6-dinmethyl-4"-(t | uor onet hyl ) bi pheny1- 4-yl am no) -

3- et hyl but ypni coti nate (290 ny 199. 1H NWR (400 MHz, CDC13, 6): 9.20 (s,
1H), WO 2012/085745PCT/ 1B2011/ 055588 82 _8.25 d, 1H), 7.62 (d, 4H), 7.50
(d, 2H), 7.45 (d, 1H), 7.20 (d, , 6.3 (s, H, 4.62 (m 1H), 3.95 (s,

3H), 3.5 (s, 3H), 1.87 (s, 6 Y7 ; 1.296 (m 3H), 1.10 (m 6H).
Step F: nethyl H

3-(6-(1-(2,6-dinethyl-4'- (tr|fIuor%ne?hyl)blphenyl 4-yl am no) - 3-
nethylbutyl)nlcotlnanldo)propanoate Met hyl

6-(1-(2, 6- dlﬂEth¥ trlfluoronethﬁﬁbglphenxl 4-yl am no) - 3-
met hy| but ypni dtd Vigeld- MIgeipglionting THRoNNURESABIEY SIS 83 P HOM™ 1Y and
t et rahydr @5IUﬁ1ﬁn95 a W&br/aé@%ﬂ%@ Ilhblapgﬁ'ra%ﬁt l‘é%%tér%c@%mtﬂﬂ%' dverle( 77. 5 ng,

1.85 mmol ) was added. The m xture roomtenperature and

stirred fBHNUES, heldeat 2(%11%%{’3@9%&”'? F%F\ SﬁB'Ut'tleﬁlq Qécﬁ’ WI%'(PTOQ.(F\‘?t'FI@P'dand
ext r act edmdgkiBr; ebWyrhteaCEhAlRinutERL MY ANk €): 460.24.

Example 1.55: (+/-)-3-(6-(3-methyl-1-(4-(76yridine-2-yl)phenylbutylamino)

nicotinamido)propanoic acid

10

Analytical LCMS: retention time 0.61 minutes (Acquity HSS T3 2.1 x 50 mm, 1.8y
column; 95 % water/acetonitrile linear gradient to 2 % water/acetonitrile over 1.6
minutes, hold at 2 % water/acetonitrile to 1.8 minutes; 0.05 % trifluoroacetic acid
modifier; flow rate 1.3 mL/minute); LCMS (M+1): 433.21.

15



| ayer was dried over sodiumsulfate, filtered and concentrated. The residue
was dissolved in N, N-di nethyl formam de (5 ni).

0- ( 7- azab®ozotwasams! - 1-y1)-N, N, N , N - tetranet hyl ur oni umCT/IB2011/055588

hexaf | uor ophosphate (338 ng, 0.888 mml) was added and the m xture was
stirred for 45 mnutes. Methyl 3-am nopropanote hydrochloride (123 ny,

150. 888 mmol ) and dii sopropyl et hyl am ne (306 ng, 2.37 nmol) were added. The
resulting m xture was stirred overnight at roomtenperature. The m xture
was diluted with saturated ammoni um chloride and extracted with ethyl
acetate. The orqanlc Ia el was washed mnth wat er and brine, dried over
sodi um suEKapRE : SHES gtkamqypbig ey

3-(6-(1- (%@@u@émmémmﬁémiﬂgﬁme{w)bl pheny1- 4 yl am no) - 3-
20met hyl but yI') ni cot 1 nam do) propanpat e H NVR (400 WMHz, CD30D, 6): 8.88
(s, 1H, 8.10 (m 1H),7.64 (m O3I—|)NI 7.23 (d, 2H), 6.31 (s, 2H), 4.55 (m
1H), 3.65 (m 5H), 2.65 (m 2H) Y¥1.82 (m 6H), 1.60 (m 1H), 1.0 (m 6H).
Step G
(+/-)-3-(6-(1-(2,6-dimethyl-4"-
met hyl but yl ) ni coti nam do) pr opan
83 and tetrahydrofuran (3 ni).
The m xture was stirred at anbi
neutralized with 1IN HCl and ext
was dried over sodiumsulfate ed arfd concentrated. Purification by
HPLC (col um: Boston Anal ytiTs Sﬁ(m"rﬂtrl X ODS-H 150x30 mm 5pm nodifier:
formc acid 0.225% gradient: 10 to 80% MeCN i n wat er) gave (+/ )

f I uor onet hyl ) bi pheny1- 4-yl am no) - 3-

C acid WD 2012/085745PCT/ 1B2011/ 055588

n IN LiOH (93.0 ng, 2.2 nmol) was added.
tenpeqaturejifor 5 hours. The m xture was
etHylOldcet ate. The organic | ayer

-3-(6-(1-(2,6-dinmethyl-4'-(trifl uoronethyl bpheny14
3 L bt YRS Sieiem Be O dinulss (A Fias 20 £0g & vdisol | d.
1H NNR5(4@&uMﬁ|295 M/a(@tomt%leaQeéﬁgra&l'éMl%ﬁ%v&d&r/édé)omt?le%e(@6 2H), 7.46

(d, 1H), 7.22 3H), 2t . 9 (m Ak, 3.54 (m 2H, 2.55 (m
2H), 1. 93wwte%ﬁyld aiZféw(aéer/a@ﬁr)omtrleio ’rﬁ r@lﬁvtemo Yo @ﬁu?rﬁﬁcei'a)wdo 96 (d,
3H), 0. 91{difieBlbw rfe L MnbImina’s- 1 EMEXRARP): 503.38:
3-(6-(1-(2,6-dinmethvl-4"-(trifluoromethvl)biphenvl-4-vlam no)- 3-

met hvl but vl ) ni cotinam do) ropan0| c acid, | somer 1 The title conpound is
obt ai ned B2 84 g/ . 2N -4y yra s

15(trifl ug,@@m%)})mp@hga%rﬁ yI am no) 3- rret hyl but yl ) ni coti nam do) pr opanoi ¢
acid Exanple 2.1, by chiral SFC. Col um: Chiral pak AD-H Di nensions: 10 mm
X 250 cm Mobile Phase: 75/25 CO®7 propanol. Flow Rate: 10.0 nL/m n.

Modi fier: none. Retention tine: 77 m nutes.

10

Analytical LCMS: retention time 1.14 minutes (Acquity HSS T3 2.1 x 50 mm, 1.8y
column; 95 % water/acetonitrile linear gradient to 2 % water/acetonitrile over 1.6
minutes, hold at 2 % water/acetonitrile to 1.8 minutes; 0.05 % trifluoroacetic acid
modifier; flow rate 1.3 mL/minute); LCMS (M+1): 474.29.

15



Exanpl e 2. 3:

3-(6-(1-(2,6-dinethvl-4'-(trifluoronethvl)biphenvl-4-vlam no)- 3-

20met hy| bwoyebimissasi nam do) pr opanoi ¢ aci d, |soner 2 WWBCT/IB2011/055588

2012/ 085745PCT/ 1B2011/ 055588 84 The t18tl e conpound i s obtai ned by resol ving
racemc 3-(6-(1-(2,6-dinethyl-4'-

(trifluoronethyl)biphenyl-4-ylam no)- 3-net hyl but ypni coti nam do) propanoi c
acid Exanple 2.1, by chiral SFC. Colum: Chiral pak AD-H Dinmensions: 10 mm
X 250 cm Mobile Phase: 75/25 CO2/propanol. Flow Rate: 10.0 nL/m n.

Modi fier: _none. Retentlon tlne 53 02 nlnutes Exanple 2.4.

(+/-)-3-( araplg ; A0 et f T Yl-47y1k

but yl ) ni Cﬁkbﬂ%l@%ﬂfg@ﬁ&ﬂ@b@ aci d 10 St ep A (+-)- rret th
6- ( 1- hydr oxv- 3- et hyl but ynni COtlﬁ%e 0 To a -10C solution of nethyl
6-formnyl nicotinate (800 ng, 4.8 in tetrahydrofuran was added

i sobut yl magnesi um brom de (3.6 7.2 mol, 2.0Min 15THF). The resulting
m xture was stirred at -10C. Af 2 hours, additional isobutyl magnesium
bromde (2.4 m., 4.8 mmvl) was added and the reaction was stirred at -10C
for another 2 hours. The reactigmyas quenchedowith water and extracted
with ethyl acetate. The organicld @ er diied\gver sodium sul fate,
filtered and concentrated to & . ®urification by colum

chromat ography (0-15% et hyl ¢ N1 n petrol eum et her) gave net hyl

6- (1- hydr oxy- 3- et hyl butyl ) ni cotlhhate 1H NMR (400 MHz, CDCI 3, 6): 9.14(s,
1H), 8.29-8.27 (d, 1H), 7.36-7.34 (d, 1H), 4.85-4.83 (m 1H), 3.78 (s, 3H),

1.95-1.91 (m Akdyticd 183 reientiBh tidEM.09tmPABtek- (RdquiHSH s 201 060 An?S 48, 3H) .

5 column; 95 % water/acetonitrile linear gradient to 2 % water/acetonitrile over 1.6

minutes, hold at 2 % water/acetonitrile to 1.8 minutes; 0.05 % trifluoroacetic acid
modifier; flow rate 1.3 mL/minute); LCMS (M+1): 516.23.

Example 1.59: (+/-)-3-(6-(3-methyl-1-(4'-(methylsulfonybiphenyl-4-

ybutylamino)nicotinamido)propanoic acid

10

Analytical LCMS: retention time 0.81 minutes (Acquity HSS T3 2.1 x 50 mm, 1.8y
column; 95 % water/acetonitrile linear gradient to 2 % water/acetonitrile over 1.6
minutes, hold at 2 % water/acetonitrile to 1.8 minutes; 0.05 % trifluoroacetic acid
modifier; flow rate 1.3 mL/minute); LCMS (M+1): 510.16.

15



WO 2012/ 085745PCT/ 1B2011/ 055588 85 Step B: net hyl

6- ( 3- et hyl but anovnni cotinate 0 )L O O,I N To a solution of nethyl
6- ( 1- hydrweyey/aset4hy| but yl ) ni cotinate (0.200 g, 0.896 mrolr)iB20M1/055588

di chl oronet hane (10 nL) was added nananese di oxide (779 ng, 8.96 5 mol).

The reaction was stirred at roomtenperature overni ght. The reaction was

then filtered and concentration of the filtrate gave nethyl

6- ( 3- net hyl but anoyl ) nicotinate (190 ng, 96% as a yellow oil. 1H NWVR (400

MHz, CDCI3, 6): 9.25 (s, 1H), 8.40-8.42 (d, 1H), 8.07-8.09 (d, 1H), 3.98

(s, 3H, 3.11-3. 12 (d 2 2. 27 2 34 (n] 1H), 0 99-1.00 (m 6H). Step C
'o(trifl B 21 1L:R0: g-meth Wi 14 -(Heft rifluoranrethyl)p r|d|n--so| ution of

4- br orman%d?ér@@mﬁ@@dgynmb&dirﬁg,ln)do)#o%érfd,d‘éd,tpr onet hyl ) phenyl boronic acid (15
g, 79 mml), potassium carbonate g, 263 mmol ), and palladiun(ll)
acetate (946 ng, 4.21 mol) in 1F2'di met hoxyet hane (80 nlL) and water (80
m.) was stirred at 30C overni ght., Ahe reaction was then heated to 50C for 7
hours. The 15reaction was filtered through Celite and extracted with ethyl
acetate (3 x 200 nmL). The conbi pee\ organi cs were washed with water and
brine, dried over sodium sul fatl Jiltered and concentrated. Purification
by columm chromatography (0.5 - T.7% petrol eum et her/ethyl acetate) gave

-(trifluoronethyl) biphenyl- j ne (18 g, 40% as an off white solid. 1H

NVR (400 MHz, (CD3)2S0, 6): 7.73-7 82 ( J:l)\KU\Z(%%S (dd, 2H), 206.72 (d,
‘ 2042/ 685745PCT/ 182011/ 055588

IN

2H), 5.47 (s, 2H). MBS (M¥l):

Analytical LCMS: retention time 0.95 minutes (Acquity HSS T3 2.1 x 50 mm, 1.8y
5 column; 95 % water/acetonitrile linear gradient to 2 % water/acetonitrile over 1.6
minutes, hold at 2 % water/acetonitrile to 1.8 minutes; 0.05 % trifluoroacetic acid
modifier; flow rate 1.3 mL/minute); LCMS (M+1): 501.19.

Example 2.1: (+/-)-3-(6-(1-(2,6-dimethyl-4'-(trifluoromethyl)biphenyl-4-ylamino)-3-

methylbutylnicotinamido)propanoic acid

10

To a solution of 2,6-dimethyl-4-nitrophenol (6.0 g, 36 mmol) in dichloromethane

(60 mL) was added pyridine (7.2 mL, 89 mmol). The solution was cooled to 0°C and



86 Step D nethyl
6-(3-nmethvl-1-(4"'-(trifluoronethyl)biphenyl-4-ylam no)butvl) nicotinate 0
A sol uti onoabh1vmstagl 6- ( 3- net hyl but anoyl ) ni coti nat e (90Pow/IBDIA0SHSRO! ), 4' -
(trifluoronethyl)biphenyl-4-amne (148 ng, 0.610 nmol) and

p-tol uenesul fonic acid 5 nonohydrate (1.5 ng, 0.008 mmol) in anhydrous

1, 2-di net hoxyethane (2.5 nm.) was heated to 120C for 5 hours over activated
nol ecul ar sieves in a seal ed tube. The suspension was cooled to room
tenperature. Sodi um cyanoborohydride (12.8 ng, 0.203 mmol) in met hanol (1

m.) was added dropwi se, i medi atel7y foll owed by acetic acid 1 nm). The
resul ting trifpQromedhangs ultanic anky deRet vl ght 4AMBoHIS: *Asd d5eRYYige- W?e 10r eacti on

was Cconcepddchdrefa@Bhrdd @ 0eCHE3H. efietl Bt swRadilliddi vaeshtalewReim Slityl
acetate and sat urat ed sodi um bi carbonate. The aqueous | ayer was extracted

agai n wi t ANigfdgandibelayers Wekseearithetheorgans Byrayeas waghadaviy TN (B

sodi um sukateL.), TN Na@l—ﬁﬁi ST ML P Rmainat §fe qu?chsl\A%@é HEdH SderRb&DAr ative TLC
(5:1 petroleumeth acet ate) gave

6- ( 3- nét hyyliede (f'ﬂere(jtatnpﬁpﬁ‘d?”dﬁﬁdWIgjve %H@ﬁ}'i‘y'tﬂwr%‘?ﬁeﬁd') butyl ) ni cotinate (28
nmg, 1515 @ruflaéroa]eyrﬁinbguw&a{el (do 0ld QBWaé%QQO\MT'éohoCDQWMRQ)lOO -9 coels, 1H) |
8.21-8.24 (m 4H), 7.43-7.45 (d, 1H), 7.35-7.37 (d, 2H),
6.61-6. 635X§ 032(F+)2H)42§§ (§56H)1H) 3.93 (s, 3H), 1.74-1.75 (d, 2H), 0.92-1.02
(m 6H). Sterm:Ex-boo) A3difBtrB5MRida¥Azeke( 4 - (tri f1 uor omet hyl ) bi phenv1-4-

vl am no) but vl') ni cot 1 nam do) pr opanoi ¢ acl d 20The title conpound was
prepared from net hyl 6-(3-nethyl-1-(4"-

(trifluoronethyl)biphenyl-4-ylam no) i cotinate by a method anal ogous
to that described in Exanple 2.1 step G 1H NWR (400 MHz, CD30D, 6):
8.90 (s, 1H), 8.05- 8.15 (d, 1H), 7.52-[7.69(m 5H), 7.35-7.38(d, 2H),

6. 60-6.65(m 2H) 4.69 (m 1H) 3.57- 3@%'20(m 2H), 2.58-2.63 (m 2H),

\1Ao7(2)ob? 885745%2%1@%%@'6@@?%@ té%ﬂ%faﬁw@eewfsnat%osz,? PhimoTudd ) 5004

3- (6~ ( 3- maisbttedLin (MN- o(uhéihg/llfdrﬁfamm (rmmlrml mhﬁuwﬂbrém\dearnbm)ybwne'tm g, 45
ni cot i nam do) pr opanoi c |!1 | soner The n‘gound is obt gl ned by
resol vi ng ﬁ\ﬁ? e@@n?st ?Tﬁqaﬁqu)n \ya? prluxe overnlght action was dilute

with saturated ammonium chloride and the layers were separated. The organics were

washed with water (3 x 40 mL) and brine, dried over sodium sulfate, filtered and

15 concentrated. Purification by column chromatography (2% ethyl acetate in petroleum
ether) gave 2-bromo-1,3-dimethyl-5-nitrobenzene (2.7 g, 69%) as a light yellow solid.
"H NMR (400 MHz, CDCls, ): 7.94 (s, 2H), 2.50 (s, 6H).
Step C: 2,6-dimethyl-4-nitro-4'-(trifluoromethyl)biphenyl

O
S Ua®;
O//

20  To a solution of 2-bromo-1,3-dimethyl-5-nitrobenzene (2.7 g, 11.7 mmol) in toluene (36

mL) was added tetrakis(triphenylphosphine)palladium(0) (1.36 g, 1.17 mmol), 4-
(trifluoromethyl)phenylboronic acid (4.46 g, 23.5 mmol), and potassium fluoride hydrate
(3.31 g, 43 mmol). The reaction was purged with nitrogen three times. Water (9 mL)
was added and the reaction was refluxed overnight. The reaction was diluted with

25 saturated ammonium chloride and the layers were separated. The organic layer was
washed with water (3 x 40 mL) and brine, dried over sodium sulfate, filtered and
concentrated. Purification by column chromatography gave 2,6-dimethyl-4-nitro-4'-
(trifluoromethyl)biphenyl (1.5 g, 43%) as a yellow solid. 'H NMR (400 MHz, CDCls, 3):
7.99 (s, 2H), 7.75 (d, 2H), 7.26 (s, 1H), 7.25 (s, 1H), 2.10 (s, 6H).

30



5(trifluoronethyl)bi phenyl-4-yl am no)butyl)ni cotinam do) propanoi c acid
Exanple 2.4, by chiral SFC. Columm: Chiralcel QJ-H D nensions: 10 mm x250
cm Mobi IwORheass57435/ 25 CO2/ met hanol . Fl ow Rate: 10 ni/ mcmiIBMadbisseyr : none.

Retention tinme: 2.94 m nutes. BE@&npl e 2. 6:
3-(6-(3-nethyl-1-(4'-(trifluoronethyl)biphenvl-4-vlam no)butyl)
10ni cot i nam do) propanoi c acid, |sonmer 2 The title conpound is

obtai ned by resolving racemc 3-(6-(3-nmethyl-1-(4"-
(trifluoronethyl)bi phenyl-4-yl am no) butypni coti nam do) propanoi ¢ aci d

Exanple 2.4, by chiral SFC.  Columm: Chiralcel QJ-H D nensions: 10 nm x250
cm Mobi | 8i88H2sab-dimedwbi-(fifporemethyhbiphemyldcambiee: 10 ni/nmin. Modifier:
none. Retention tine: 3.91 m nutes. O 2012/ 085745PCT/ 1B2011/ 055588 88
Exanple 2.7: F

(+/-)-3-(6-(3-nethyl-1-(6-(4-(tEN : Bhenv!) pyri di n-3-vl ani no)
but ynni cot i nam do) propanoi ¢ acid NOQ N )LOH'IH HNNI 'Y 5Step A
5-nitro-2-(4-(trifluoropethyl p_henvlt)_Pvri dine FN / \ ,
To a solution of 2,6-d|meth¥I- -nitro-4'-(trituoromethyl)biphenyl (600 mg, 2.03 mmol) in
ethanol (20 mL) was added 10wt% palladium on carbon (18 mg). The reaction was
5 pressurized to 50 psi hydrogen and stirred at room temperature overnight. The reaction
was filtered onto Celite and concentrated. Purification by column chromatography gave
2,6-dimethyl-4'-(trifluoromethyl)biphenyl-4-amine (480 mg, 89%) as a light yellow solid.
"H NMR (400 MHz, CDCl3, ): 7.65 (d, 2H), 7.27 (s, 1H), 7.25 (s, 1H), 6.48 (s, 2H), 3.80
(s, 2H), 1.94 (s, 6H). MS (M+1): 266.1.
10  Step E: methyl 6-(1-(2,6-dimethyl-4'-(trifluoromethyl)biphenyl-4-ylamino)-3-

methylbutylnicotinate

To a solution of methyl 6-formylnicotinate (200 mg, 1.21 mmol) in toluene (8 mL)
containing activated molecular sieves was added 2,6-dimethyl-4'-

15 (trifluoromethyl)biphenyl-4-amine (316 mg, 1.33 mmol). The reaction mixture was
heated to 90°C and stirred overnight. The reaction mixture was concentrated and the
residue dissolved in tetrahydrofuran (8 mL). The solution was cooled to 0°C. Zinc
chloride (3.64 mL of a 1.0M solution in diethyl ether, 3.64 mmol) was added, followed by
isobutylmagnesium bromide (1.82 mL of a 2.0M solution in THF, 3.64 mmol). The

20  reaction mixture was stirred at 0°C for 2h. The reaction was quenched with saturated
aqueous ammonium chloride (5 mL). The mixture was diluted with dichloromethane (30
mL) and water (30 mL). The layers were separated and the aqueous layer was
extracted with dichloromethane (30 mL) two more times. The combined organic layers
were dried over sodium sulfate, filtered, and concentrated. Purification by column

25 chromatography gave methyl 6-(1-(2,6-dimethyl-4'-(trifluoromethyl)biphenyl-4-ylamino)-
3-methylbutyl)nicotinate (290 mg, 51%). "H NMR (400 MHz, CDCls, 8): 9.20 (s, 1H),



F 4-(trifluoronethyl)phenyl boronic acid (500 ng, 2.63 mmol), 2-chloro-5-
nitropyridine (417 ng, 2.63 mmol), potassium carbonate (908 ng, 6.58 nmol)
and pal | astoen(2dsy74acet ate (23.6 ngy, 0.105 mmol) were comrbirnBzd11/n555881

di oxane:water (10 10 nlL). The resulti8g m xture was stirred at 80C for 12
hours. The m xture was filtered and the solution was extracted with ethyl
acetate. The organic | ayer was washed with water, then brine, dried over
sodiumsul fate, filtered and concentrated. Purification by colum

chr omat ogr aphy gave 5- nitro 2-(4- (trifl uororret hyl)phenyl) pyridi ne (260 ny,
37% . 1H NNRé 2& H% H; 14(d 2
H, 7.72 Bdd (€ HHHy- 62-ﬁd6@-|)(650 ,q)H) 755@ gH) 7 O(d 2H) 630 (s 2H 462

6-(4-(tri ﬁHy@rgm(%tmrj )amx%nym) nw(glem)%a édﬂ'%H) 126(5039) 301|0L(h1 @h).of
5-nitro-2-(4- trlfluororret ,)p yl i ne (260 0.9 mml) 20i n
et hanol (3 Ly mgthyl $-£6-(T(204igs AR & gal | adi um on

car bon (19{&@Hm)‘ﬁn,@t”ﬁ@ﬁ,gb)@bamgtepressur| zed to 50 pSI hydrogen and
stirred at roomtenperature or hours. The reaction was filtered through
Celite and concentrated to gi v F

6- (4-(trifluoronethyl)phenyl)pyr|idin-3-amne (220 ng, 95% . 1H NWVR (400
MHz, CD30D, 6): 7.98 (s, 1 H), 788 (d, 2 H), 7.60 (d2 H), 7.54 (d, 1 H,
7.09 (d 1 H) WO 2012/ 085745 1B2011/ 055588 89 Step C

1) ni cot| nam do) pr opan0| Cc act
6-(4-(trifluoronethyl)phenyl) py

di n-3- lla nd met hyl 6-fornylnicotinate
by a method anal ogous to that ddscr| bad fn}QS)QES?anple .1 steps E- G 1H

NVR (400 MHz, CD30D, 6): 8.84 (% ,806(m 1H),790(s,1H), 7.83
(m 2H, 7.67(m 2H, 765 (mJ1H, 7.48 (m 1 H, 7.23 (m 1 H),
4.63-4.62 (m 1 H, 3.53(m 2 2.53 (m 2 H, 1.61-1.85 (m 3 H), 0.94
(d, SF-I) .89 (d, 3 H. M5 (Mt1): 501.1. Exanpl e 2. 8:
(+-)- (6 (3-Memt7!)6]:611(—2(65dinmttﬁyy-4' Grif(uéFc(rmethyl bi[rhleoyiet-yiydn)rpb}ényl ) pyri di n- 3-
10vl am no}nbe'tﬁym%)%%%lunaqe (ﬂﬂ))rgr OCngﬁ{n?olf‘\nclas dlssolved in H2O (3 mL) and
tetrahydrofuran (3 mL). The solution was cooled to 0°C. 1N LiOH (77.5 mg, 1.85 mmol)
was added. The mixture was warmed to room temperature and stirred for 5h. The
10  mixture was then neutralized with 1N HCI and extracted with ethyl acetate. The organic
layer was dried over sodium sulfate, filtered and concentrated. The residue was
dissolved in N,N-dimethylformamide (5 mL). O-(7-azabenzotriazol-1-yl)-N,N,N’,N’-
tetramethyluronium hexafluorophosphate (338 mg, 0.888 mmol) was added and the
mixture was stirred for 45 minutes. Methyl 3-aminopropanote hydrochloride (123 mg,
15 0.888 mmol) and diisopropylethylamine (306 mg, 2.37 mmol) were added. The resulting
mixture was stirred overnight at room temperature. The mixture was diluted with
saturated ammonium chloride and extracted with ethyl acetate. The organic layer was
washed with water and brine, dried over sodium sulfate, filtered and concentrated to
give methyl 3-(6-(1-(2,6-dimethyl-4'-(trifluoromethyl)biphenyl-4-ylamino)-3-
20 methylbutyl)nicotinamido) propanoate. "H NMR (400 MHz, CD;0D, 3): 8.88 (s, 1H),
8.10 (m, 1H),7.64 (m, 3H), 7.23 (d, 2H), 6.31 (s, 2H), 4.55 (m, 1H), 3.65 (m, 5H), 2.65
(m, 2H), 1.82 (m, 6H), 1.60 (m, 1H), 1.0 (m, 6H).

Step G: (+/-)-3-(6-(1-(2,6-dimethyl-4'-(trifluoromethyl)biphenyl-4-ylamino)-3-

methylbutyl)nicotinamido)propanoic acid

25  Methyl 3-(6-(1-(2,6-dimethyl-4'-(trifluoromethyl) biphenyl-4-yl amino)-3-
methylbutyl)nicotinamido)propanoate (400 mg, 0.74 mmol) was dissolved in HoO (3 mL)



F O NNLOHH HN N Step A

3-methyl -5-nitro-2-(4-(trifluoronmethyl)phenyl)pyridine 15To a m xture of
4-(trifl woanetdsyt4pphenyl boronic acid (285 ng, 1.5 mol PCTAB2011/055588

brono- 3-net hyl-5-nitropyridine (216 M3, 1.0 mmol ), and potassium carbonate
(345 ng, 2.5 mol) in water (1.5 nL) and di oxane (6 nL) was added

tetraki s(tri phenyl phosphi ne) pal | adi un{0) (40 ng, 0.035 mmol). The resulting
m xture was stirred at 80C for 4.5 hours. The m xture was cooled to room
tenperature. Ethyl 20 acetate was added and the m xture was washed with

wat er, then bri ne dried over_sodiumsulfate, filtered and concentrated.
Puri f i cat PRt ERENEBPURD CHPbneisr APHPHYES Mg, 2.2 mmol) was added. The

3- met hyl ﬁnﬂurbrv@as%nhéd @&t éﬂnBiertreﬁm@rrdwﬂe)f&*@nadré PYhé tHiagre(weadhdi®raliZAY) . 1H
NMR (400 1 H, 842 (s, 1 H, 7.77 (d, 2 H, 7.69
(d, 2 H), Wﬁhéw I-dgl ang qqgractgg%hlgthyl acetate. The organic layer was dried over'sodium

5- et hy 1- Guiffe, (f‘ltér'efj|a%@rc@ﬁﬁn|ﬂ’1§lédphﬁmda)|&% plpnci‘zcamnﬁesostmnayt.cs
2012/ 085745PCT/ 1B2011/ 055588 sol utio

3- met h9 - SYRMeiB @D ?ﬁ"@?%@l%r%tﬁ%ﬁﬁh@ﬁ@ﬂ%%@ a?%, rﬁé'ﬁnfrrﬁo 19898 ol )
i n et hanoMeCBOinMaterVgavead e - %@(W(Q%Lmletr@dwmﬂgam%ﬂkwyb ichdR- 4ﬂ§ﬂém|n-(5§1€

reacti on was gwessurl zed to 5 en and was stirred

t enper at uPd@n§t Lﬁy@?ﬁ%'f‘@m'd%@% ?‘Bﬁi\ (39 &gr £3°Ra2S VB %Qi'dt Rt HNE;:% Celite
and concepfopayirg &N, 68 &85 (s, 1H),8.02 (m, 1H), 7.64 (d, 2H), 7.46 (d, 1H), 7.22 (d,

3H), 6.32 (s, 2H), 4.59 (m, 1H), 3.54 (m, 2H), 2.55 (m, 2H), 1.93 (m, 6H), 1.78 (s, 2H),
10 1.72 (m, 2H), 1.60 (m, 1H), 0.96 (d, 3H), 0.91 (d, 3H). MS (M+1): 528.2.
Example 2.2: 3-(6-(1-(2,6-dimethyl-4'-(irifluoromethybiphenyl-4-ylamino)-3-

methylbutyl)nicotinamido)propanoic acid, Isomer 1

The title compound is obtained by resolving racemic 3-(6-(1-(2,6-dimethyl-4'-

15 (trifluoromethyl)biphenyl-4-ylamino)-3-methylbutyl)nicotinamido)propanoic acid Example
2.1, by chiral SFC. Column: Chiralpak AD-H. Dimensions: 10 mm x 250 cm. Mobile
Phase: 75/25 COJ/propanol. Flow Rate: 10.0 mL/min. Modifier: none. Retention time:
2.77 minutes.

Example 2.3: 3-(6-(1-(2,6-dimethyl-4'-(trifluoromethyl)biphenyl-4-ylamino)-3-

20  methylbutyDnicotinamido)propanoic acid, Isomer 2




met hyl - 6- (4-(trifluoromethyl)phenyl)pyridin-3-amne (198 ng, 99% . 1H NWR
(400 MHz, CDCI3, 6): 8.04 (s, 1 H, 7.67 (m2H, 7.60 (m 2 H, 6.91(s, 1

H), 3.72 wbror/sr4sl), 2.30 (s, 3H). Step C PCT/IB2011/055588
(+/-)-3-(6-(3-nethyl-1-(5-methyl -6-(44(trifluoromethvl)phenvl)pvridin-3-
10vl am no) but vl ) ni coti nam do) propanoi c acid The title conmpound was

prepared from net hyl 6-fornylnicotinate and 5-nethyl -
(4-(trifluoromethyl)phenyl)pyridin-3-am ne by a nmethod anal ogous to that
described in Exanple 2.1, steps E - G 1H NVR (400 M—Iz CD30D 6) 8 95 (m
1H, 815 (m_1 7.83 1 7.71 57 (m
2 H). 6.89 (mThe tr'fl;e Compemnémobia'msd bw@golswg(fﬁﬁeﬂzC?o(G (k(%gd( thz"h) 2.19
(5 iS 1; H) , (tﬁﬂ&lorﬂretﬁ?l)tﬁéﬂer@l HylaminB-thdihyButy)nicdtiéidSpropahbic aba Exdnble
(+/-) -3 (31(?3( E@r%?!:gylc%“r(‘@t c%ri'rla?pfalkﬂ Hn@t"ﬂ%ﬂsj%ﬁem/%’§/?5%w’ﬁ Moi?!'eam no)
but vl') ni cphaw%@@)mm@w& FA&k Rate: 1020 T eminl Mogifie© WBR! NHetéAsorPtipear ed
frommeth 6-fornyl nicotinate and 5-nethyl - 6-

(4- (tr?flé@?dﬂﬁ%‘tﬁw ) phenyl ) pyr i d| n-3-amine by a method anal ogous to that

descri bedgksm : bA'- (4 K oA §,|n »brom de. 1H NWVR
(400 Mz, D, 6) ;. 8. ., 7.59 (d,
2H), 7. 50%@@@#@@8@%@@, 1H) 4. 48 (t 1H), 3.53 (t, 2H), 2.53 (t,

2H), 2.07 (s, 3H), 1.82-1.75 (m 2H), 251.52-1.42 (m 1H), 1.40-1.29 (m
1H), 0.89 (t, 3H. M5 (MH1): 501. WO 2012/ 085745PCT/ 1B2011/ 055588 91
Exanple 2.10: (+/-)-3-(6-(1-(4'F i fl uoronet hyl ) bi phenyl-4-yl am no) et hyl)
ni cot i nam do) propanoi ¢ acid The[title conpound was prepared from
-(trifluoronethyl)bi phenyl-4-grimye and 5nethyl 6-fornylnicotinate by a
nmet hod anal ogous to that descrilted)in Exanple 2.1 steps E - G using
nmet hyl magnesi um brom de. 1H NWMR (B00 MHz, CD30D, 6): 8.92 (s, 1 H), 8.12
(d, 1 H, 7.60 (m 5 H), 7.37 (g H, 659 (d 2 H, 465 (m 1H, 3.62
(m 2H, 2.62 (m 2H), 1.56 (d, ) M+1) : 458. 5. Exanpl e 2. 11:
(+/-)-3-(6-(1-(5-nmethyl-6-(4-(triflu@rofret iyl ) phenyl) pyri di n- 3-
10yl am no) pr opyl ) ni cot i nam do) pr I\~ aci

HO™ ~O

10
Step A: (+/-)-methyl 6-(1-hydroxy-3-methylbutylnicotinate

To a -10°C solution of methyl 6-formylnicotinate (800 mg, 4.8 mmol) in

tetrahydrofuran was added isobutylmagnesium bromide (3.6 mL, 7.2 mmol, 2.0M in

15 THF). The resulting mixture was stirred at -10°C. After 2 hours, additional
isobutylmagnesium bromide (2.4 mL, 4.8 mmol) was added and the reaction was stirred
at -10°C for another 2 hours. The reaction was quenched with water and extracted with
ethyl acetate. The organic layer was dried over sodium sulfate, filtered and
concentrated to a brown oil. Purification by column chromatography (0-15% ethyl

20  acetate in petroleum ether) gave methyl 6-(1-hydroxy-3-methylbutyl) nicotinate. 'H NMR
(400 MHz, CDCls, ©): 9.14(s, 1H), 8.29-8.27 (d, 1H), 7.36-7.34 (d, 1H), 4.85-4.83 (m,
1H), 3.78 (s, 3H), 1.95-1.91 (m, 1H), 1.65-1.51 (m, 2H), 1.03-1.01 (d, 3H), 0.96-0.95 (d,
3H).



The title conmpound was prepared from nethyl 6-formnylnicotinate and

5-nmet hyl-6- (4-(trifluoronethyl)phenyl)pyridin-3-amne in a manner

anal ogouswbaomapbe 2.1, steps E - G using ethyl mgnesecumimonisdes 1H NVR

(400 MHz, CD30D, 6): 8.84 (d, 1H), 158.06 (dd, 1H), 8.71 (d, 1H), 7.59 (d,

2H), 7.50-7.41 (m 3H), 6.76 (d, 1H), 4.40 (t, 1H), 3.53 (t, 2H), 2.53 (t,

2H), 2.07 (s, 3H), 1.90-1.82 (m 2H), 0.94 (t, 3H). M5 (M+l): 487. WO

2012/ 085745PCT/ 1B2011/ 055588 92 Exanple 2. 12:

(+/-)-N-((1H-tetrazol -5-vl1)nethvl)-6-(3-nethvl-1-(4"-(trifluoromethvl)

bi phenvl-4-vl am no) butvI ) ni coti nam de 5Step A: net hyl

6- ( 3- met hlepB: igQt] y1-4-yl am no) but ypni cotinate \ o

To a solution of nethyl 6-fornylnicotinateo(0.200 g, 1.21 mol) in

tetrahydrofuran (8 nlL) containing acti nol ecul ar sieves was added
-(trifluoronethyl)bi phenyl-4- am ne (336 r’% 1.33 nmmol ). The reaction was

heated to 90C and stirred overni ghp. NThe reaction was concentrated to

dryness and the residue was dissolved in tetrahydrofuran (8 nL). The

solution was cooled to OC. Zinc chlforide (3.52 nL, 1Min diethyl ether,

3.52 mmol ) was added, followed by isobutyl magnesi um brom de (1.47 nL, 2.0M

in THF, 3.52 nmmol ). The reaction was stirred at OC for 2 hours. The

reacti on was q'[(ealsbleﬂbr\/\a')ftrhetbyitﬁu(rldtyémwfaﬁmatfwmwli\)hboiirwee (02 g3 e was

dil ut ed - ated and

t he aque%&%}ééﬁg? rac%tﬂgﬁé Qal(tl_wo%ﬁg%)lt ChI'3r ﬂe%%dﬁ%izw @ﬁ%i%neﬁl organic
| ayer sSwemen ¢ reacton wesd stimedsall rbamdempératuse ederaight. d oaceavtioavad then
Purificat 0 VS t
i (L gt (ze
ng, 39% &9 b$ oweliw oil. 1 o6} 8.31
(d, 1H, §07%.do @& 14M3.98 (s, 3H), 3.11-3.12 (d, 2H), 2.27-2.34 (m, 1H), 0.99-1.00 (m, 6H).

Step C: 4'-(trifluoromethylbiphenyl-4-amine

F
ra@adal
F

A solution of 4-bromoaniline (20 g, 116 mmol), 4-(trifluoromethyl) phenylboronic

10

acid (15 g, 79 mmol), potassium carbonate (36.3 g, 263 mmol), and palladium(ll)
acetate (946 mg, 4.21 mmol) in 1,2-dimethoxyethane (80 mL) and water (80 mL) was
stirred at 30°C overnight. The reaction was then heated to 50°C for 7 hours. The

15  reaction was filtered through Celite and extracted with ethyl acetate (3 x 200 mL). The
combined organics were washed with water and brine, dried over sodium sulfate,
filtered and concentrated. Purification by column chromatography (0.5 — 1.7%
petroleum ether/ethyl acetate) gave 4'-(trifluoromethyl) biphenyl-4-amine (10 g, 40%) as
an off white solid. 'H NMR (400 MHz, (CD5);S0, 8): 7.73-7.82 (m, 4H), 7.55 (dd, 2H),

20 6.72(d, 2H), 5.47 (s, 2H). MS (M+1): 238.2.



205H), 7.41 (d, 2H), 6.65 (d, 2H), 4.61-4.52 (m 1H), 3.94 (s, 3H),
1.92-1.73 (m 2H), 1.1.72-1.61 (m 1H), 1.05 (d, 3H), 0.91 (d, 3H. WO

2012/ 085MbBRCID/BBRAS11/ 055588 93 Step B: PCT/IB2011/055588
6-(3-methvl-1-(4'-(trifluoronethyl)bigshenvl-4-yl am no)butvl)nicotinic acid
OH-\\ I\l F NH) Met hyl

6-(3-nmethyl-1-(4"-(trifluoronethyl)biphenyl-4-ylam no)butyl)nicotinate (190
ng, 0.429 mol) was dissolved in water (3 nlL) and tetrahydrofuran (3 niL).
INLIOHd5 (54.0 ng, 1.29 mol) was added. The reaction was stirred at room
tenperature for 2 hours. The reaction was neutralized with 1IN HCl and
extract eds DN _ o] 4 1 4 trif _"_ f Wty nicotinaie
sulfate, filtered and concentrated to give 6-(3-
met hy1l-1-(4'-(trifluoronethyl)bi phern¥1-4-yl am no) butyl) nicotinic acid (180
ng, 98% as a yellow solid. 1H NVRY(400 MHz, CD30D, 6): 9.08 (s, 1H), 8.25
(d, 1H), 7.59-7.63 (m 105H), 7.38Xd, 2H), 6.63 (d, 2H, 4.65 (m 1H),
1.85 (m 2H), 1.65 (m 1H), 1.00 { 6H). Step C
(+/-)-N((1Htetrazol -5-vl) et hvl )6-(3-nmet hvl -1-(4'-(trifluoronethyl)

bi phenvl-4- yl am no)butypni cotinapjde To a solution of

N, N- di i sopr opyl et hyl am ne

A solution of methyl 6-(3-methylbutanoyl)nicotinate (90 mg, 0.41 mmol), 4'-
(trifluoromethyl)biphenyl-4-amine (145 mg, 0.610 mmol) and p-toluenesulfonic acid
5 monohydrate (1.5 mg, 0.008 mmol) in anhydrous 1,2-dimethoxyethane (2.5 mL) was
heated to 120°C for 5 hours over activated molecular sieves in a sealed tube. The
suspension was cooled to room temperature. Sodium cyanoborohydride (12.8 mg,
0.203 mmol) in methanol (1 mL) was added dropwise, immediately followed by acetic
acid (0.1 mL). The resulting mixture was stirred overnight at room temperature. The
10  reaction was concentrated and the crude residue was partitioned between ethyl acetate
and saturated sodium bicarbonate. The aqueous layer was extracted again with ethyl
acetate. The combined organic layers were dried over sodium sulfate, filtered and
concentrated. Purification by preparative TLC (5:1 petroleum ether:ethyl acetate) gave
methyl 6-(3-methyl-1-(4'-(trifluoromethyl) biphenyl-4-ylamino)butyl)nicotinate (28 mg,
15 15%) as a yellow solid. "H NMR (400 MHz, CDCls, 5): 9.19 (s, 1H), 8.21-8.24 (d, 1H),
7.54-7.60 (m, 4H), 7.43-7.45 (d, 1H), 7.35-7.37 (d, 2H), 6.61-6.63 (d, 2H), 4.65 (s, 1H),
3.93 (s, 3H), 1.74-1.75 (d, 2H), 0.92-1.02 (m, 6H).

Step E: (+/-)-3-(6-(3-methyl-1-(4'-(trifluoromethybiphenyl-4-

ylamino)butyl)nicotinamido)propanoic acid

20 The title compound was prepared from methyl 6-(3-methyl-1-(4'-
(trifluoromethyl)biphenyl-4-ylamino)butyl)nicotinate by a method analogous to that
described in Example 2.1 steps F-G. '"H NMR (400 MHz, CDs0D, &): 8.90 (s, 1H), 8.05-
8.15 (d, 1H), 7.52-7.69 (m, 5H), 7.35-7.38 (d, 2H), 6.60-6.65 (m, 2H) 4.69 (m, 1H) 3.57-
3.62 (m, 2H), 2.58-2.63 (m, 2H), 1.70-1.90 (m, 2H), 1.59-1.66 (m, 1H), 0.98-1.03 (m,

25 6H). MS (M+1): 500.4.



(181 ng, 1.40 mmol ). The reaction was stirred for 30 m nutes at 80C.
(1H-tetrazol -5- yl)nethanam ne (80.2 ny, 0.466 mmvl) was added and the
reacti on worviznsewst o stir at 80C overnight. The reacti eocTaBz1003sassed w t h
sat urated anmmoni um chl oride and extra&ted with ethyl acetate. The organic
| ayer was washed with brine, dried over 20sodiumsulfate, filtered and
concentrated. Purification by preparative HPLC (columm: Boston Anal ytics
Symmetrix ODS-H 150x30 mm 5pm nodifier: formc acid 0.225% gradient: 10
to 80% MeCN in water) gave N-((1Htetrazol -5-yl)nethyl)-6-(3-nmethyl-1-(4"-
(tr|fluoronethyl Ianlno)butyl)nlcotlnanlde (15.7 ng, 13% as a
| i ght ye| ol 514. f um NALL Uor .l|ln b en trd adamino bui 8 98 (S 1H),
8.15 (d Alb%una?ma (an&é%lﬂh sém301(d, 1H), 7.35 (d, 2H), 6.64 (m 3H),
4.75 (d, m 2H), 1.55 (m 1H), 0.95 (d, 3H), 0.85
(d, 3H. M (Nhl) 510. 4. WD 2012/F085745PCT/ 1B2011/ 055588 94 Exanple 2. 13:
(+/-)-6-(3-nmethyl-1-(4"-(trifluorpnethyl)biphenvl-4-ylam no)butyl)-N (2Ht et
razol - 5-ynni coti nam de F 5To & sol uti on of
6-(3-nethyl-21-(4"-(trifluoronet bi phenyl-4-yl am no) butyl) nicotinic acid
(0.100 g, 0.233 nmmol) in N,Ndinmefhylformam de (1.5 nL) was added 1,1'-
car bonyl di i m dazole (49.1 ng, 0.383 mmol )gand N, N-dii sopropyl et hyl am ne
(45.2 ng, 0.350 nmol). The m xt was_stjirred for 30 m nutes at 80C.

5-Am notetrazole (59.5 ny, 0.699 sNHhen added. The resulting
purification by preparative HPLC ggve

m xture was stirred overnight atH 3 Thégcti on was concentrated and
- (3-net hyl -

1-(4'-(trifluoronethyl)bi phenyl-24¥yl am noHOUtW1) - N- (2H-t et razol - 5-yl ) ni cot i
nam de (50.0 ng, 43% as a light yellow solid. 1H NVR (400 MHz, CD30D, 6):
8.90 (S, 1H)1 i i v i .:._7_ __‘(_m 2H):
6.61-6.69 (m %Qﬁrej;oé@o%ﬁ]d Tﬁ@a"ﬂd@?rf;g'g'%?(ﬁq%ﬂ)%%(%?T”.%}%"?ﬁ(ﬁl H) |
0. 98- 1503 (t(iftyor@ripthyNEptiaviyit4-ylan @) ButyirBctaamide)ropanoic acid Example 2.4, by
(+-)-3-( AP 1y . j hn= ' utyl)
benzan do) Bbnadei 0 A & R TE b AU P i S ZEpBE M Re Phade

75125 COo/methanol. Flow Rate: 10 mL/min. Modifier: none. Retention time: 2.94

minutes.

Example 2.6: 3-(6-(3-methyl-1-(4'-(trifluoromethyl)biphenyl-4-ylamino)butyl)

10  nicotinamido)propanoic acid, Isomer 2

The title compound is obtained by resolving racemic 3-(6-(3-methyl-1-(4'-
(trifluoromethyl)biphenyl-4-ylamino)butyl)nicotinamido)propanoic acid Example 2.4, by
chiral SFC. Column: Chiralcel OJ-H. Dimensions: 10 mm x 250 cm. Mobile Phase:

15  75/25 COs/methanol. Flow Rate: 10 mL/min. Modifier: none. Retention time: 3.91

minutes.



95 Step A1 6-(4-(trifluoromethvl)phenvl)pvridazin-3-am ne A flask
containing 4-trifluorophenyl boronic acid (1.300 g, 6.845 mmol), 6-

chl or opyrwoaaiznss«am ne (887 ng, 6.84 nmol ), sodi um car lpomaB®1(/055880 g,
13.7 mmol ) 5and 1, 1'-bis(di phenyl phos§shi no) ferrocene pal |l adi un(11)

di chloride (0.250 g, 0.342 nmmol) was evacuated and back filled with
nitrogen three tinmes. D nethoxyethane (8 nL) and water (2 nlL) were then
added. The m xture was heated to 70C overnight. The reaction was dil uted
with water and extracted with ethyl acetate three tinmes. The conbi ned

organic Iayers wer e drled over sodlun1sulfate flltered and concentr at ed.
Puri fi cat ES3MBE 214 6-(3methvi {Br{4kirifuergmethyhplae jdin, RIRO)

hept ane) ga .@ot(ngm.(( robhntiE asrgt hyI )phenyl )pyrl da2| n- 3 am ne (1.637 g,
53% . 1H Nﬁélilﬁﬁ NFé C%CI? 0): 7 (d, J=8.19 Hz, 2 H), 7.71 (d, J=8.19

Hz, 2 H, 7.65 (d, J= 9.17 Hz, 1 FD, 6 84 (d, J=9.17 Ft 1 H, 4.90 (br. s.,
2 H. M5 (M1l): 240.2. Step BF E%hyl 4-(1- (nethylsulfonyloxv)butyl)benzoate
Met hanesul fonyl chloride (341 2.97 mmol) was added dropwi se to a

sol ution of ethyl 4-(1-hydroxy tyI)benzoate (504 ngy, 2.27 mmol) and
triethylamne (477 ngy, 4.58 in dichloromethane (5 nL) at 0C. The
reaction was stirred at 0C for hours. The reaction was diluted wth ethyl
acetate and washed with saturatigd 20ammoni um chloride, saturated sodium

bi carbonate, and brine. The 0|ga i e drigd over sodium sulfate,
filtered and concentrated to
(met hyl sul f onyl oxy) but yl ) benz
(d, J=8.19 Hz, 2 H), 7.44 (d,
(g, J=7.22 Hz, 2 H), 1.97 -2.
J=7.22 Hz, 3 H), 1.28 - 1.52 (
2012/0%57 éf

4- (1-( =

OH
e. JIHINWR (400 MHz, CDCI 3, 6): 8.02 - 8.10
C1N'Hz, 2 H, 550 - 5.61 (m 1 H, 4.37
m 1H, 1.78 - 1.88 (m 1 H), 1.39 (t,
2 H), 250.94 (t, J=7.41 Hz, 3 H. WO
hyl
- 3-vl am no) but vl) benzoat e

NO,

4-(trifluoromethyl)phenylboronic acid (600 mg, 2.63 mmol), 2-chloro-5-
nitropyridine (417 mg, 2.63 mmol), potassium carbonate (908 mg, 6.58 mmol) and
palladium(ll) acetate (23.6 mg, 0.105 mmol) were combined in 1:1 dioxane:water (10
10 mL). The resulting mixture was stirred at 80°C for 12 hours. The mixture was filtered
and the solution was extracted with ethyl acetate. The organic layer was washed with
water, then brine, dried over sodium sulfate, filtered and concentrated. Purification by
column chromatography gave 5-nitro-2-(4-(trifluoromethyl)phenyl) pyridine (260 mg,
37%). "H NMR (400 MHz, CDCls, 8): 9.47 (s, 1 H), 8.51 (d, 1 H), 8.14 (d, 2 H), 7.72 (d, 1
15 H), 7.65 (d, 2 H).
Step B: 6-(4-(trifluoromethyl)phenyl)pyridin-3-amine

R N
O

To a solution of 5-nitro-2-(4-(trifluoromethyl)phenyl)pyridine (260 mg, 0.97 mmol)

20 in ethanol (10 mL) and tetrahydrofuran (5 mL) was added 10 wt% palladium on carbon
(100 mg). The reaction was pressurized to 50 psi hydrogen and stirred at room
temperature for 4 hours. The reaction was filtered through Celite and concentrated to
give 6-(4-(trifluoromethyl)phenyl)pyridin-3-amine (220 mg, 95%). '"H NMR (400 MHz,
CD30D, 6): 7.98 (s, 1 H), 7.88 (d, 2 H), 7.60 (d2 H), 7.54 (d, 1 H), 7.09 (d, 1 H).

25



A solution of 6-(4-(trifluoronethyl)phenyl)pyridazin-3-amne (140 ng, 0.585
nmol) in N, Ndinethylformamde (2 nlL) was added to a suspension of 60%

sodi um 5hyorobas§23. 2 ng, 0.679 mmol ) in N, N-di net hyl f orcrmBzia1/035588.) at

OC. The m xture was stirred at room t®nperature for 30 mnutes. A mxture
of ethyl 4-(1- (nmethylsulfonyl oxy)butyl)benzoate (0.170 g, 0.566 mol) in
N, N-di net hyl formam de (3 nlL) was then added at room tenperature. The
reaction was stirred for 2 hours. The reaction was diluted with ethyl
acetate and washed with water and brine. The organics 10were dried over
sodi um sul fat e, f| I3t er ed and concent rat ed. Pur| ficati og by col um

chr omat ogRiERHy Bol3anethyl-1x {{riluoremethyohenyloyridins 3zvgmino Jpui - (6-(4-
(trifl uorg,&gﬁm,a )éh@,@)é[;,lddam n- 3- yI am no) butyI )benzoat e (25.0 ny, 10%
as an oil . CDC 6 7.98- 7.67 (d, J=8.19

| 3
Hz, 2 H), 7.53Neditlerogpernd yas pragaredzom 6(d- (tr'ﬂu%'o'ff@t%phez‘ywy”dd‘ 87 (d,

J=9. 36 HZamﬂnel‘Qnd rﬁetﬁ 6'fo5mﬁﬁlc6trﬂatéb metich Salog o%s%”th(aﬂdeébrlb&d fof- 34 (4,
J=7.22 Hz 1.28- 1.54

1.36 (¢,
(m 2 ﬁ) Eéa@8'9(2t13t§9375323H2" QWOOW (% éw%(s 1H’) 80&@& B).
(+/-)-3- (#:90%s,(BH( F-d3 lergommﬁmhylr))pmsym) Py, T [ - Bry a8 @onbt v )
benzam do) pro anol c aci d
4- (1- ( 6- (2561464 (Muok Bt gHé)n%;?Nr?dﬁﬂ A13-8p Ehi3d) Bty bER LR e was
20hydr ol yzed H)o M@WGBLF%SHOMI ng car boxyl | c aC| d usi ng a net hod anal ogous

to that descri bed in g | e con‘Round was t hen
pr epar ed 1E_,X_@jﬁp_§ 28 (1+A—) 3- (6 (3- methvl 1 (5 -methyl-6- (4 (trlfluoromethvl) enyl)pyridin-3-

(4-(tr1bflw@rrmfwmwrﬁmmamldbwwm aid- yl anmi no) but yl ) benzoi c acid using a
met hod anal ogous to that described In Exanple 1.23 step B, using tert-butyl
3- am nopropanoate. Purificati by preparative HPLC gave the title
conpound. Colum: 25 Waters Atldntis dCl8 4.6x50m™m Sum Modifier: TFA
0.05% Gradient: 95%10 / 5)/ linear to 5% H20 / 95% MeCN over 4.0

m nutes, HOLD at 5 )/0H20 / 95 to 5.0 mnutes. Flow 2.0 mi/mn.
Retention tine: 2.45 m nutes. (Mr1): 487.1. WO

2012/ 085745PCT/ 1B2011/ 055588 anpl eo2 15: 0
(+-)-3-(4-(2-(2-(4-(trifluoro tIvI vl/)\gﬂr\ ﬂldlnSVIamno)butvl)
benzam do) pr opanoi ¢ aci d

Step A: 3-methyl-5-nitro-2-(4-(trifluoromethyl)phenyl)pyridine

R N
F 7" Vo,
E —

15 To a mixture of 4-(trifluoromethyl)phenylboronic acid (285 mg, 1.5 mmol), 2-

bromo-3-methyl-5-nitropyridine (216 mg, 1.0 mmol), and potassium carbonate (345 mg,
2.5 mmol) in water (1.5 mL) and dioxane (6 mL) was added
tetrakis(triphenylphosphine)palladium(0) (40 mg, 0.035 mmol). The resulting mixture
was stirred at 80°C for 4.5 hours. The mixture was cooled to room temperature. Ethyl

20 acetate was added and the mixture was washed with water, then brine, dried over
sodium sulfate, filtered and concentrated. Purification by column chromatography gave
3-methyl-5-nitro-2-(4-(trifluoromethyl)phenyl)pyridine (223 mg, 79%). 'H NMR (400
MHz, CDCls, 8): 9.35 (s, 1 H), 8.42 (s, 1 H), 7.77 (d, 2 H), 7.69 (d, 2 H), 2.51 (s, 3 H).
Step B: 5-methyl-6-(4-(trifluoromethyl)phenyl)pyridin-3-amine




OH Step At 2-(4-(trifluoronmethyl)phenvl)pyrimdin-5-amne 5 NH2 The
title conpound was prepared by a nethod anal ogous to the described in
Exanpl e 2w020s4p748, usi ng 2-chl oropyri m di n-5-am ne. 1PFCRVBR140GZ594z,
CDCl 3, 6): 8.41 (d, J =8.00 Hz, 2 H9 8.30 (s, 2 H, 7.68 (d, J = 8.19 Hz,
2 H, 3.81 (br.s, 2 H. M5 (M1l): 240.1. 10Step B: Ethyl 4-butyryl benzoate
o0 At -40 C, isopropyl magnesiumchloride lithiumchloride (15.3 nL, 1.3Min
THF, 19.9 mmol) was added dropwi se to a solution of ethyl 4-iodobenzoate
(5.00 g, 18.11 mmol) in tetrahydrofuran (30 nL). The solution was stirred
at -40C for 40 m nutes. 15 Butyral dehyde (1830 ng, 25.4 nmol) was added.
The reaction was allowed to warmt 0 ature over 3 hours. The
reacti on was quenched with 1IN HC' and/ex cted with ethyl acetate three
times. The conbi ned organi c | ayers were Aried over sodiumsulfate, filtered

and concentr at Th S .CO ed W th

di chl or onet han-i:O ? igu%‘o Lédmg WE%’H&I %h‘gxfﬁ@é"r’(‘%h%ﬁ@'% ﬂ'ﬂe{@% el Hyl ani ne

(2.28 g, QUQanﬁolmnDétmarthB(bmb) wds addediCl0 V&9 balradtum ox carbopytG0dngke Teenpl ex
2.15 g, 1 rtions stlrr d at 0C

for 5 Ry fetoRalRL braliSi 885850 b 8ioce8 Mo 28 P60 AL EmPRRITb 6t ot s o

and stbr baws. Théveactn fitiaure wasmitemd\tbaeugh/v})alﬁé)ﬂaﬁd 665:‘64651@37&(132651/ 055588 98

e b e g S L LN

(20 nmL). TPElLojisilded, ngﬁhBt(mﬁyérEGMmeZdﬂl@ﬂ1(sv‘eH) Sbtﬂ (oms s21Hj, .30

filtered %g Stoncentrat ed. Purification by colum chromatography (0 - 30%
at'e

et hyl ace i n heptane) gave ethyl 4- 5butyryl benzoate. 1H NVR (400 MHz,
CDCl 3, 6) Sted. @5(+-)8: (64 3{meth-1HH-mh@26-(B(t@ofometByidhen)p4Odihed- J 7.15 Hz,

2H),1 Qfég}53t7}n§60%%ﬁ!}ﬁ§_9§ 3(? 1.86 (m 2 H), 1.40 (t, J = 7.12

The title compound was prepared from methyl 6-formylnicotinate and 5-methyl-6-

(4-(trifluoromethyl)phenyl)pyridin-3-amine by a method analogous to that described in

Example 2.1, steps E — G. "H NMR (400 MHz, CDs0D, 5): 8.95 (m, 1 H), 8.15 (m, 1 H),

7.83 (m, 1 H), 7.71 (m, 2 H), 7.59 (m, 2 H), 7.57 (m, 2 H), 6.89 (m, 1 H), 4.51 (m, 1 H),
15  3.64 (m, 2 H), 2.65 (m, 2 H), 2.19 (s, 3 H), 1.51-1.89 (m, 3 H), 1.05 (d, 3 H), 1.02 (d, 3

H). MS (M+1): 515.7.

Example 2.9: (+/-)-3-(6-(1-(5-methyl-6-(4-(trifluoromethyl)phenyl)pyridin-3-ylamino)

butylnicotinamido)propanoic acid
F

FLF
Z N 0 o
NS | N/\/U\ OH
H
HN \N
20 The title compound was prepared from methyl 6-formylnicotinate and 5-methyl-6-

(4-(trifluoromethyl)phenyl)pyridin-3-amine by a method analogous to that described in

Example 2.1 steps E-G, using n-propylmagnesium bromide. 'H NMR (400 MHz,

CD30D, 6): 8.84 (d,1H), 8.05 (dd, 1H), 7.71 (d, 1H), 7.59 (d, 2H), 7.50-7.41 (m, 3H),

6.776 (d, 1H), 4.48 (t, 1H), 3.53 (t, 2H), 2.53 (t, 2H), 2.07 (s, 3H), 1.82-1.75 (m, 2H),
25 1.52-1.42 (m, 1H), 1.40-1.29 (m, 1H), 0.89 (t, 3H). MS (M+1): 501.



Step C ethyl

4-(1-(2-(4-(trifluoronethyl)Pherw)pyrimdin-5-ylam no)butyl)benzoate
10Met hanoWO(2012785188) was added to a flask containi ng et lrgir/1B2011/055588

4- butyryl benzoate (82.8 ng, 0.376 muil),
2-(4-(trifluoronethyl)phenyl)pyrimdin-5amne (90.0 ng, 0.376 mmol) and
decaborane (46.0 ng, 0.376 mmopl ) at room tenperature under nitrogen. The
resulting solution was stirred at roomtenperature overnight. The m xture
was diluted with 1IN HCl and extracted with ethyl acetate tw ce. The

conbi ned organic 15I ayers were dried over sodi um sulfate, filtered and
concent r aE&@MPle2 388 (A ¢llugramethyibiphenyl-dulamingletiVls o, ot hy| acet at e

i n hept angkogama @ﬁ@bn&c(aérd(z (4-
(trifluoronmethyl)phenyl) pyrim din-5-yl am no) butyl)benzoate (40.0 ng, 24%.

1H NVR (400 MHz, CDCI 3, 6): 8F32F(d, J = 8.19 Hz, 2 H), 8.07 (s, 2 H), 7.98
-804 (m 2H, 7.63 (d, J =819 Hz, 2 H), 7.36 - 7.41 (m 2 H), 4.38 -
4.43 (m 2 H), 4.35(q, J = 7.0%XHz, 2 20H), 1.75 - 1.92 (m 2 H), 1.36 (t,
J=7.02 Hz, 3 H), 1.20 - 1.52 2 H, 0.94 (t, J =7.32 Hz, 2 H. M
(Mrl): 444.3. Step D
(+/-)-3-(4-(1-(2-(4-(trifluorg
benzam do) procl anoic acid The
4-(1-(2-(4-(trifluoronethyl) 25 phé&ny
usi ng a nmet hod anal ogous to t ha¥ ibed in Exanple 2.14 step D. 1H NWR
(400 MHz, CDCI3, 6): 8.49 (s, 2 8.20 (d, J =8.39 Hz, 2 H, 7.70 (d, J

oo o asncredb bt sl o e gk a0 Y0,

- 2.725( mneﬂlyl-ﬁ-,formyl?ﬂ.cotinate% & mrethad Idhalo@o@@to-thdt deScr{bed iI2EkKBMPIB. 202 (t, J =

5 ?i (F%i(gt-e%g(‘twréi (s Fré{f"?é\‘ﬂ“)eﬁﬁﬁﬁgp pyr.1 R RIMR (400 MHz, CD:0D, 5): 8.92 (s,

yl am no) bditH)) é).bé(rzarﬁ)d@ﬁpr(opériﬁl ©.33a¢d, @ H), $c&@9ed, 2H),5.65 (m, 1 H), B2 ([, 2l e

conpound | | splyi (4-(1-(2-(4-
(trifl uor‘é'ife#‘%ﬁé’mh %%)yrl d\ﬂg (@%farunél%nsg) but yl ) benzam do) propanoi ¢ aci d
Exanpl e 2Egamplby2. thi (r&)-3-86-Cl-(wlethyh6-(4Xiriflarombth@pienylbyrdins$-ons: 10 mm X

250 I\/ggl llneo] Er?ﬁﬂﬁ'wi@é %E‘ %f h&nool Fl ow Rate: 10 nL/mn. Modifier:
none. Ret

et hvl ) Phenvi ) pgri m di n-5-yl am no) but yl)
aundllwas prepared from et hyl
ri m di9f 5-yl ami no) but yl ) benzoat e

The title compound was prepared from methyl 6-formylnicotinate and 5-methyl-6-
(4-(trifluoromethyl)phenyl)pyridin-3-amine in a manner analogous to Example 2.1, steps
E — G, using ethylmagnesium bromide. "H NMR (400 MHz, CD;0OD, 3): 8.84 (d, 1H),
15 8.06 (dd, 1H), 8.71 (d, 1H), 7.59 (d, 2H), 7.50-7.41 (m, 3H), 6.76 (d, 1H), 4.40 (t, 1H),
3.53 (t, 2H), 2.53 (t, 2H), 2.07 (s, 3H), 1.90-1.82 (m, 2H), 0.94 (t, 3H). MS (M+1): 487.



Exanpl e 2.17:

3-(4-(1-(2-(4-(trifluoronethvl)phenvl)pyrimdin-5-ylam no)butvl)

benzam doypropassiss acid, Isoner 2 F NH F F 15The tit| eCTaRpaunzhssss
obt ai ned by resolving racem c 3-(4-(192(2-(4-
(trifluoromethyl)phenyl)pyrimdin-5-yl am no) butyl)benzam do) pr opanoi ¢ acid
Exanpl e 2.15, by chiral SFC. Columm: Chiralcel QJ-H Dinensions: 10 nmm X
250 nm Mobil e Phase: 65/35 CO2/nethanol. Flow Rate: 10 niL/mn. Mdifier:
none. Retention tine: 3.29 mnutes. 20 WD 2012/ 085745PCT/ 1B2011/ 055588 100
Exampl e 3_1: 4' - (trifluoromneth I,?bi phenvl- 4-

vl oxv) but xR thyl)-6-(3-methyl-1-(4'-(triffluoromethyl

plg 2. 4 . 1 )
4-(trifl ugir?ﬁﬁgh%harﬁih@)% yDRIcBMnidsi d (263 ng, 1.39 nmol) was suspended in
water (2 . 4-bronopheno : g, 1.16 mmol), potassium carbonate (484
ng, 3.47 mol), and palladiumll) acetate (13.3 ng, .0580 mml) were added.
The reaction was 10al |l owed to tFiE open to anbi ent atnosphere for 60 hours.
The reaction was filtered throughi Celite and extracted three tines with
et hyl acetate. The conbi ned or ics were washed with 1IN HCl, water, and
brine, dried over nagnesium su e, filtered and concentrat ed.
Purification by colum chronmat ogfFaphy (0 - 20% et hyl acetate in heptanes)
| -4-0l (150 ng, 55% as a white solid. 1H
15NVR (400 MHz, CDCI 3, 6): 7.60 7.70 fm 4Hy 7.50 - 7.54 (m 2H), 6.95
(d, J = 8.8 Hz, 2H), 4.81 (s, T SN N 7.0. Step B: nethyl
6-(3-nmethyl-1-(4"'-(trifluoronet hi phenv 1- \-\Mf'\r'oxy) butynni cotinate 1

5 Step A: methyl 6-(3-methyl-1-(4'-(trifluoromethyl)biphenyl-4-ylamino)butylnicotinate

To a solution of methyl 6-formylnicotinate (0.200 g, 1.21 mmol) in tetrahydrofuran
(8 mL) containing activated molecular sieves was added 4'-(trifluoromethyl)biphenyl-4-
amine (316 mg, 1.33 mmol). The reaction was heated to 90°C and stirred overnight.

10  The reaction was concentrated to dryness and the residue was dissolved in
tetrahydrofuran (8 mL). The solution was cooled to 0°C. Zinc chloride (3.52 mL, 1M in
diethyl ether, 3.52 mmol) was added, followed by isobutylmagnesium bromide (1.47 mL,
2.0Min THF, 3.52 mmol). The reaction was stirred at 0°C for 2 hours. The reaction was
guenched with saturated ammonium chloride. The mixture was diluted with

15  dichloromethane and water. The layers were separated and the aqueous was extracted
again with dichloromethane. The combined organic layers were dried over sodium
sulfate, filtered and concentrated. Purification by column chromatography gave methyl
6-(3-methyl-1-(4'-(trifluoromethyl)biphenyl-4-ylamino)butyl)nicotinate (210 mg, 39%) as
a yellow oil. "H NMR (400 MHz, CD30D, &): 9.09 (s, 1H), 8.31 (d, 1H), 7.72-7.57 (m,

20 5H), 7.41 (d, 2H), 6.65 (d, 2H), 4.61-4.52 (m, 1H), 3.94 (s, 3H), 1.92-1.73 (m, 2H),
1.1.72-1.61 (m, 1H), 1.05 (d, 3H), 0.91 (d, 3H).



20To a 0OC solution of 4'-(trifluoromnethyl)biphenyl-4-o0l (133 ng, 0.56
nmmol ), nmethyl 6-(1- hydroxy-3-nethyl butyl)nicotinate (150 ng, 0.67 mmol)
and tri phwoybpssphi ne (147 ng, 0.56 mmol) in tetrahydr eCunawi(/255588 was
added dii sopropyl azodi carboxylate (193 ng, 0.56 nmol). The reacti on was
stirred at roomtenperature overnight. The reaction was washed with brine
(10 nm.), dried over sodiumsulfate, filtered and concentrated. WO
2012/ 085745PCT/ 1B2011/ 055588 101 Purification by col unm chromat ography gave
met hyl 6-(3-nmethyl-1-(4'-
(tr|fIuoronethyl)blphenyl 4 onxy)but I)nlcotlnate. 1H NNR (400 VHz, CDCl 3,
6) 9.19 .‘0- B-(3 i‘_[_-\g 4' yoroimeth 109_&:1:‘ ,_‘Ow__, lll'v 56 (d, 2H)
7.49-7.47 (d 1FD 7.44-7. 43 (d ZFD 6.93-6.90 (d, ZFD 5. 40- 5. 37 (m 1H),
3.93 (s, 3H), 2.00-1.93 (m 2H), 1.75-1.70W5(M 1H), 1.03-0.96 (m 6H).
Step C 6-(3-nmethvl-1-(4"-(trifluoronet )biphenv1-4-vloxv)butynnicotinic
acid FO OHF F O To a solution of nethyl
4-(1-(4 -(trifluoronethyl)bi phenyl-4-ylo )bNtyl)nicotinate (150 10ny, O0.34
mmol) in tetrahydrofuran (10 nli) was adde LiOH (10 nlL). The reaction
was stirred for 2 hours at 3QC\ T hofp,was acidified to pH = 5 by
addition of 1IN HClI and extracted \w ac¢tate. The organic |ayer was
dried over sodiumsulfate, filtered and concentrated to give
6-(3-methyl-1-(4' -(trifluoroneth I)blphengl 4- yl oxy) but nlcotlnlc acid as
a yel l ow gum MethyRSmethyhgd-( rgmethyhbighersy-4; ylam)w)bmé Jgicatimage ¢80( d,
1H, 7. 64m§; @hZ?ﬁwm&mas dlsgtﬁvgd |ﬁ§/va(t€#’(3%|ﬁ_%) and- téflah%dé)?ur%ﬁl(?, Aﬂ:g% AN 7 42 (d,
2H), 6.94 , 1.80-1.74 (m
1H), 15 04540 g, {.2P "BRpl) W@ g@de[d The reaction was stirred at room temperature for 2
(+1-) - 3- ( Rol3- TRE Bidotidr s mEEAIELY ORATRLI o RiRRSENKS win W AAEY The
n|cot|nan1do) ropanoi ¢ acid To a sol ution
6- ( 3- et h9wgamw(laver (’\’caﬁldﬂ?@um’@frﬁ@ﬁhm $Wiiagsh dligred @nsm@&qemaw;ingwetﬁr@r c acid
(150 nmg, _ampl |4f (

fhedBi el ()n{lu_?ﬁthé}ﬁ'\;ﬂ)bﬁ%W 14t ﬁérﬂﬁmdﬂjﬁxl) rcdthlc X8RS @ fsfa‘uor gﬂggg a

azabenzotri azol -1- t'etranet h ur oni um hexa
Ift.er

(358 ny, Below wfm MR (HOOMH7y CRoPBNS): 10 (@21@) 885 (. tH)RH0y7.
stirri;pg BA5 74uianoH Bt , ﬁqua@,qm QP on@d Gn AT PEBLAT 119e 1063nP8R;

0.52mmol ) was added. 'The resul'ting 25 mxture was stirred overnlghg at room
tenperature. The m xture was goured into water and_extracted mnth ethyl
acet ate. PP ol 1 idrtefss ¥ Byl ' gl) bij

sodlun1sub@ﬁﬁeﬂb&vm%&ﬁﬁgmééd concentrated J
To a solution of 6-(3-methyl-1-(4'-(trifluoromethyl)biphenyl-4-ylamino)
butyl)nicotinic acid (0.100 g, 0.233 mmol) in N,N-dimethylformamide (3.0 mL) was
15 added 1,1-carbonyldiimidazole (75.6 mg, 0.466 mmol) and N,N-diisopropylethylamine

(181 mg, 1.40 mmol). The reaction was stirred for 30 minutes at 80°C. (1H-tetrazol-5-
yl)methanamine (80.2 mg, 0.466 mmol) was added and the reaction continued to stir at
80°C overnight. The reaction was diluted with saturated ammonium chloride and
extracted with ethyl acetate. The organic layer was washed with brine, dried over

20  sodium sulfate, filtered and concentrated. Purification by preparative HPLC (column:
Boston Analytics Symmetrix ODS-H 150x30 mm, 5um; modifier: formic acid 0.225%;
gradient: 10 to 80% MeCN in water) gave N-((1H-tetrazol-5-yl)methyl)-6-(3-methyl-1-(4'-
(trifluoromethyl)biphenyl-4-ylamino)butyl)nicotinamide (15.7 mg, 13%) as a light yellow
solid. "H NMR (400 MHz, CD50D, d): 9.35 (m, 1H),8.98 (s, 1H), 8.15 (d, 1H), 7.72 (d,

25 4H), 7.50 (d, 1H), 7.35 (d, 2H), 6.64 (m, 3H), 4.75 (d, 2H), 4.55 (m, 1H), 1.75 (m, 2H),
1.55 (m, 1H), 0.95 (d, 3H), 0.85 (d, 3H). MS (M+1): 510.4.



The crude residue was dissolved in tetrahydrofuran (10 nL) and 2N Li OH (10
m.) was added. The reaction m xture was stirred for 2h at 30C. The reaction
was aci diwoedizmwssa6pH = 5 by addition of 1N HCl, and extcaaBzdi/osssss et hyl
acetate. The organic |ayer was dried ®ver sodium sul fate and concentrat ed.
Purification by HPLC (columm: Boston Analytics Symretrix ODS-H 150x30mm
5pm nodifier: formc acid 0.225% gradient: WD
2012/ 085745PCT/ 1B2011/ 055588 102 60 to 80% MeCN in water) gave
(+/-)-3-(6-(3-nethyl-1-(4"-(trifluoromethyl)bi phenyl-4-
yl oxy) but I)nlcotlnanldo)oropan0|c aC|d (46 1 [ 27 29@ as a mhlte sol i d.
1H NVR (453 ple 2 o4 & trif] enYlrds 00 )buyl i Hl(m
4H), 7. 55te¥r95&5( n,@dfmamzjeSO 7. 47 (d 2H) 6. 94 6. 92 (d 2H) 5 43-5.40 (m
1H), 3.63-3.59 (m 2H), 2.63- 52.60 (m 2H), 1.97-1.99 (m 2H), 1.70-1.69
(m 1H), 1.01-0.97 (m 6H. M5 (M+l): 501.4. Exanple 3.2:
(+/-)-3-(6-(3-nethyl-1-(4"- (trlflueronethyl)blchenyl 4-yl ) but oxy)
ni cot i nam do) propanoi ¢ acid 108
3-nmethyl -1-(4' - (trlfluoronethvl)bly
solution of 4'-(trifluoronmethyl)b
tetrahydrofuran (280 nlL) was added
THF, 42 nmol) dropw se at -15C. Thg
hours. The 15reacti on was quenchef
ethyl acetate (3 x 20 nL). The cori
sulfate, filtered and concentrateg'N
gave 3-nethyl -1-(4"-(trifluoronethy
as a solid. 1H NWR (400 MHz, CDC ): 7.62 (s, 4H), 7.52- 7.50 (m 2H),
7.40-7.38 (m 2H), 4. 77 4.73 (n1 1 , 1.75-1.67 (m 1H), 1.50-1.46 (m
202H), 0.92-0.90 (m /085745PCT/ 1B2011/ 055588 103 Step B:
met hyl °6- ( 3- ne'E%?iO'?dUC(MOf 6('€3rmP‘IhM|oT tmélrifyarpmethwebipheny-giviamie@Rytyhi coti nate 0
nicotinic acid (0.100 g, 0.233 mmol) in N,N-dimethylformamide (1.5 mL) was added 1,1'-

carbonyldiimidazole (49.1 mg, 0.303 mmol) and N,N-diisopropylethylamine (45.2 mg,

envi- 4- v1) but an- 1- ol To a

bny1- 4- car bal dehyde (7.0 g, 28 mml) in
sobut yl magnesi um brom de (21 nL, 2Min
reaction was stirred at -10C for 2

| th INPHCN® ﬁ&g m.) and extracted with

e ﬁ were dried over sodi um

P LIﬂIC&ﬂIOﬂ by col um chromat ogr aphy
rphenyl-4- yl)butan-1-ol (3.9 g, 45%

0.350 mmol). The mixture was stirred for 30 minutes at 80°C. 5-Aminotetrazole (569.5
mg, 0.699 mmol) was then added. The resulting mixture was stirred overnight at 80°C.

10  The reaction was concentrated and purification by preparative HPLC gave 6-(3-methyl-
1-(4'-(trifluoromethyl)biphenyl-4-ylamino)butyl )-N-(2H-tetrazol-5-yl)nicotinamide (50.0
mg, 43%) as a light yellow solid. H NMR (400 MHz, CDsOD, d): 8.90 (s, 1H), 8.05-8.15
(d, 1H), 7.52-7.69 (m, 5H), 7.35-7.38 (m, 2H), 6.61-6.69 (m, 2H), 4.69 (m,1H), 1.76-1.88
(m,2H),1.60-1.70 (m,1 H), 0.98-1.03 (m, 6H). MS (M+1): 496.3.

15  Example 2.14: (+/-)-3-(4-(1-(6-(4-(trifluoromethyphenyl)pyridazin-3-ylamino)butyl)

benzamido)propanoic acid

N/
Nx |

o
/\V)kOH

Iz

HN



00 A m xture of triphenyl phosphine (1.34 g, 5.09 mol),
3-nmethyl-1-(4'- (trifluoronethyl)biphenyl-4-yl)butan-1-ol (942 ng, 3.06
nmol ), amstorretangs748- 5hydroxyni cotinate (0.390 g, 2.55 momNB2011Y055588
tetrahydrofuran (30 nL) was stirred &5 roomtenperature for 0.5 hours.
Di i sopropyl azodi carboxylate (1.02 g, 5.09 mvl) was added dropw se. After
consunption of the starting material, as indicated by TLC, the m xture was
concentrated. Purification by colum chromat ography gave net hyl
6- (3-nethyl-1- (4'-(trifluoronethyl)biphenyl-4-yl)butoxy)nicotinate (400.0
ng, 369%. 1H NVR 400 MHz, 10 CDCI3,, 6): 8.69 (d, 1H), 8.04-8.06 (m 1H),
RA: gliphanviipyidagn-3amige " 11) 6. 20-6.24 (m 1H), 3.78
(s 3H) 1 94 2.01 (m 1H) 1. 58 1 72 9(m 2H), 0.89- 0.94 (m 6H). Step C

Preparation of methyl 3-(6-(3- 1- (M=~ (trifluoronethyl)bi phenyl-4-
Y1) but oxy) ni cot i nam do) pr opanoat \ T Hsol uti on of met hyl
6-(3-nmethyl-1-(4"-(trifluoronethy )Bi'phe -4- yl)butoxy)nicotinate (400.0

ng, 0.46 nmmol) in tetrahydrofuran (5 nL) was added a solution of LiCH

hydr at 3 20Af t th
2di 11 on, Ehé %ﬁﬁ??ﬁ%ﬁ‘; g:@!@oagﬂ':ﬁ%gmﬁg%ﬁ%i ;?j ﬁ@;%ursm o
Tet r ahydr offilarogpri ) ke mobdsadiles sanbenate g i
agureguy ; dye § 9 35 r% The Jji Xture
vao exbr aftba PR ERY b CarB hob@rrBlac ey AR ey oBlo 209 1d 02 B ot o
and bri newasevauatadeandswdk filied With ngmwmmsamiﬁmﬂ IZUBMMA/@GB%Q mo)flarshl fate,
}c\l' :\igr ﬁgt %%{?Rﬁ%&%é@%égﬁﬁ@}g;{hg%ﬂH% \)Ogsshégté(f%l %ﬁé dv@rnight. The reaction
0- ( 7- azabwag dilutednith waier Bnd xiadted Nith ethtyt agetathyhree times urhe combined
hoxat | vOr SRRARIAREWE R WG Uy MR AR ond IR b 1 o
hydr odhl or3¢|d@n(0m8mna’fmrapfﬁl@—1m0%6twl agedatdiin keniang)aee Ay#ani ne (540 ng, 4.2
O ) o UG IRASRBLLRAHE L1 fo7 AL LM NRLAEH Ky e ST T od

at room t enperat ur hour . e m’ Xt ur oured into saturated NaCl
(20 nL) afAYH3vHS(dextd: &Hédz b, 170 Tefdny+8. & Bead b, (73@3 WY=9.Thelzot garfi.84 (dayer was

washed wi trgs{\@ Al F?catl Q)raﬂ%g 'IOI% mqelnéaﬂ dried over sodiumsulfate and

concentrated. Puti eparati gave met hyl 3-(6-(3-nethyl -
10(4 (trifl uor orret hyI )b| phenyl 4 yl ) but oxy) ni cot i nam do) pr opanoate (400
ant B i 7 D =0 /4

e R € el 8.40 (m 1H), 7.87-7.90
(m 1H), 756761(m4H)

15 O

Methanesulfonyl chloride (341 mg, 2.97 mmol) was added dropwise to a solution

of ethyl 4-(1-hydroxybutyl)benzoate (504 mg, 2.27 mmol) and triethylamine (477 mg,
4.58 mmol) in dichloromethane (5 mL) at 0°C. The reaction was stirred at 0°C for 2
hours. The reaction was diluted with ethyl acetate and washed with saturated

20  ammonium chloride, saturated sodium bicarbonate, and brine. The organics were dried
over sodium sulfate, filtered and concentrated to give ethyl 4-(1-
(methylsulfonyloxy)butyl)benzoate. HNMR (400 MHz, CDCl3, ©): 8.02 - 8.10 (d,
J=8.19 Hz, 2 H), 7.44 (d, J=8.19 Hz, 2 H), 5.50 - 5.61 (m, 1 H), 4.37 (q, J=7.22 Hz, 2 H),
1.97 -2.11 (m, 1 H), 1.78 - 1.88 (m, 1 H), 1.39 (t, J=7.22 Hz, 3 H), 1.28 - 1.52 (m, 2 H),

25 0.94 (t, J=7.41 Hz, 3 H).



7.41-7.48 (m 4H), 6.74 (d, 1H), 6.62-6.65 (m 1H), 6.15-6.19 (m 1H),
3.59-3.54 (m 5H), 2.53-2.56 (m 2H), 1.94-2.01 (m 1H), 1.57-1.73 (m 2H),
0. 89- 0. 94WOrm128is5745St ep D: PCT/IB2011/055588
(+/-)-3-(6-(3-nethyl-1-(4"-(trifluoraset hyl)bi phenvl-4-yl)butoxv)nicotinam
do) 15propanocic acid To a solution of nethyl
3-(6-(3-nethyl-1-(4'-(trifluoronethyl)bi phenyl-4-

yl ) but oxy) ni cot i nam do) propanoate (0.40 g, 0.77 nmmol) in tetrahydrofuran (5
m.) was added a sol ution of Li OH nonohydrate (326 ng, 7.77 mol) in water
(5 nb). The mxture was stlrred at roomterrperature overni ght.
Tet r ahydr SR hgld-( 1508 o(Hyifl thyhiphenyhawridazins3-ylami g:utLh-n.““,
residue was acidified to pH = 3 by addition of 1IN HCI. The m xture was
extracted with ethyl acetate. The organic/l ayer was washed with water and
brine, dried over sodiumsulfate, filter and concentrated. Purification
by HPLC (col umm: Phenonenex Gem ni 200 1.2 nm 10pm nodifier: ammoni um
hydroxi de (to pH 10); gradient: 28 to hacetonitrile in water) gave
(+1-)-3-(6-(3- 25 methyl-1-(4'-(trifluor $ hyl ) bi pheny1- 4-yl) but oxy)

ni cot i nam do) propanoi ¢ acid (30 ng) as a Waikte solid. 1H NWR (400 Mz,
CD30D, 6): 8.49-8.53 (m 1H), 8.0 b 7.77 (d, 2H), 7.72 (d, 2H),
7.61 (d, 2H), 7.49 (d, 2H), 638 6—20 (m 1H), 3.50-3.55 (m
2H), 2.50-2.40 (m 2H), 2.08-Z0 NN, 1.80-1.63 (m 2H), 1.01-0.96 (m
6H). M5 (MtNa): 523.5. WD 2012/ 085745PCT/ 1B2011/ 055588 105 Exanple 3. 3:

(1) -3 (6- (1= dopfdd fd HOSBREI R DERBSIe oot 12 bk ke o)

pr oqan0| C aci arati1o
6- ( 1- hydr owyatih, Nmm@mvlfmtnermﬂe-(@ﬂnLWmasaaddEMD ssuspdnsionafl 6a%t $ogium

et hyl EnghEaiel2he s GB8 el i NHRle b LB HLRLLE T #if Mtyggas added
m nut es. waesgrmdmhrownvt@mpwatwi@ﬂ)rtw rmm#aad_ﬁsmlwre@ffemwl $(thours. The m xture
noet arer LentbaRkYLE AL BBIRLHTDE 68 ol PR RABIAI RIS | ot on
by pr epgr atl) wes 1eo agiied ahmonylerr@e(alun@yam_@xmtm IWasistwed ﬁmZSWOGJ%OTheg, 7(3%
252 1o oMW Oy Wi o SRB0D0 Bl b o 3HD i 2Fiogdnbdn 1.

7.59 (d,
10

were dried over sodium sulfate, filtered and concentrated. Purification by column
chromatography (0 — 15% ethyl acetate in heptanes) gave ethyl 4-(1-(6-(4-
(trifluoromethyl)phenyl)pyridazin-3-ylamino)butyl)benzoate (25.0 mg, 10%) as an oil. 'H
NMR (400 MHz, CDCls, 8): 7.98 - 8.05 (m, 4 H), 7.67 (d, J=8.19 Hz, 2 H), 7.53 (d,
J=9.36 Hz, 1 H), 7.44 (d, J=8.19 Hz, 2 H), 6.57 (d, J=9.36 Hz, 1 H), 5.56 - 5.67 (m, 1 H),
15 4.82-4.93 (m, 1 H),4.34 (q, J=7.22 Hz, 2 H), 1.79 - 2.01 (m, 2 H), 1.36 (t,J=7.22 Hz, 3
H), 1.28 - 1.54 (m, 2 H), 0.96 (t, J=7.32 Hz, 3 H). MS (M+1): 444.1.

Step D: (+/-)-3-(4-(1-(6-(4-(trifluoromethylphenylpyridazin-3-ylamino)butyl)

benzamido)propanoic acid

Ethyl 4-(1-(6-(4-(trifluoromethyl)phenyl)pyridazin-3-ylamino)butyl)benzoate was

20 hydrolyzed to the corresponding carboxylic acid using a method analogous to that
described in Example 2.12 step B. The title compound was then prepared from 4-(1-(6-
(4-(trifluoromethyl)phenyl)pyridazin-3-ylamino)butyl)benzoic acid using a method
analogous to that described in Example 1.23 step B, using tert-butyl 3-
aminopropanoate. Purification by preparative HPLC gave the title compound. Column:

25  Waters Atlantis dC18 4.6x50mm, 5um. Modifier: TFA 0.05%. Gradient: 95%H20 /
5%MeCN linear to 5% H20 / 95% MeCN over 4.0 minutes, HOLD at 5%H20 / 95%MeCN
to 5.0 minutes. Flow: 2.0 mL/min. Retention time: 2.45 minutes. MS (M+1): 487.1.



15(s, 3H), 1.37 (d, 3H). Step B:
6-(1-(4"-(trifluoronethvl)biphenvl-4-vloxv)ethvl)nicotinic acid OHF F To
a 0C sol wopani2aissmet hyl 6- ( 1- hydr oxyet hyl ) ni coti nate (OPLOABZY11/05558&2 nmol )
and 4- di net hyl am nopyri di ne (152 ng,971.32 mmol ) in dichl oronethane (10 nl)
was added 20 nethanesul fonyl chloride (75.9 ng, 0.662 mmol) dropw se. The
resulting mxture was stirred at roomtenperature for 1 hour. Additional

met hanesul fonyl chloride (75.9 ng, 0.662 mvol) was added and the m xture
stirred at roomtenperature for an additional 2 WD
2012/085745PCT/182011/055588 106 hours The m xture was quenched w th water
and ext r a&E€ il tayiphendovemidin-gavlamino)Retvly er  sodi um

sul f at e, Bé,hgaﬁf,ggﬁ_jl@gn&@@@gntrat ed to give crude rret hyl
6- (1- (et hyl sul fonyl oxy)ethyl) nicotinate (134 ng) as an oil which was used
in the next step directly. 5To a 0C sol ution of

-(trifluoronethyl)bi phen)f rrgH 1.1 mrBI) in tetrahydrofuran (6
m_) was added sodi um hydri de p neral oil, 1.1 mmol).
The reaction m xture was stlrred at 0C fq 'nhes A sol ution of the

crude nethyl 6-(1-(nethyl sul fonyl oxy)ethy})ni coti?ate prepared above in

DVBO (6 nmL) was added. The mi xture was he&ated to §0 C for 48 hours. The

m xture was quenched with 10 water and extract W t h dichl oronet hane. The
organic layer was dried over sodiumsulfate, filt@Hed and concentrated to
gi ve 6-(1- (4' (tr|fI uor onet hyI) b| phenyl 4- yloxy)ethyl)nicotinic acid (60
ng). 1H NWR Mz ) ). 8.19- 8.21 (m 1H),
7.54-7.617(m a) 2 9 (m 1H), 5.42-4.43 (q, 1H),
1.58 (d, 9H). 158t ep C:

(+/-)-3-(6-(1-(4"-(trifluorometkyl -4-vl oxv) et hvOni coti nam do)

pr opanoi ¢ acid To a room BNk e/sotut i on of

6-(1-(28' - -(trifluoromethyl)bi phenyl-4- yI'?Bxy)ethyI)nl cotinic acid (60.0 ny,
0.16 mml) in N, N-di methyl formam de (3 nL) was added

0- ( 7- azabenzotTHexitlel cotnpyilind Madlphdpabéd-thyed matridnaldgbostotie described in

hexaf | uor hos 20(1 - ani r opi onat e
e och oPRHEBR Ll Gt i Sat g cniot M Rt ey MG b AR BB R 0. 030
mol ) \Aere4acideﬂv 8 00eHZ, @), Bi30gs, 8 MY, U168 (0pS$ =B 1T HER KY, 3raaqbr.é,enppragure for
12 hours. I%hf) 226 ction was diluted with saturated anmmoni um chl ori de and
extract ed( h H acetate. The conbi ned organic |ayers were dried over
sodi um sul ft at e, f| I tered and concentrated. The residue was di ssolved in

10  Step B: Ethyl 4-butyrylbenzoate

At -40 °C, isopropylmagnesium chloride lithium chloride (15.3 mL, 1.3M in THF,
19.9 mmol) was added dropwise to a solution of ethyl 4-iodobenzoate (5.00 g, 18.11
mmol) in tetrahydrofuran (30 mL). The solution was stirred at -40°C for 40 minutes.

15  Butyraldehyde (1830 mg, 25.4 mmol) was added. The reaction was allowed to warm to
room temperature over 3 hours. The reaction was quenched with 1N HCI and extracted
with ethyl acetate three times. The combined organic layers were dried over sodium
sulfate, filtered and concentrated. The crude residue (1.0 g, 4.5 mmol) was combined
with dichloromethane (16.7 mL), dimethylsulfoxide (4.79 mL), and triethylamine (2.28 g,

20  22.5 mmol) and cooled to 0°C. Sulfur trioxide pyridine complex (2.15 g, 13.5 mmol) was
added in portions and the mixture was stirred at 0°C for 1 hour. The reaction was

allowed to gradually warm to room temperature and stir over 2 hours. The reaction was



25 tetrahydrofuran (5 nL). 2N LiOH (5 nL) was added. The m xture was
stirred at roomtenperature for 2 hours. The reaction was acidified to pH -
3 with 1NvBIGbi2znss74extracted with ethyl acetate. The or gaoraBileayesssssas dried
over sodiumsulfate, filtered and com8entrated. Purification by HPLC
(colum: Kromasil Eternity-5-Cl18 150x30mm 5pm nodifier: formc acid
0.225% gradient: 46 to 66% MeCN in water) gave 3-(6-(1-

30(4" -(trifluoronethyl)bi phenyl-4-yl oxy)ethyl)nicotinam do) propanoi ¢ acid
(25.3 ng, 34%. 1H NNR (400 NPE CDBOD, 6): 8.95 (n1 1FD 8 16-8. 19 (n1
1H), 7.66-7.72 1H), (m , 6.98-7.00 (m
2H), 5. 55qu5er§’71eé1 yith PF'Iﬁ‘e an é@t%d Wﬁh é@“'oﬁ%‘eth%‘%f@ lgyerg Mer‘?f*ﬁparelteem”@ d 3H).
M5 (Mr1) : tHeSRudous rM%éM%@%@MMér@me@d@am Borftbihed
(S)-N-({6-113-net hv 4-1-5-(trifluoronethyl

vrI Phenvl P'[ﬂﬁ‘f‘&"ﬁl'?}@ﬁ? WS'I fedAvRE sdium éH'F%%rf\Vﬂedt?éldé:OﬁPedﬂﬁtFéj Rygifigajion by _ .

.- H EblumNchromatoJr@ m%%%WECéatﬁ% ﬁyétﬁﬁk‘i)r@ék/@@f pgc acid (100 9

067 nol) and 2- orq rétrlfluorometééprldlneZ( r?ng% 0.67 nol) in
aceton?trpwry{t@@@%{ﬁ) HAUMER (#MBa( GBEt) 0%2@15“*3? ). v 8- hdn. 2
aqueous NaZQ@R) (B3€ My HzTiIEI?]VZG%J {ttJ g 27 et ord, as -heswt @l 2at), nablyy f or 3h
under nitrogen atnos e reaction mxture 10 was extracted vmth et hyl

acetate (§* ot QL"j) 1$Hét e onbfhEd %Hbanl c layers were dried over Na2SO4,

filtered and concentrated under reduced pressure. The crude material was
purified Bypst:! b®@ gel-(2cRL@ARLRS hé®y/)BNiRidin-5-ylamino)butyl)benzoate
4-(5-(triflTuoronethyl)pyridin-2- yl)benzal dehyde (115g) as a Tight yellow
solid. 1H NWR (400MHz CDClI 3) 610.04 (s, 1H), 8.92 (s, 1H), 8.15 (d,
J=8.0Hz, 2H), 7.98 (d, J=8.0Hz, 1H), 7.96((d, J=8.0Hz, 2H), 7.86 15(d,
J=8.0Hz, 1H). M5 (M+l) = 252.0. Step B: o

(S)-2-methyl -N-111E)-{4-1-5-(trifluoro yl) pyridi n-2-yl | phenyl | net hyl enel
pr opane- 2-sul fi nam de A three-n two liter flask equipped with
droppi ng funnel, reflux condenser, and 2 ani cal stirrer was charged
With 4[5-(trifl uororret hyppyri di n- 2 yI ] benzal\dehyde (69.00 g, 274.7 mmol)
and (S)-(-)-2-nethyl-2- propaqzé:ul '\bja>_( . g, 277.7 WO

2012/ 085745PCT/ 1B2011/ 055588 108 N/

10 Methanol (0.70 mL) was added to a flask containing ethyl 4-butyrylbenzoate
(82.8 mg, 0.376 mmol), 2-(4-(trifluoromethyl)phenyl)pyrimidin-5-amine (90.0 mg, 0.376
mmol) and decaborane (46.0 mg, 0.376 mmol) at room temperature under nitrogen.
The resulting solution was stirred at room temperature overnight. The mixture was
diluted with 1N HCI and extracted with ethyl acetate twice. The combined organic

15 layers were dried over sodium sulfate, filtered and concentrated. Purification by column
chromatography (0 — 35% ethyl acetate in heptane) gave ethyl 4-(1-(2-(4-
(trifluoromethyl)phenyl)pyrimidin-5-ylamino)butyl)benzoate (40.0 mg, 24%). "H NMR
(400 MHz, CDCls, ©): 8.32 (d, J=8.19 Hz, 2 H), 8.07 (s, 2 H), 7.98 - 8.04 (m, 2 H), 7.63
(d, J=819Hz,2H),7.36-7.41 (m,2H),4.38-4.43 (m,2H), 4.35(q, J=7.02Hz, 2

20 H),1.75-191(m,2H),1.36 (t, J=7.02Hz 3 H), 1.20-1.52 (m, 2 H), 0.94 (t, J=7.32
Hz, 2 H). MS (M+1): 444.3.

Step D: (+/-)-3-(4-(1-(2-(4-(trifluoromethyl)phenylpyrimidin-5-ylamino)butyl)

benzamido)propanoic acid

The title compound was prepared from ethyl 4-(1-(2-(4-(trifluoromethyl)
25  phenyl)pyrimidin-5-ylamino)butyl)benzoate using a method analogous to that described
in Example 2.14 step D. 'H NMR (400 MHz, CDCls, 5): 8.49 (s, 2 H), 8.20 (d, J = 8.39
Hz, 2 H), 7.70 (d, J =8.19 Hz, 4 H), 7.38 (d, J = 8.19 Hz, 2 H), 7.11 - 7.20 (m, 1 H), 4.40



mol ). The apparatus was purged with dry nitrogen and warned with a heat
gun. The solids were suspended in dichloronethane (1.0 L) whereupon

titani umwu)oetdsssde (115 m, 549 mmol) was added dr opRCIABZINED553€8 M nut es
during which tinme the solids dissolve® affording a yell ow solution. No
increase in tenperature was observed. The 5reaction was heated to refl ux
for 12 hours. The reaction was quenched with a dropw se addition of MOH
(400 nL) followed by saturated aqueous sodi um bi carbonate (150 nmL). The
resul ting preci pitate was rem)ved by filtration through a pad of 1:1
celite:florisil and t acetate (3x200

| |
m). The r&dai(® ﬁ@")nif Q? u?€5m2ﬂiﬁr% Par ?JZch@éHm 4f ed- %?/(Hb? Ratddm (50%

vol une) angsthen Hiro.eg (oyer7 IDARANRRI MB (4§ adgr.3. The resul ting sol ution was
filtered through a Buchner funnel, the salts were washed with ethyl acetate

(3x200 m and t he resultl no f||trate was concentrat ed in vacuo. The crude
sol i d was=s¥€sBe Sr(Gp{isif : 38fvlA = ili i

gun V\herewﬁﬁfhc%dmbbeﬂﬁ%@b%r&%omwIédﬂne’ml quots to di ssolve the solids.
The m xture was then cool ed SI owly to affect crystallization (slowy to
anbi ent 15t enperat ure, t herfi\wi }Nﬁ solids Jere col l ected by vacuum
filtration, and the proces ep onge Norg to yield the final
product (78.78g, 81% as an off-white cr \gol i d. 1H NVR (400 MHz,
ChCl 3, 6): 9.01 (s, 1H), 8.67 (s, 1H), 8.49 (d, J=8.4 Hz, 2H), 8.07 (dd,
J=8.4, 2.0 Hz, 1H), 8.01 (d, J=8.4 Hz, 2H), 7.94 {§d, J=8.2 Hz, 1H), 1.30
(s, 9H. M5 (Mr1l) 355.1. 20Step C o]

(S, S)-2-nethyl -N-(3-nmethyl-1-{4-1-5-(trifluoronet RQyri din-2-vll phenyl |
but yl ) pr opane |..f m}g“ Deckcshnee b4 er flask equi pped
with a rrechanl-@]aelstmgtc%or ﬁi&ls Obtame )ﬁ?%?l(r/r@?ret er, ngg?géi Effo. ng funnel was
evacuat ed(trlmmmé@lthwmhenw)wgm@ur@ yl%[hlﬂO)ZBblé)bkmzaml@@pWDQHOIQﬁyldr’ﬁ)qamp@hn t hree
tinmes. Thg @PRALTINSFEa AN CHIZIBAE,M. DindfRHLl 98urk k260 Glth OMoflfie (667

333 mol, 0.5 |ntetrah uran) and the s tion was cooled to 0 C A
sol ution Bh%%cﬁﬁﬁ@%dgﬁé@r\@m HpwiRades 105m/mi., Medifior: msine. Retautipp time:

di et hy} et beg)y,; sadded dropwi se to the well-stirred solution over

appr oxli mately 1. hours resulting in an exot herm c reactl on and the

f or mat i onExgmale @ B 2-(AXhduorometyybphe Rgaidinygyy1g eutylbel ow 15 C

t hrough t d At the V\D 2012/ 085745PCT/ 1B2011/ 055588
109 concl DEn i n&@% e Itnbp@ was washed with tetrahydrofuran (3x20
m) and the reaction was slFow g B\ t O arrbl ent terrperature and stirred
for approximately 1.5 h. The @'o H

sol ution of the (S)-2-nethyl INRLE)-
[5-(trifluoronethyl)pyridin-2-yl]phenyll

pt hyl en pr opane- 2-sul fi nam de

(78.78 g, 222.3 5muol) in tetrahydrofuran (250 mM ) was added dropw se over
approximately 30 mnutes. At this point, ther i on was quenched
carefully with saturated aqueous anmoni um OH

15 The title compound is obtained by resolving racemic 3-(4-(1-(2-(4-

(trifluoromethyl)phenyl)pyrimidin-5-ylamino)butyl)benzamido)propanoic acid Example
2.15, by chiral SFC. Column: Chiralcel OJ-H. Dimensions: 10 mm x 250 mm. Mobile
Phase: 65/35 COz/methanol. Flow Rate: 10 mL/min. Modifier: none. Retention time:
3.29 minutes.

20



chloride, the cold bath was renoved, water was added and the reaction
allowed to warmto anbient tenperature. The contents were transferred to a
separ at oryof2ormmsb74sal ong with nmethyl tert-butyl et her an#CITar®i1nozsss onal
water. The | ayers were separated 10an@ t he aqueous | ayer was extracted with
met hyl tert-butylether (3x500 m ). The conbi ned organic extracts were dried
over magnesium sul fate, filtered, and concentrated in vacuo. The crude
material was purified via | SCO MPLC (Si 02, 0-80% ethyl acetate in heptane)
to yield the product (74.0 g, 81% as a gum 1H NWR (400 MHz, CDCI 3, 6):

8.94 (s, 1H). , 1H), 7.49 (d, J =
15 8.2 HzE H, 1.85 - 1.94 (m

e'/36 gl methybiphepy!-
1H), 1. 62¥onﬂbt?tgl%&lﬁ&tlnlaﬁhdo)%oggno@-aéa (m 1H), 1.24 (s, 9H), 0.95 (d, J =
6.4 Hz, 3 . M5 (M CAHLONOS) : 292.1. Step D
(S)-3-nmethyl-1-{4-1-5-(trifluoronethyppyridin-2-yllphenvll| butan-1-am ne NH2
20A cool ed solution (0 C by internal therpganeter) of
(S, S)-2-nmethyl -N-(3-nethyl-1- o]
{445- (trifluoronet hyppyridin-2-yl]phenyl | putyl)propane-2-sul finam de (74.0
g, 179 mmol) in methanol (0.90 L) was tréated with 2. 0M hydrochloric acid
in diethylether (233 m, 466 mvl) dropwi A8 while maintaining the reaction
tenperature below 15 C. Following 1 hoWt S\t he sol vent was renoved in vacuo
and the resulting oil was treated 25 w't { ethyl ether to precipitate the
product as a fine white solid. The solid ected via filtration, and

washed with diethylether (3x1Q0 The_yrempining solid was dried in
vacuo. The crude nmaterial was-4 :@e ber transformations. Step E:
(S) - et hyl _ F

HN'. ... ... YN Am y '
(S)-3-methyl-1-{445-(trifl uor orfept @ S 204l ] phenyl | but anl- am ne (66. 34
g, 192.4 mmol), nethyl 6-fluorodricotinate (32.8 g, 212 mmol), and freshly

pul verized ands-@drifiRforhdth()ghenyIBEIHID R1ER63 d2)1.Jorrhiel assisuspadegphate (75. 6
g,

water (2 mL). 4-bromophenol (0.200 g, 1.16 mmol), potassium carbonate (484 mg, 3.47
mmol), and palladium(ll) acetate (13.3 mg, .0580 mmol) were added. The reaction was
10  allowed to stir open to ambient atmosphere for 60 hours. The reaction was filtered
through Celite and extracted three times with ethyl acetate. The combined organics
were washed with 1N HCI, water, and brine, dried over magnesium sulfate, filtered and
concentrated. Purification by column chromatography (0 — 20% ethyl acetate in
heptanes) gave 4'-(trifluoromethyl) biphenyl-4-ol (150 mg, 55%) as a white solid. H
15 NMR (400 MHz, CDCl3, 8): 7.63 - 7.70 (m, 4H), 7.50 - 7.54 (m, 2H), 6.95 (d, J = 8.8 Hz,
2H), 4.81 (s, 1H). MS (M-1): 237.0.
Step B: methyl 6-(3-methyl-1-(4'-(trifluoromethylbiphenyl-4-yloxy)butyl)nicotinate

20 Toa 0°C solution of 4'-(trifluoromethyl)biphenyl-4-ol (133 mg, 0.56 mmol), methyl 6-(1-
hydroxy-3-methylbutyl)nicotinate (150 mg, 0.67 mmol) and triphenylphosphine (147 mg,
0.56 mmol) in tetrahydrofuran (2 mL) was added diisopropyl azodicarboxylate (113 mg,
0.56 mmol). The reaction was stirred at room temperature overnight. The reaction was

washed with brine (10 mL), dried over sodium sulfate, filtered and concentrated.



5356 nmml ) was purged with dry nitrogen then diluted with

N, N- di net hyl acetam de (320 ml). The m xture was heated to 110 C (107-108 C
i nt ernal werpeymsuse) for 24 hours. The reaction was di lparas20a/bissssat er
(-1.5 L) and the resulting m xture wa8l stirred vigorously for 15 m nutes.
The aqueous portion was decanted, |eaving behind a thick anmorphous solid.
This material was washed wth water (2x1 L). The resulting solid was

10di ssol ved in ethyl acetate and the remai ning water was renoved via
azeotropic distillation (rotary evaporator, approximately 2x1 L et hyl

acetate). The conbi ned aqueous | ayers were stirred wgor ously for 12 hours
resul ti ngPPﬂf'an‘én pY é@P’BPtCQEQ”Eﬁ{OQf?p%}hQaa’@dT‘?tPH@a3 AeYabt4( appr oxi mat el y 500

nmg) of th@nﬂlfd#&ﬂeiﬂ?l?&bﬁényf— roxyyaatygma&maeéi MANl\th(m MHkgcmelsla) gagqyered

materi al .

ethyl acef ﬁié%ﬁ@ R%;ﬁ(ﬂ 1:‘?8)7@%7;ﬁ1e(r1d2*f%é 56#06%% 2{%37 ‘696476%%'4)5&4& 7v6rﬁ te
foam 1H H 49@36/@@ d. @M 840837 @, 9%) (393 BH),8.02108,(m) 2A), 4. B-Hzo 1H),
800(d Wg (q,pg797(dd@ﬁ\]:) @d—%i H)(,7292(dd J =
8.9, 2#[‘191%603'%?1(%&'4)\1 8.4 Hz, 1H) 747(d J =8.2 Hz, 2H), 6.25
(d, 8septt: H) Blﬁlnlé’otﬁ@a(cm 1H) 3.84
(s, 3H) . 1. - 1 = 6.1 Hz,
3H), 097(d J:61Hz 3H). M5 (M+l): 444.5. WO

2012/ 085745PCT/ 1B2011/ 055588 111 Step F: 0Oy _OH

(S)-6-113-nethyl - 1-{4-1-5- (trF{] uoromet hyppyri di n- 2-yl | phenyl | but ypani nol
nicotinic acid OH H NN A nFXty
6-[(3-methyl -1-{445-(trifl uorometly
5yl ] phenyl | but ypam no] ni coti nate (53.( mol ) was di ssolved in
met hanol (239 nml) and tetrahydr of uran d treated with aqueous

l'ithium hydroxide 120 n addi tional i quot of
et hano! | Y82 Swiien of GoKuHAGEA ﬁtaquaemﬁwf%p@e%&ulw)bw@nﬁpyr@?

reactiign wRyso3aahmel) inebbh J)@r(ﬁfgﬂ’anj(i@mﬂ%sra@@@d mm.cmgmmupaﬂé@beﬁbnl n

vacuo, and the crud re5| diluted with 500

10sol ut i oWaRELRA fg?() BE'iSyat i ri'&ﬁ AU WA 9‘3'93?(51f0fﬁ’ d W%‘?f}d&tﬁ’ﬁé’gdy 1. 0M

hydr ochl oHiCt aR€ bftracted with ethyl acetate. The organic layer was dried over sodium sulfate,
filtered and concentrated to give 6-(3-methyl-1-(4'-(trifluoromethyl)biphenyl-4-
yloxy)butyDnicotinic acid as a yellow gum. "H NMR (400 MHz, CDCls, 8): 9.25(s, 1H),
15  8.30-8.28 (d, 1H), 7.64-7.61 (d, 2H), 7.58-7.56 (d, 2H), 7.54-7.52 (d, 1H), 7.44-7.42 (d,
2H), 6.94-6.91 (d, 2H), 5.43-5.40 (m, 1H), 1.98-1.95 (m, 2H), 1.80-1.74 (m, 1H), 1.04-
0.97 (m, 6H).
Step D: (+/-)-3-(6-(3-methyl-1-(4'-(trifluoromethyl)biphenyl-4-yloxy)butyl)

nicotinamido)propanoic acid

20  To a solution of 6-(3-methyl-1-(4'-(trifluoromethyl)biphenyl-4-yloxy)butyl)nicotinic acid
(150 mg, 0.35 mmol) in N,N-dimethylformamide (2 mL) were added O-(7-
azabenzotriazol-1-yl)-N,N,N’,N’-tetramethyl uronium hexafluorophosphate (358 mg,
0.94 mmol) and N-methylmorpholine (212 mg, 2.1 mmol). After stirring for 15min,
methyl 3-aminopropionate hydrochloride (73.0mg, 0.52mmol) was added. The resulting

25  mixture was stirred overnight at room temperature. The mixture was poured into water
and extracted with ethyl acetate. The combined organic layers were washed with brine,
dried over sodium sulfate, filtered and concentrated.

The crude residue was dissolved in tetrahydrofuran (10 mL) and 2N LiOH (10 mL) was
added. The reaction mixture was stirred for 2h at 30°C. The reaction was acidified to

30 pH =5 by addition of 1N HCI, and extracted with ethyl acetate. The organic layer was
dried over sodium sulfate and concentrated. Purification by HPLC (column: Boston

Analytics Symmetrix ODS-H 150x30mm, 5um; modifier: formic acid 0.225%; gradient:



(240 M, to approximately pH 5.0). The precipitated solid was collected by
filtration and the remaining solid was dissolved wwth ethyl acetate and
transf er rwo 20rt8sB5seperate flask. The crude solid was eciras20inoisaguo and

used directly for further transformtiddns. Step G (S)-ethyl
N-({6-113-net hyl -1-{4-1-5-(trifluoromet hyppyridin-2-yllphenyll
15but ynam nol pyri di n- 3-vll carbonvl) - bet a- al ani nat e To a m xture of

et hyl 3-am nopropi onate hydrochloride (41.1 g, 268 mmol ), (S)-6-
[(3-nethyl-1- {445 (t rifl uor onet hyppyri di n- 2-yl ] phenyl | butyparri no] nicotinic
acid (57.51 hy roxybenzotr| azol e he(drate 134

mol ), anf0 fqﬁf%{oﬁ%%wat@@@@vwm) -(p33- rﬂ%v'ﬂ {4n(te %@%?@M'Wr‘él 34 L)

was addedgéx@blhtygn.&thamudb)ﬁ@b&yd@am PRy, deavhedid whigesdny diosiMpr i de
(38.9 g, (3 at_anbient WD 2012/ 8 745PCT/ 1B2011/ 055588 112

t enper at uf90 Mg GRQR:i%P-9HS Hoabda& & Wo 1D 1/h6-1:91 hputl) 7BRe’-PRétti on was

di |l uted wikh mwmaw@mq@:msazqadzwﬁsmsw@eﬁam 3@353 59(narzm)ti1@3m gani ¢
| ayer Wwas _separ at ed aqueous er was extracted di chl or onet hane

(2x5005m ¥-68He- £He 1&7%9%@ %'f‘}gér?uoc PagBr EndOd- Wsmm Mg (Mithe (1 L),
then driegdppyer sodiumsulfate, 5filtered, and concentrated in vacuo. The
crude material was puri f| ed VI a ISQO NPLC (Si02, 0-100% ethyl acetate in
hept ane) lg| 5L thydd-(4 DRI nyled-yliOuaXVa H NVR (400
MHz, CDCl alco@am@o@a)oéﬁolc%bhj 8.51 (d J

Hz, 1H), 7.95 - 8.02 (m

= 2.0
3H), 7.81 (d, J 6 Hz, 1H), 7,78 (dd, J = 9.1, 2.4 Hz, 1H), 7.47 (d, J =
8.2 Hz, 2H), 6.73(t, J =57 Wl AH, 6.29 (d, J = 8.8 Hz, 1H), 5.81 -5.91
(m 1H), 4.76 10(g, J = 6.8 Hz, 1H), 4.10 - 4.16 (m 2H), 3.67 (g, J = 6.1
Hz, 2H), 2.60 (t, J = 5.9 Hz, 24y 1.77- 1.87(m 1H), 1.65 - 1.77 (m 2H),
1.23 - 1.28 (m 3H), 1.01 (d, J .1 Hz, 3H), 0.97 (d, J = 6.1 Hz, 3H). M

(M+1l): 529.3. Step H
(S)-N-({6-1-(3-nmethyl-1-{4-1-5- &y fluorgnmet hyppyridin-2-yl|phenyl!|butypam
nol  pvridin-3-vllcarbonvl)-betig-a aninell 1 m xture of (S)-ethyl
N-({6-[(3-nethyl-1-{445-(trifluorongth PPy i di'n-2H

yl'] phenyl | but ypam no] pyri di 3 nyl ybet a al aninate (60.9 g, 115
nmol ) was di ssol ved i n met hanol (230 m ) and tetrahydrofuran (115 m) and
treat é8 wotap Am&-mathvlﬂr(#hﬁmwwmmenvl#vl}hutaw@ 0 nol, 2.0M. The
reaction was heated to 50 C forg30 2C (ihe sol ution was concentrated
in vacuo, and the resulting residué

To a solution of 4'-(trifluoromethyl)biphenyl-4-carbaldehyde (7.0 g, 28 mmol) in

tetrahydrofuran (280 mL) was added isobutylmagnesium bromide (21 mL, 2M in THF,
42 mmol) dropwise at -15°C. The reaction was stirred at -10°C for 2 hours. The

15  reaction was quenched with 1N HCI (10 mL) and extracted with ethyl acetate (3 x 20
mL). The combined organics were dried over sodium sulfate, filtered and concentrated.
Purification by column chromatography gave 3-methyl-1-(4'-(trifluoromethyl)biphenyl-4-
yl)butan-1-ol (3.9 g, 45%) as a solid. "H NMR (400 MHz, CDCls, 5): 7.62 (s, 4H), 7.52-
7.50 (m, 2H), 7.40-7.38 (m, 2H), 4.77-4.73 (m, 1H), 1.75-1.67 (m, 1H), 1.50-1.46 (m,

20  2H), 0.92-0.90 (m, 6H).



with water (approximately 500 m ). The m xture was then acidified with
aqueous 1. 0M hydrochloric acid (230 m, to approximately pH 4.0). The

preci pi t avedorpaissdswas col |l ected by filtration and washedTaBihi/osssesr (2x100
m). Air was pulled through the filtap3 cake over 12 hours to affect drying

of the product.

The crude solid was transferred 25into a 2-liter flask with

a stirbar and the solid was suspended in ethyl acetate (approximately 1.5
L). Sodium sulfate (approxi mtely 500 g) was added and the m xture was
stirred vigorously for a further 1 hour. The cloudy m xture was filtered

WO 2012/ 085745PCT/ 182011/ 055588 113 t hrough a pl ug of ceI | te,
a cl ear ssl&B:g l+4av1b

resulting in
methivi-did WiflugromethiDbiphg i \DYLOXN iQHNAte e r emai ni ng

r.
S-

solid was suspended i n diethyl et her 41 L) and concentrat ed in vacuo (the

process was repeated twi ce). The rfes

ting solid was pulverized with a

nortar and pestel, and dried in a vaccuumoven for 12 hours at 60 C. The

final product 5 (50.1 g, 87% was
(400 MHz, DVMSO-d6, 6): 9.01 (s, 1
=8.4, 2.0 Hz, 2H), 8.15 (d, J =

7.84 (d,
5.15 (br.
1.86 (m
Hz, 3H),
5
10
15
20

@

J=6.7 Hz, 1H), 7.55 (d,
s., 1H), 3.33 - 3.43 (m
1H), 1.62 - 1.72 (m 1H), J1.91 -] 1. 2(m 1H), 0.95 (d, J =
0.92 (d, J = 6.5 Hz, 10 Ne |v++1) 501. 4.

A mixture of triphenylphosphine (1.34 g, 5.09 mmol), 3-methyl-1-(4'-

(trifluoromethyl)biphenyl-4-yl)butan-1-ol (942 mg, 3.06 mmol), and methyl 6-
hydroxynicotinate (0.390 g, 2.55 mmol) in tetrahydrofuran (30 mL) was stirred at room
temperature for 0.5 hours. Diisopropyl azodicarboxylate (1.02 g, 5.09 mmol) was added
dropwise. After consumption of the starting material, as indicated by TLC, the mixture
was concentrated. Purification by column chromatography gave methyl 6-(3-methyl-1-
(4'-(trifluoromethyl)biphenyl-4-yl)butoxy)nicotinate (400.0 mg, 36%). "H NMR (400 MHz,
CDCls, ©): 8.69 (d, 1H), 8.04-8.06 (m, 1H), 7.56-7.61 (m, 4H), 7.42-7.48 (m, 4H), 6.72
(d, 1H), 6.20-6.24 (m, 1H), 3.78 (s, 3H), 1.94-2.01 (m, 1H), 1.58-1.72 9(m, 2H), 0.89-
0.94 (m, 6H).

Step C: Preparation of methyl 3-(6-(3-methyl-1-(4-(trifluoromethyl)biphenyl-4-

ybutoxy)nicotinamido)propanoate

F
FLF

(@) (@)
\N«)LO/
| ] H
O N

To a solution of methyl 6-(3-methyl-1-(4'-(trifluoromethyl)biphenyl-4-
yhbutoxy)nicotinate (400.0 mg, 0.46 mmol) in tetrahydrofuran (5 mL) was added a
solution of LiOH monohydrate (378 mg, 9.02 mmol) in water (5 mL) dropwise at 0°C.
After the addition, the mixture was stirred at room temperature for 48 hours.
Tetrahydrofuran was removed under reduced pressure and the remaining aqueous
residue was acidified to pH = 3 by addition of 1N HCI. The mixture was extracted with

ethyl acetate. The organic layer was washed with water and brine, dried over sodium

ined as a off-white solid. 1H NMR
.39 (d, J =1.2 Hz, 1H), 8.26 (dd, J
.4 Hz, 1FD 8 10 (d, J =8.2 Hz, 2H
. , 6.66 (br. s., 1H),
:70Hz, 2H), 1.74-

6.5



Exanpl e 4. 2:
(+/-)-N({6-1icyclohexyl{2-1-4-(trifluoronethyl)phenylloyrimdin-5-

VI | met hvpaioizolosstssdi n- 3- vl | car bonvl) - bet a- al ani ne 00 RC@/1BRoH0FI588 No6 15
Step A 2-Di net hyl am nonet hyl ene- 1, 314 s(di et hyl i rmoni o) or ooane

bi s(tetrafluoroborate -...0.- Ne 2 BF4 N 1N 1 20To a 3-neck flask

equi pped with a reflux condenser was added bronpacetic acid (25g, 0.18 nol)
and POCI3 (50 nL, 0.54 nol). The solution was cooled to OC and DMF (84 ni,
1.1 nol) was added dropwi se over 30 min. The resulting solution was heated

to 110 C for 3h. As the m xture was heated, it be%an t o exot herm and evol ve
gas. The Aylitate, fidergd @and seneadtriglpdp Tee msiflug vasi digsodis MNM@%@'@U@@ﬂ@M (639,

0.36 mol ) (3 MLR&RONARSELEnORiatb) 1-Was, N tld RdterbMmathy @eRfumlh, Vvia an addition
funnel . | sopropanol R(}]]100 nL) was _added. The resulting slurry was stirred at
0 C for 2RexafiHeropBesrigtass e mep(1168tegl) ppsedded-aitedhixlss Y sirerd for 15

2- Di et hy hatUteoameiniié R iémgerdtupd. Méth B dnfinbprapah ik hR8&oride (150 mg,

5 1.10 mmol) and diisopropylethylamine (540 mg, 4.2 mmol) were added to the reaction
mixture. The resulting mixture was stirred at room temperature for 1 hour. The mixture
was poured into saturated NaCl (20 mL) and was extracted with ethyl acetate (30 mL).
The organic layer was washed with water (20 mL) and brine (20 mL), dried over sodium
sulfate and concentrated. Purification by preparative TLC gave methyl 3-(6-(3-methyl-1-

10 (4'-(trifluoromethyl)biphenyl-4-yl)butoxy)nicotinamido)propanoate (400 mg) as a white
solid. "H NMR (400 MHz, CDCls, 3): 8.40 (m, 1H), 7.87-7.90 (m, 1H), 7.56-7.61 (m, 4H),
7.41-7.48 (m, 4H), 6.74 (d, 1H), 6.62-6.65 (m, 1H), 6.15-6.19 (m, 1H), 3.59-3.54 (m,
5H), 2.53-2.56 (m, 2H), 1.94-2.01 (m, 1H), 1.57-1.73 (m, 2H), 0.89-0.94 (m, 6H).
Step D: (+/-)-3-(6-(3-methyl-1-(4'-(trifluoromethyl)biphenyl-4-yl)butoxy)nicotinamido)

15 propanoic acid
To a solution of methyl 3-(6-(3-methyl-1-(4'-(trifluoromethyl)biphenyl-4-

yhbutoxy)nicotinamido)propanoate (0.40 g, 0.77 mmol) in tetrahydrofuran (5 mL) was
added a solution of LIOH monohydrate (326 mg, 7.77 mmol) in water (5 mL). The
mixture was stirred at room temperature overnight. Tetrahydrofuran was removed under

20 reduced pressure and the agueous residue was acidified to pH = 3 by addition of 1N
HCI. The mixture was extracted with ethyl acetate. The organic layer was washed with
water and brine, dried over sodium sulfate, filtered and concentrated. Purification by
HPLC (column: Phenomenex Gemini 200 x 21.2 mm, 10pm; modifier: ammonium
hydroxide (to pH 10); gradient: 28 to 50% acetonitrile in water) gave (+/-)-3-(6-(3-

25  methyl-1-(4'-(trifluoromethyl)biphenyl-4-yl)butoxy) nicotinamido)propanoic acid (30 mg)
as a white solid. "H NMR (400 MHz, CD30D, &): 8.49-8.53 (m, 1H), 8.0-8.05 (m, 1H),
7.77 (d, 2H), 7.72 (d, 2H), 7.61 (d, 2H), 7.49 (d, 2H), 6.88 (d, 1H), 6.25-6.20 (m, 1H),
3.50-3.55 (m, 2H), 2.50-2.40 (m, 2H), 2.08-2.02 (m, 1H), 1.80-1.63 (m, 2H), 1.01-0.96
(m, 6H). MS (M+Na): 523.5.

30



WO 2012/ 085745PCT/ 1B2011/ 055588 114 bi s(tetrafl uoroborate (50g) as a pale
yell ow solid. 1H NWVR (400 MHz, DMSO-d6) 6 8.42 (s, 3H), 3.54 (s, 9H), 3.39
(s, 9H). wo(rzdsbuer omet hyl ) benzi m dam de hydrochl ori depcCiahiBtdi1/0555€8 FF 5F
To a 3-neck flask equipped with a refibux condenser was added 4-
(trifluoromethyl)benzonitrile (80g, 0.468 nol), NaNH2 (27.4g, 0.701nvol),
18-Crown-6 (1.29) and toluene (350n.). The solution was heated to refl ux
for 4h. The m xture was cooled to 0 C and concentrated aqueous HCl (140nL)
was added slowly. The 1O0precipitated solid was collected by filtration and
washed with 1:2 rret hanol d| chI ororret hane (1: 2 250 m_) to provi de
4-(trifl usrYREEM- jLarss ghed-dnioxyiethdinicolinamida) sol j d. 1H
NMR (400 awgg};.qe) 6 9 83 (s 2H) 9. 62(3 2H), 8.09 (d, J = 8.0 Hz,
2H) , 7.90;% J 8.0 Hz, 2H).
2-(4-(trifl uororret hyI )pherV\A ) pyri m di ne-5-carbal dehyde 15 To a
sol ution of containing 4-(triflmqronethyl)benzi m dam de hydrochl ori de (509,
0.22 nol) and 2-di nmet hyl am noneghyl ene- 1, 3- bi s(di net hyl i nmoni o) pr opane
bi s(tetrafl uoroborate (50g, 0.2ml) in ethanol (500 nL) was added sodi um
met hoxi de 20(36g, 0.67npDl). T'xture was stirred for Ih at 90 C then
cooled to roomtenperature. The/sm xture was extracted with ethyl acetate
(200 nL * 3). The organic |layer was dried over Na2SO4, filtered and
concentrat ed under reduced pr @ crudg product was purified via
silica gel chromatography to ghe€ N OH
(trifluoronethyl)phenyl)pyrim dj ar bal dehyde (25 g) as a colorl ess
solid. 1H NWR 25(400MHz, CDCl 3) 1™'12 (s, 1H), 9.19 (s, 2H), 8.61 (d, J
8.0 Hz, 2H), 7.72 (d, J =8 Hz, 2H).

5 Step A: Preparation of methyl 6-(1-hydroxyethyl)nicotinate

HO

4

To a-78°C solution of methyl 6-formylnicotinate (0.300 g, 1.82 mmol) in

tetrahydrofuran (6 mL) was added methylmagnesium bromide (0.787 mL, 3M in THF,
10 2.36 mmol) over 20 minutes. The solution was warmed to 0°C and stirred for 2 hours.

The mixture was quenched with saturated ammonium chloride, extracted with ethyl

acetate, dried over sodium sulfate, filtered and concentrated. Purification by preparative

TLC gave methyl 6-(1-hydroxyethyl)nicotinate (230 mg, 70%) as a red oil. "H NMR (400

MHz, CD3;0D, 8): 8.93 (m, 1H), 8.26-8.29 (m, 1H), 7.59 (d, 1H), 4.73-4.83 (m, 1H), 3.84
15 (s, 3H), 1.37 (d, 3H).

Step B: 6-(1-(4'-(trifluoromethylbiphenyl-4-yloxy)ethyhnicotinic acid

OH

To a 0°C solution of methyl 6-(1-hydroxyethyl)nicotinate (0.100 g, 0.552 mmol) and 4-

dimethylaminopyridine (152 mg, 1.32 mmol) in dichloromethane (10 mL) was added
20  methanesulfonyl chloride (75.9 mg, 0.662 mmol) dropwise. The resulting mixture was

stirred at room temperature for 1 hour. Additional methanesulfonyl chloride (75.9 mg,

0.662 mmol) was added and the mixture stirred at room temperature for an additional 2
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(+/-)-cycl ohexvl{2-1-4-(trifluoronethyl)Phenvll pyrimdin-5-vll| methanol

To a sol woan1200857245- (tri fl uoromet hyppyri m di n-2-yl ] car pairdsiydessiss 00 g,
3.97 mml) in tetrahydrofuran (19.8 mg was added cycl ohexyl magnesi um
bromde (2.58 mM, 5 5.15 nmol, 2.0Min diethyl ether) at -78 C. The
solution turned a deep red color that shifted to blue as the Gignard
reagent was added. The reaction was stirred at -78 C for 1 hour then
guenched with saturated aqueous ammoni um chl ori de. The reaction was war ned
to anbi ent tenperature, then diluted with di ethél et her. The organic | ayer

was separ BPWa bl w@s agaachesyth waier and exdiested Wilhdichieremgiiengs e (3x) .

The 10 coatyaméd?xyr%@ldﬁe@évér%amnvmméirmt@(dd@M@boﬁ&mrmw&@bfvatcﬂ;defI | tered,
and concentrate va he crude material was purjified via | SCO MPLC

(Si 02, 0- T Edhymethylsyliigyloxpelwpnigenate 4134 Boyas ﬁ%OlbWBGU&aS(U@eMb g, 33%
as a so||q}e,gég|t§¢y5ed(rg@9 |sz coai 3, 6) 8.78 (s, 2H), '8.58 (d i 998(8 e,

2 7.76 ) =
3H)5 Hz > 1%’3010@@“’('8” 054 itr'fEOFQ"]Qihyl)?We”ﬂ“GgQ% 86 tﬂnmrﬂqﬂt) '” 1.58
15(M 1H) tetr@hWrofularB% rﬁD)w@'ﬂddeU@oGM‘rﬂ-l)ydn@@?MZZ me, SOV\@/O in mlneral 0|I 1.1

cycl ohexyl{2-1 (tr| fl uoronet hyl ) XJ Pyl’l m _di n-5-yl | met hanone A
m xture ofnmol). The teaction mixture was stlrred at r 30 minutes. A solution of the crude

(+-)- cycmlﬂ@/w%{%ém?r@mr&dywwém %bt)rfé'f@ﬂﬁéblar}%)dfdbm/éilnrblﬁsﬂ eret)vagzol (0. 440
g, 1.3 or onet hane di net %B(tSUHOXI de 3 7 n1) and

20t ri et hyla%%%érh?@“@ff Wias hegtegyto IC)fO(/\é% heys Bie mptige wasgapmne tWihoxi de

pyridiine Gamphed ekiPaddedbwih didhiBrniBiRane. waé oﬁgiﬂﬁ:dayd? vRRIdrie@RSeddtdidnne m xture
stirred at %éé:for 1 hour then slowy ra to an‘ﬁwent tenperature over 12

hours. The\lfatediieTeH anRd Soperabeirddo Ve (Na(f‘e@”f&%o { BRhGAY 1 di et hyl et her .
IThe aqueoyidxy)ath |r)mmﬁwtuﬁa@d otrRg) Vr/]mNm/le 4%)‘0“%“42@@;0745%?%/89@@ /0|5 gggSOrl ggm c
ayers we Wi rin

conbi ned. BEALm T HEEL (efid Akl Ui Tt S dHies 824744 Ger ed and
concent r a gyl 1|53 (dagyp, affording a cr ude solid. This material was used
vmthout f , L , ,
(+/-)"2-¢ v*---- 3-31(64(3 ' L et R FHEFHY aan s YR Aet hanam
i ne acid

To a room temperature solution of 6-(1-(4'-(trifluoromethyl)biphenyl-4-
yloxy)ethyl)nicotinic acid (60.0 mg, 0.16 mmol) in N,N-dimethylformamide (3 mL) was
added O-(7-azabenzotriazol-1-yI)-N,N,N’,N’-tetramethyl uronium hexafluorophosphate

20 (118 mg, 0.310 mmol). Methyl 3-aminopropionate hydrochloride (32.4 mg, 0.232 mmol)
and N-methylmorpholine (93.9 mg, 0.930 mmol) were added. The resulting mixture was
stirred at room temperature for 12 hours. The reaction was diluted with saturated
ammonium chloride and extracted with ethyl acetate. The combined organic layers were
dried over sodium sulftate, filtered and concentrated. The residue was dissolved in

25 tetrahydrofuran (5 mL). 2N LiOH (5 mL) was added. The mixture was stirred at room
temperature for 2 hours. The reaction was acidified to pH ~ 3 with 1N HCI and
extracted with ethyl acetate. The organic layer was dried over sodium sulfate, filtered
and concentrated. Purification by HPLC (column: Kromasil Eternity-5-C18 150x30mm,
5um; modifier: formic acid 0.225%; gradient: 46 to 66% MeCN in water) gave 3-(6-(1-

30  (4'-(trifluoromethyl)biphenyl-4-yloxy)ethyl)nicotinamido)propanoic acid (25.3 mg, 34%).
"H NMR (400 MHz, CD30D, &): 8.95 (m, 1H), 8.16-8.19 (m, 1H), 7.66-7.72 (m, 4H),
7.60-7.62 (m, 1H), 7.54-7.56 (m, 2H), 6.98-7.00 (m, 2H), 5.55-5.57 (q, 1H), 3.62-3.65
(m, 2H), 2.62-2.64 (m, 2H), 1.70 (d, 3H). MS (M+1): 459.4.



5F To a solution of crude

cycl ohexy1{2[4-(trifluoronethyl)phenyl]pyrimdin-5- yllmethanone (505 ng,
1. 51 molwo 2ardbsamoni um acetate (1.19 g, 15.1 mmol) i nrPogtRzNob35688 6 )
was added sodi um cyanoborohydride (01250 g, 2.26 mml). The flask was
fitted wth a reflux condenser and heated to reflux for 12 hours. The
reaction 10 was concentrated in vacuo, then diluted w th dichloronethane
and aqueous 1.0M sodi um hydroxi de. The m xture was stirred for 30 m nutes,
wher eupon the aqueous |ayer was extracted with dichloromethane (3x). The
conbi ned or gani C | ayers were dr| ed over sodiumsulfate, filtered, and
concent r aE&@MPlg 4k clea-N-Gid(Supeiny-1vid rifluotpmettyl) oWidia-2-n di chl or onet hane,

passed th_@m@hm?_@[Uf_gg“@]m@hﬂzg,_%&g}b%%wé BeRple 1N 15 di chl or onet hane and
was concentrated in vacuo e crude product was used wi thout further
purification. Step E (+I-)-nethyl ﬁ\HJ\D

6-1i cycl ohexv1{2- 14(trif|uoromet2@%% peri m di n- 5-

vIl met hvpani nol ni coti nate F FH 6\5 \D 2012/ 085745PCT/ 1B2011/ 055588 117
and potassi um car bonate (501 ng, 5. mol ) in N, N-di met hyl f ormam de (4.2
m) was heated to 120 C for 12 h The reaction m xture was diluted with
water to precipitate a crude sgohj At Aas col lected by filtration. The
crude material was purified via | SCO LC Si 02, 0-50% ethyl acetate in
heptane) to yield the product (0.486 g, Fas a solid. 1H NWR (400 MHz,
CDCl 3, 6)878(5 2H) , 870(d J:16F1H) 8.55 (d, J = 8.2 Hz,
2H), 7.94.(dd,. 8.2 Hz, 2H), 6.31 (d, J =
8.8 Hz, 1 . : J:69Hz,1H),3.84(s,
3H), 197(d J =125 Hz, 1H), 1.88 (m 5H), 1.04 - 1.34 (m 5H).
M5 (MH1): 471.2. Step F:
(+/-)-6-1-(cycl ohexvi{2-[4-(triflu et vl ) phenvl | pvrim di n-5-vl | met hvl ) am
i nol  10ni coti ni ¢ acid S

To a solution of 4-formylphenylboronic acid (100 g, 0.67 mol) and 2-chloro-5-
(trifluoromethyl)pyridine2 (121 g, 0.67 mol) in acetonitrile (900 mL) was added
Pd(dppf)Cly (24 g, 33.5 mmol) and 2M aqueous Na,COs3 (837 mL). The resulting
mixture was heated at reflux for 3h under nitrogen atmosphere. The reaction mixture

10  was extracted with ethyl acetate (3*500 mL). The combined organic layers were dried
over Na,SOy, filtered and concentrated under reduced pressure. The crude material
was purified by silica gel chromatography to give 4-(5-(trifluoromethyl)pyridin-2-
yl)benzaldehyde (115g) as a light yellow solid. '"H NMR (400MHz CDCl3) 510.04 (s, 1H),
8.92 (s, 1H), 8.15 (d, J=8.0Hz, 2H), 7.98 (d, J=8.0Hz, 1H), 7.96 (d, J=8.0Hz, 2H), 7.86

15 (d, J=8.0Hz, 1H). MS (M+1) = 252.0.

Step B: (S)-2-methyl-N-[(1E)-{4-[5-(trifluoromethyl)pyridin-2-yllphenyl}methylene]
propane-2-sulfinamide

=0

|
~

2

W

A three-neck two liter flask equipped with dropping funnel, reflux condenser, and
20  mechanical stirrer was charged with 4-[5-(trifluoromethyl)pyridin-2-yl]benzaldehyde
(69.00 g, 274.7 mmol) and (S)-(-)-2-methyl-2-propanesulfinamide (33.66 g, 277.7



LOHHN...-",..N%60)CN N A mxture of the (+/-)-nethyl

(cycl ohexy1{244-(trifluoronethyl)phenyl]pyrimdin5-yll nmethypam no]nicoti
e (486wop121089@snmol ) was di ssol ved i n net hanol (2. 1pPair)iB2nmo055588
rahydrofuran (1.0 nl) and treated19d8 t h aqueous |ithium hydroxide (1.0
m, 2.1 15 mol, 2.0M. The reaction was heated to 50 C for 12 hours. The
m xture was concentrat ed in vacuo, and the residue was diluted with water
and acidified with agueous 1.0M hydrochloric acid. The m xture was then
concentrated in vacuo a second tinme, and the crude resi due was used
directly for further transformations. Step G (+/- gﬂ

N ({6- Ilcﬂm‘%heWﬁpPaf?tUﬁ Ves P‘FFBE%WHH@%@/' F?WWﬁWdM" ﬁ‘\h%at gun. The

20VI | et hygrgiveed QM&?eﬁUéb‘ BraidHisrameanvad ) 1.0eh ahateapbmataium(\WMethoxide

2012/ 085745PCT/ 1B2011/ 055588 118 To a m xture of ethyl 3-am nopropionate
hydr ochl o’ éé‘ﬂ(ﬁ%@imﬁﬁﬂ masﬂ_zyquﬁ[ﬂrgpmgq oS 3@_py1|nutes during which time the solids

) - 6- [ (cychrbsved éf%émgfa g‘eﬂé#@él@f@{ hyé inehery i ﬂéﬁfﬂeFﬂtQ’era’% otskrel hyrﬁétm noj ni ¢
otinic acid ﬁ948 ro>gr¥1benzot riazol e hydrate a318 , 2.08

mmol ), >antfac '?%Wﬁgﬁ%t?%@ r@i“’i@”ﬁ? hOBrssl frigaatiop waaloeﬁnq}e@m% EPYEE m )
was added aadlﬁeérhaﬂm@@@m(ﬁmmwyé@m SR0REYAquesidsstiiibitartndteaabpor i de

(442 ny, 2.28_mol he reaction was stirred for 12 hours at anbi ent
terrperatulmé) W%FQSEQEQP@?'W@?WQ BMyenPy Altglderninreled & prd rlghni ¢ | ayer was

separ at edcelild1Borfl 4RO Wse filRY Bake\REs REEHACLIReth)ItRe Bt B20®ABL MABeed g and
t he conbi ned organic | ayers were dried over SOdI umsulfate, filtere and

concent r afBdUEVasRATR!Y PRRCEATAIRS UnderYacMAGR 7opialunre)ndvhier drgeevipLC

10( Si Qg, Qméﬂgg(grﬂtshyéteacrﬁé aés@ltin sbranbrawak filtgred trRbogH HBuEHRAEGnel, THe
enantlorrers wer e separ at ed ralxggélgc to fford t he tvvom}oroducts (I somer

1 = 50 nySAlONSRYSEBHWHN ?th¥ %‘@t?’rﬁ@ M sanpine Jesultal Tlifale Wei ral cel QJ- H,

EL;TEHSI 0%%nofbatr@f@um v2lioC Mhe Rkdel @lg&?aﬁfusd&vtﬁ@@n@%m@a@mn arfd m;@tef@t e 10
min ifier r 1. Retention ti nyt es

Ret ent i on!G P09 "i‘th%n‘?ﬁtl%' SrEURORIGRYY fa@%atgmddé@ giqugts: to§|s§%lv%§h 2H)

8 53 (d, dolids8TRe Wxtu%’ﬁ/as ﬁer—"r%oéléd SIdWAY 13- a(ﬁebizcrys'té'lﬁzatlan ?s?oWI t ad1bren8 g 3% 2
( :

m’ 1&% gengqgr%tH;e tr‘sen WltﬂJye) A'fl' hgsso QS Wgre_c%he@eq_ay vq_qq)um fﬂtrz{[@n( and t?we_ 6.9 Hz,
2H), 3. 65pfagesslwas RepBatdd ,onaé'*)nor@to'%ﬂelﬂﬂhe finar plodBctizs. 78408 1%4). R%ar( sH-white 12. 3
EZH) _ 1%’ (%ﬁygt)glh_ngégl?dg1%@%?609_&/"—?23 Cﬂ:)tCI3, %)::9.071' (% HZI), 8.%7 (s, ‘FH)(,)g.fQ (&,' ﬁ%él( m
(+/-) - N- ({8; 2t ;8 ©7qb@X8{42 210- ¥z, (110 4.0 U T, oeB VA, PPnemed [dpyEs. DiHH, MHE-

1.30 (s, 9H). MS (M+1) 355.1.
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20 Step C: (S,S)-2-methyl-N-(3-methyl-1-{4-[5-(trifluoromethypyridin-2-yl]phenyl}

butyl)propane-2-sulfinamide

A three-neck three liter flask equipped with a mechanical stirred, internal
thermometer, and dropping funnel was evacuated, heated with a heatgun, and
25  backfilled with dry nitrogen three times. The apparatus was then charged with
anhydrous zinc chloride (667 ml, 333 mmol, 0.5M in tetrahydrofuran) and the solution
was cooled to 0 °C. A solution of isobutylmagnesium bromide (511 ml, 1.02 mol, 2.0M
in diethylether) was added dropwise to the well-stirred solution over approximately 1.5
hours, resulting in an exothermic reaction and the formation of a precipitate. The

30 temperature was maintained below 15 °C through the course of the addition. At the



vl | met hyl ) am nol pyri di n- 3-yl I carbonyl)-beta-alanine oo LINL IHOH HN N F
In two separate reaction vessels, (+) and (-)-ethyl N ({6-[(cycl ohexyl{244-
(trifluorwoabteyisypalenyl | pyri m di n-5-yl | met hypam no] pyri e@cmAB201k/h3sassbonyl ybe
ta-al ani nate 25(0.050 g, 0.090 mmol ) 1n®ere separately dissolved in nethanol
(0.2 mM) and tetrahydrofuran (0.10) and treated with aqueous lithium

hydr oxi de (0.090 m, 0.36 mmol, 2.0M ag.). The reactions were heated to 50
C for 12 hours. The reactions were concentrated in vacuo, then diluted with
water and acidified with aqueous 1.0M WO 2012/085745PCT/ 1B2011/ 055588 119
hydrochl oric acid, The precipitated solids were caollected for both acids
and dri ed®? ‘{?&Ehg‘et%oﬂ?'%fl{”ﬁé' "b?%‘ﬁ%ﬁf‘leg Wi t%‘irﬁg’ﬁ@f'é'ﬁarﬁ%?@ﬁ’é'ﬁ and g NVR (400

MHz, CD30Racfidn wés Qléwg}/swarméb to %m@%n( ﬂ}mpbra’tur% z%d"iﬁlrrealfﬂr, r&ﬂnétély 114H, 8.18
(d, J = 8.0 Hz, 1H) g) 8.2 Hz, gS 1H),
4.79 (d, jher@cbowas g@@led -gg @twhgreup@ qsﬂgflorgqq)the )ébmg rtyl N:[(1E)~é47 Hz,
?‘%5 1. 9255' (trﬂlu@%nﬁéfh@ﬁdm-’Q—;ﬁ}@heﬂyl}?&tlﬁj@neﬁﬂbpaﬂe ﬁ%ulﬁﬂamr@jei‘ﬂ?—%@ .3 1H),
5-(4-(Pri mmﬁ}'aﬁ%EWﬂﬁoﬂﬁ%%dWﬁv'k W2p Rd9edfiopwise QYR ARFIOHTACHBIMBBIGSom f | ask
was char gath dint2thafedioR wal d@BNEHe c@'ré’f@lx(vﬁtfﬁﬁattﬁl’ate%ﬂaqllea'@érﬁmonlum
(4-(trifl uororret hyl )phenyl )boronic acid ) and MeCN (84
ml) . Stir FRlanaes th ¢fld E%thé(‘(asrr%‘ﬁil%%r’ﬁ?é‘?%l’t’%r@dﬁﬂtaf‘ﬁ the repetondllewrd &1 ution i s

obt ai ned. wihe td sbiehi Bhperdturel TReicBnteh®MWdre @r@hﬁ@rré‘d tda separatory funnel,
1,1 -Bis(dj phenx ngegOSphl no&f errocen al I adi um( H;dl chl ori de dichl or onet hane

conpl ex (8989 M Byl trbPY \ﬁ/ﬁ‘?raﬁlﬁé ¢ gdditlpn Walr vy e Iy esoMeiseedrshat e 1M

aq. (38 7aﬁsthe5anuzommlayérwmrbb@a wigfrhatkgdert-autyitousso0Ranctheon cool ed
down to room tenperature and di sso|lved with anmoni um chl oride solution (ag.

sat.). Aqﬁ%B'Eeﬂ’ ESPICEHTREE NG ARIShOEY MAINSET Sudatesiiereqsdhi ned or gani ¢
| ayers washe@nithied ibvadie. (Th¥)crud@rmadrisvels pﬁmﬁewn‘awdmamem ts.btzeo gokrand
e ol endoliney G TRS Sfoudte (74 H'g. B35 Shu ) ikdaBg! ! 2o
MHz CDCls, 8): 8.94 (s, 1H), 7.96 - 8.05 (m, 3H), 7.84 (d, J = 8.2 Hz, 1H), 7.49 (d, J =
15 8.2 Hz, 2H), 4.43 - 4.52 (m, 1H), 3.40 - 3.50 (m, 1H), 1.85 - 1.94 (m, 1H), 1.62 - 1.75 (m,
1H), 1.47 - 1.57 (m, 1H), 1.24 (s, 9H), 0.95 (d, J = 6.4 Hz, 3H), 0.90 (d, J = 6.6 Hz, 3H).

MS (M-C4H10NOS): 292.1.

Step D: (S)-3-methyl-1-{4-[5-(trifluoromethyl)pyridin-2-yllphenyltbutan-1-amine

NH

20 A cooled solution (0 °C by internal thermometer) of (S, S)-2-methyl-N-(3-methyl-1-
{4-[5-(trifluoromethyl)pyridin-2-ylphenyl}butyl)propane-2-sulfinamide  (74.0 g, 179
mmol) in methanol (0.90 L) was treated with 2.0M hydrochloric acid in diethylether (233
ml, 466 mmol) dropwise while maintaining the reaction temperature below 15 °C.
Following 1 hour, the solvent was removed in vacuo and the resulting oil was treated

25  with diethylether to precipitate the product as a fine white solid. The solid was collected
via filtration, and washed with diethylether (3x100 ml). The remaining solid was dried in

vacuo. The crude material was used for further transformations.

Step E: (S)-methyl 6-[(3-methyl-1-{4-[5-(trifluoromethyDpyridin-2-yllphenyl}butyl)

aminol]nicotinate




20 (Ethyl Acetate / DCM provide the title conpound as a light yellow solid
(4.4 g, 87%. 1H NWR (400 MHz, DVMSO-d6) 56.76 (s, 2 H 7.76 (d, J=8.41 Hz,
2 H 7.990a01200837457 Hz, 1 H) 8.14 (d, J=8.22 Hz, 2 H) &ceaBtudi/oshssds 37 Hz,
1 H. M5 (M1l): 240.2. tert-butyl 110

(5-(4-(trifluoronethyl)pherw)pyrazin-2-yl)carbamate 25
5-(4-(trifluoronethyl)phenyl)pyrazin-2-amne (4.40 g, 18.4 mmol) was
suspended in acetonitrile (92 nL.) and di nmet hyl am nopyridine (116 ng, 920
prmol ) was added in one portion. di-tert-butyl dicarbonate (4.01 g, 18.4
nmol ) was then added and the reaction WD 2012/085745PCT/1B2011/055588 120
m xture was stirred overnight at roomtefperature. Reaction m xture diluted
with citric acid solution (10% aq.) ter (1/1). After stirring for 5
m nutes the reaction m xture was Ll erred to an extraction funnel and
extracted with DCM (3X). Conbi ned Drganic |ayers washed with water (1X),
with brine (1X), dried over sodi ate, filtered and 5concentrated to
provi de the crude material. Puri silica gel flash chromatography
(Ethyl Acetate / DCM provide the title ound as a white solid (3.14 g,
50.3% 1H NVR (400 MHz, CHLOROFORM d) 6 " 1.61 (m 9 H 7.74 (d, J=8.22
Hz, 2 H 8.09 (d, J=8.02 Hz, 2 H 8.13 (s, 1fH 8.71 (d, J=1.56 Hz, 1 H)
9.40 (d, J=1.17 Hz, 1 H); M5 (M+1l): 340.1. 10()-Et hyl
3| §; m( g;)e o 3 :’é RS ;ci?gpl}éle)(gé&(r#etwl-q'—{fé‘rl-[g-?trriﬂﬂrc')sr%rméh'?yﬁg LR MO B fan-

1-amine (66.34 g, 192.4 mmol), methyl 6-fluoronicotinate (32.8 g, 212 mmol), and

freshly pulverized and dried (150 C, vacuum oven, 12h) tripotassium phosphate (75.6 g,
5 356 mmol) was purged with dry nitrogen then diluted with N,N-dimethylacetamide (320

ml). The mixture was heated to 110 °C (107-108 °C internal temperature) for 24 hours.
The reaction was diluted with water (~1.5 L) and the resulting mixture was stirred
vigorously for 15 minutes. The aqueous portion was decanted, leaving behind a thick
amorphous solid. This material was washed with water (2x1 L). The resulting solid was

10  dissolved in ethyl acetate and the remaining water was removed via azeotropic
distillation (rotary evaporator, approximately 2x1 L ethyl acetate). The combined
aqueous layers were stirred vigorously for 12 hours resulting in the precipitation of an
additional aliquot (approximately 500 mg) of the crude product that was combined with
the originally recovered material. The crude material was purified via

15  ISCO MPLC (SiO,, 0-75% ethyl acetate in heptane) to yield the product (53.0 g, 62%)
as a white foam. "H NMR (400 MHz, CDCls, 5): 8.93 (s, 1H), 8.72 (d, J = 2.0 Hz, 1H),
8.00 (d, J =8.2 Hz, 2H), 7.97 (dd, J = 8.5, 2.1 Hz, 1H), 7.92 (dd, J = 8.9, 2.2 Hz, 1H),
7.81(d, J =8.4 Hz, 1H), 7.47 (d, J = 8.2 Hz, 2H), 6.25 (d, J = 8.8 Hz, 1H), 5.79 (d, J =
6.5 Hz, 1H), 4.73 - 4.85 (m, 1H), 3.84 (s, 3H), 1.77 - 1.86 (m, 1H), 1.65 - 1.77 (m, 2H),

20 1.01(d, J =6.1 Hz, 3H), 0.97 (d, J =6.1 Hz, 3H). MS (M+1): 444.5.



0 A round bottom flask was charged with triphenyl phosphine (2.64 g,
10.0 mmol ), dii sopropyl azodi carboxylate (1.99 nm., 10.0 mmol) and THF (23
m.) at OGvoADt2sstBe 15yl id crashed out of solution (| e®sTiihzn1/055588 nut es) ,
tert-butyl (5-(4- (trifluoronethyl)phéhyl)pyrazin-2-yl)carbamate (3.10 g,
9.10 mol ) and ()-ethyl 4-(1- hydroxybutyl)benzoate (2.03 g, 9.14 mmol)
followed by THF (10 nL). Reaction stirred at room tenperature overnight.
Reaction diluted with DCM and anmoni um chl ori de solution (ag. sat.) and
transferred to an extraction funnel. Agueous extracted twi ce with 20DCM
Combi ned organlc | a ers washed W I h br| ne (1X), drled over sodi um sulfate
filtered kKRTEIREEN o~ -{-[5r (iflugrometay oy Tidia-2n) Ajbutypa by
silica gehgifl ash chrorrat ography (I\/EOH/ DCM provi de the t|tIe corrpound as
a yellow gum (4.86 g, 98.0% . 1H NVR (400 MHz, CHLOROFORMtd) 50.96 (t, 3 H)
1.36 (s, 9 H 1.37 - 1.54 (m 5 H) 2.06 - 218(m 1H 2.23- 2.35(m 1H
4.38 (q, J=7.24 Hz, 2 H) 5.77 (dd, 25J= o] 10, 6.55 Hz, 1 H 7.51 (d, J=8.61
Hz, 2 H 7.76 (d, J=8.61 Hz, 2 H) 7. 82 (m 2 H) 8.12 (d, J=8.22 Hz, 2
8.74 (d, J=1.37 Hz, 1 H 883}4 ~g£L. 56 Hz, 1 H; M5 (M1l): 544.5. WO
2012/ 085745PCT/ 1B2011/ 055588 121
()-4-(14(5-(4-(trifluoronmethvl)o
Part A: A round bottom flask wa
4-(1-((tertbutoxycarbonyl)(5-(4-(trifluofo thﬁt)phenyl)pyram n- 2-yl ) am no)
butyl ) benzoate (4.85 g, 5 8.92 mmuol), ) and TFA (15 nL). Reaction
m xture stirred at roomtenperature for 3 how'. Sodi um bi carbonate (sat.
ag.) used to quench the excess TFA and the aqueous layer is extracted with

DCM (3X). Combj , dried
sodi l(Jm )sul f at eA fr rgr I Csth"‘fﬁﬂgm%"fyqo{‘ﬁﬁ%%n;@ %‘Sth(ypbﬁgjtrl(q%'r) e o
4- (é (gg (/meh(ehyl}tfutyj)azmrﬁo1m|b(ytln)atm(656wguweasznnt[oﬁw\;ds)obssb:cvewht[Jmeth)abelr(Zﬁme ats a
crude or Lrt her ificatio Qre nex
Ctop e rners. eteirin ot Rhokeal it AdUBR b GRS AR BRI Ged w ¢ 1
()-ethyl 2394 ftm(c(lSZ(QM) An additional aliquot of methanol was added to homogenlzethe
(trlfluoro thy I)Namnot) Y ),ez1 tel.h

), O b IR T Bedron REHRARA 1 Yot O T FrbFeddofiner adde
imrTDo)ne poc@n;Centramd i @) @qutelcruobieadue wesr%ﬂtﬁaqbwﬁhmt@ (5@I§3mﬂ) Rber ang ate
50 C f h t t
and or'gant@URH e FEOBLHE St AT O0 a3 EuPE B0 OR R sREREE™
di ssol ve (21!@ rnlr toceppsdimdtelyniH Hid).adheipteeipitdted salid Wa§c<vliet:tedt5§£|ﬂ|t(aqn atdN) . The
vel | ow Solic0ch T IRek 8%k RCKES S e Dottt bdbhen ki & Sahghper funnel

gg%o as (resply | g'] %e%e(ait?gtal{e nto 8 s@p&rats

and dried vacuu O provi
(trifluortaskt hiyhe)qolmensdliyl pyasalzied r2vadup ant niegdh dirgdtly berfather t@osfdrrasgticasyel | ow
solid (3.23 g, 2087.1%. M5 (MH1l): 416. 3.

Step G: (S)-ethyl N-({6-[(3-methyl-1-{4-[5-(trifluoromethypyridin-2-yllphenyl}
15 butyDaminolpyridin-3-yllcarbonyl)-beta-alaninate

0 0
fj)kN/\)J\O/\
A
ng N

vrazi n- 2- vham no) butyl ) benzoic acid
(th ()-ethyl

To a mixture of ethyl 3-aminopropionate hydrochloride (41.1 g, 268 mmol), (S)-6-
[(3-methyl-1-{4-[5-(trifluoromethyl)pyridin-2-yl]phenyl}butyl)amino]nicotinic acid (57.51 g,
133.9 mmol), hydroxybenzotriazole hydrate (20.5 g, 134 mmol), and triethylamine (103

20  ml, 737 mmol) in dichloromethane (1.34 L) was added 1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide hydrochloride (38.9 g, 201 mmol) at ambient



WD 2012/ 085745PCT/ 1B2011/ 055588 122 () - et hvl
3-(4-(14(5-(4-(trifluoronethvl)Phenvl)Pvrazi n-2-vnam no) but vl) benzam do)

pr opanoatwo 20tea867451 e conpound i s obtai ned by a nmethod @aoahByaussssEs t he one
descri bed for 5exanple 1.1 (step G u$ing
()-4-(2-((5-(4-(trifluoronethyl)phenyl)pyrazin-2- yl)am no)butyl)benzoic
acid for starting material to provide ()-ethyl 3-(4-(21-((5-(4-
(trifluoromethyl)phenyl)pyrazin-2-yl)am no)butyl)benzam do) propanoate (3.34
g, 84.0% as a light yeIIowsoIid 1H NI\/R(400 WMHz, DMSO-d6) 6 0.87 (t, 3
H 1.12 (t, J=7.24 Hz, 3 H 1.22- 2 1.63-_1.86( I—(?251(t
J=6. 94 Hztenzpqngtuga 3Tg1e reactipn vza{ﬁhezlte_goto O@MH%@ou\quhflrenglonzvaﬁ) ilytego .
5.01 (m J«lth‘batﬂra’léd étﬂleoﬂ:s%o@@m"ﬂﬁ@ar@odﬂle (71 51) ditd théo@g{ia?ﬂcl rv6’esH) 7 91 (d,

J=7.63 Hz, 1 H) (m I—? (t H) 4 (s, 1
H; M (Nﬁq_garatgq_{STae amﬂ@yeﬂwgse racted Wlth dlchloromethane (2x500 mI)and the

()-3-(4-( é&ﬁ&nédlo(gtahlcflw W@'ﬁi\h&érﬁeﬁhﬁt‘h\ﬂrhﬁgﬂ 2% ittherdried over sodium sulfate,
propanoi c_aci d

vl ) ani no) butyI ) benzam The title corrpound is

obt ai ned BYergd r?é‘f’f?&ﬂc%{ﬁ@%%wéc% TWFB%W&'@FW%%BUFff@P V&anple 1.1 (step
H) using (QC©MBLC &id40Co0kA bth(adetdte frl m&@tdﬁwém ﬁﬁ@ﬁ%ﬁhctnm 8%, 88%

yl)am no) butyl ) benzamI do ropanoat e for Filt ratl on of

the sol i d3% 88 fegtert B&R(400MiET- 4P tle 5&# i ﬁh')ler\P% JproligeH

()-3-(4-(F96( %»((z%(tsm)fj go(RIEL BB IHAMANYA DS (dd, J = 91 24Hz 1H) 747 d,J=

20pyr azi n- 2- |—¥| )am no% tyl )benzam doé (E) opanai c acid 5% as a
whi te sol Pd.FadNR' ¢ 400~ B2 B 4B @08§d42(t1H)J5371 i9i-|£m H)”f 24 -
1.49 (m ?q bl) 6t86+fz 1H§L48ﬁ) (47116 @nl‘ﬁH)23‘$5 (q ﬂ-éa r@znzH@ ﬂoa 395-9 Az4AH)(m 2
H 4.96 - 5 éi % %‘4 . I—% ém4H)794
(d, J=8. oi7ﬁz1 7% 1#)0%65 é7 Aing )éﬁ) 18 &éﬂ( H). 336(671 z3f)8. 57 (d,
J=1.37 Hzo.9¥ (4)J 18.114Z, 3. Ms (M) HH29.35 (Mr1) ! 487. 3.

2012/ 085745PCT/ 182011/ 055588 123 Exanpl es 4.4 and 4.5:

(S)-3-(4- _ ovrazj n- 2-
vDami no) besRT-be 248
(trifluor gmmyly)}@é}gawmwg@rdnmez vnam no) but yl )benzam do) propanoi c acid
5rF Enant1opure starting material was provided by resolving the
enantiomers of ()- ethyl
3-(4-(1-((5-(4-(trifluoronethyl)phen I) yramg I am no) but yl ) benzam do)
propanoate using chiral preparati \fé/rfég iral pak 1 C. D nensions:
21 mm X
Hg N
I ~
N __~# F
15 FFP

A mixture of (S)-ethyl N-({6-[(3-methyl-1-{4-[5-(trifluoromethyl)pyridin-2-
yllphenyl}butyl)amino]pyridin-3-yl}carbonyl)-beta-alaninate (60.9 g, 115 mmol) was
dissolved in methanol (230 ml) and tetrahydrofuran (115 ml) and treated with agqueous
lithium hydroxide (115 ml, 0.230 mol, 2.0M). The reaction was heated to 50 °C for 30

20 minutes. The solution was concentrated in vacuo, and the resulting residue was diluted
with water (approximately 500 ml). The mixture was then acidified with aqueous 1.0M
hydrochloric acid (230 ml, to approximately pH 4.0). The precipitated solid was
collected by filtration and washed with water (2x100 ml). Air was pulled through the
filter cake over 12 hours to affect drying of the product. The crude solid was transferred

25 into a 2-liter flask with a stirbar and the solid was suspended in ethyl acetate
(approximately 1.5 L). Sodium sulfate (approximately 500 g) was added and the

mixture was stirred vigorously for a further 1 hour. The cloudy mixture was filtered



250 cm Mobil e Phase: 65/35 CO2/ nethanol. Flow Rate: 65 nL/mn. Mdifier:

0. 2% 10i sopropyl am ne. Retention tine: 3.85 mn (peak 1), 4.48 mn. (peak
2) . Subsewoent2/@sspeni ficati on of (+ and -)-ethyl PCT/IB2011/055588
3-(4-(1-((5-(4-(trifluoronethyl)phenyly pyrazin-2-

yl ) am no) but yl ) benzam do) propanoate by a nethod anal ogous to the one
described for exanple 1.1 (step H) to provide (+ and
-)-3-(4-(1-((5-(4-(trifluoronethyl)phenyl)pyrazi n2-yl)am no) butyl)benzam do
) propanoic acid (678 ng, 99.8% frompeak 1) and (643 15 ng, 94.5% from
peak 2). 1H NWR (400 MHz, DMBO-d6) 50.90 (t, J=7.34 Hz, 3 H) 1.24 - 1. 49
(m 2 H threyph_a glug of (ﬂtlte zes}Ldtlng ing cleagsgrlgthr}nﬂza quut@ng@s cogcgmraée{ﬁ ino H)

? 360‘2 azoéch@ndlhﬂen?alﬁﬂ%éghd \ﬁ}a@s&%ehﬂef?)la(d:@thﬂemq; IL—E%% c(dﬂfber’r’trd’f&d 1(71 94 (d,
J=1.37 sza%'otﬁ?helpzoqeﬁsms re%eatedltvwg@ NBe (eaHing sgldywes p?'@%ﬁ*ﬁﬂ’@% 6:
3- (N- et hyortadérdt @&itél)/énd]dr(e‘&l in étvl’abéddm)b%%h!’i %odr% aldo bﬁ:phfﬂ@ﬁhél'p%duct

y1) butgpam no) ni_cot i nani do) propanoi ¢ aci d {si %e enant i oner)

2012/ 085749PCH FBNaY @HaBeEa3 9 2fHatesolid.e 'éb' (/04 Midz &H\('%Qri’éoé)w 03 net hod

gn?:\fgogﬁ ¢! oHl) fsesgn(@eJdeﬁzlebﬂd) o6 (@xaPBG, 2.043%, Qmea)ﬂstoeut—@wwl 1H),
ne

fl
o7 Chemel 1 54058 Bua %)aéwmmt%’ O E AEE2HZ 2 RESPhEhesi s was
resol ved hy), %215@# schmgn:aeggemhm 2 %@V@H@@H)AD?H 1@6r(mnsHpns 10

nm x 250 cm il e Phase: /rret Rat e:

Modi i er: 188né: méhtwﬁwﬂﬁé(mﬂdéorﬁ%(d(ﬁeaﬁé Iy, 38, @erﬁinJ @ée'é:fq 2, >99%
ee). Reak3R).(Mskm+g):581@2 mol ) was then deprotected under the TFA / DCM
previously reported. Concentration of the reaction m xture under reduced
pressure provi de a cr ude grange gum Water (150 nli) added to the gum and
EXapIg el ¢ ({6 lohexyKR[4-4rithy ethyhphenytlpyrimidind= - 10sol uti on

of the crwgcmeth,eqqérﬁl.hE,]pg.ad.higrm}t;grb@hiﬂ) whtblhigkdhddCl fol l owed by filtration of
the solid formed (washed with plenty of water), provide

3- (N-net hyl - 6- ((3-net hyl - 1- (4" -

(trifluoronethyl)4l, 11-bi phenyl]-4- u'}t_‘rﬁ)ém)%obim cot i nam do) pr opanoi c
acid (915 ng, 88.2% as a white so d 1H NWMR (400 MHz, DVvsO-d6) 6 0.91 (d,
3 H 0.95 (d, J=6.46 Hz, 3H)1 159(m1H)161-171(m1H)
1.71 - 1.82 (m 1 H 2.52 - N15H) 2.92 (s, 3 H) 3.53 (t, J=7.24
Hz, 2 H 5.09 (br. s., 1 H (d 147 Hz, 1 H 7.44 (d, J=9.39 Hz, 1
H 7.50 (d, J:8.22Hz,2H)7.54-765 1H)767(d J=8.02 Hz, 2 H)
7.75 - 7.82 (m 2 H 7.83 -7.89 (m 2 H¥& l:(d J=2.15 Hz, 1 H) 12. 27

(br. s., 1 H,; M (M1l): 514. 4.
()-(tetrahydro-2H pvran-4-vl1) (4" -(trifluor orret hvl)-1-1, 11- bi phenv1l-4-vpnet
hanol 1504 20

Step A: 2-Dimethylaminomethylene-1,3-bis(dimethylimmonio)propane

bis(tetrafluoroborate

20 To a 3-neck flask equipped with a reflux condenser was added bromoacetic acid
(25g, 0.18 mol) and POCI; (50 mL, 0.54 mol). The solution was cooled to 0 °C and DMF
(84 mL, 1.1 mol) was added dropwise over 30 min. The resulting solution was heated to
110 °C for 3h. As the mixture was heated, it began to exotherm and evolve gas. The
mixture was cooled to 0 °C and a solution of aqueous 40% HBF, (63g, 0.36 mol) in

25 methanol (100 mL) was added slowly over 1h, via an addition funnel. Isopropanol (100
mL) was added. The resulting slurry was stirred at 0 °C for 2h. The solids were collected

by filtration to provide 2-Dimethylaminomethylene-1,3-bis(dimethylimmonio)propane



A round bottomflask at -78 C was charged with
4-brono-4'-(trifluoronmethyl)- 1,1 -biphenyl (192 ng, 0.638 nmol) and THF
(2.1 nl).woBoi2082745M i n Hexane (281 pL, 702 nmol) was t irem/1Rzideossdssopwi se.
The m xture stirred for one hour at 4¥8 C after which tine,

t et r ahydr o- 2H pyr an- 4- car bal dehyde (86 pL, 0.83 nmol) was added in one
25portion and m xture stirred for 30 mnutes. Reaction mxture warnmed up to
0O C and stirred for an additional hour. Reaction quenched with amoni um
chloride solution (ag. sat.) and extracted twice with ethyl acetate.

Conbi ned oraanlc | ayers washed with brine, .dried over sodium sulfate,

filtered Bisdetaflerboraie P9 s grala vrlowiselidr HAMBi(#00 Bh PMOR-FR 842 si 1 i ca
gel flash scbﬁyryag,@@rgﬁmg ;{gl\(gogn)( DCM to give the title 30conpound as a
colorless oi|l (1 ) 336 WO

2012/ 08574¢ -'w enzimigamide: d sde 4. 7:

()-3-(6- (((tetrahvdro 2H-ovran 4- vl)(4' (trlfluororrethvl) 1-1,11- bi ohenv1l-
4- v1) net hvfl am no) ni coti nam do) or #,3gid 00 N(OH HHN F F The title
conmpound was synt hesi zed by a net hod |anal ogous to the one 5descri bed for
Example 4.2 using ()-(tetrahydro-2 -4-y1)(41-(trifluoronethyl)41, 11-
bi phenyl ]-4-yl)nmethanol for startin terial. Filtration of the solid
formed after acidification to pH4 witfth 1IN HCl provide
()-3-(6-(((tetrahydro-2H pyran-4-yly

(trifl @oronet h_P/l 41, 11 bl‘gehen 1]-4-y t hypam n%@l coti nam do) propanoi c
acid (14.8 ny, 1977 3owpk flas wﬁ/pﬁev%ﬁ f'%?&ﬁdﬁw?r d4pVBO-d6) 6 1. 14 -
g- 412(|r_n|) grlﬂﬂordrﬂéthyl%en%oﬁﬂ'lld@Oglo b8 mofdNEtH, PTaH. 7|dlmoB H-cowfle- 3. 29
m

(1.29) ang toluer?e (3%0%2_) The solution was heated to reflux for 4h. The mixture was
cooled to 0 °C and concentrated aqueous HCI (140mL) was added slowly. The

10  precipitated solid was collected by filtration and washed with 1:2 methanol:
dichloromethane (1:2, 250 mL) to provide 4-(trifluoromethyl)benzimidamide
hydrochloride (53g) as a yellow solid. '"H NMR (400MHz, DMSO-ds) d 9.83 (s, 2H),
9.62(s, 2H), 8.09 (d, J = 8.0 Hz, 2H), 7.90 (d, J = 8.0 Hz, 2H).
2-(4-(trifluoromethyl)phenyl)pyrimidine-5-carbaldehyde

To a solution of containing 4-(trifluoromethyl)benzimidamide hydrochloride (50g,

15

0.22 mol) and 2-dimethylaminomethylene-1,3-bis(dimethylimmonio)propane
bis(tetrafluoroborate (50g, 0.27mol) in ethanol (600 mL) was added sodium methoxide

20  (36g, 0.67mol). The mixture was stirred for 1h at 90 °C then cooled to room
temperature. The mixture was extracted with ethyl acetate (200 mL * 3). The organic
layer was dried over Na;SOy, filtered and concentrated under reduced pressure. The
crude product was purified via silica gel chromatography to give 2-(4-
(trifluoromethyl)phenyl)pyrimidine-5-carbaldehyde (25 g) as a colorless solid. 'H NMR

25 (400MHz, CDCl3) 6 10.12 (s, 1H), 9.19 (s, 2H), 8.61 (d, J =8.0 Hz, 2H), 7.72(d, J= 8
Hz, 2H).



H 3.75 - 3.83 (m 1 H 3.8 - 3.93 (m 1 H) 4.87 (br. s., 1 H 6.55 (d,
J=8.61 Hz, 1 H 7.49 (d, J=8.02 Hz, 2 H 7.60 - 7.64 (m 1 H) 7.67 (d,

J=8. 41 Hzwo020tdy0877484 (dd, J=8.90, 2.45 Hz, 1 H) 7.78 (dpciaB2041/0333$8 2 H)
7.83 - 7.89 (m 2 H 8.14 (t, J=5.671¥, 1 H 8.39 (d, J=2.35 Hz, 1 H)
12.15 (s, 1 H); M5 (M+l): 528. 4.

15() - 2- br ono- 5- (1- hydr oxybut vl) benzonitrile OH A round bottom fl ask was
charged with the 2-brono-5-iodobenzonitrile (2.00 g, 6.49 nmol) and THF (9
m). Solution cooled down to -8 C (ice / brine bath). Turbo Gignard 1.3M
in THF (5,50 m, 7 14 mmlz) is_then added in one portlon and the 20reaction
stirred fSkeRiEs (G4 heH {2-[¢-(iriflueromethyligbenyiavrimidgdeyiipethancig mmol) is then
charged in another flask and the preformed anion is added over the al dehyde
[ THF (4 m.) via canula and then, meaction allowed to warned at room

t enper ature overni ght under nagheti \rring. Ammonium chloride (sat. ag.)
added to the m xture. Extracte |th Et hyl Acetate. Conbi ned organic
| ayers washed with water (1X), th bm'n (1X) dried over sodium

sulfate, filtered and concentrated to aff crude material .
Purification by silica gel flash chromat ograp F(Ethyl Acetate / Heptane)
provide the title WD 2012/ 085745PCT/ 1B2011/ 055588 126 conpound as a yell ow
oil (1.33 g, 80.6% . 1H NWR (400 MHz, DWsO-d6) 6 0.83 (t, J=7.41 Hz, 3 H
1.18 - 1.34 (nmo 2séitidn df@r-E5-(1LrifIEGro(nqthﬂ)pyﬁmidirEZ—yHaarBa?.thyde_ﬂ.B@ 953.87 (d,

‘;:gi8?dHZH1g%)I)?ét ra%@_dl_r(oﬂ‘ﬂan ﬁ@% ﬁ)’%jw%%%eﬁbcycl&he%ln?ag%%siﬁ%’ brgrﬁ%e‘?'(%ﬁlézml, 1H
50'(4 )- 443. hﬁdﬁm:olutz.’m/) in4istifyl ettfer Latr B912E-hyhg sﬁuthnltMFrtnaidmmWI red 2oloathabni tri | e
shAfté(??o tﬁ% %ép ﬁ%nl%yl Sér(ﬂe%r gﬁatQN dé(%fh g'he reqé:tldréwas s}lrred at-78 °C

(4(tr|fluororret oronrc aci
2- br ono- 5fqr 1- deﬂ@nyiuenghe)dbtdthmwramIwueclusaan@lomsmlonml )Thamdaduoet onitrile

17 L Al
081 s d phas PoEE I ThiBaEhobRlite b UAGERY il Hetfotrer, Tngiomsanis v pane
conpl ex (wassmggrams‘anprﬂm Jquemss Eydewas okxtrapistwilydietigl afbeli ([Gx). chwbonat e 2M

aq. ( q 54 bln%d)’ oém ractgl\/\%%(drzgoae\%q sgd]gm%%ﬂgt%dy?etre%%ﬁd 9011(%," tr%te}d

Organic s6rven ressure ah te agded
Organi cs vegioed hwcmdamaaerlal(mas)purmd hlabiSC@d\/lE’m()(&Odr(DeIO%\ﬂdwl soataterin

sul fate, LiLbened  RARnG RR&RRE (0342%, 530H 8% fa.t NENKR'EB0 MHz, cDCs, 5):
8.78 (s, 2H), 8.58 (d, J = 8.0 Hz, 2H), 7.76 (d, J = 8.4 Hz, 2H), 4.56 (dd, J = 6.3, 3.3 Hz,
1H), 1.99 (d, J = 3.5 Hz, 1H), 1.94 (d, J = 12.3 Hz, 1H), 1.65 - 1.86 (m, 4H), 1.52 - 1.58
15 (m, 1H), 0.97 - 1.31 (m, 5H). MS (M+1): 337.2.

Step C: cyclohexyl{2-[4-(trifluoromethylphenyllpyrimidin-5-ylimethanone

A mixture of (+/-)-cyclohexyl{2-[4-(trifluoromethyl)phenyl]pyrimidin-5-yl}methanol
(0.440 g, 1.31 mmol) in dichloromethane (4.8 ml), dimethyl sulfoxide (3.7 ml) and
20 triethylamine (0.911 ml, 6.54 mmol) was cooled to 0 °C. Sulfur trioxide pyridine
complex (0.625 g, 3.92 mmol) was added in portions and the mixture stirred at 0 °C for
1 hour then slowly raised to ambient temperature over 12 hours. The reaction was
guenched with water and diluted with diethylether. The aqueous layer was extracted

with diethylether and the combined organic layers were washed with brine. The



15material. Purification by silica gel flash chromatography (Ethyl Acetate
/| Heptane) provide the title conpound as a colorless oil (1.39 g, 83.2%.
1H NVR (AWO0 220850 d6) 6 0.87 - 0.93 (m 3 H) 1.25 - peTAB200m55888H) 1. 57
- 1.67(m 2H 4.64 - 470 (m 1 H 1%41 (d, J=4.68 Hz, 1 H 7.64 (d,
J=8.00 Hz, 1 H 7.75 - 7.79 (m 1 H) 7.82 (d, J=8.00 Hz, 2 H 7.88 - 7.94
(m 3 H. 20Exanpl e 4.8:

()-3464(1-(2-cyano-4'-(trifluoronmethyl)-11, 11-bi phenv11-4-v1)butyl)am no)
ni coti nam do) propanoic acid OO0 IN).LOHIHHN N WO

2012/ 085745PCT/ 1B2011/ 055588 127 carbonitrile for starting material.

Fi | trati oROBPINethEraghici extrpee wese dirEevesdagnesiemsuiatet Wiepetiand t h 1N HCl

() - 3- (6- ( tdndehtratéanPrdeuo( Affdrihg arcaimrt dtid) FhisHatbid! @R Yiskd dithout further

yl ) but ypam no) ni coti nam do) propanoic acid as a white solid (526 ng, 99.9%.
1H NWVR (49W'fl9ﬂ99”-Dl\/BOd6) 6 0.91 (t, 3 H 1.26 - 1.51 (m 2 H 1.66 - 1.89
(m 2 H 2.45 (t, 5J=7.02 Hz, 2 H 3.36 - 3.43 (m 2 H 5.11 (br. s., 1 H
6.58 (d, &r}d O:8+Hr1-clclbhex{Pe-f4-({rfilrdniethd)phibnyilp¢Rmidint5-§#metRandmide 7. 85 -
7.92 (m 2 H 7.97 (d, J=1.56 Hz, T H 8. 19 (t, J=5.46 Hz, T H 8.40 (d,
J=2.34 Hz, 1 H 12.16 (br. s., 1 H_: M (Ml): 511.3. Exanple 4.9:

(+/-)-3-({5-1-3-nethyl-1-(4"-trifl NS“’romet hyl - bi phenyl-4-y1)-butyl am nol pyri
m di ne- 2- car bonyl | - am no) - pr opyonyc “gC 10 Step A
5- (benzhydryl i dene-am no) - pyri ki H nel2-sarkQxylic acid nmethyl ester To a

round bottom was added 5-brono-pyrim di ne

¢
oo

aeroxyI ic acid nethyl ester

5 F

To a solution of crude cyclohexyl{2-[4-(trifluoromethyl)phenyl]pyrimidin-5-
ylmethanone (505 mg, 1.51 mmol), and ammonium acetate (1.19 g, 15.1 mmol) in
methanol (7.6 ml) was added sodium cyanoborohydride (0.150 g, 2.26 mmol). The
flask was fitted with a reflux condenser and heated to reflux for 12 hours. The reaction

10  was concentrated in vacuo, then diluted with dichloromethane and aqueous 1.0M
sodium hydroxide. The mixture was stirred for 30 minutes, whereupon the aqueous
layer was extracted with dichloromethane (3x). The combined organic layers were dried
over sodium sulfate, filtered, and concentrated in vacuo. The crude material was diluted
in dichloromethane, passed through a plug of SiO2 with 20% methanol in

15  dichloromethane and was concentrated in vacuo. The crude product was used without

further purification.

Step E: (+/-)-methyl 6-[(cyclohexyl{2-[4-(trifluoromethyl)phenyllpyrimidin-5-

ylimethyl)aminol]nicotinate

20

A mixture of crude (+/-)-1-cyclohexyl-1-{2-[4-(trifluoromethyl)phenyl]pyrimidin-5-
ylmethanamine (405 mg, 1.21 mmol), methyl 6-fluoronicotinate (225 mg, 1.45 mmol),



15(14.50 g, 66.81 mol), (+/-)-BINAP (4.16 g, 6.68 mmol), Pd(OAc)2 (750 ng,
3.34 mol ), and Cs2CAB (26.1 g, 80.2 mmol ). Tol uene (100 nmL) and
benzopherwoeoizmsems(12. 3 ni, 73.5 mml) were added and trha/i1proii/oFsessheat ed
to 105 C as an orange m xture. At 171k the reaction was cool ed and
partitioned between ethyl acetate and 1 N NaOH The aqueous |ayer was
extracted with ethyl acetate and the conbi ned 20organi cs dried over M504.
Purification by silica gel flash chromatography (ethyl acetate / heptane)
gave 5-(benzhydryli dene-am no)-pyri m di ne-2-carboxylic acid met hyI ester
(9.83 g, 469% as a bright yellow solid. 1H NVR (400 MHz, DMSO- 6): 8.42
(s, 2 H gngRrotagsiug Cart@”étel-@m D9Hp 67 r@"’ﬂo'é iR NofV- Weﬁﬂyﬁam(arwldg(ﬁ m;’) i8S (br.

s., 3 H) ReatBd (D120 < for 42 Hbu: &de(actidn H)lxturl%GNéMIll}ed willBwater to/\O
2012/ 085745PCT/ 1B2011/ 055588 128 Step B: 5-am no- pyri m di ne- 2- car boxylic
acid net h9qeo@g@t§ra @ud@sqldﬂhﬂms collected by flltratlon The ¢rude material was purified

S- (BenZhydl@%C@q\WBt@f(@l@Q) 0430Y Sh{liRetate Fﬁ&feg%ﬂtocylé’r@lt% sl o.asd gr (9. 83
g, 31.0 m i Sso| ve nmet hanol S sodi um acetate (12.2

g, 149° éwgésﬁég“%ddbw\"ﬁo(ﬂp%\%# 5P Hy @S @nfiib SiPdFod Rl ldt Haelt)7. 75 g,
112 ol ) g.55hk; SJ wesz 73 |2'H)eﬂ94i(dd gang, sezmerzaﬂ MY, €. 7adA B@"EH){EZH)OB%W(& ure.
At 3 h anot her roxyl am ne ochloride a of sodi um
fcetate ward hbdett. Aoaide) 210 e hed.70de. Squbazal e stiye cis Re7 (Salot i on
m xture fer2d yz 10501 .89 - P@SRAS 68BN, 1R 1 f 34 ahi sen). bys siaki ea7gael flash
chromat ography (nethanol / ethyl acetate) gave 5-am no-pyrim dine-2-

10carboxylic acid neth pure With acetic acid (6.074 g, 7999 as a
Vw" te SOl . F / ae s |f .‘!_“‘ “0}2 I _. I’I d '5' o0 u‘u-‘ a S acetl C
aci d was hi@BﬁW@deThe rrat erl al was carried on as is. 1H NWR (400 MHz,
DVMBSO-d6, 6): 8.15 (s, 2 H 6.35 (s, 2H 3.79 (s, 3 H; M (Ml): 154. 8.
15Step C 5-tert-but oxycar bonyl am no/(pﬁr»m' di ne-2-carboxylic acid nethyl
TP
P

ester O ...". ... [.. " .. . --.. ., -ty oH...... ".UNO NH

HN N

O)\(\N
-
N

A mixture of the (+/-)-methyl 6-[(cyclohexyl{2-[4-(trifluoromethyl)phenyl]pyrimidin-
5-yl}methyl)amino]nicotinate (486 mg, 1.03 mmol) was dissolved in methanol (2.1 ml)
and tetrahydrofuran (1.0 ml) and treated with agueous lithium hydroxide (1.0 ml, 2.1
15 mmol, 2.0M). The reaction was heated to 50 °C for 12 hours. The mixture was
concentrated in vacuo, and the residue was diluted with water and acidified with
aqueous 1.0M hydrochloric acid. The mixture was then concentrated in vacuo a second

time, and the crude residue was used directly for further transformations.

Step G: (+/-)-ethyl N-({6-[(cyclohexyl{2-[4-(trifluoromethyl)phenvyl]lpyrimidin-5-
20  ylimethylhamino]pyridin-3-ylicarbonyl)-beta-alaninate

O O
| H
-
HN N
SRS
P
N




5-am no- pyri m di ne-2-carboxylic acid nethyl ester (2.000 g, 13.06 mmol) was
suspended in acetonitrile (20 nL). 4-D nethylam nopyridine (1.600 g, 13.1
nmol ) waswlQadse74and t he reaction placed in an ice bat IrCTDB20t1&p35588ut y|

di carbonate (4.700 g, 21.5 mmol) was 1then added and the reaction was
stirred at reflux. At 2.5 h, the reaction was concentrated, sat. NH4Cl and
ethyl acetate were added, and with stirring the pH was carefully adjusted
to -4 with 1 NHCI. The |layers vvwere separated and t he aqueous was
extracted with ethyl acetate. The conbined or gani cs were dried over My504.
25Purification by silica gel flash chromatography (et h%%tmacet ate / heptane)

gave 5- teFrPa'“B'?jttub‘?(9fc9&mﬂ§rﬁﬁ'aﬁﬁ’rﬁ8'oﬁ9t@|W'Eﬂch'@”‘ie FdCTHES K/t est er

ID%UO-r SGWI 5-B- [@%HMIHex@f{ﬁi[@gtﬁ‘fldo?orﬁ&ayl?)heﬁgl?@ynﬁﬁ?dlQSMMﬁ@Hll%]nlééﬂnMd 400 IVHZ

(Mr1): 25848.Mg. RS OTsoRkTasbeTa B INEs 41615 %P%ﬁ"W') Pan®
(+-)-5- {tr%fﬂwd%lh@WWWWﬁmﬂndﬁ) |HHFchForﬂetﬁéne%ﬁ'rﬁlb%@é@ﬂ@éd"’ﬂet -ghenv1-4-v1

) - but vhami nol - - car boxylic acid este
3- net h9| g eahy'im'PPPﬂoaw%ﬁ%dmﬂO)emyﬁFfé?ﬁ&?i'dai‘%%rBatZa%8 egl)- (Tfelr%ct@” 3. 630

mol ) 5 (pegRfrarifors2 hBurbsR BRbRNB témSédiird) THEEacfsivaEEiutd With water
5-tert-but ox%@ar bonyl am no- pyrim di ne-2-carboxylic acid nmethyl ester

(0.920 g, HABNG laxpiaves sBrated The amRPys RYsT vas PR LY an (20 nL).

Tri phenyl a.bﬁ@pmaﬁar(euzﬁ)’sarm the cAMbINER ot g WiSlapste akrarbted d%rrs@@ngm sQlﬁatéﬁS
brought to C. Diso _azodi car boxyl ate 1 43 i, was added

dr opwi se Bkﬁé?d BNRGNC ré‘?%delad’??% Thecrads F‘@B?d' h‘é’a%p%!efidw 'i?@%\\"u Con,
al I owi1ag t{die2b@t bod@thyr bbb if a@ﬂbh@)rf@@/reﬂi herodct. 3mb eﬁdmOﬂh@ﬁscmr@n was

gggtcgtn;r ?ts?e%ﬁ@ gﬁyyfcbg@? F%}:tab é)?dl tlhle two %roductsazlssgm%pq O— 8 a% andgsec;[mh r2
(+/-)-5- {E%tm@tww@éw@@n&dlb&nnemwdel b, bitdenibb@romemhy2s0drhasik- 4-y1) -
butyl Fam Pﬁaﬁ\%%?)ﬁﬁlﬁ% ?rggti\aﬂc?lrlpl \)/(vyliate Crln(IiI/mln tl\ngélfleei\'srtmc?nre Ison?gr]ﬁ g) as a pale

yel | ow oi
Retention time: 2.37 minutes. Isomer 2: Retention time: 2.95 minutes. '"H NMR (400

15 MHz, CDCls, 8): 8.76 (s, 2H), 8.53 (d, J = 8.2 Hz, 2H), 8.43 (d, J = 2.0 Hz, 1H), 7.78 (dd,
J=8.7,2.2 Hz, 1H), 7.71 (d, J = 8.2 Hz, 2H), 6.71 (t, J = 5.8 Hz, 1H), 6.30 - 6.36 (m,
1H), 5.84 (br. s., 1H), 4.68 (t, J = 6.9 Hz, 1H), 4.13 (g, J = 6.9 Hz, 2H), 3.65 (g, J = 5.9
Hz, 2H), 2.58 (t, J = 5.8 Hz, 2H), 1.95 (d, J = 12.3 Hz, 1H), 1.56 - 1.85 (m, 6H), 1.23 (t, J
= 7.0 Hz, 3H), 1.04 - 1.20 (m, 4H). MS (M+1): 556.4.

20  Step H: (+/-)-N-({6-[(cyclohexyl{2-[4-(trifluoromethyl)phenyllpyrimidin-5-

ylimethyl)amino]pyridin-3-yl}carbonyl)-beta-alanine

O (@)
AN N/\)l\OH
| H
Z
HN N

In two separate reaction vessels, (+) and (-)-ethyl N-({6-[(cyclohexyl{2-[4-
(trifluoromethyl)phenyl]pyrimidin-5-yl}methyl)amino]pyridin-3-yl}carbonyl)-beta-alaninate
25 (0.050 g, 0.090 mmol) were separately dissolved in methanol (0.2 ml) and
tetrahydrofuran (0.10) and treated with aqueous lithium hydroxide (0.090 ml, 0.36
mmol, 2.0M aq.). The reactions were heated to 50 °C for 12 hours. The reactions were

concentrated in vacuo, then diluted with water and acidified with aqueous 1.0M



15 Step E:

(+/-)-5-1-3-methyl1-1-(4'-trifluoronethyl -bi phenyl-4-v1)-butvlamnol -pyrimd
i ne-2- cawbarydass74aci d nmet hyl ester PCT/IB2011/055588
(+/-)-5-{tert-Butoxycarbonyl[ 3- net hy119- (4' -tri fl uor onet hyl - bi phenyl-4-y1) -
butyl]- 20am no}-pyrim di ne-2-carboxylic acid nmethyl ester (1.498g inpure)
was di ssol ved in dichloronethane (10 nmL.) and trifluoroacetic acid (3 nlL)
was added. This was stirred at roomtenperature. At 70 min, another 3 niL of
trifluoroacetic acid was added. At 90 WD 2012/085745PCT/ 1B2011/ 055588 130

mn, the reaction was concentrated and the material was partitioned between
et hyI acen¥drechiorns aggd. T%ﬂé@'tat%éo'éjéd%ﬁ§°'le§§?@rf°(/\%f§h @SE‘P'? aed ddedit h et hyI

acet ate apgedohte ghRnhé Bl‘%ﬂu@té @@@In@ﬁa &Tdnﬁdn@hée“HWmd:‘MHzf coODOBY: Bw1si | i ca
gel flash chronato rap FV acetate pt ane)

(+/-)-5[3 %Hhﬁlﬁold(zi'- é%/? 1%'6% §n3§t(ﬁ’y1H)bf3 16%%&& 84 @4)”') 7.80(d, J=8.2

Sbutyl am HQ]zml)yvmm(elmesazﬂqmlpgwim@d [ slorF&t by, 3054 @rJ £@762£29+)) 2360 a white
foam 1H NVR (400 F% '7.67 - 7.73 (m 7.61 -
7.66 (fn ¢ i 67 55 21, 1-92= 2é392(”1»+ZH)21% ’79§ém( H). 353 @, é |J|Z3'iZHﬁ):4 68 (d,

J =57 H4,0511|71)3(4n,%1£. Mb @r+1)ns2gla H) 3.98 (s, 3 H 1.79 - 1.92 (m 1 H
1.64 - 1.79 (m 2 (d, J =6.2 Hz, 3 H 0.99 (d, J =6.2 Hz, 3 H);
M5 (Mt1): 444 3 1OSteo F: , ,

(+/-)-5- 1544-4gflug PP a6 et HY - bi phenyl-4-y1)-butyl am ndl - pyrimd
i ne-2- carboxyl iC aC|d
(+/-)-5[3-Methyl-1- (4" -trifluor 6Rd
e-2- carboxylic acid nethyl ester (
tetrahydrofuran (6 15 nm.) and net han®| )F and 1.0 M NaCH (6 nL, 6
mmol ) was added. This was stirred at 50 2.5 h before cooling and
bringing to pH 3 with 1 N HC. This was extFacted three tines with et hyl
acetate. The conbi ned organics were dried over My504 and concentrated in
vacuo 1bo gi ve A 100 mL round bottom flask was charged with 2-amino-5- |odopyr|m|d|ne (3.66

/ ' f | h i
S o boxdt T T i iy R ST PR 58Y 83 00 il PRAIRE R i
(400 |VHZ( (8aNVBL). SGirre® )1 5 nBnLit&s aisroold tehnperaBre unfll.Oiicd dpasdil)tion. |s7gbta|315d 8% (8m|-|22
7 —

D iy 4 65 Teshigip Softfon 5 th¥n feat®q Wiln 1Bt dipnBeiind) séfedsfie- 7o "p

H 1.51 - pdlla@iun{(Mdichlddde@icd®rérdethdnecémglekiz5083my])695. 930l @as éddeda 4 Hz, 3

N§5( NPE):hz)\}ve(f' %3(/) th3e' sod}ﬁ(r)n ge(q)r oneg8ﬁm %—é }B%_O%}/?Or%r%gﬁq?eaction refluxed for 2

hours. Reaction cooled down to room temperature and dissolved with ammonium

- bi phenyl-4-y1)-butyl am no]-pyrimdin
1.39 mmol ) was dissolved in

chloride solution (ag. sat.). Aqueous layer extracted with ethyl acetate (3X). Combined
organic layers washed with brine (1x), dried over sodium sulfate, filtered and
concentrated to give the crude material. Purification by silica gel flash chromatography

20  (Ethyl Acetate / DCM) provide the title compound as a light yellow solid (4.4 g, 87%). 'H
NMR (400 MHz, DMSO-d6) 6 6.76 (s, 2 H) 7.76 (d, J=8.41 Hz, 2 H) 7.99 (d, J=1.57 Hz,
1H)8.14 (d, J=8.22 Hz, 2 H) 8.62 (d, J=1.37 Hz, 1 H). MS (M+1): 240.2.

tert-butyl (5-(4-(trifluoromethylphenypyrazin-2-yl)carbamate

0NN
\ﬂ/\[\
—

N

25

5-(4-(trifluoromethyl)phenyl)pyrazin-2-amine (4.40 g, 18.4 mmol) was suspended
in acetonitrile (92 mL) and dimethylaminopyridine (116 mg, 920 ymol) was added in one

portion. di-tert-butyl dicarbonate (4.01 g, 18.4 mmol) was then added and the reaction



131 Step G

(+/-)-3-({5-1-3-nethyl-1-(4'-trifluoronethvl-bi phenvl-4-vl)-butvlam nol - pw
i m di ne2-wanrbmsiMsani no) - propi oni ¢ acid et hyl ester PCT/IB2011/055588
(+/-)-5[3-Methyl-1-(4"-trifluoronethyke bi phenyl-4-yl)-butyl am no]-pyrimdin
e-2- 5carboxylic acid (636ng, theoretical 596 ng, 1.39 mmol) was conbi ned
with N (3- dinethylam nopropyl)-N -ethyl carbodiim de hydrochl oride (399 ny,
2.08 nmol ), 1- hydroxybenotriazole hydrate (319 ng, 2.08 mmol), and

anhydr ous di chl oromet hane (10 nl). Beta-al ani ne ethyl ester hydrochloride
(256 ng, 1.67 mmol) was added foll owed b¥ triethylamne (0,386 nm_, 2.78
mol ) . ThI”’%XtV\/ﬁéN%Stﬁt'FrP@@V%"t”'ghbétrﬁof"é‘r%ﬁ@%ﬁat}f*% %%acéloriﬁﬁHPrﬁt yfedpgih oftfic b bef or e

t he react h@a s¥RGoPAIOYS hd. 9n@§teb(31t/vyen\ﬂere§,tlhmg eS8 hit Re2ihd réadtion MiktHe wddre
aqueous | ayer was extracted with ethyl acetate and the conbi ned organics

dried ovelangeeed omiy el fHﬂ”%?”%ueMr%fée%\éflth PCA P InFIRBN8Yy PESAY (et hyl

acetate /g ?@@t\@dtﬂéd fadth |\A¢é\t‘&({1h)/ mf'fﬂtdﬁﬂ@@ X)/ drfi?éd"éﬂer A6QLRALR)atdaMRrédBRY €
material. The resid ti oned bet wee thy] acetate and sat.

NaHCOB?> Tﬁ%“"&a[ﬁ%téﬁéo PE%‘/@P tk}%grugﬁmaé%rtaécf’ Ui'ﬁcwof‘tpyéﬂ'ﬁ?lgebf@f‘ate and the

combi ned @Iﬁrﬁﬁﬁtd‘g’ia;ﬂf i(Eth Dﬁ(@état%SﬁM)ﬁb’réqu@ﬂ#é&ﬂlbrc@h%uhd\aé/awmets@h@ ve
(+/-)-3-( 543- 8/ | uor onet h |_am no]j -

pyri nidin a’ioo%"fyw H %IM%?OM%%QR @8“"&0}@%5656&1 ((”e9 74 (@929 as
a clear Oukazé-Hzl\hz/H)é/b@ M%oz@%lﬁ)@)ls(&ﬂ) 371%JJ—1 @62|zH1Hjbdd)(d8 09 (S

2 H) 7 62 - (ﬁ(nﬁ Eld J =
H) Jzﬂ@séH(Z W5 ( +11)4340 52 (m 1 20H)411 419(m 2H)372
(q,J:62Hz 2 H 2.61 (t, J =6.0H, 2 H 1.66- 1.87 (m 3 H 1.21 -
1.29 (m J‘@th 404 xy & 3 - Fa%nH_Z, 3 H; M
(M+1) 5297 ep H
(+/-)-3- (F@@'—r‘@—bﬁ@ﬁﬁ%@;@@(4' trifluoronethyl -bi phenvl 4- vl) but yl ami nol - pyr
im'dl ne2- car bonvl}-am no)-propionic acid O N N-).LOH I'H HNN
(+/-)-3-({543-Methyl -1- (4" -trifluoronethy -bi phenyl -4-y1)-butylam no]-pyrim
i di ne-2- A~
0
O+ _N__N
Y T
N

A round bottom flask was charged with triphenylphosphine (2.64 g, 10.0 mmol),

diisopropylazodicarboxylate (1.99 mL, 10.0 mmol) and THF (23 mL) at 0°C. After the

15  ylid crashed out of solution (less than 10 minutes), tert-butyl (5-(4-
(trifluoromethyl)phenyl)pyrazin-2-yl)carbamate (3.10 g, 9.10 mmol) and (+)-ethyl 4-(1-
hydroxybutyl)benzoate (2.03 g, 9.14 mmol) followed by THF (10 mL). Reaction stirred at
room temperature overnight. Reaction diluted with DCM and ammonium chloride
solution (aq. sat.) and transferred to an extraction funnel. Aqueous extracted twice with

20 DCM. Combined organic layers washed with brine (1X), dried over sodium sulfate,
filtered and concentrated to provide the crude material. Purification by silica gel flash
chromatography (MeOH / DCM) provide the title compound as a yellow gum (4.86 g,
98.0%). "H NMR (400 MHz, CHLOROFORM-d) & 0.96 (t, 3 H) 1.36 (s, 9 H) 1.37 - 1.54
(m,5H)2.06-2.18 (m, 1 H) 2.23-2.35 (m, 1 H) 4.38 (q, J=7.24 Hz, 2 H) 5.77 (dd,

25 J=9.10, 6.55 Hz, 1 H) 7.51 (d, J=8.61 Hz, 2 H) 7.76 (d, J=8.61 Hz, 2 H) 7.95 - 8.02 (m, 2
H) 8.12 (d, J=8.22 Hz, 2 H) 8.74 (d, J=1.37 Hz, 1 H) 8.83 (d, J=1.56 Hz, 1 H); MS
(M+1): 544.5.



5car bonyl } -am no) -propionic acid ethyl ester (14.6 ng, 28.0 nmol) was

di ssolved in tetrahydrofuran (3 nL) and nethanol (1 nL), and 1.0 M NaCH (1
m., 1 mowd 2eewsamdded. This was stirred at room t enper araraBioar/o$68sTi n. The
reaction brought to pH 3 with 1 N HCI21 The net hanol was concentrated in
vacuo and the residue was extracted twice wth ethyl acetate. The conbi ned
organics were dried over MgSO4 and 10concentrated in vacuo to give crude
product. Purification by reversed-phase HPLC gave
(+/-)-3-({543-nethyl-1-(4"-trifluoronethyl-biphenyl-4-yl)-butylam no]-pyrim
i di ne-2- car bon |l -am no) propi oni ¢ aC| d (13 8 ng) Anal yt| cal LCVE:

r et ent i on{Zhi%nd-(-Ho(trfuerenasthylphepyly : bgn ' 5 pm col um;
5% acetonitri I e/ vvater (0. 05%tr|fl uoroacetl c acid m)dl f| er) linear
gradient to 95 % acetonitrile / water ovey 4.0 15m nutes, hold at 95%
acetonitrile / water for 1.0 m nute; rate 2.0 nUm nute); M5 (M#1):
501.3. Exanples 4.10 and 4.11: OH
3-({5-1-(R)-3-nethyl-1-(4"-tri yl - bi phenyl - 4-y1) -
but yl am nol - pyri m di ne- 2- car bonyl yam RE) - propi oni ¢ acid and
3-({5-1-(S)-3-nmethyl -1- (4" - | =
20tri fl uoronet hyl - bi phenvl-4-y1l)-but \AGk: pyri m di ne- 2-car bonv1}-am no) -
propi onic acid WO 2012/ 085745PCT/ | 8205 588 133 Step A
3-({5-1-(R-3-nethyl-1-(4'-trifluoronmethyl~bi pRenyl-4-y1l)-butylam nol -pyrim
i di ne-2- carbonyl|-am no)-propionic acid ethyl ester and
3-({5-1-(S)-3-nethyl-1-(4'-trifluoronethyl bi phenyl-4-y1)-butylam nol -pyrim
di ne- 2- car bonYFbért,&nAP&)ndﬂfoﬁ@lnqrzhlsﬁ\A@@lcﬂa@banhQs)téih 4(1 (tert-

(+/-)-3-({543- I\/btﬁ§ 4' -trifl uororreth - but amno] pyrim
i e 2 | BPRERAY AR AT B e DR r@glﬁyﬁw@g{ wpitnibeonte €8sty chir a
SFC. Cgl ugmp n@hbl?aj)mKGG\H'Lb'lan@Tme% ﬁﬂl§ Réa@nmnmml?ré@nﬁ@a aM@Bln' e Phase:

70/ 30 CQ2/ et hano e early eluti ng eak_(Peak 1)
was concelMREHE far ¥ Aews: pediyBd Q?éb%ﬁ‘ée (éﬁbtaﬂdh'é?d B AUEHEoES § 8@%%‘}

Anal yti cabn@ thHerjueSiJayémt erttacte Rt BleﬁéSX&\@dThblﬁbd@@%hl@@ﬁ/asHe&Nﬁﬁn X 25 cm
Mobi | e Phase: 70/ 30 COZ/ et hanol . Fl ow Rate m n. Retention tjnme: 3.29
m nut es. K‘/Be(I(/PQ)b””@ééxhd”%%vqré?@“@lSlh‘if?tﬁé"tﬁr@élé‘”(’lﬁé?aﬁerﬁr)at%ég PEYE T at ed

in vacuo bmygi-ye(suue(emadromery)sienl Q8 @an-LhHAmirn)butiRinybaté @k a crude
10 orange gum (4.01 g, quant.). No further purification before next step. MS (M+1): 444.3.

Part B: A round bottom flask was charged with (1)-ethyl 4-(1-((5-(4-

(trifluoromethyl)phenyl)pyrazin-2-yl)amino)butyl)benzoate (3.96 g, 8.93 mmol), MeOH
(70 mL) and THF (70 mL). NaOH aq. 1M ( 44.6 mL) was then added in one portion and
reaction stirred at room temperature for 1 hour and at 50 °C for 2 hours. Reaction

15 mixture was cooled down to room temperature and organic solvents removed under
reduced pressure. Water added to dissolve the crude solid and pH adjusted to ca. 4.5
with HCI (ag. 1N). The yellow solid formed was then recovered by filtration with a
buchner funnel and dried under high vacuum to provide (z)-4-(1-((5-(4-
(trifluoromethyl)phenyl)pyrazin-2-yl)amino)butyl)benzoic acid as a yellow solid (3.23 g,

20 87.1%). MS (M+1): 416.3.



chiral SFC. Columm - Chiral pak AD-H D nensions: 4.6 nrmx 25 cm Mobile
Phase: 1570/30 CO2/ethanol. Flow Rate: 2.5 nL/mn. Retention time: 4.29

m nut es. WB 20M#B§745529. 7. Step B: PCT/IB2011/055588
3-({5-[(R-3-nethyl-1-(4"-trifl uoromdehyl - bi phenyl - 4-y1)-butyl am nol - pyri m
di ne-2- carbonyl | -am no)-propionic acid and
3-({5-[(S)-3-nethyl-1-(4"-trifluoronethyl -bi phenyl -

V1) - butyl am nol - pyri m di ne- 2- car bonyl | - am no) - propi onic acid
3-({543-nethyl-1-(4"-trifluoromethyl-bi phenyl -4-y1)-butyl am no]-pyri m di ne-

2- carbonyl | -am no)-pr 0| oni c acid et hyl ester Peak 1 (286 4 ng, 0.542
mol ) was h)-ethy 441 drifliaromethyohanylip 2-xharmineibiitybibenza and 1.0
M NaOH (2 gateV\O 2012/ 085745PCT/ 1B2011/ 055588 134 nmmol) was added. This

was stirre at roomtenperature for 10 mn The reaction brought to pH 3

with 1 NHC. This was extractedtvvlce W|th et hyl acetate. The conbi ned
organics were dried over MySO4 and “T™™ vacuo to give an oil.
The material was triturated po'F'tl ons of diethylether to give one

enanti omer of

53- ({543-nethyl -1- (4" -trifl uorofd 9‘ bi phenyl - 4-y1) - but yl ami no] - pyri ni di ne
-2-carbonyl | - am no) - propionic aC| 66. g, 97% as a white solid. 1H NWR
(400 MHz, DVMBO-d6, 6): 12.21 (br. sN, 839 (t, J =6.0 Hz, 1 H 8.16
(s, 2H)7.83- 7.9 (m 2 H 7.75 - 7. 2H)7.70(d,J=8.2 Hz, 2 H)
7.54 (d, J = 8.2 Hz, 2H)727(d J—76FF,1H)460-472(m1H)
3.36-346( 1.74 - 101. 67
(m 1 1. 51rrllhe1t|tlg§omour1(g |q)ob(5a @%j t@ﬁa mjarhqgi Qa@ougtq_ﬂwe@ngggfglbeg E?)rG

3 H; B/S EMriple 150%tep G) usmg ()-4-(1- ((5 (4-(trifluoromethyl)phenyl)pyrazin- 2-

3- ({543-ne -t f t di ne-
> o Bonyiamaabbi oeriaain il lor SrRagTRig o 46 i cou ke y e P Aop?shmm;?)e
was di SSOttHﬂd)rd)rﬁeﬂw?ﬂ)dr%hyl(}bWéM aryl)éﬁurnsl;lautwuénﬂmuhan%paﬁwbatr&as,34aj164b%) M NaCOH

eact) on Bs Bulaengy said: WA Hdq it vt RE A D el it oty

acet ate. ihﬂg 1cd . Mdnoz HRM6ES 1V8H @n, ctrm)eziwvceﬂ MybR4 ARny3 gengeTt(rated in

e b, B Se s SO B o S0 L A

trifl uor orefHp) 7©1RB&W|634I;|ZIH)HWDZL anirel Spy)rs.4d @i J2s:42-1garhenebd (sani no) - pr
op| oglzczziﬁ%wg%l%l 51%1 789 as a white solid. 1H NWMR (400 MHz, DWVBSO- d6,

Example 4.3: (+)-3-(4-(1-((5-(4-(trifluoromethyl)phenyl)pyrazin-2-

y)amino)butyl)benzamido)propanoic acid

The title compound is obtained by a method analogous to the one described for
example 1.1 (step H) using (x)-ethyl 3-(4-(1-((5-(4-(trifluoromethyl)phenyl) pyrazin-2-
yh)amino)butyl)benzamido)propanoate for starting material. Filtration of the solid formed
after acidification to pH 4 with 1N HCI provide (£)-3-(4-(1-((5-(4-(trifluoromethyl)phenyl)

20  pyrazin-2-yl)amino)butyl)benzamido) propanoic acid (178 mg, 73.5%) as a white solid.
"H NMR (400 MHz, DMSO-d6) 5 0.90 (t, J=7.34 Hz, 3 H) 1.24 - 1.49 (m, 2 H) 1.66 -
1.88(m,2H)2.45-2.48 (m, 2H) 3.39-3.46 (m, 2 H) 4.96 - 5.04 (m, 1 H) 7.44 (d,
J=8.22 Hz,2H)7.70-7.78 (m, 4 H) 7.94 (d, J=8.02 Hz, 1 H) 8.06 - 8.14 (m, 3 H) 8.43
(t, J=5.67 Hz, 1 H) 8.57 (d, J=1.37 Hz, 1 H) 12.17 (br. s., 1 H); MS (M+1): 487.3.



8.39 (t, J =6.0Hz, 1 H 816 (s, 2 H 7.83- 7.99 (m 2 H 7.75 - 7.81
(m 2H 7.70 (d, J =8.2 Hz, 2 H 7.54 (d, J =8.2 Hz, 2 H 7.27 (d, J =
7.6 Hz, Iwlor/B3745 4.72 (m 1 H 3.36 - 3.45 (m 2 H) ?C@ABiml/osssss 6.9 Hz,
2 H 1.74 - 1.85 (m 1H 1.62 - 1.722fm 1 H 1.50 - 1.61 (m 1 H) 0.98
(d, J =6.4 Hz, 3 H 0.92 (d, J =6.4 H, 3 H; M (Ml ) 501. 6. 25 Exanple
4.12: 3 1-(6-{(S)-3-nethyl -1-12- (4 trlfluororrethyl Pherw ) - pyri m di n- 5-0-
but yl am nol - pyri di ne- 3-carbonyl )-am nol -propionic acid 00 )-LNL )LOHIH
HNN WD 2012/ 085745PCT/ 1B2011/ 055588 135 Steps A-C are the
preparation of 2-(4-trifluoronethyl-phenvl)-pyrimdine-5- carbal dehyde as
previ ously descri bed. Step D (S)-2-nethvl-propane-2-sulfinic acid

1-1-2-(4- Ekémbwgmmmdwb PN 1= s 4-TiflioRorReth Wydhen RS RaArER- Y1 | deneani de  F
2-(4-trifluoronet % -p en I)-pyrlnldlne 5_carba

dehyde (35.25 g, 138.9
‘, m) in a 3-necked 1 L

mol ) was I i '].o,g pEopAROig acid1and

flask wi t RriuRsheRd raziG-0 VN8R ehﬂérﬁi'dﬂ ropRGREIR] ur e.
(S)-(-)-2-methyl-2- propa esu |nam e g, .3 Mol ) was added
followed by titaniun(lV) etpoxide (37 3 i, 178 moly . Thi§ gave a yel |l ow
sol uti on which was hea orr”$¥%komor 3 h. Th N (i scont i nued
and the reactionwplace aif i ce bath. Wien th teHnal tenperature was

(246 nlL) was added 16l Mowed by sat. aqg. NaHCO3
(71 nL). Solid cras whi ch was stirredHNgr h. The solids were
filtered 150ff with a Buchner funnel using ethyl| agetate to aid in
transfer. Several portidhs thyl acetate wer eNIs rinse the solid.
The solid was added back in 3-necked fl ask and nically stirred
for 20_mn with ethyl acetate. ghfs was refiltered. Thi FOCess was
repeatgd to renove nost of the product. The filtrate was dried over Na2504
and concent r atEmnligpwastastingomgietiel W) provided hy respivingdhe eradionterndid+iaci d

1-[2-(4- | i deneam de
(45700 g, “ab ULlPY IR B oh B R e ezl 20
8.70 (s mrqg)an@taesmd chigal-pregpapatiMe SFL. HyolummoCliichlpaya Cg Dimedsions: ) m 81 (s, 9
H M5 (Msdg sm3fBbife Phase: 65/35 COz/methanol. Flow Rate: 65 mL/min. Modifier: 0.2%

10  isopropylamine. Retention time: 3.85 min (peak 1), 4.48 min. (peak 2). Subsequent

-10 C, anhydrous nethlano

saponification of (+ and -)-ethyl 3-(4-(1-((5-(4-(trifluoromethyl)phenyl) pyrazin-2-
yh)amino)butyl)benzamido) propanoate by a method analogous to the one described for
example 1.1 (step H) to provide (+ and -)-3-(4-(1-((5-(4-(trifluoromethyl)phenyl)pyrazin-
2-yl)amino)butyl)benzamido) propanoic acid (678 mg, 99.8%; from peak 1) and (643

15 mg, 94.5%; from peak 2). "H NMR (400 MHz, DMSO-d6) & 0.90 (t, J=7.34 Hz, 3 H) 1.24
-1.49(m,2H)1.66-1.88 (m, 2H)2.45-2.48 (m, 2H) 3.39 - 3.46 (m, 2 H) 4.96 - 5.04
(m,1H)7.44 (d, J=8.22 Hz,2H) 7.70-7.78 (m, 4 H) 7.94 (d, J=8.02 Hz, 1 H) 8.06 -
8.14 (m, 3 H) 8.43 (t, J=5.67 Hz, 1 H) 8.57 (d, J=1.37 Hz, 1 H) 12.17 (br. s., 1 H); MS
(M+1): 487.3.

20 Example 4.6: 3-(N-methyl-6-((3-methyl-1-(4'-(trifluoromethyl)-[1,1'-biphenyl]-4-

yhbutyhamino)nicotinamido)propanoic acid (single enantiomer)




WO 2012/ 085745PCT/ 1B2011/ 055588 136 Step E: (S)-2-nethyl - propane-2-sulfinic
acid

{(S) - 3- mewbyd121083#2- (4-tri f |l uor onet hyl phenyl) - pyri m di nPETHRIM bodspsd - am de
Ol A " NH, NI Dnethyl zinc (1374, 2.0 Min toluene, 234 mol) was
added to an oven-dried 5and nitrogen-purged 500 nL round bottom flask with
stir bar. |sobutyl magnesi um brom de (103 niL, 2.0 Min ether, 206 mmol) was
added over 5 min with stirring and the solution was allowed to stir at room
tenperature for 30 minutes. (S)-2-Mthyl-propane- 2- sulfi nic acid

142-(4-trifl uor onmet hyl - phenyl ) - pyri m di n- 50y1 -met h- (E) -yl i deneam de (48. 83
g, 137.4 mmol ) hedElegoawernd s CipitRaby 8 medpda @?%@éﬁ%‘iﬁ‘?@@l desgribgdd@icked

flask 10wkkdim@edids &@eptiamdliyl géﬁfnh@ﬁ\ges(w hfeltﬁwn (a'r(d.ﬂuafto@fd@ I)-[erper at ur e.
The solid was d| ssolved in anhty rous THF (690 and cooled to -78 C where

it was a RRNEWIstrypfidiaghnolTse 'H”H@%\)P@F’%W}? |U6‘?|d Watge SyHheRiRVaY9shlVEdt he

addi tion pyprel cm@%a&(ft_fé\or@d@@@ndf CRItk| @k ADEH. tﬂ&eﬁsuenéqotmm x8280fdmy! 1 M ne,
mai nt ai nl%aan i nter tenperature of_less than -72 C. The reactjon was

t hen aPl olfPAle Bhass: Fo/2p COmnethaaolsFlow|Ragy 1Wankmin Modiisa; nons. RetentioRe

reaction was: quz@r}ﬁ.hqgeau 1)he Satnilh apesk NHAGP, eddPERE2 w@sgt 0¥ eimdpwas n,
keepi ng the internal nperature bel ow -70 C. A second was t hen

added nor H'ealﬂeemt‘iptfd ?’Eﬂ%ﬂfﬂ TFAERBEMhgreviqesly Fﬁp@Fﬁglch@ﬁﬁEﬁ‘t&”uﬂf &%el ow -47 C.

Gas evol UFéa@ﬂor\/\@!&ttﬂb%ﬂijﬁ@d@éedtﬂ}@é?s%r@br@)bi@é at&nm,emhyé g§ml Weitr 4 sn@Lper haps
a |l atency gerl od. Upon addin l'gﬂ)l\/l final acqas evol uti on was observed

i ndi cati n§ qaskiofthegdm GRd\Ne® cﬂ?eﬁ@quéjoelo‘ﬁlﬁé'”ﬁldP PH Ao PRIgBVEREIEaTanot her
300 {714? ﬁf s&mc?fof;mﬁ@cr@dd%&%fﬁat?h% bﬁagﬁth an Iﬂid)I:cf@N@Q(ibldtb%/ f}ﬂ%tl@h&ﬁ%rﬁs éétnﬁt | whi ch
pOII’l e _con n adae 0O ah a n unne al on W etny
Rt Y I s s ey R AN e ER T A
%i_ﬂueou?m I @Mmror@ﬁéthymed bMHehyfﬂh @ut@dﬂhhbmtﬁitlnmrd']g) pﬁ’&fan@fc @ﬁdﬁ@dgsmt atﬁ »
e CO N anlcs uritTica Was one on a
The ool BEdeaa 3 f@ﬂ@% (600 W BRRGs6} S i T SNadBls. alp% 3o ot o
?E:g; ag e /lee:pHama}a zostsnm;lﬁ H)S).62-= 1rmt(hyl1+9r1onane82(rﬁu1 Hi pisg -208 tm 2I g
- Il uor -9- \'/ -am dae

(55 835g HEBER 183 &) 35h ity oaf M. 2 hBRIGOY sbd The 5 foor 217 1 BEd4 <2 5
8.57 (d, (,3=8.38Hz1 k@?@O@ I 82Hz H)654 Hize5 @, H)HY7.68(d Q=8 02Hz/22 Hz, 1
;)Hf"fzgﬂ g%g%r%z Gf@ﬁ)? 3- 7%% ﬁndE H)800 (d ?’2.75 az,l_%ZH)JfZ.ED] (t:)Lr 511 H]5 77 (m

MS (M+1): 514.4.

(2)-(tetrahydro-2H-pyran-4-v)(4'-(trifluoromethvyl)-[1,1'-biphenyl]-4-ylYmethanol

20

A round bottom flask at -78 °C was charged with 4-bromo-4'-(trifluoromethyl)-
1,1'-biphenyl (192 mg, 0.638 mmol) and THF (2.1 mL). nBulLi 2.5M in Hexane (281 pL,
702 mmol) was then added dropwise. The mixture stirred for one hour at -78 °C after
which time, tetrahydro-2H-pyran-4-carbaldehyde (86 pL, 0.83 mmol) was added in one
25  portion and mixture stirred for 30 minutes. Reaction mixture warmed up to 0 °C and
stirred for an additional hour. Reaction quenched with ammonium chloride solution (aq.
sat.) and extracted twice with ethyl acetate. Combined organic layers washed with
brine, dried over sodium sulfate, filtered and concentrated to provide the crude
oil. Purification by silica gel flash chromatography (MeOH / DCM) to give the title
30 compound as a colorless oil (118 mg, 55.0%). MS (M): 336.



30(d, J =6.6 Hz, 3 H 0.95 (d, J =6.4 Hz, 3 H; M (Ml): 414.3. WO
2012/ 085745PCT/ 1B2011/ 055588 137 Step F:

(S) - 3- metWwlo/BsRAS(4-trifl uoronet hyl - phenvl) - pyri m di nPETYBLAbESP8saM ne
hydrochl oride HC NH2 N 5(S)-2-nethgi-propane-2-sulfinic acid
{(S)-3-nmethyl -142-(4-trifluoronethyl-phenyl)- pyrimdin-5-yl]-butyll-am de
(38.83 g, 93.90 nmol ) was dissolved in nmethanol and transferred to a
3-necked 1 L flask with overhead stirring and internal tenperature. A total
of 210 nmL net hanol was added to give a yellow solution. This was placed in
an ice bath and at an_internal tenperature of 8 C, HCl in ether (188 ni,
2.0 M 375xampleyt A g(Hl3(6-{(lelrahvdren? Haoyransd-vip(de(trifl, sthyl)-I1. 1 ebiphenyil

The ice bathe rhif BRkSEn Ao jdiébanBREAPN Stirred

solution than as a ite sfTurry. At n, thg reacti on was rotovapped to
dryness and the solid slurried in diethyjether;(200 nL) for 1 h. The solid
was col |l ected by Buchner filtrationg N addi ti onal diethylether.

This was suction dried for -1 h andlt hen Pl aced on the vacuum punp to
15gi ve HN™ N
(S)-3-nmethyl -142-(4-trifluoront enyl ) - pyri mdin-5-y1] - butyl am ne
hydrochl oride (31.58 g, 97% & i 1H NWVR (400 WVHz, DWMSO d6,
6): 9.19 (s, 2 H 8.78 (br. s.7 3 H 8. =82Hz, 2H 7.93 (d, J =
8.4 Hz, 2 H 4.47 (br. s., 1 H 1.84 - 2 (m 2 H 1.41 (m 1 H 0.83 -
0.96 (m 6 H. Step G 6-fluoro-nicotinic agi dfmethyl ester 0 20FN A
round bottom f]ask was charged with K2 191 g, 1380 ), 6-
f1 uor oni cot i ni d'edtiefomppuad 3?S§5'1th‘?ﬁﬁﬂ %&eg]oﬁ%nﬁ PYT IPHA® 98 (551 i) .
Met hyl 51 odésigibédfor ExBinpleBLZ umngI(&)-m%hydn@nzragyi@ﬁuiym)(mﬁaiﬂ@@btﬁeml)ﬁtl ,froom
tenperature an i xture stirred overnight at rqoomtenperature. The reaction
m xt ur e \/\é’?hﬁ%ﬁk‘mlﬁﬂﬁ%a”‘ﬁé?rv%%H”@@a@{'ﬁ Ir[}'”é%t&"é’?g‘ea ed ahe or gani ¢
| ayer Wgs aviaisbadntthpee V\titihMEBHWi ;%r’@vﬂd@(ﬁ)f&?ﬁﬁ@(tﬁt%ﬁdw-iI-hl-pbtfahnﬁyl)(ﬁ'ndht Ihen dried
over Na2504, Purificatiqn by silica sh chromat ogra (ethyl acetate
PVl chi or Sboinev ER  orhubiab et Drmine e ooy phar o o

(14.8 mg, 77.9%) as a white solid. "H NMR (400 MHz, DMSO-ds) 5 1.14 - 1.41 (m, 4 H)

10 1.76-1.84 (m, 1 H)2.44 (t, J/=7.04 Hz, 2 H) 3.14 - 3.29 (m, 2 H) 3.36 (q, J=6.46 Hz, 2

H) 3.75-3.83 (m, 1 H) 3.85 - 3.93 (m, 1 H) 4.87 (br. s., 1 H) 6.55 (d, J=8.61 Hz, 1 H)

7.49 (d, J=8.02 Hz, 2H) 7.60-7.64 (m, 1 H) 7.67 (d, J=8.41 Hz, 2 H) 7.74 (dd, J=8.90,

2.45Hz, 1 H) 7.78 (d, J=8.41 Hz, 2 H) 7.83 - 7.89 (m, 2 H) 8.14 (t, J=5.67 Hz, 1 H) 8.39

(d, J=2.35 Hz, 1 H) 12.15 (s, 1 H); MS (M+1): 528.4.

15 (%)-2-bromo-5-(1-hydroxybutyl)benzonitrile
OH

Br

I\l
N

A round bottom flask was charged with the 2-bromo-5-iodobenzonitrile (2.00 g,

6.49 mmol) and THF (9 mL). Solution cooled down to -8 °C (ice / brine bath). Turbo
Grignard 1.3M in THF (5.50 mL, 7.14 mmol) is then added in one portion and the

20 reaction stirred for 15 minutes at -8 °C. Butyraldehyde (0.698 uL, 7.79 mmol) is then
charged in another flask and the preformed anion is added over the aldehyde / THF (4
mL) via canula and then, reaction allowed to warmed at room temperature overnight
under magnetic stirring. Ammonium chloride (sat. aq.) added to the mixture. Extracted
3X with Ethyl Acetate. Combined organic layers washed with water (1X), with brine

25 (1X), dried over sodium sulfate, filtered and concentrated to afford the crude material.

Purification by silica gel flash chromatography (Ethyl Acetate / Heptane) provide the title



WD 2012/ 085745PCT/ 1B2011/ 055588 138 ester (71.8 g, 84% as a white solid.
1H NWVR (400 MHz, CDCI 3, 6): 3.96 (s, 3 H 7.01 (dd, J=8.58, 2.93 Hz, 1 H
8.41 (dddvodor/Bs574S, 7.61, 2.44 Hz, 1 H) 8.89 (d, J = 2pr84/1Bmi1/455588 NS

(M1): 156.1. Step H 126
6-{(S)-3-nethyl-1-1-2-(4-trifluoronethyl - Phenvn pyri m di n-5-yl 1- butyl am nol
S5nicotinic acid nethyl ester o 0 "..... -t e - HNN

(S)-3-nmethyl -142-(4-trifluoronethyl -phenyl ) pyrl m di n-5-y1] - butyl am ne
hydrochl oride (31.33 g, 90. 60 nnDI) was conblned mnth 6-fl uoro-nicotinic
acid nethyl ester (16.9 g 1), .an gﬂ 272_mmol , 325 nesh)
in a 500 REMRUNdESEH W'szyéai (ﬂ éargd%ét/q)or'ﬁ NM%‘QP 1%)@%5%&% de (115

m) was ageeg HEthI)ea@t-mosu (a8 +h)ear4@d1t5t7 .EHJQ H;4a@2 a4 5sl§fﬂensu)gr37 Cg&xt 35 mn
anot her 3.00 0-ni co At 20 h,

the react #041835@ bHéZé@ (6 8. 5|8e:é %Bion TaHd Ww@n%%@ Hﬁt %H&uiimt(@mﬁ@ﬂa’i ure

was bel OWHZOP AN tNaSPRN: @b8r e sat. NHAC (500 m.) was added. This was stirred
for a couple m nutes |tn the bath e}[ﬂd then. the bgthb15 Wgs renmoved and

ethyl acetate (150 nL) and the cophi ped organlcs were washed with
addi tional sat. NH4C (125 nL).
acetate (50 nL). The conbi ned org
was done by silica gel flash 200hronq
give inmpure 6-{(S)-3-nethyl-142-(4- F
trifluoromnethyl-phenyl)-pyrimdin-5- ylFbutyIanlnoI nicotinic acid methyl

ester (38.07 g) as a pale yellow solid. 1H NWR (400 MHz, CDCI 3, 6): 8.85

(s, 2 H 8.69 /Qelealdd ﬁask.v@asl-dmargkadl-\i)ntrﬂth554-(tdfluoi‘ome$1yl2pﬂ@yl)tﬁ)rbl)|c80@11 ()Gd, J =

8.8, 2.1 Hz 74 (d, d, 3. : 5.01
(q, J= 6. W&”?R' ;22 .r%’% d"ﬁ/dﬁﬁxyﬁlﬁ@%benzgh'gge ?‘n‘?é% 16)3 T"‘P@ alnd251 82 (m 2
H 1.05 (dr,:etdmtnl@(ﬂ nhiz), ChcklevryfHing get idtosoltion,Mz1'- 3 H); M5 (Mrl): 445. 3.

10  Bis(diphenylphosphino)ferrocene-palladium(ll)dichloride dichloromethane complex (115

dried over My504. Purification
Flethyl acetate / heptane) to

mg, 157 pmol) was added followed by the sodium carbonate 2M aq. (6.54 mL, 13.1
mmol). Flask sealed and heated at 140 °C for 1 hour. Organic solvent removed under
reduced pressure and ethyl acetate added. Organics washed with water (1X), with
brine (1X), dried over sodium sulfate, filtered and concentrated to provide the crude

15 material. Purification by silica gel flash chromatography (Ethyl Acetate / Heptane)
provide the title compound as a colorless oil (1.39 g, 83.2%). "H NMR (400 MHz,
DMSO-d6) 6 0.87 -0.93 (m, 3H)1.25-1.45(m, 2 H) 1.57 - 1.67 (m, 2 H) 4.64 - 4.70
(m, 1 H)5.41 (d, J=4.68 Hz, 1 H) 7.64 (d, J=8.00 Hz, 1 H) 7.75 - 7.79 (m, 1 H) 7.82 (d,
J=8.00 Hz, 2 H) 7.88 - 7.94 (m, 3 H).

20 Example 4.8: (*)-3-(6-((1-(2-cyano-4'-(trifluoromethy-[1, 1'-biphenyl]-4-yl)butylamino)

nicotinamido) propanoic acid

The title compound is obtained by a method analogous to the one described for

Example 4.2 using (+)-4-(1-hydroxybutyl)-4'-(trifluoromethyl)-[1, 1"-biphenyl]-2-
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6-{(S)-3-nethyl-1-1-244-trifl uoronethyl - Phenyl)-pyrimdin-5-yl|-butyl am nol
ni coti ni cweant/o86740H . ... ... -. .. ... ,-- HNN 1 Th\'J PCT/IB2011/055588
6-{(S)-3-nethyl-142-(4-trifl uororret hypZ phenyl ) - pyri m di n- 5- y1] - but yl am noy
5 nicotinic acid nethyl ester (38.07 g inpure) was dissolved in
tetrahydrofuran (200 nm.) and nethanol (65 m.), and 1.0 M NaOH (200 nL) was
added. This was stirred in a 50 C bath at first as a suspension and then a
clear solution. At 2 h the bath tenperature was rai sed to 60 C. At 5 h nost

of the organics were concentrated in vacuo. A snall_ anoun
t et r ahydr 63GPAHIlGERS Stadngdnaltelt Filkratigh pEthe $04d forped after %ﬁj'ficé‘éorb'é’tm*“ 1 N HCl

10 was addﬂd1NﬂMﬂR+p®k@uﬁ¥@Qyﬁki¢(Emhwbmﬂmwﬁmd 6@9&%ML1W68 added and

stirred for several mnutes to ensure constant |

separ at edy! W)%rﬂ@ﬁ'&gt'WW@?)F’W&@”@&@R“’&&%‘é’t'&'%ee%P“Gln@% raad?% 691a|" I\Q‘t"ﬁyl

acetate (@4@1@!\7"14) mgotdm}éqpm(tr@d)wgammh r+$) de6 e4.so\ R 2My2UE (t, Thi s was

concentrated in vacug to give 6- - 3- net

(4-tri Pl udToRetRy? Hbﬁ@r@y@? %Wu%ﬁ"h@ ﬂﬂsby%] %u@;ﬁ%mhﬁ?%'éok Hhi-e9acid with

et hyl acevabemld 3’176)-97 r684’/¢-| V%l’sd 7C926(lmt N9 BOHE 8S6 A S id. 1H

NI\/Ry(400 A I_( 94( )’ I—e) Sﬁb%M I—q g 515290(|Ed J =

8.2 Hz, 2Jr§4@H&61 Uc).1849(d J22134H22 11HH}2’76§R5 g-d] Hz MS 61)H§1 ¢ H 7.85 (d, J
= 8.4 Hz, ERaldle?. 978(+¢d£8 ({é [3=m%tf9/l 1243rlﬁ%rorﬂ}ethi)/l tﬁprﬁa&vmvn%uﬁlﬁmﬁoﬁz 1 H)

518(br s.,,,,ll—g 1. g 1 1.55- 1.75(m 2 H) 3 (d, J=6.2
Hz, 3 gid bO' 2 a8 (Mk1): 431.2. 20 V\D
2012/ 085745PCT/ 1B2011/ 055588 140 St ep J:o 0
3-116-{(S)-3-methyl -1-1-2-(4-triflugy Mgnvl) pvrim di n-5-v11-butvla
m nol pvri di ne- 3- car bonv1l) - am nol - pr p| ni 8 acid et hyl ester |
e -7....-,...,., H\N
O
F
10 F

Step A: 5-(benzhydrylidene-amino)-pyrimidine-2-carboxylic acid methyl ester

To a round bottom was added 5-bromo-pyrimidine-2-carboxylic acid methyl ester

15  (14.50 g, 66.81 mmol), (+/-)-BINAP (4.16 g, 6.68 mmol), Pd(OAc), (750 mg, 3.34
mmol), and Cs;CO3 (26.1 g, 80.2 mmol). Toluene (100 mL) and benzophenone imine
(12.3 mL, 73.5 mmol) were added and the mixture heated to 105 °C as an orange
mixture. At 17 h, the reaction was cooled and partitioned between ethyl acetate and 1
N NaOH. The aqueous layer was exiracted with ethyl acetate and the combined

20  organics dried over MgSQ,. Purification by silica gel flash chromatography (ethyl
acetate / heptane) gave 5-(benzhydrylidene-amino)-pyrimidine-2-carboxylic acid methyl
ester (9.83 g, 46%) as a bright yellow solid. "H NMR (400 MHz, DMSO-ds, d): 8.42 (s, 2
H)7.74 (d, J=6.8 Hz,2H) 7.61 (m, 1 H) 7.54 (m, 2H) 7.38 (br.s., 3H) 7.26 (br. s., 2
H) 3.83 (s, 3 H); MS (M+1): 318.2.



O HNLO O
6-{(S)-3-Methyl-142-(4-trifluoronethyl-phenyl)-pyrimdin-5-yl]-butylam nol -
5ni coti niwoaoi2hsfBE. 1 g wet with ethyl acetate, theoretipcaiBBA1/B558880] ) was
di ssol ved in dichloromethane (270 nl)128 1- Hydr oxybenotri azol e hydrate (15.1
g, 98.7 mmol) was added foll owed by

N- ( 3- di met hyl am nopropyl )- N -et hyl carbodi i m de hydrochloride (18.9 g, 98.7
mol ). beta-Al anine ethyl ester hydrochloride (12.1 g, 79.0 mml) was added
and the reaction was placed in an ice bath. Wen only slightly cool,
triethylanine (18.3 10 m., 132 mmol ) was added over 3 min. The bath was

t hen r enpRER EineafiRO-PYHINANG L -CRIROXYIG @ 2 tenperature as a
solution. At 16 h, nost of the dichl oromacbhane was rotovapped off. The

resi due was partitioned between ethyl yacefiate and sat. NHACI. The aqueous
was extracted with additional ethyl @Ecegate and the conbi ned organics were
washed with sat. NaHCO3 two ti nes. irst aqueous 15 was back extracted
with ethyl acetate to renpve a shel| anount of product. The conbi ned

organi cs were i r e t
purified by si%“f%eﬁgéém'ﬁd? ‘Qh”ﬂrﬁ?)g’%?g&'¢ea9 285100 ¥{¥gﬂ%%4metgg' 5 <§§%?gane) and
t hen furt B&O npuol) fNiaedislsylvemmrraethamm(ICbﬂanand @tdluralacﬁlatec(nz B.g, DAsemsolpns: 21

mm X 2§0 aMﬂ? oﬁo g@@ﬁhw@&%ﬁ:&%gﬁhmgﬁde 7':%505\/1';@' terlg rﬂ};(,fa%“ The

purified rraerla ace rough a
course fr ptirreaiat rotnmdc@nperaweejas a pacedow mixfuree A-JH{ 8rother 7.75 g of

((9) - 3 bl kB AL EbHAr QPIAN | BREAYI <RI Il Sy Ak bty nol -py

ridine-3 i oni'c “aci Acetate
(29.2 g) g6l veaswvided directinto e MRRIQOBTUNGfOr d@D@B@ng GylrpOSeSBBDL(rs‘lcam)d-I)y 8.54

' 7,73 tedBe gt tobiSBargbig gurbpd v dodfief ok G dinoomifigife25- 2 5%
52,681(191) BarbBxy(id acid metBylksHum%urbi)Nlth 28gtic &CiQ 6.0 9. 7Y as.c08hitedshid. (m 2 EI_3|)7
> e (i pireifby# yibudn S0k g gl e gefdacky e il They, 1) 3,
(d, J = 6mbtadal was phried/Bn @Misl Y H NBER (400 Mial DVECads, Shidr@ (sSEE) 6651 (sirth -

Chi ral cel mm WO 2012/ 085745PCT/ 1B2011/ 055588 141 x
25 cm I\/bB'?f% 65%5@3%%01)(:&‘?8& hanol. Flow Rate: 2.5 nL/nmn. Retention

time: 5.18 mnutes. Step K

3 LDt Stich Seb Il pdiohy Grdchy il LBAIRERE I EUGNY Ldia BTl - 5 y1.1- but ! @

' arme-s-cdar UUlIyI ) alll 11Ol = pl Upl Ofrl1r C d.(,l 0]
N
N
><0J\N ™
H

5-amino-pyrimidine-2-carboxylic acid methyl ester (2.000 g, 13.06 mmol) was

suspended in acetonitrile (20 mL). 4-Dimethylaminopyridine (1.600 g, 13.1 mmol) was

20 added and the reaction placed in an ice bath. Di-tert-butyl dicarbonate (4.700 g, 21.5
mmol) was then added and the reaction was stirred at reflux. At 2.5 h, the reaction was
concentrated, sat. NH4Cl and ethyl acetate were added, and with stirring the pH was
carefully adjusted to ~4 with 1 N HCI. The layers wwere separated and the agueous
was extracted with ethyl acetate. The combined organics were dried over MgSO,.

25 Purification by silica gel flash chromatography (ethyl acetate / heptane) gave 5-tert-
butoxycarbonylamino-pyrimidine-2-carboxylic acid methyl ester impure with ethyl
acetate (2.583 g, 74%) as a white solid. "H NMR (400 MHz, DMSO-ds, 5): 10.17 (s, 1
H) 8.98 (s, 2 H) 3.87 (s, 3 H) 1.50 (s, 9 H); MS (M+1): 254.2.



"LN)-LOHIH,.... ,..- HN N 5F
3-1(6-{(S)-3-Methyl-142-(4-trifluoronethyl-phenyl)-pyrimdin-5-yl]-butylam
nol pyri diwe-28txmstasnyl yan no] - propi oni ¢ aci d et hyl estePCfaB2@1/g558&% Wit h
ethyl acetate, theoretically 54.0 nmmuk9 was di ssol ved in tetrahydrofuran
(135 nL) and methanol (45 nmL), and 1.0 M sodi um hydroxide (135 nL) was
added. This was stirred at room 10 tenperature for 20 m n before nost of

t he organics were rotovapped off. A small anount of tetrahydrofuran was
added and the nostly aqueous contents were stirred in an ice bath. 1 N HC
(130 mL) was added unt|I pH 5. Eth I acetate was added and stlrred for -20
mn to ensiftd e e erRULOX Y5 gihvlad IQEoNpgth gyl i t he
| ayers seg,a,fra,q_@dr,m,'ah@ @gm@m,cm nb@tﬁ\h egzgrract ed w t h addl ti onaI et hyl
acetate 15 and the conbi ned organi cs were washed with brine and dried over
My504. This was concentrated and the sol was placed in a vacuum oven for
two days to give 3-[(6-{(S)- 0 o~

3-nmet hyl - 142-(4-trifl uoromnet - pllen yrim di n-5-y1]-butyl am nol - pyri di n
e- 3-carbonyl )- am no]-propion¥c Gci as” a white foam 1H NVR (400 MHz,
DVSO-d6, 6): 12.16 (s, 1 H 8.97 (s 8.54 (d, J =82 Hz, 2 H 8.41
(d, J =2.0Hz, 1 H 8.19 (t, J 1 H 207.87 (d, J =8.4 Hz, 2 H

7.78 (dd, J = 8.8, 2.3 Hz, 1 H 7% 3.0 Hz, 1 H) 6.58 (d, J = 8.6
Hz, 1 H 5.09 - 526 (m 1 H 3.38 (q, J = He, 2 H) 2.44 (t, J = 7.0
Hz, 2 H 1.80 - 1.94 (m 1 H 1.57 - 1.77 ( 0.96 (d, J= 6.1 Hz, 3
0.92 (d, J= 6.3 Hz, 3 H; Ms (Mrl): 502.3. WD 2012/ 085745PCT/ 1B2011/ 055588

L TR 4 SR s oromelpy Pl e Ry BHiaP P (3R 8n 3639 mmol

yl ) but gl afpredred esin Eemple B2 Sipp i) was @ombinelf with SStedgbufoxycarbonylamino-
4- br ono- 4b9r{r%ldfnelfga’r85§8/ 9%&?1%?#&9?%;‘ er (0.920 g, 3.63 mmol) and dissolved in
anhydrous tetrahydrofuran (20 mL). Triphenylphosphine (1.43 g, 5.45 mmol) was
added and the reaction was brought to 0 °C. Diisopropyl azodicarboxylate (1.43 mL,
6.90 mmol) was added dropwise over 5 min. The reaction was stirred as a yellow
10  solution, allowing the bath to warm to room temperature. At 3 d, the reaction was
concentrated. Purification by silica gel flash chromatography (ethyl acetate / heptane)
gave impure (+/-)-5-{tert-butoxycarbonyl-[3-methyl-1-(4'-trifluoromethyl-biphenyl-4-yl)-
butyl]-amino}-pyrimidine-2-carboxylic acid methyl ester (1.501 g) as a pale yellow oil.
MS (M+1): 544.4.
15
Step E: (+/-)-5-[3-methyl-1-(4'-trifluoromethyl-biphenyl-4-yl)-butylaminol]-pyrimidine-2-

carboxylic acid methyl ester

F
F

(+/-)-5-{tert-Butoxycarbonyl-[3-methyl-1-(4'-trifluoromethyl-biphenyl-4-yl)-butyl]-
20  amino}-pyrimidine-2-carboxylic acid methyl ester (1.498g impure) was dissolved in
dichloromethane (10 mL) and trifluoroacetic acid (3 mL) was added. This was stirred at

room temperature. At 70 min, another 3 mL of trifluoroacetic acid was added. At 90



F 5F A 250 nL flask was charged with 4-(trifluoronethyl)phenyl boronic
acid (4.85g, 25.5 mml), 4-bronoi odobenzene (7.22g, 25.5 mml), Pd(QAc)2
(57.2 ng,wo.22BH8smBl ) and sodi um carbonate (5.41g, 51. OpowaB)oi1/d3sess | ask
was flushed with nitrogen, then n- prd&panol (40 nL) and water (8 nL) were
added. The m xture was stirred at 100 C 10Oovernight. The reaction m xture
was cooled to roomtenperature and diluted with water. The m xture was
extracted with ethyl acetate. The organic | ayer was washed with brine,
dried over Na2504, and concentrated under reduced pressure. The crude
residue was purified by silica gel chromatography to provide

4- br omo- 4Mi tthe FHRAGIRTHNES FRNCFBIFRE A thegnateqjal weasopartifiongd dewsen &y sol i d. 1H
(NIVR (2 400 %At,k&atega@ls%) NaHE®2 - The/aduebus AyBrwak Sxfractbd Wi lethyNacatbbe and. tA8- 7. 47
m : e

4,4, 4- tr| F@’Ugf‘%d QFQ@H'CS@F??‘ PY&IdY Ot h{}’PTinaﬂﬂ'éHl!/i”'Q? 9@')“8&@ gifonagqaraphy £ g
n-Butyl | (a1 aLAAR0 HebichE) G M) SOBlh Y 1. iRor0RRin ARyl was added
dr opwi se to -78 C sol ut]on i 1 uoronet hyl % i phpnyl (113

ng, 0.875 %ﬂﬁ‘ﬂ)‘”q @y@m@mﬂ%ﬂnboxyﬁﬁ@qdéwpvhQ%eré%ﬁa@ BuPs duditefqam-ediat -78 C

15 mn. 4Nﬂ¢|Fé1(4obr|\mf+i tmclpls)yg % (Ebmer 67987 Im(m02 7rm‘0|7) 66’\@1$ ﬂd}iﬁ% neat
The resulting colorless sol was_stir

aqueous N4E~ $asZadd8d; Sl TiRe? Hewa B & 6&1&? nJetl5t7d*7r éd‘r‘M é@rpéﬁét('m‘r 8> e

reaction pglogre, 3/\H§1 pgr t1l92| @nadibesaeeng (MO 203250857 4 B2, 15403.86055588
143 Et 20 and wat e ﬁ@_nl c layer was dried over MygSatand concentrated
to give a (&4 o@?é’kzs?’d)‘l)i MS‘I( T8A44e material was purified by silica gel

chromabogsapy L F-BYhEByI-1-(4'-trifluoromethyl-biphenyl-4-yl)-butylamino]-pyrimidine-2-

4,4, 4-tritluoro-1-(4"-(tritluoromethyl)biphenyl-4-yl)butan-1-ol ( 87 ny,
67% . 1H 18G9MHz, CDCI3) 6 7.64-7.71 (m 4H), 7.57-7.62 )m 2H),
7.41-7.47 (m 2H), 4.78-4.87 5(M 1H), 2.1002.39 (m,3H), 1.96-2.09 (m

1H). Step C nethyl 6-(tert-butoxycarbo ijjo) nicotinate 0 O
HN X lN

L

F
F

(+/-)-5-[3-Methyl-1-(4'-trifluoromethyl-biphenyl-4-yl)-butylamino]-pyrimidine-2-

carboxylic acid methyl ester (617 mg, 1.39 mmol) was dissolved in tetrahydrofuran (6

15 mL) and methanol (2 mL), and 1.0 M NaOH (6 mL, 6 mmol) was added. This was
stirred at 50 °C for 2.5 h before cooling and bringing to pH 3 with 1 N HCI. This was
extracted three times with ethyl acetate. The combined organics were dried over
MgSO4 and concentrated in vacuo to give (+/—)-5-[3-methyl-1-(4'-trifluoromethyl-
biphenyl-4-yl)-butylamino]-pyrimidine-2-carboxylic acid with ethyl acetate (0.636 g) as

20 clear foam. "H NMR (400 MHz, DMSO-ds, d): 8.18 (s, 2 H) 7.84 - 7.91 (m, 2 H) 7.75 -
781 (m,2H)7.71(d, J=82Hz,2H)7.55(d, J=82Hz,2H)7.42 (d, J=7.8 Hz, 1 H)
463-4.74(m, 1H)1.74-1.85(m, 1 H) 1.67 (dt, J=13.1,6.5Hz, 1 H) 1.51-1.61 (m, 1
H) 0.98 (d, J=6.4 Hz, 3 H) 0.93 (d, J= 6.4 Hz, 3 H); MS (M+1): 430.3.



O)(NHD-t-butyl dicarbonate (5.0 g, 23 nmol) was added to a room

t enper at ure suspensi on of nethyl 6-am nonicotinate (2.65 g, 17.4 mmol) and
4- (di met hwbaniwsymgri di ne (109 ng, 100.86 mmol) in 40 niecaaBroandisssd e. The
resulting orange reaction mxture wad3stirred at roomtenperature

overni ght. The suspended solid was collected by filtration, washed with
acetonitrile, and air dried to give nethyl

6- (tert-butoxycarbonyl am no)nicotinate (2.64g, 60% as a colorless solid.
The filtrate was concentrated. The resi due was dissol ved in dichl oronet hane
and passed thro pl ug of silica gel , g) eluting 15with 3:1
hept ane: ESER Gy i1 3 A triflyprome biphényisd+vDrhulylamingl-pyki

1. 5g et hylcafydali®ahn ' g(gat gi ni coti nte. H 40 , CDCI 3)
6 8.89- 8.92 (m %Hi % %g 8.58 Zér s,olﬁ1%VE%22-8.26 (m 1H), 8.02-8.07 (m

AoV ildNalalls v

,1H), 3.89 (s, 3H), 1.54 (s, 9H). |Step [ nethyl

6- (tert-butoxycarbonyl(4,4,4-triflgorg- IN(4- o7 f | uor onet hyl ) bi pheny1- 4-
20VI ) but ypam no) ni coti nat e LN sopropyl azodi carboxylate (50 pL,
0.25 mml) was added to a roo nperature sol ution of

4,4, 4-trifluoro-1-(4"'-(trifl ) bi phenyl-4-yl)butan-1-ol (84 ng,
0.24 mol ), nethyl 6-(tert-butoxycao 1M no) ni cotinate (74 ny, 0.29
nmol ), and 25tri phenyl phosphi ne (65 ng, 25 pl) in 1.5 nL THF. The
resulting solution was WD 2012/ 085745PCT/ 182011/ 055588 144 stirred
overnight at roomtenperature. The solutionfwas partitioned between

di chl or onet ha"(ﬁ‘-/—ﬁ-,%%l'f@étﬁyrl-1-(Ehﬁiﬂ%r%{é!t@l-bi@ﬂ@rﬁym@ﬁ)—aﬁyl%in%}’-ﬁfrjrh{%@b-and
concentrated to give a colorless solid. Purification by silica gel

chr omaf ogFAPRXYIip Beidi (BeMmerdbenyptial 596 mg, 1.39 mmol) was combined with N-(3-

(tert-but QW&@;TIQﬁiﬂM%ﬂylle\ﬂéﬁlgicgrleQﬁrﬁRjéhglérlobﬁIBﬁ(@lé 1380 dret dyhRipheny 1- 4-
Syl )butyl)am rio)ni cotinate (30 ng, 21% "as a colorless solid. "1H NVR (400
Mz, CDCI Bydreg/bggoigagnie hygratep19 gig1 2.08 ool rand apydrpug dicklogmnethgnes
7.49-7.54{m Béﬂé')alarﬁné@thgl-é&‘i’er(h%ro%hlbridé(z%%'rﬁ%qf.%?( Mnoblas 1084 éIBwedH)
2.61-2.74 (m 1H), 2.39-2.54 gnl IH), 2.17- 2.36 (m 2H), 1.31 (s, 9H
Step E: nbY Higthylamine (0.386 mL, 2.78 mmol). This was stirred at room temperature as a

?-e( é, go 4- %]()Elht'fildr%F P7 b olefore el rieg(lt\tllﬁﬁrmé?ﬁﬂoh@& BBGREA ethyy hodistedna@rEa1o) ni coti na

HN

t

NH.CI. The aq'u'ebl)s’ layer was extracted with ethyl acetate and the combined organics
dried over MgSQO,. Purification by silica gel flash chromatography (ethyl acetate /
heptanes followed by methanol / ethyl acetate) gave impure material. The residue was
partitioned between ethyl acetate and sat. NaHCOs. The aqueous layer was extracted

15  with ethyl acetate and the combined organics dried over MgSQO,4 and concentrated in
vacuo to give (+/-)-3-({5-[3-methyl-1-(4'-trifluoromethyl-biphenyl-4-yl)-butylamino]-
pyrimidine-2-carbonyl}-amino)-propionic acid ethyl ester (0.687 g, 94%) as a clear oil.
"H NMR (400 MHz, CDCls, 8): 8.17 (t, J=6.2 Hz, 1 H) 8.09 (s, 2 H) 7.62 - 7.73 (m, 4 H)
7.56 (d, J=8.2Hz 2H)7.40(d, J=82Hz,2H)4.53-4.58 (m, 1 H)4.44-4.52 (m, 1

20 H)4.11-4.19(m,2H)3.72(q, J=6.2Hz, 2 H)2.61(t, J=6.0Hz, 2 H) 1.66 - 1.87 (m,
3H)1.21-1.29 (m, 3H) 1.04 (d, J=6.0 Hz, 3H) 0.99 (d, J=5.9 Hz, 3 H); MS (M+1):
529.7.



H A 2M solution of HCl in diethyl ether (1 nL, 2 mmol) was added to a
roomtenperature solution of nethyl

6- (tert- bwoariomstaonyl(4, 4, 4-trifluoro-1-(4"- PCT/IB2011/055588
(trifluoronethyl)bi phenyl-4-yl)butypdd no)nicotinate (30 ng, 0.051 nmmol) in
1 nL dichloronethane. After 18h, the solution was concentrated and the

resi due redissolved 15in 2 nL trifluoroacetic acid. After 2h, the solution
was concentrated under reduced pressure. The residue was dissolved in ethyl
acetate and washed with saturated agueous sodi um bi carbonate. The organic

| ayer was drled over hSO4 and concentrated to give methyl

6- (4, 4, 4- £i8P o4 3-mathvl +(dAriflieromethykbippeniiz4-viy-butylaminol-pyrimidine-

yl ) but yl apicamdnii i dfcB8d 73 9 as acolorless film 1H NWR (400
M—IZCDCIWW%E(LIHT m ,794(%dJ(§Hz 2.5 Hz, 2H), 7.61-7.70
(m 4H), 7.57 (d, J= 8.2 Hz, 2H), 7.42 J=8[2 Hz, 2H), 6. 29 (d, J= 8.8
Hz, 1H), 5.40 (d, J= 7.6 Hz, 1H),6 4 okH), 3.83 (s, 3H),
2.06-2.36 (m 4H. WO 2012/ 085745 511/055588 145 Step F: nethyl

3-(6-(4,4,4-trifluoro-1-(4"-(t
nicotinanido)propanoate F
6-(4,4,4-trif|uoro-1-(4'-(trifluorOu-
te 5 (18 ng, 0.037 nmol) was di ssol ved
sodi um hydr oxi de was added. The resultin gfion was stirred overni ght at
roomtenperature then at 50 C for | h. The soluwition was concentrated under
reduced pressure and the residue partitioned between dichl oronet hane and 1N

aqueous HCl . THe)Sr(faR-Wetivl &4 ommettyldirhenkiySirbuly@mivsioyAnidined under

reduceg pE:é‘r%@h‘fl}eamfﬁefpfogﬁingzuéi‘:ld"@tﬁyﬂ&t(ﬂ'(%erﬁ{geQS'Or}m%o HifRbREIEL hane.
Triethylamn mol ), and net hyl

3- ami nopr ¥ BY&?@FQW@%%HWW@@%QM {ivl @dohgﬁ/w@@b* (etle 1d0meld WagDCl (10
g, O. 052a<%i@i )THEFaR SFHRA ANEorh Remp&atdtd 4 foﬂgo Hh. Uﬁ‘h@Fba%ﬁM biefgrtdh pAts room
tenperature. The reaction solution was washed with water and the aqueous
| ayer ext WHR{ M-t Fnaimetheaelows searentratedina@ate Aeditherrgaifve weagdracteter e

dried 0Vefw$él§@4eﬂa§ﬁé&=t&é’nfl’ﬁé‘&érﬂbuﬁ@d b%aﬁlc&%éﬁe BA Lol MdBt Qrlg-  Purification
by silica gel chromtography provided net

3- (6- (18, 4cancepirpted 4t ba%lo(tqgtvetcrqonnml&tref’nmc?b@rp%fmtsgd phase HPLC

1) but yl L Im 1H
Kuv?% 1(14%061%@%%@5{@%@) ﬁ){g@nmrﬁetﬁﬁ%umnyﬁ&@ bﬂﬁ/lafmlf?«? @Flhﬁ‘(ﬁl% ?J m A
1H), 7. elcerrbe@y'}t@mm@ﬁyropwn&@m R z‘h)alytvalé&'\#szrstemﬁ?n 2] 3 46) 56- 6. 63 (m

1H), 6. 30nﬁrﬂ1te83§zr}/§te@ kﬂ?antlébﬁi1g(42@§5@)4nrﬁd5 Brn-co?ungn 4z, aée%nltrﬂe Pdater99 (m 1H),

|ﬁ1uoronethyl)b|phenv1 4-v1) butyl ani no)

i phenyl-4-yl)butylam no)nicotina
nmL et hanol . 500 pL 1N aqueous

3.62-3.70(ng 5 m
(0.05% trifluoroacetic acid modlfler) linear gradient to 95 % acetonltnle / water over 4.0

15 minutes, hold at 95% acetonitrile / water for 1.0 minute; flow rate 2.0 mL/minute); MS
(M+1): 501.3.

Examples 4.10 and 4.11: 3-({5-[(R)-3-methyl-1-(4'-trifluoromethyl-biphenyl-4-yl)-
butylamino]-pyrimidine-2-carbonyl}-amino)-propionic acid and 3-({5-[(S)-3-methyl-1-(4'-

20 trifluoromethyl-biphenyl-4-yl)-butylamino]-pyrimidine-2-carbonyl}-amino)-propionic acid




Step G

3-(6-(4,4,4-trifluoro-1-(4"-(trifluoronethvl)bi phenvl-4-v1)butvlam no)ni cot
i nam do) wpnopaissi4ss acid Met hyl PCT/IB2011/055588
3-(6-(4,4,4-trifluoro-1-(4"-(trifluondrethyl)bi phenyl-4-yl)butylam no)

25ni cot i nam do) propanoate (13 ng, 0.023 nmmol) was dissolved in 1 nL

nmet hanol . 100 pL 1N aqueous sodi um hydroxi de was added. The resulting
solution was stirred at roomtenperature overnight. The reaction solution
was concentrated under reduced pressure. The residue was dissolved in 5 nL
wat er and _t he sol ut| on_adj usted to pH 3 by add| t| on of 1N aqueous HCI The
resul t i ngSHbALSE5dE 4 Adi-teifl phapled-xl Qyrimiding

2012/ 08576§B6ﬂ'1lﬁﬁﬁﬂé,ﬂ;é&‘éﬁ>ﬁ%8acid4&hg>@sfeﬁl%hd‘89(% bk et MERoadin.
concentrated to (gl ve a colorless m ReS| dual sol vent was renpbved under a
st r eam of 2ighenvdan-utviamingl-gyringiding ,.‘ [}ramino)sprepiopic acid ethyl ester
(trifluoronethyl)bi phenyl-4-yl )butyl am no) ni cotl nam do) propanoic acid (7.6
ng, 649 as a colorless SO|Id 1H NIVR (400 VHz I3) (%9 24 (br s, 1H),
8.06-8.14 (m 2H), 7.55- 576 7.52 ( 82 2H), 7.38 (d,
J= 8.2 Hz, 2H). 6.40 (d q{“% 4. 46 Hy/\364372(m
2H), 2.52-2.59 (m 2 ND4- 32(m 4H) H) 540 4. Exanple 4. 14:
3-(6-(2-cycl oproby (4 -(trifluoroneth I)‘

vnet hyl am no) ni cot’i foypr opanoi ¢ aci X ;
1- br ono-4- (nitronet hyl) NO2 B 1- brono- met hyl ) benzene (16. 2
g, 65.0 mmol ) was dissol ved i and cooled to 0 C
Silver (1) nitrite (20 g, 130 gons at 0 C. The

m xture was stirred overnight atfFroomtenperature. Thefreaction m xture was
filtered and the)fils. [m@thgpw@rﬂﬁfmF&ﬁetHyncb%hehﬁ%%egu@raﬁﬁﬁajrp@r.m%w;éil ed by
silica gel chromatography provid 1- oneth benzene (9.5 Q)
as a col of#resrylsaning)- PFOPHan\ﬂQ'qﬁtbﬂ WWG@ID@HB?d BVW'@BSE\Q/ glegna Hz, 2H),
7.34 (d, &rRalfaki&D-H Dimersiffs: 19:mhi)250 mm. Mobile Phase: 70/30 CO,/ethanol.

Flow Rate: 10.0 mL/min. The early eluting peak (Peak 1) was concentrated in vacuo to

10  give one enatiomer of 100%ee (289 mg). Analytical chiral SFC: Column - Chiralpak
AD-H. Dimensions: 4.6 mm x 25 cm. Mobile Phase: 70/30 COj/ethanol. Flow Rate: 2.5
mL/min. Retention time: 3.29 minutes. MS (M+1): 529.7. The late eluting peak (Peak
2) was concentrated in vacuo to give one enatiomer of 100%ee (124 mg). Analytical
chiral SFC: Column - Chiralpak AD-H. Dimensions: 4.6 mm x 25 cm. Mobile Phase:

15 70/30 COz/ethanol. Flow Rate: 2.5 mL/min. Retention time: 4.29 minutes. MS (M+1):
529.7.

Step B: 3-({5-[(R)-3-methyl-1-(4'-trifluoromethyl-biphenyl-4-yl)-butylamino]-pyrimidine-2-
carbonyl}-amino)-propionic acid and_3-({5-[(S)-3-methyl-1-(4'-trifluoromethyl-biphenyl-4-

yI)-butylamino]-pyrimidine-2-carbonyl}-amino)-propionic acid

0 1) O 0]
N /\)]\ N /\)k
J/:/l N ” Ji/l H "
H
N
T SN N X

. .

F F
20 F F

3-({5-[3-methyl-1-(4'-trifluoromethyl-biphenyl-4-yl)-butylamino]-pyrimidine-2-
carbonyl}-amino)-propionic acid ethyl ester Peak 1 (286.4 mg, 0.542 mmol) was
dissolved in tetrahydrofuran (3 mL) and methanol (1 mL), and 1.0 M NaOH (2 mL, 2



20Step B: 4-(nitronethyl)-4"-(trifluoronethyl)bi phenyl To a
sol ution of 1-brono-4-(nitronethyl)benzene (5.00 g, 20 nmol) in toluene (40
m.) was awtdedizpmbi4adi um tetraki s(triphenyl phosphi ne) (2P6T/1B201205i8smol ),
4- (trifluoronethyl)phenyl boronic aciigt (5.28 g, 27.8 mmol) and potassi um
fluoride (4.0 g, 25 69 mml ). The reaction m xture was purged wth nitrogen
and heated to reflux. Water (10 nL) was added and the m xture was refl uxed
overnight. The m xture was diluted WD 2012/085745PCT/ 1B2011/ 055588 147
wi th saturated aqueous NHA4CI and the phases separated. The aqueous | ayer
was extracted with et h)ﬁ_l ~acetate (20 nL *3). The conbi ned organic |ayers
ver e washBHNQl WS adesr (”§O’V?ﬁ_3ftt§')e,d %F‘?%;‘e”&qr@élr%f%ﬂg R Sthe rgRgtion
concent r abRghtBHHCS Wil 1 NEBCHURNASs BKFddté Eavidtywi bthglaacatlte. CTK@Mat ogr aphy
to give 4-(nitromethyl)-4"-(trifluoronethyl)bipheny] 5(2.0 g) as a yell ow
sol i d. 1HC‘P\|’NP¢”?‘119@3MQ§ ,"VGC%@II'%‘% oves Mﬂsﬂ&-aﬂd@@”%‘?ﬁtm@‘g’ﬁ vacuprtoqve gl o,
2H), 5. 51 The, matbbial wals@itukated with four portions of diethylether to give one enantiomer of
2-cyclopropyl-1-(4'-(trifluoronethyl)biphenyl-4-ynethanam ne FNH2 F 40 41
To a r60rrﬁt(éﬁ[ﬁé‘pgpwrg(%gﬁlupliomgtrml-blphenyl-4-y|)-butylamlno]-pyrlm|d|ne-2-carbonyl}-
4-(nitr Onﬁhmb')%)r(%)'iorﬁd adid tz%rrﬁ%%%’ﬂa)stﬁ Whiensdiid 1 0H (NAAR (400, MAz, Bisondpyl ) and
DBU (54.4 nq . 355 mmlﬁ% in DM (3 nl) was added cycl ogropanecar bal dehyde
(99. 7 g, O 1321 HRoRy 1 FPHe3Y Bakt Poh i WLE-46 g Rk 795 o9« dbth/trmper at ur e
over ni ght 7 gThe, LeHW. 10 (A9 Eigkt HEE2 Was.5di(h W €€ it 2 Mt 87 (@d BBtHAGted W th
ethyl acetate (10 nL*3). _The conbi ned or(?anlc Iau%ers were dried over Na2SO4
and” concefiPatte® (thdei) 3-881ucéd (ﬁ‘r e (Crhpbtide "Hr%%tﬂ-SM@’ E)l'ﬂ')i fied by
prepanat i Y87 mItE)t10519i .60 (APUHE0.98 (d, J = 6.4 Hz, 3 H) 0.92 (d, J = 6.4 Hz, 3 H); MS
(2) -4-(2-&c| 0 rogyl- 1-nitrovinyl)-4'-(trifluoronethyl)biphenyl (110 ng) as
a col orl ed¥4*YoP9H%" To a solution of the i mpur e
(() Z)lé 4-( 2|— ;:ypl Qnﬁlszwshelhmy)nh I(ﬂ'CtMﬂlm(;dmegghtﬂibﬂiérfyLﬂl@DWUT diiihpPoypiRedyé-2( 55 no,

: mo n . Was a n i.ckel . reaction m xture was
tirred abobOOt TENBEP AP AR £ AFRB. BHATG9T DRGATBHRH P Spa g
gver n: ght in t&i{@lya%é{g@at(smg{ahawmgaﬁ ALy, iﬁha asib gwwwEama; wgaardé%.t 0 give
col or 1555 1261 18 S Fqm EBTZLI Bl Sy Mool GOD O AppE Aol R, -
J=8. 0 Hz, HZH) Thid w38 eklactdFBvi€e With ek acett®4Thé cBbinBY ofddhics Wefddded6 (M
]2' l:)') = 546\}érﬁgé8} anjf}_gdncght(rsaSté(? inS\%cglmo g}l\‘?g an 8fl.4'?ﬁg fn%?erigmwasz t'??tdrat%d:\L/\?t_hO' 00 (m

four portions of diethylether to give the opposite enantiomer of 3-({5-[3-methyl-1-(4'-
trifluoromethyl-biphenyl-4-yl)-butylamino]-pyrimidine-2-carbonyl}-amino)-propionic acid
20 (111 mg, 78%) as a white solid. "H NMR (400 MHz, DMSO-ds, 5): 12.21 (br. s., 1 H)
8.39(t,J=6.0Hz,1H)8.16 (s,2H)7.83-791(m,2H)7.75-7.81(m,2H)7.70 (d, J
=82Hz,2H)7.54(d,J=82Hz 2H)7.27 (d, J=7.6 Hz, 1 H)4.61-4.72 (m, 1 H)
3.36-3.45(m,2H)2.44 (t, J=6.9Hz,2H)1.74-1.85(m, 1H)1.62-1.72 (m, 1 H)
1.50-1.61(m, 1H)0.98 (d, J=6.4 Hz, 3 H) 0.92 (d, J = 6.4 Hz, 3 H); MS (M+1): 501.6.
25
Example 4.12: 3-[(6-{(S)-3-methyl-1-[2-(4-trifluoromethyl-phenyl)-pyrimidin-5-yl]-

butylamino}-pyridine-3-carbonyl)-amino]-propionic acid




25Step D. net hyl

6- (2-cycl opropyl-1-(4'-(trifluoromethvl)bi phenvl-4-vnethvlam no)nicotinate
WO 2012/ 086 24BRE8T743B2011/ 055588 148 (122 ny, 0.885 mmol pCrnBOVFO{58sTL) was
stirred for 12 h at 120 C. The reactild m xture was concentrated to dryness
under reduced pressure. The crude residue was purified by preparative TLC
to give nethyl 6-(2-cycl opropyl-1-(4'-

(trifluoronethyl)bi phenyl-4-ypethyl am no)nicotinate (60 ng) as a yeI | ow
oil. 1H NWR 5(400 MHz, CDCI3) 6 8.66 (s, 1H) 7.85-7.88 (m 1H) .62-7.60
(m 4H), 749dJ80ﬁz 2 dJ88Hz
€‘ B 0

1H), 5.80 (br,Sieks L0-(4-4fh t Hpgimiding-Se y  2H) |
0.71-0. GOCérﬁhldéﬂde&é@m@uﬁ(ﬁdéé&lb&!‘b '0.18-0.05 (m 2H). S_t ep B
3-(6-(2-cyclopropyl-1- trifluoronet hyl)bi phenyl-4-yhet hyl am no) ni coti na
m do) 10propanoic acid _ To a solution of nethyl _ _ _

6- (2- CyC| SRIIPY 8\ - fnéihy(briobhha.21sQMBcRld) RiP@ehldordmetPebHin fAH-§0t | nat e
(60 ng, O. mmol) 1n , was adde pL of a agueous

sol uti &n M@-@ﬂ'—'ﬁ%ﬁ%&%e (0.34 nL). The reaction solution was stirred
at 60 C overnight. The m xture was acidified to pH 3 by addition of 1N
aqueous HCl . 15 The m xture wa {éxtracted wth ethyl acetate (5 nmL x 3).
The conbi ned organic | ayers V\%lse shed with water, brine, then dried over
Na2SO4 and concentrated under red ressure. The residue was dissol ved
in DMF (3 nL). nethyl 3-am nopropion
was added. HATU (134 ngy, 0.351 mml)
15 mins. Diisopropylethylamne (60.5
resulting mxture was stirred 2h at room tegperatiure. The reaction m xture
was poured into water and the phases separated/| The aqueous |ayer was
extracted with ethyl acetate (3 nL x 3). The coibined organic |ayers were
washed with [ gleduced
pressure to V\Iaég‘mﬂ%rbﬁ%;[/w}s/@ﬁrgﬂﬁ% ?%Q%%B{é(?igg 2‘\‘%519?” THF (1.5 ).
A sol uti ofned) wag W&Dﬁﬂ%ﬂ@i@hﬂ@o%@!FW9Wﬂﬁn§44W frd) irce 3meckapl b fipsk wat er
(1.5 n) Wﬁﬁo@ﬂﬁ@é’d sttR%, é&u%@ﬁée?%n&‘uﬁféﬁ%éﬁe%éraﬁirbr(9(-’( d)T@Fnelh;hzat room

t emperat ure e mxture was acid ition’of 1N aqueous
HCl . The RiocRaDeSIfiRagidet!y a1@tge64w3trhm@|t) WIS ad@@d @ﬂl@c@d by titanigin(1Va gthoxide

combi ned @s70RRI C1FRHRTOD. WS NRSNRAWIsbUtiVRIRIch vis!HABteddh r&iflixqyes h Na2SO4
and concentrated to dryness.” Purification by HPLC (col um: Kromasi |

Et er ni t y- Sbehgatngovas digcorinyedzngrine seaelien plased 0. aneesYatiFAYhesythgindenalo t o

80% acet Ofénﬁﬁérétﬁre' \ﬁaé’\a‘kﬁ‘rd aﬂﬁy@rog‘s (n@ﬂ(a%ol (246 mL) was added followed by sat. aq
cycl oprop i 11 uoronet pet hyl am no) ni cot | nam do) pro

panoi ¢ acK‘éH@@s(ﬁﬂ ﬁ’é) §@|ldacréwe@'rQUéw@lcgdvaScﬁtlr@ﬂme ( Hoosalids wergetilipaedl - d4) 6
8.32 (15, ith & BiZhner funnel using ethyl acetate to aid in transfer. Several portions of ethyl

acetate were used to rinse the solid. The solid was added back into the 3-necked flask

'ZOmmI) was added. The

and mechanically stirred for 20 min with ethyl acetate. This was refiltered. This process
was repeated to remove most of the product. The filtrate was dried over Na,SO4 and
concentrated in vacuo to give (S)-2-methyl-propane-2-sulfinic acid 1-[2-(4-

20 trifluoromethyl-phenyl)-pyrimidin-5-yl]l-meth-(E)-ylideneamide (49.00 g, 99%) as a white
solid. "H NMR (400 MHz, CDCls, 8): 9.25 (s, 2 H) 8.70 (s, 1 H) 8.66 (d, J = 8.2 Hz, 2 H)
7.79 (d, J=8.2Hz, 2 H) 1.31 (s, 9 H); MS (M+1): 356.1.



7.67 (m 3H, 7.60 (d, J=8.4 Hz, 2H), 7.53 (d, J=8.4 Hz, 2H), 7.40 (d,
J=8.4 Hz, 2H), 6.43 (d, J=8.8 Hz, 1H), 4.90-5.00 (m 1H), 3.40-3.48 (m
2H), 2. 40w0.24B/08871452H), 1.83- WD 2012/ 085745PCT/ 1B2011/,056B881/035888L. 74 (m
1H), 1.65-1.55 (m 1H), 0.75-0.60 (mi3dH), 0.45-0.28 (m 2H), 0.18-0.00 (m
2H). M5 (M+l) = 498.3. Exanple 4.15:
3-(6-(3-nethyl-1-(5-nethvl-6-(4-(trifluoronethvl)phenvl)pyridin-3-

v1) but vl am no) ni coti nam do) propanoic acid 5 The title conpound was
prepared by a nethod anal ogous to that described for Exanple 1.25, using
6-chl oro-5-nmeth Inlcotlnonltrlle In, Step A. 1H NVR (400 WMHz, CD30D) 6 8.53
(s, 1H), tepE: -2 th = 2 2)B-methvlel-[4-(4-triflyorgmethyl- 1= g o Hz.

2H), 7. 719|6@hy|)%ﬁn&|d3n ?\g‘g’tﬁ%ﬂlharﬁrdgo 6.68 (m 1H), 3.61-3.58 (m 2H),
2.63-2.60 (m S 1.96-1.89 (m 1H), 1.82-1.77 (m1H),
1.71-1.67 (m1H), 1. 07-1.02 (m 6H),. ﬁ\/B( M+1) =515. 4. Exanpl e 4.16:
3-(6-(1-(6-(4-chl orophenyl)-5- oyﬁ\mqri di n- 3-yl am no) - 3-

met hyl but ypni cot i nam do) propanoi c| aciid, Isomer 1 00 N).LOHHHN C 15
Step A 6-(4-chl orophenvl) - 5- et hyl py '| NN 3- am ne

Z
N

FF

Dimethyl zinc (117 mL, 2.0 M in toluene, 234 mmol) was added to an oven-dried
5 and nitrogen-purged 500 mL round bottom flask with stir bar. Isobutylmagnesium
bromide (103 mL, 2.0 M in ether, 206 mmol) was added over 5 min with stirring and the
solution was allowed to stir at room temperature for 30 minutes. (S)-2-Methyl-propane-
2-sulfinic acid 1-[2-(4-trifluoromethyl-phenyl)-pyrimidin-5-yl]l-meth-(E)-ylideneamide
(48.83 g, 137.4 mmol) was placed in an oven dried nitrogen-purged 2 L 3-necked flask
10  with addition funnel, overhead stirring, and internal temperature. The solid was
dissolved in anhydrous THF (690 mL) and cooled to -78 °C where it was a white
suspension. The zincate solution was cannulated into the addition funnel and then
added dropwise over 75 min to the sulfinyl imine, maintaining an internal temperature of
less than -72 °C. The reaction was then allowed to stir at -78 °C as a yellow solution.
15 At 75 min, the reaction was quenched with saturated NH,ClI, adding 100 mL over 45
min, keeping the internal temperature below -70 °C. A second 400 mL was then added
more quickly (~20 min), keeping the internal temperature below -47 °C. Gas evolution
was observed at these higher temperatures indicating perhaps a latency period. Upon
adding a final 100 mL, no gas evolution was observed indicating the reaction was
20 quenched. The cold bath was removed, another 300 mL of water was added and the
reaction allowed to warm to 5 °C at which point the contents were added to an addition
funnel, along with ethyl acetate and some additional water. The layers were separated
and the aqueous layer extracted with three additional portions of ethyl acetate. The
combined organics were dried over MgSO,. Purification was done on half the material
25 in two batches by silica gel flash chromatography (ethyl acetate / heptane) to give (S)-2-
methyl-propane-2-sulfinic acid {(S)-3-methyl-1-[2-(4-trifluoromethyl-phenyl)-pyrimidin-5-
yl]-butyl}-amide (38.83 g, 68%) as a yellow solid. H NMR (400 MHz, CDCls, 0): 8.82 (s,
2H)857(d, J=82Hz 2H)7.75(d, J=8.4Hz 2H)4.49 (q, J=7.2Hz, 1 H) 3.44 (d,
J=5.7Hz, 1H)1.99 (dt, J=13.9, 7.3 Hz, 1 H) 1.51-1.77 (m, 2 H) 1.24 (s, 9 H) 0.99
30 (d,J=6.6Hz, 3H)0.95(d, J=6.4 Hz, 3 H); MS (M+1): 414.3.



H2N CI To a solution of 6-chloro-5-nethylpyridin-3-amne (3 g, 20 mmol) in
1, 2- di net hoxyet hane (30 nlL) was added PdCl2(dppf) (770 ng, 1.16 mol), 4-
20chl or ophengiznssmani ¢ acid (4.94 g, 31.6 mmol), and K3P®¢T(B20B0%558842. 1
mol ). The reaction m xture was purgdd with nitrogen and heated to refl ux.
Water (20 nL) was WO 2012/ 085745PCT/ 1B2011/ 055588 150 added and the
reaction mxture was stirred at reflux for 48 h. The reaction m xture was
extracted with ethyl acetate (30 nL * 3). The conbined organic |ayers were
concentrated under reduced pressure. Purification by silica gel

chr omat ogr aphy provi ded 6-(4-chl orophenyl)-5-nethyl pyridin-3-amne (2.5 Q)
as a yellow solid. 1HNMR 5(400 MHz, CDCI3) 6 7.96 (s, 1 H), 7.30-7.36 (m
4H), 6. 835 F:Ld)-3-ReB-{-B (43uorSheMyBhenyl)- rimidin-5-yl]-butylamine
3-(6-(1-(6-(4-chl orophenv -met hyl pyri1di n-3-vlam no) -

met hyl but 'Eﬁhnldo)propan0|c acid, Ilsonmer 1 (+/-)- nethyl
3-(6-(1-(6-(4-chl orophenyl)-5- nethylpy«ndin-3-y1) 3-

met hyl but yl am no) ni coti nam do) oate was prepared using a procedure
anal ogous 10to that descri bed 4 e 2.1, Steps E - F, using

6- (4- chl or ophenyl) - 5- net hyl pyri di n- Mne in step E. The racenate was
resol ved by SFC using a Chiral cel .6 mmx 3 pmcolum, eluting
with a 5% to 40% net hanol in CO2 gradient 0596d|ethylan1ne nodi fi er,
flowrate 4 nL/mn) to provide nethyl 3-( ~.6<( 4- chl or opheny1) -

5- et hyl pyri di n-3-y1) - 3- et hyl but yl am no) ni cog panldo) propanoate, |soner 1
(retention 15tinme: 1.33 mn) and net hyl

3-(6-(3-(6-(4- (@Q%&ﬁ%%ﬁ&ﬁéﬂe@ swtihy by f{@S)BQn@thyll‘) fBe4-trifluoromethyl-phenyl)-
rr;e'I[’]hyI but ﬁl ?mrrlldlj?](-) -{/]Iﬁ guty re]q?nrll(]jed&)B r30g£%?39 moII) W%rsr%rlssolvg(g Fnt r?ura]t Iago atnldms 1.53

3- (_6d( )1 (ﬁavﬁ#er@é’d t@ran?xh@meb)‘rl 5?41@%@ @Aéghégjgrﬁlﬁm)gﬁdrrd3ntﬁﬁfahbé|nﬁilﬁé¢h@mm_?_LHi <(:oti
nam do p an e, nmer ng,. . SSol ve In

e O D ISRRRR T B R s A I Gk AdaTeyieony dbis g Hats S o
at room t patpehdtal &e iftehaldempbraturb®f 81°®1 HCEin\waser athausit e210t 378l mrhol§

addition of 1N a ueo and ext acted with thy ace n. * 3). The
conbi riéd Wﬁ@éﬂ?’ 14:1 rgmméfhstwwa 6%’?”%\‘1&?86&%% *@d%é%bﬁ"?ééamﬁh‘%f’er

reduced pé@@ﬁiérr@actlaﬁ%ltldu@for&‘r@rtfﬁ@'fs avmowgamu@dtﬂayi ds)optitd dlaraf. i ArBot 0 gi ve

3-(6-(1-(6- hl h h i di,n-3-vyl

neghyfbugy]éiﬁ§5?g en%ﬁ%@ﬁ&%ﬁ (*g%?%anpggﬁﬁ m%“%@%%mdjﬁﬁweggrgoeolorless
soI i d7 é?m E)rNIN‘R Tl@ébllmjv_%scﬁﬂﬁﬁ@b}gBﬂcrﬁ%rflldatloh—i\ldéhmélvhth aﬂdﬁlanﬁ 04 I(-l)m

o 13 (a. JEBer T ieg sylstion a1 e hasgpiadadon e e pubgle 4b (m

2H) (2)533 give (S)3$=l)netHyI-65[2147r5Iubmme?Wl phénﬁPpylmﬁdm(Snyl] But)lamthed3 (d, J=6.0 Hz,

2012/ 08572%&@#}](1!’%%5%8@55%@) as aQNMt[e solid. 81:"—! ﬁMR (\/\6)0 MHz, DMSO-dg, ): 9.19

(s, 2 H) 8.78 (br. s., 3H)8.61 (d, J= 8.2 Hz, 2 H) 7.93 (d, J = 8.4 Hz, 2 H) 4.47 (br. s., 1
H) 1.84 - 2.03 (m, 2 H) 1.41 (m, 1 H) 0.83 - 0.96 (m, 6 H).

Step G: 6-fluoro-nicotinic acid methyl ester

20

A round bottom flask was charged with K,CO3 (191 g, 1380 mmol), 6-
fluoronicotinic acid (77.8 g, 551 mmol) and dimethylformamide (551 mL). Methyl iodide
(561.5 mL, 827 mmol) was then added in one portion at room temperature and mixture
stirred overnight at room temperature. The reaction mixture was partitioned between

25 ethyl acetate and water. The organic layer was washed three times with water and
once with brine, and then dried over NaxSO4. Purification by silica gel flash

chromatography (ethyl acetate / dichloromethane) gave 6-fluoro-nicotinic acid methyl



151 Exanple 4.17:

3-(2-(1-(4"-(trifluoronethyl)bi phenyl-4-yl)butylam no)pyrim di ne-5-
car boxamwoyprasansi ¢ acid 00 NN) (CH I1H NN H The titl eCTaRrpounibsssas
prepared using a nmethod anal ogous to18hat described in 5Exanple 1.4,
starting fromnethyl 2-chloropyrimdine-5-carboxylate and 1-(4'-
(trifluoronethyl)biphenyl-4-yl)butan-1-am ne (prepared in a manner

anal ogous to that described in Exanple 1.25 Steps A - B starting from
4- br omobenzonitrile). 1H NVR (400MHz, MeOD) 6 8.55 (s, 2H), 7.69 (d, J =
8.4 Hz, 2H), 7.61 (d J =84 H, 2H . 7.53 (d, J = 8.0 Hz, 2H),_7.39 (d,
= 8.4 Hz, SRy (715 9 B4Bo)@s o Whitergqfid. 3 ABIR (409 '\?'H“F Gl @: 386 (3215600t m 2H),
1. 86- 1. 70(ddru=&58,.2.93 |4|2,-11H?5.4(lgMddZU): 8.99.8861,12.44HZ 17H3 BB (d,3H) 2 N HA1) =
487. 3. Exanple 4.18; 3-(14-(1-( -(4-(trifluoromethyl)phenyl)pyridin-3-

vl am no) bd IMgéWéWé@)propanoi c acid 15Step A: Met hyl

4- (1- hydr oxybut yl ) benzoate 0 OH A sol ution of nethyl

4-for ny| bgagaat 8-{(A-Detiyl- L& @-trdmethy s3I @fdiH-891 a8 14 opmas cool ed
to O C. To this solution was added n-propyl magnesi um bromde (6.4 nlL, 2.0M
in THF} dpRisplipicacidmethvbastel nut es. The reaction was stirred at 0 C for 2 h.
20 The reaction was then quenched by addition of saturated aqueous ammobni um
chloride. This mxture was extracted withoethyl acetate. The organic |ayer
was dried over WD 2012/ 085745PCT/ 182/ 1/ 505,588 152

J

(S)-3-methyl-1-[2-(4-trifluoromethyl-phenyl)-pyrimidin-5-yl]-butylamine
hydrochloride (31.33 g, 90.60 mmol) was combined with 6-fluoro-nicotinic acid methyl
ester (16.9 g, 109 mmol) and K>CO3 (37.6 g, 272 mmol, 325 mesh) in a 500 mL Ny-

10  purged round bottom. Anhydrous dimethylformamide (115 mL) was added.
The reaction was heated to 100 °C as a suspension. At 35 min another 3.00 g of 6-
fluoro-nicotinic acid methyl ester was added. At 20 h, the reaction was placed in an ice
bath and when the internal temperature was below room temperature sat. NH,Cl (500
mL) was added. This was stirred for a couple minutes in the bath and then the bath

15 was removed and stirred at room temperature. Ethyl acetate (600 mL) and a small
amount of water were added and the layers separated. The aqueous was extracted
with ethyl acetate (150 mL) and the combined organics were washed with additional sat.
NH4CI (125 mL). The aqueous was back extracted with ethyl acetate (50 mL). The
combined organics were dried over MgSO,. Purification was done by silica gel flash

20  chromatography (ethyl acetate / heptane) to give impure 6-{(S)-3-methyl-1-[2-(4-
trifluoromethyl-phenyl)-pyrimidin-5-yl]-butylamino}-nicotinic acid methyl ester (38.07 g)
as a pale yellow solid. "H NMR (400 MHz, CDCls, 5): 8.85 (s, 2 H) 8.69 (d, J = 1.6 Hz, 1
H) 8.55 (d, J=8.2Hz 2H)8.01(dd, J=8.8,2.1 Hz, 1 H) 7.74 (d, /= 8.4 Hz, 2 H) 6.39
(d, J=8.8Hz, 1 H)5.01 (q, J=6.9Hz 1H)3.86 (s, 3H)1.85-1.98 (m, 1 H) 1.70 -

25 1.82(m,2H)1.05(d, J=6.2Hz, 3H)1.01(d, J=6.0 Hz, 3 H); MS (M+1): 445.3.



magnesi um sul fate, filtered and concentrated. Purification by silica gel
chromat ogr aphy gave net hyl 4-(1-hydroxybutyl)benzoate (1.25 g, 47% as a
col or | esswoi2b12/a85748IVR (400 MHz, CDCI 3, 6)7.97 - 8.02 (mpCZHB2017/035688 d, J =
8.4 Hz, 2H), 4.74 (dd, J = 7.8, 5.7 W9 1H), 3.90 (s, 3H, 1.61 - 1.82 (m
2H), 1.23 - 1.49 (m 2H), 0.92 (t, J = 7.32 Hz, 3H). 5Step B: Methyl
4- pbutyryl benzoate 0 O Pyri di nium chl orochromate (1.25g, 5.80 nmol)
was added to a 0 C solution of nethyl 4-(1-hydroxybutyl)benzoate (602.5 ngy,
2.89 mmol) in 9.6 nL dichloronmethane. The reaction m xture was allowed to
warmto roomterrperature and stirred for 3h. 10NgSa| was added and the
sol i ds rest8Pdd S{Sk3-methwi-{I 42-(4-frifldoromethyipheny ol RUEYWANRNOg ve a br own
solid. Pumcf,tl,r(;@gd;,@n by sili ca gel chrorrat ography provi ded nmet hyl 4-
butyryl benzoate (491.2 ng) as a colorless solid. 1H NVR (400 MHz, CDCl 3,
6): 8.08 - 8.13 (m 2H), 7.97 - 8.01 (m 2H), 3.94(s, 3H), 2.96(t, J=17.3
Hz, 2H), 1.77(m 2H), 1.00 (t, J = 7.41 3H). 15Step C. 4-Butyryl benzoic
acid O 0 Methyl 4-butyryl benzoat ‘ob Mg, 1.242 mvol) was di ssol ved
in tetrahydrofuran (3 nmL) and nethangQl 3.0 nlL). 1N aqueous sodium
hydroxi de (3.73 nL) was addedj:l\:m eN‘eaction m xture was heated to 50 C
0

for 3 h. The reaction m xture Was en cooled to roomtenperature and
concentrated. The crude residle Was Jfaken up in water and acidified to pH 5
by addition of 1N aqueous HCl. A col eSS ecipitate formed. The solids
were filtered off and dried under vacuum ive 4-butyryl benzoic acid
(155.4 nmgy, 65% as a colorless solid. 1H NMR(486 MHz, CDCI3, 6) 8.16 -
8.21 (m 2H), 8.01 - 8.05 (m 2H), 2.98 (t, J =/7.2 Hz, 2H), 1.78 (m 2H),
1.01 (t, J =7.41 Hz, 3H). 25Step D Met hyl

3-(4-butyryl benzam do) propanoate 0

1-ethyl- 3- (3 B-{(8}- Bymahylne[ﬁr(mmyﬂu)omémyﬁdhghyippyrynidmeﬂqylpbmdhnﬁrﬂcﬁzl ng, 0.801
nmol ) s_added t. Iut| Qi.C i 154 0.,801

ol )., S ol Seaf Rl sk R s it Rt BYaly oG Bnnay

1- hydr oxyaﬂd methanol (65 mL), and 1.0 M NaOH (200 mL) was added. This was stirred in a 50

°C bath at first as a suspension and then a clear solution. At 2 h the bath temperature

was raised to 60 °C. At 5 h most of the organics were concentrated in vacuo. A small
amount of tetrahydrofuran was added and the contents stirred in an ice bath. 1 N HCI

10  was added until pH 5 (190 mL). Ethyl acetate (300mL) was added and stirred for
several minutes to ensure constant pH. The layers were separated. The aqueous layer
was back extracted with additional ethyl acetate (100 mL) and the combined organics
were dried over MgSO4. This was concentrated in vacuo to give 6-{(S)-3-methyl-1-[2-
(4-trifluoromethyl-phenyl)-pyrimidin-5-yl]-butylamino}-nicotinic acid with ethyl acetate

15 (31.09 g, 68% vyield over two steps) as a white solid. 'H NMR (400 MHz, DMSO-ds, d):
12.34 (br.s., 1 H) 8.94 (s, 2 H) 8.52 (d, /= 8.2 Hz, 2 H) 8.46 (d, J= 2.1 Hz, 1 H) 7.90
(d, J=8.0Hz,1H)7.85(d, J=8.4Hz 2H)7.78 (dd, J=8.9,2.2Hz, 1H) 6.58 (d, J =
8.8Hz 1H)5.18 (br.s., 1TH)1.77-1.91 (m, 1 H) 1.55-1.75(m, 2H) 0.93 (d, J = 6.2
Hz, 3 H) 0.89 (d, J = 6.0 Hz, 3 H) ; MS (M+1): 431.2.

20



WO 2012/ 085745PCT/ 1B2011/ 055588 153 azabenzotri azole (109 ng, 0.801 mmol),
and triethylamne (120 pL, 0.86 mmol) in dichloronethane (8.0 nlL). The
reacti on wastissT4ed at room tenperature for 19 h. The PeaaBroanossass di |l ut ed
wi t h di chl oronet hane and washed withiwater and brine. The organic |ayer was
dried over magnesiumsulfate, filtered, and concentrated. Purification 5by
silica gel chromatography gave nethyl 3-(4-butyryl benzam do) propanoat e
(124.1 ny, 56% as a colorless solid. 1H NWVR (400 MHz, CDCI3) 6 7.99 (d, J
= 8.4 Hz, 2H), 7. 83 (d J =8.2 H, 2H), 6.89 (br s., 1H, 3 69 - 3 77 (m

g::?)’ i ggngEDJ 13[-(6*'5(8 th [2 ,:,__ “ o] oy %SVI] butvlamlno}- 2 (m

3- (4- (1- ( Byrddind-8chidoHLe t did B Iléiité}-3 yl ani no) but yl ) benzani do)
10pr opanol ¢ aci 0 a solutron of nethyl
3-(4-butyryl benzam do) propanoate (128 , 0.46 mmol) and
6-(4-(trifluoronethyl)phenyl)pyridin-34am ne (100 ng, 0.42 mmol, prepared
as in Exanple 2.7, StepB) in dry EE?QF#bH of} was added decabor ane (31
ng, 0.25 mmol). The resul ting nlx was stlrred at 30 C overnight. The

sol vent was renoved 15under rid ed pressure and the residue was purified
by preparative TLC to provid methyl
3-(4-(2-(6-(4-(trifluoronethyl)phe di n- 3-

yl am no) but yl ) benzam do) pr opanoat e. Th| at eri al was dissolved in THF (3
m.) and water (3 nL). Aqueous lithium hydfoxde (1.00 nmmol) was added. The
resulting mxture was stirred at 20 C for 1. The sol vent was renoved
underreduced pressure. The 20resi due dlssolved in mater and the sol ution
brought to pH 3-4 bﬁﬂaddlt on of 1N aqueous m xture was extracted

wi th di chl or orfstfiAdgtY- 1n£@*(é)t”f'UPFfé“%tB¥+tﬂhﬁBﬂ) BYFQ”%EHi”é Viahdyemipde

concentr ahi6tini®Héid f(31edgmet Wtﬁréﬂfya{mét@teHlﬁb&eﬂ@érIeermntnwy@mmewe@&m ni C18
250 x 21. ier: 0.225%formc acid radient: 10 to 30%

acetonitr ppﬁ%}qm%qrﬁ;(??pr@ \}é-|ydroxybenotr|azole hydrate (15.1Q, 98.7 mmol) was

3- (4- (1- (eddet fohdvidd wiyom: mtnhethglahm@ps}obpwJN’etrfyfcarbodum.de hydrochlorlde (18.9

25yl am no) buty enzam aZ@g}re?é)anm c acid m‘;& co orless solid. '"H
NMR (400 W80 @%’3@% b bega-pl @%eéﬁ‘?{héCMPCh"?” 17997@ mEqy) wap agded g g =
8.0 Hz, Zhhd thé. réaction whé ddBedith an At Meﬁ@h Hlightfs- 28t %le@ﬁllérffhezwai
2.62-2.65 % 57 1.43 (m 2H),

1.01 (f, O 1372 EPW)W%_ﬁddeﬁgV%%mm Tupa%atgwas\;@n removg% and the

2012/ 0857 Akifidr WES Otrid 01566 tdrhderbiad®d @ sdluiSh. At 16 h, most of the
(+/-)-34643- et hy| - %‘&244 tri fI ufgrirret hy| )phenVIrt)tloX“ m d

v1) but vI aRiChigIametiane %t @iMePRYaAGi Ehatssifueps partitioned Betwean ethyl

acetate and sat. NH4Cl. The aqueous was extracted with additional ethyl acetate and

the combined organics were washed with sat. NaHCO3 two times. The first aqueous
15  was back extracted with ethyl acetate to remove a small amount of product. The
combined organics were washed with brine and dried over MgSO4. The material was
purified by silica gel flash chromatography (ethyl acetate / heptane) and then further
purified by chiral SFC. Column: Chiralcel OJ-H. Dimensions: 21 mm x 250 mm. Mobile
Phase: 80/20 COy/ethanol. Flow Rate: 65 mL/min. The purified material was taken up
20 in ethyl acetate, filtered through a course frit and concentrated in vacuo to give 3-[(6-
{(S)-3-methyl-1-[2-(4-trifluoromethyl-phenyl)-pyrimidin-5-yl]-butylamino}-pyridine-3-
carbonyl)-amino]-propionic acid ethyl ester with ethyl acetate (29.2 g) as a white
foam. 'H NMR (400 MHz, CDCls, 5): 8.83 (s, 2 H) 8.54 (d, J = 8.0 Hz, 2 H) 8.46 (d, J =
20Hz 1H)7.81(dd, J=8.7,2.2Hz, 1 H) 7.73 (d, J=8.4 Hz, 2 H) 6.64 (t, /= 5.8 Hz,
25 1H)6.36(d, J=8.6 Hz, 1 H)5.13(d, J=6.7 Hz, 1 H) 4.97 - 5.08 (m, 1 H) 4.09 - 4.21
(m, 2H)3.68(q, J=59Hz, 2H)2.60(t, J=59Hz 2H)1.81-1.95(m,1H)1.67 -
1.81(m,2H)1.26 (t, J=7.1 Hz, 3H)1.03 (d, J =6.1 Hz, 3 H) 1.00 (d, J=6.1 Hz, 3 H);
MS (M+1): 530.2. Analytical chiral SFC: Column - Chiralcel OJ-H. Dimensions: 4.6 mm



F Step A: 1-(2-chloropyrimdin-5-yl1)-3-nmethyl butan-1-01 OH 5NCI To
sol ution of 5-brono-2-chloropyrimdine (5.0 g, 25.8 nmmol) in diethyl
(129 nl) wocoB514529 nl) was added i soval eral dehyde (4P¢%/152015055888m0l ) .

The reaction mxture was cooled to -8 C, and n-butyllithium (15.4 nL of a
1.6 Msolution in heaxanes, 24.6 mmol) was added. The m xture was sti
30mat -78 C. The 10reaction m xture was quenched by addition of

for

saturated agqueous NH4Cl, and extracted with ethyl

conbi ned organic |ayers were dried over Na2504 and concentrated under

reduced pressure to

D gl ve
(1.08 g) 5e5gE1 Mapierhase:

1@-@&%w.r%%é%i%l) -3- net hyl but an- 1-

(m 1H), 548%mihu®6 (M 2H), 1.45-1.37 (m 1H), 0.89 (d, J = 6.35 Hz,

15Step B:
3-methyl-1-(2-(4-(trifl t hvl ) phenvl i mdin-5-y1)butan-1-ol  OH IN
rr|E:‘ y ( (3_&% ri uororrew\(/4_2p env )tp rimdin 3{ )but an-1-0

N

StepQK:a ?{LS;)E'?"JWGH‘.‘VI'@"% rifluoromethyl-phenyl)-pyrimidin-5-yl]-butylamino}-

1- (2- chl opaiird-Bicivdn Ph-¥rlmoBpropidivd &id an- 1- ol (600 ng, 2.99 mol) in

(trifluoronethyl)phenyl boronic acid (682 ng, [B.59 nmol), potassium

toluene (I5.0 nl) was added Pd(PPh3)4 ( 3%2\:3§b0.299 mol ), 4-

fluoride (521 ng, 208.97 mmvol) and

a
et her

rred

acetate (300 nL x 3). The

ol

mi/mipg Reggayion imeg_ 4. 80

6H) .

The reaction m xture was

purged with nitrogen and heated to \eNf ux for 5h. The phases were separated
and the aqueous | ayer was ext;ﬁ;é d wth ethyl acetate (3 x 200 nmL). The
ohe:

conbi ned organic |ayers were oyC) |

solid was purified by silics gel chrops
3-nethy|-1-(2-(4-(trif|uoronethyl)phéhyl
ng) as a yellow solid. i HNVR (400VHz,

8.4

oglaphy to give
rimdin-5-yl)butan-1- 250l
ﬁ5.77 (s, 2H), 8.55 (d,
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3-[(6-{(S)-3-Methyl-1-[2-(4-trifluoromethyl-phenyl)-pyrimidin-5-yl]-butylamino}-
pyridine-3-carbonyl)-amino]-propionic acid ethyl ester (29.2 g wet with ethyl acetate,
theoretically 54.0 mmol) was dissolved in tetrahydrofuran (135 mL) and methanol (45
mL), and 1.0 M sodium hydroxide (135 mL) was added. This was stirred at room
temperature for 20 min before most of the organics were rotovapped off. A small
amount of tetrahydrofuran was added and the mostly aqueous contents were stirred in
an ice bath. 1 N HCI (130 mL) was added until pH 5. Ethyl acetate was added and
stirred for ~20 min to ensure constant pH. The material was added to a sep funnel and
the layers separated. The aqueous was back extracted with additional ethyl acetate
and the combined organics were washed with brine and dried over MgSO4. This was
concentrated and the solid was placed in a vacuum oven for two days to give 3-[(6-{(S)-
3-methyl-1-[2-(4-trifluoromethyl-phenyl)-pyrimidin-5-yl]-butylamino}-pyridine-3-carbonyl)-
amino]-propionic acid as a white foam. H NMR (400 MHz, DMSO-dg, 0): 12.16 (s, 1 H)
8.97 (s,2H)8.54 (d,J=82Hz 2H)8.41(d, J=2.0Hz 1H)8.19 (t, J=5.4 Hz, 1 H)
7.87 (d,J=8.4Hz 2H)7.78 (dd, J=8.8,2.3 Hz, 1 H) 7.68 (d, J = 8.0 Hz, 1 H) 6.58 (d,
J=8.6Hz, 1H)5.09-526 (m, 1H)3.38 (q, J=6.7Hz,2H)2.44 (t, J=7.0 Hz, 2 H)
1.80-1.94 (m, 1H)1.57-1.77 (m,2H) 0.96 (d, J=6.1 Hz, 3 H) 0.92 (d, J=6.3Hz, 3
H); MS (M+1): 502.3.

ed under reduced pressure. The crude

(138
J =



Hz, 2H), 7.68 (d, J= 8.4 Hz, 2H), 4.81-4.84 (m 1H), 1.92-1.65 (m 2H)
1.53-1.47 (m 1H), 0.94 (d, J = 6.4 Hz, 6H). Step C
(+/-)-3-(wo(Br2msstag1- 1- (2- (4-(trifluoronethvl)phenvl) pvPCEiTE201/B55588
v1) but vl am no) ni coti nam do) propanocic1axid 5 The title conpound was
prepared using a nethod anal ogous to that described in Exanple 4.13, Steps
D- G starting from3-nethyl-1-(2-(4-(trifluoronethyl)phenyl)
pyrimdin-5-yl)butan-1-ol. Colorless solid. i HNVR (400MHz, CD30D) 6 8.89
(s, 2H), 8.56 (d, J= 8.4 Hz, ZFD 8.44 (d J= 2.0 Hz, 1FD 7.78-7.84 (m
3H), 6.63 (d J
2 59-2 61EK@k |13' - (et 4t fluQEG B methybbir (
1H), 1. 01yl§p{=&?arﬁfﬁb%rﬁd@tmaﬁ@o§g}!ﬁ@nm&ﬂ? 3. Exarrpl e 4. 20
3-(6-(3-nmethyl-1-(6-(4-(tri uor ofret yl) phenvl) pyri di n- 3-
yl)butylanlno)nlcotlnanldo)prop.-o £ acid, |Isoner |and Exanple 4.21:
3-(6-(3-nethyl 1-(6-(4-(trifluoro rthyl)phenyl)pyrldln 3-yl) butyl am no) ni cot
i nam do) propanoic acid, |soner 15 FF Step A: nethyl
3-(6-(3-nethyl-1-(6-(4-(trifluorgQne hyI)phenyI)pyridin-B-
vl ) but yl am no) ni coti nam do) pr opangat e, Isoner andnethyl
3-(6-(3-nethyl-1-(6-(4-
(trifluoronethyl)phenyl)pyridin-
| somer 2 20FF (+/-)-methyl
3-(6-(3-nethyl-1-(6-(4-(trifduororns phenyl)pyrldln 3-
yl) butyl am no) ni coti nam do)priopanoat e prepared as described in Exanple
1.29) was resolved via SFC (Colum: Chiralcel OJ-H 250 x 4.6 nmx 5 pm
Mobi | e phatapA:z-bromosx(tiflugromeRiyABiPIENi B2011/ 055588 156 40% net hanol in
C®2, nodifier: 0.05%diethylamne, flowrate;g2.5 nL/mn) to give nethyl
3-(6-(3-nethy|-1-(6-(4-(trif|uoronethyl) yl) pyridi n- 3-
yl ) but yl am no) ni coti nam do) pr opanoat.e per 1 (retention tinme: 7.36 mn)
and net hyl E
3-(6-(3-nmethyl-1-(6-(4-(trifluorph
5ni cot snam do) propanoate, |Isoner Z (retention tinme: 8.85 mn). Step B:

3- (6- (3-met hvix 354 By (rhsk Wa'sfché'r%&?mh QV(kr)f@BRJPNét%T@\bh'bﬁl}l%réﬁic acid (4.85¢,

v1) but yl am no) ni cot i nam do) propanoi ¢ aci hyl
3- (6- ( 3- mBe-Aynmal), (%brme(qdo emmeéﬁ@?%ﬂ@%m@» PfRAQi (972 yo) HEey marino)
ni coti nam, wd.&}ﬁ%a%hste (b%(? 1, %n{n?&PTﬂg(ﬂaék Has mb)j Mﬁ%ut@dg%ﬁoﬂh}éﬁ% I n

water (5 nL) 10 and T %J N aqueous sol ution,

5.6 mmol ) pmgnddﬂ%m) arh@Wﬁiem( é) Wake addedr Eop &‘ﬂthl"éd\fﬂStSéFfE@labiQﬂ & for 2h.
The myt upGer Yl‘?ﬁt EFﬁé ﬁjéafdh@ﬁi nﬁﬂur@'Wa% d’do?e'd té%&ﬂ%@rat’ﬂ@ amlu‘f‘éﬁf\klﬁfp\y\/%r W' th

Et OAc (5 nL nbi ned ?anlc ayers were dried over

concent r at Bgl rrtngur@rvyﬂ@grap@dgwt\h tyyl (aeetet§ free prganic |aysr s WaShed Wlth brlne
(trifluorgngs Mr)\l%f@@ |l ahBYbhE HagsdindBHE4L88] &%%éﬂr&ofﬂé@%é’@sﬁfu%@a@m C

acid, Isoner % 2 as a colorless solid 0 MHz, CD30D)
58.62 (s, pqnl#)ed by. swa@ﬁi Cfmﬁa ography {qrproyidy  4-progup- 47(tré|90'(qmet Iphvmdg (m
3H), 6 734, mi 7161%) as‘5a Q&o#es%lso(uaﬂ HWR(E@dRAF&%D@%ﬁ 7262497§?ﬂn 2h) 75%.89-1. 77
( H) J=6.4 HZ,
3H) . IWE (Kaﬁi)(ms@m) 5 13747 (m, 2H)

Step B: 4.4.4-trifluoro-1-(4'-(trifluoromethyl)biphenyl-4-yl)butan-1-ol

F

1.73-1.66 (m

b ty an}@l@ cot i nam do) pr opanoat e,

F
FF

n-Butyllithium (150 uL of a 2.5M solution in hexanes, 0.38 mmol) was added dropwise
to a -78 °C solution of 4-bromo-4'-(trifluoromethyl)biphenyl (113 mg, 0.375 mmol) in 3
20 mL THF. The resulting solution was stirred at -78 °C 15 min. 4,4,4-
trifluorobutyraldehyde (98 mg, 0.78 mmol) was added neat. The resulting colorless
solution was stirred at -78 °C 20 min. 1 mL sat. aqueous NH4Cl was added, and the

mixture warmed to room temperature. The reaction mixture was partitioned between



Step C 3-(6-(3-nethyl-21-(6-(4-(trifluoronethvl)phenvl)pvridin-3-

20vl ) but vl am no) ni coti nam do) propanoi ¢ acid, |Isonmer 2 Methyl

3- (6- ( 3- wOlygi27aB57146- (4- (trifl uoromet hyl) phenyl) pyri di n- BCT/IB2011/055588

yl ) but yl am no) ni coti nam do) pr opanoat 43 | soner 2 (980 ng, 1.90 mml) was

di ssolved in water (5 nL) and THF (5 nL). Then LiOH (2.35 nL of a 2N aqueous
solution, 5.70 mmvpl) was added. The m xture was stirred at roomtenperature
for 2h. The m xture was 25 acidified to pH5 with 1N aqueous HC and
extracted with EtOAc (5 nL*3). The conbined organic | ayers were dried over
Na2504 and concentrated to dryness to

3- (6- ( 3- nEERANTWRtEL The CFganiq 'ab%rdv?étdﬁg?ﬁ)oyg@wgsp@pi egnRenirated to give a

yl ) butyl aHbIB@ésB'dHOThé‘é\rﬂbéﬁ)a@ér%‘D%Qban%lbi_!/ S|I|c§ éhraméﬁﬁﬂa&yrmbrow a
colorless solid. 1H N 8.04

400 M—IZ 3 'Pi £ d@\ﬂm@
(m 2H), %4940tr|ﬂqor961 Mtrl omgt@yl tB@]an -gp.Buta@ﬂ (?H‘nglﬁg A>)5H 01 (m
1H), 3. 47(40@MQ£DGD@|3)4697 em7. 721Ft)m 4%38795177@ YoineHy H).41- 147:(m12|5§3 4(m4 gr), 0.95

d —_
2012] 085 74BFEY SaDFL Oscbler I67USEe 4 220

(+/-)-3- (@t)g@.rméthmJe-(k&-ﬁuﬁgzdamdnyamgﬁi@bthwha pyridin-2- _

yl ) phenyl ) but yl am no) ni cot | nam do) pr opanol C,aci d 00 (NLOH HN The title
conpound was prepared using a nethod anal ogQus to that described in 5
Exanpl e 1.25, using 4-cyanophenyl booonﬂégm and

2-chloro-5-(trifluoronethyl)pyrigind i dsSep A. Col orl ess solid. 1IHNVR
(400|\/Hz CD30D) 6 8.78 (s, 1H), Ozﬁd 1H) 803(dd J—88Hz J= 2.4
3@ 69 (dd, J— H)74(dJ
— 8 0 Hz Z)Q[_éutyléﬁqgftgc(r@te 0'9’8238"1[1%’% qq)addgd ée/aﬂo% twerawe suspgnsien g7 (m
2H) 2. 46n‘%t 6(af’ﬁmc2ﬁ'd)0tméie1§6$ 9677 @rﬁhmBIb‘Dand 3-(Gifrelhyidinic8)pyddihe (1098Mg,0. 92 (m
12 U)o Dol el Sy p——
3 ( 6 (19_ ( 9 ek 4 m Bcptopirds o .rﬁw rﬂﬂ YRBSS feagtion mixture was s irred a
yl') but yl arsonolienigepdtiRadVietig i THESIBhEn @ blid Vs Nbllddbd Y filtration, washed
with acetonitrile, and air dried to give methyl 6-(tert-butoxycarbonylamino)nicotinate
(2.649, 60%) as a colorless solid. The filtrate was concentrated. The residue was
dissolved in dichloromethane and passed through a plug of silica gel (~75 g) eluting
15 with 3:1 heptane:EtOAc (400 mL). Concentration of the eluent provided an additional
1.5g methyl 6-(tert-butoxycarbonylamino)nicotinate. "H NMR (400 MHz, CDCl3) 5 8.89-
8.92 (m, 1H), 8.49-8.58 (br s, 1H), 8.22-8.26 (m, 1H), 8.02-8.07 (m ,1H), 3.89 (s, 3H),
1.54 (s, 9H).
Step D: methyl 6-(tert-butoxycarbonyl(4,4.4-trifluoro-1-(4'-(trifluoromethyl)biphenyl-4-

FhOF
3
o
F <
i N7 SN
F o)\o

Diisopropyl azodicarboxylate (50 pL, 0.25 mmol) was added to a room

20  yDbutyl)amino)nicotinate

temperature solution of 4,4,4-trifluoro-1-(4'-(trifluoromethyl)biphenyl-4-yl)butan-1-ol (84
mg, 0.24 mmol), methyl 6-(tert-butoxycarbonylamino)nicotinate (74 mg, 0.29 mmol), and
25 triphenylphosphine (65 mg, 0.25 mmol) in 1.5 mL THF. The resulting solution was



Step A: 4-brono- 3- net hoxybenzonitrile 15 To a sol ution of

4- br onp- 3- et hoxyaniline (4 g, 19.8 mol) in water (22 nL) was added
concent r aveaot@iss4¥ nL). After cooling to O C, a soluti enTaB2Eo0ss888 nitrite
(1.5 g, 22 mol) in water (5 nL) was l&lded dropwi se. The resulting m xture
was stirred at O Cfor 30 mn. After neutralizing with solid potassium
carbonate, the reaction m xture was 20added to a m xture of copper (I)
cyanide (2.13 g, 23.8 mmol) and potassium cyanide (3.2 g, 50 mmol) in water
(22 nL) at 70 C. The reaction m xture was stirred at 70 C for WO

2012/ 085745PCT/ 1B2011/ 055588 158 | h, After coolin r%] to roomterrperature t he
reaction WHEEMErHghtEd M F?r@rzﬂr%}érr?eque@'umn wagparlitignedisiisied extract s

were dri edicRsRimdiadedhd Watkt. ahebrgatitlagerendricatRer M@Q@ﬁ ah@ dorRAtrifegssur e.

The residue was purified bly silica gel chromatography to give 4-
br ono- 3- nt ¥k § 5elRYSTH $aid Furifigationdyy silicagel,ghrp 096@9“@( Provi ?U?M'(ﬁ VHz,
CDCl 3) 6 ﬂe@%u%&%ar@myﬂm W.ﬂud@m-(ﬂ(tﬁfﬂjdr&ﬂethw?ouﬁwé?wl4— 6 Hz, 7.09-7. 10

1
O et hbsu U riindDlspinats oS i JHAPIR QQIFSBAIL  HINVIR ($OCMH. CDCJq) i xtur e

of 4-br Onee%gﬂ@bh%yhemqmg 21 {8, H3)0® 68197 692(n361H7n‘ph9-,7 - (m 3H) 7 39-7.44

(trifluoronethyl roni c ac % pot assi um
fluoride (B147) 16:?5 @9/@5@5 %&921(%3% @h%ﬁ“ﬂo ﬂﬂ) %%2%1(@”('232% was

pur ged WIQh;GI’(h{[ pPAYEn1 gdngPhBM (272.7 ng, 0.236 mvol) was added. The
resul ting _m xt ure was eated at reflux over ni ght The reaction m xture was
washed wi ekepzinaethylSnd.4.4-riflug 4' m@v;htv i igot ata4)
The conbi ned organic extracts were d over Na2SO4, filtered, and
concentrated under reduced pressure. i i i
gel chromatography to give

2-met hoxy-4'-(trifluoronethyl)bi phe
col orless solid. IHNVR (400 MHz, CDC
J=8.4 Hz, 2H), 7.36-7.40 (m 2H), 7
3-(6-(1-(2-methoxv-4"-(trifluoronet
vl ) but yl am no) ni coti nam do) pr opanoi

4-carbonitrile (620 ng) as a

6 7.68 (d, J= 8.4 Hz, 2H), 7.60 (d,
22 (s, 1H), 3.87 (s, 3H. Step C

bi pheRyl -

10 F
A 2M solution of HCI in diethyl ether (1 mL, 2 mmol) was added to a room

temperature solution of methyl 6-(tert-butoxycarbonyl(4,4,4-trifluoro-1-(4'-
(trifluoromethyl)biphenyl-4-yl)butyl)amino)nicotinate (30 mg, 0.051 mmol) in 1 mL
dichloromethane. After 18h, the solution was concentrated and the residue redissolved

15 in 2 mL trifluoroacetic acid. After 2h, the solution was concentrated under reduced
pressure. The residue was dissolved in ethyl acetate and washed with saturated
aqueous sodium bicarbonate. The organic layer was dried over MgSQ4 and
concentrated to give methyl 6-(4,4,4-trifluoro-1-(4'-(trifluoromethyl)biphenyl-4-
yl)butylamino)nicotinate (18 mg, 73 %) as a colorless film. "H NMR (400 MHz, CDCl3)

20 8.72-8.74 (m, 1H), 7.94 (dd, J= 8 Hz, 2.5 Hz, 2H), 7.61-7.70 (m, 4H), 7.57 (d, J= 8.2 Hz,
2H), 7.42 (d, J=8.2 Hz, 2H), 6.29 (d, J= 8.8 Hz, 1H), 5.40 (d, J= 7.6 Hz, 1H), 4.90-5.01
(m, 1H), 3.83 (s, 3H), 2.06-2.36 (m, 4H).



20 The title compound was prepared using a nethod anal ogous to that
described in Exanple 1.25, Steps B - D, using

2- met hoxywo 20 (2assf4asuor onet hyl ) bi phenyl-4-carbonitril e ardTnBpopsssssagnesi um
bromde in Step B. Colorless solid. 1431 NVR (400 MHz, CD30D) 6 8.44 (d, J=
2.0 Hz,1H), 7.83 (dd, J= 9.2, 2.0 Hz, 1H), 7.66 (s, 4H), 7.29 (d, J= 8.0

Hz, 1H), 7.14 (s, 1H), 7.08 (d, J= 8.0 Hz, 1H), 6.59 (d, J= 8.8 Hz, 1H)
3.83 (s, 3H), 3.57- 253.60 (m 2H), 2.59-2.63 (m 2H), 1.94-1.84 (m 2H)
1.57-1.54 (m 1H), 1.48-1.44 (m 1H), 1.02 (t, J= 7. 4 Ft 3H). M5 (M+l) =

516. 3. V\D 2012/ 085745PCT/ 152011/ 055588 159 Exarrpl
3- (6- (1- ( SieRetpesivl 8-(6¢(f A d-irifluergristdn(irifyoromatayl Ihenvl 4- vI)butvIamlno)

v1l) butyl amcam)dm,%b c_;@m)éig)propanm c acid 00 (N)LOH 1H HNN Step A
4- br ono- 2- net hoxybenzonitrile SOQI To a sol ution of

4- br ono- 2- hydr oxybenzonitrile (2rg,F10 nmmol) in DMF (15 nL) and was added
i odorret hanel (2.87 g, 20.2 nmmol) i
nmol ) at room tenperature. The Ryre was stirred at roomtenperature for
12 h. The reaction m xture was di ed with water and extracted with ethyl
acetate (10 nL * 10 3). The conbined organic |l ayers were dried over
anhydrous Na2SO4 and concentrate der regluced gressure to give

4- br onp- 2- net hoxybenzonitrile (2 g) as ygngy/solld 1H NMR (400 MHz,
d | JH8 7.06 (d, J=

CDCl 3) 57.34 (d, J=8.0 Hz, 1H),
1.6 Hz, 1H), 3.87 (s, 3H). ~B:

3- et hoxy-4'-(trifluoronethy .blpheHvl 4 carbonitrile 15F To a
sol ution of 4-brono-2-met hoxybenzonitrile (2.08 g, 9.81 nmmol) and 4-

(trifl uor orret ety hbifere 14t (diflpgrogethyl)bipherpy-iritloytylagurasispingte | uori de
(1.71 g% rﬁgr@"ﬁ{? mﬁ{ﬁ]? W FERREG i 1 n%LBmchagolggo hN dq’ﬁe%&] W( 40 )

added vvat m xture was stirre Cfor e reaction
m Xt ur e Wagdrgxlﬁ@w@' agiedy Thatresultipggpolution was stirred overnight at room temperature

then at 50 °C for 1h. The solution was concentrated under reduced pressure and the
residue partitioned between dichloromethane and 1N aqueous HCI. The organic alyer
was dried over MgSO,4 and concentrated under reduced pressure. The residue was
10  dissolved in 2 mL dichloromethane. Triethylamine ( 20 L, 0.14 mmol), HOAt (10 mg,
0.073 mmol), and methyl 3-aminopropionate hydrochloride (10 mg, 0.072 mmol) were
added. EDCI (10 mg, 0.052 mmol) was added and the resulting solution stirred 72h at
room temperature. The reaction solution was washed with water and the aqueous layer
extracted with dichloromethane. The combined organic layers were dried over MgSO,4
15 and concentrated to give a pale yellow oil. Purification by silica gel chromatography
provided methyl 3-(6-(4,4,4-trifluoro-1-(4'-(trifluoromethyl)biphenyl-4-
yl)butylamino)nicotinamido)propanoate (13 mg, 63%) as a colorless film. "H NMR (400
MHz, CDCl3) 6 8.49 (d, J=2.1 Hz, 1H), 7.77 ( dd, J= 8.6 Hz, 2.4 Hz, 1H), 7.61-7.69 (m,
4H), 7.54-7.59 (m ,2H), 7.39-7.43 (m, 2H), 6.56-6.63 (m, 1H), 6.30 (d, J= 8.6 Hz, 1H),
20 5.14 (d, J= 7.8 Hz, 1H), 4.91-4.99 (m, 1H), 3.62-3.70 (m, 5H), 2.57-2.63 (m, 2H), 2.07-
2.32 (m, 4H).
Step G: 3-(6-(4.4.4-trifluoro-1-(4'-(trifluoromethyl)biphenyl-4-yl)butylamino)nicotinamido)
propanoic acid
Methyl 3-(6-(4,4,4-trifluoro-1-(4'-(trifluoromethyl)biphenyl-4-yl)butylamino)

25 nicotinamido)propanoate (13 mg, 0.023 mmol) was dissolved in 1 mL methanol. 100 pL

1N aqueous sodium hydroxide was added. The resulting solution was stirred at room
temperature overnight. The reaction solution was concentrated under reduced pressure.
The residue was dissolved in 5 mL water and the solution adjusted to pH 3 by addition

of 1N aqueous HCI. The resulting mixture was extracted with ethyl acetate. The organic



20 extracted with ethyl acetate (20 nL x 3). The conbi ned organic | ayers
were dried over anhydrous Na2504 and concentrated under reduced pressure.
Puri fi catworeoteyssissi ca gel chromat ography gave PCT/IB2011/055588

3-nmet hoxy-4'-(trifluoronethyl)bi phenyié 4-carbonitrile (2.66 g) as a
colorless solid. 1H NWR (400 Mz, CDCI3) 6 7.67 (d, J=8.4 Hz, 2H),
7.63-7.56 (m 3H), 7.15 (dd, J= 8.0, 1.2 Hz, 1H), 7.06 (s, 1H), 3.95 (s,
3H). WD 2012/ 085745PCT/ 1B2011/ 055588 160 Step C
3-(6-(1-(3-nmethoxy-4'-(trifluoronethyl)biphenyl-4-yl)butylam no)

ni cot i nam do) propanoi ¢ aci d The title conpound was prepared using a
pr ocedur e®XfRd Wgd deed avaridasS Qeand Gapsentraiedieatys @ calodess fisheResidal p  ysj ng

3- et hoxysaver(twa«sfrémevam{déyb)slt}barlﬂezﬂwm en ﬁﬁgo@qanqet(w £4rA06ro-1-(4'-
n- propyl magnesi um brom de in Ste Col orl ess so 1H NVR (400 MHz,

CD30D) 6 grlfgjpr(%r‘aethgl}_bl@@yi_& yl)g_qulamgo@@cqt@amld‘p}@'oganozc gf(:lqi&? 6 M9 64%) as ( d,

g ? (23 $ a%b%rles?ss?cﬁmd(m NN/FR8(4@0N¢HZ ZjEDCIs)B 94214 (tﬁ‘s 1]FFf38Q)6|-'§14é‘h92H)77%3 (d,

5. 22- 55177(5%(%%4) 7A§?o@ (8. 21*#4‘) 2H:>y 75%8@ dI 8(%7’;422%5) 6.30 4 &%%Héniﬁ%

1.97- 1. 8740484 28 m, TH)28.64-39 (N2H3H).52-2.502m( LH),=04-4.3bigm, 2H). MS (NVEH 'VH)=
516. 3. Exa Ie&z&ZS )3 (6-(1 ((Tg] HZ (trlflﬁgéon%thoxy)gﬁenvl pyri m di n-5-

yl ) but yl aﬁ‘i‘n&‘)) ni cot i nam do) propanoic acid Lo N)(0O OH The title conpound
was pr epaggsmbisi4yg: 3-(BH2eeslubBp@al40dMifréfethNdipédscd-i bed in 15Exanpl e
4.19, using n-buteral dehyde and 5-bronp-2-chloropyrindine in Step A and
4- (trlflm O o din Step B. Colorless solid. 1H NWR
(400 MHz, CD30D) 58.85 (s, 2H), £ & 48 (d, J=8.8 Hz, 2H), 8.38 (d, J=2 Hz,
1H), 7.92 (d, J=8.4 Hz, 1H), 7.3%7d, J=8.8 Hz, 2H), 6.75 (d, J=8.4 Hz,
1H), 5.04-5.08 (m1H), 3.54-3.584m 2H), 2.57-2.60 (m 2H), 1.99-1.89 (m
2H), 1.57-1.44 (m 2H), 1.01 (t 7.2 Hz, 3H). M5 20(M+1l) = 504.2. Exanple

propanoi ¢ acid, Isonmer |and Exa
3-(6-(cycl opentyl(41-fl uorobiphg

yI)rrethyIan‘ino)nicotinamdo)o oi | f /1\904?@{.12 00 N.)LOH HHN N
H
N7 N
10 H
Step A: 1-bromo-4-(nitromethyl)benzene
NO,

Br
1-bromo-4-(bromomethyl)benzene (16.2 g, 65.0 mmol) was dissolved in diethyl
ether (150 ml) and cooled to 0 °C. Silver (l) nitrite (20 g, 130 mmol) was added in
15 portions at 0 °C. The mixture was stirred overnight at room temperature. The reaction
mixture was filtered and the filtrate concentrated under reduced pressure. Purified by
silica gel chromatography provided 1-bromo-4-(nitromethyl)benzene (9.5 g) as a
colorless solid . "H NMR (400 MHz, CDCls) § 7.58 (d, J=8.4 Hz, 2H), 7.34 (d, J=8.4 Hz,
2H), 5.40 (s, 2H).
20  Step B: 4-(nitromethyl)-4'-(trifluoromethyl)biphenyl

K NO,
O
F

To a solution of 1-bromo-4-(nitromethyl)benzene (5.00 g, 20 mmol) in toluene (40

mL) was added palladium tetrakis(triphenylphosphine) (2.67 g, 2.31 mmol), 4-
(trifluoromethyl)phenylboronic acid (5.28 g, 27.8 mmol) and potassium fluoride (4.0 g,
25 69 mmol). The reaction mixture was purged with nitrogen and heated to reflux. Water

(10 mL) was added and the mixture was refluxed overnight. The mixture was diluted



WO 2012/ 085745PCT/ 1B2011/ 055588 161 Step A

4' -fl uorobi phenvl-4-carbonitrile F To a solution of

4- br omobewoanizasst4e (4.0 g, 22 mmol) and 4-fl uor ophenyl lporaB2oai/essses (4. 6 g,
32 mol) in 4:1 toluene:water (100 mi}¥7 were added potassium fluoride (3.8
5g, 66 mmmol ) and Pd(PPh3)4 (2.5 g, 2.2 mmol ). The resulting m xture was
stirred at reflux for 12 h. The m xture was cooled to roomtenperature and
extracted with ethyl acetate (30 nL*3). The conbi ned organic |ayers were
washed with water, brine, dried over anhydrous Na2SO4 and concentrated
under reduced pressure. Purification of the crude residue by silica gel
chr omat ogW Bﬁ?tu&‘é%a%’eopls ng?%@ﬁyﬂhas% RORAERA - tTF‘PIQQU?QfUSZ'aw“"éesS a

]2-000| gragé)gtréiﬂ?éd Wlith étt:{IWBta&é@@ ivZ3). ﬁﬁ@@@hblﬁeao@%nkSayMeer@ﬁmam@lﬂ (m
3_H%6 (CyCYv@k?él(ﬁQ/'%}-@ t?qr@op@qﬂ ‘E)\f?éﬁ?@ 4gr?d cc;/ncentrated The crude residue was

v1) met hvl Flﬁfﬂlflé@)tﬁ'sméb 'g@ﬁéﬁr&ﬂ)ﬁb@%ﬂ?ﬁﬁéﬁe 43(5||:_ro(n'éfhy)) 4'f€thﬂl)’dromethyl)b|phenyl
3-(6-(cyc &gntyl(41 f1 uorpbi E/gge g am no% ni coti nani rJI)

pr opandat &-hakape ¢pimetPidsirhly @Bé\@éﬁz bdoustt Bntaat 7aé4eriB in
Exanpl e 1H2@H)Sggpqs BH). D, using 4'-fl uorob| phenyl-4-carbonitrile and
cycl opent yl na b 1 de in St ep B. ZOSt ep C Met hyl

3-(6-(cyc ; 2t qaremethy|biphe AlpthegRmingst i nani do)

pr opanoat e, Isorrer 1 and I\/Et hyF 3 Gx (C) opem{2v1(41 f | uor obi phenvl- 4-
v1) met hvl am no) i cot i nami do) pFopakoa) VO
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)
3-(6-(cycl openfyl{4l: Ielmupoerre(q)t I s%?UQ%%_o?&-%m}romeer/l)qlm(tﬁ L}orr]cl)r%gt%ylr).bellpr)ﬂenyP
10 (200 mg, 0.711 mmol) and DBU (54.4 mg, 0.355 mmol) in DMF (3 ml) was added

cyclopropanecarbaldehyde (99.7 mg, 1.42 mmol). The reaction mixture was stirred at

room temperature overnight. The resulting mixture was diluted with water and extracted
with ethyl acetate (10 mL*3). The combined organic layers were dried over Na,SO4 and
concentrated under reduced pressure. The crude product was purified by preparative
15  TLC to give impure (Z)-4-(2-cyclopropyl-1-nitrovinyl)-4'-(trifluoromethyl)biphenyl (110
mg) as a colorless solid.
To a solution of the impure (Z)-4-(2-cyclopropyl-1-nitrovinyl)-4'-(trifluoromethyl)biphenyl
(55 mg, 0.16 mmol) in THF (3 mL) was added Raney nickel. The reaction mixture was
stirred at room temperature under an atmosphere of hydrogen (40 psi) overnight. The
20  reaction mixture was purified by preparative TLC to give 2-cyclopropyl-1-(4'-
(trifluoromethyl)biphenyl-4-yl)ethanamine (20 mg) as a colorless solid. "H NMR (400
MHz, CDCl3) 8 7.62-7.60 (m, 4H), 7.49 (d, J=8.0 Hz, 2H), 7.39 (d, J=8.0 Hz, 2H), 4.04-
4.08 (m, 1H), 1.70-1.56 (m, 1H), 1.54-1.49 (m, 1H), 0.65-0.50 (m, 1H), 0.45-0.30 (m,
2H), 0.15-0.00 (m, 2H).

25  Step D: methyl 6-(2-cyclopropyl-1-(4'-(trifluoromethybiphenyl-4-yethylamino)nicotinate
F

A mixture of 2-cyclopropyl-1-(4'-(trifluoromethyl)biphenyl-4-yl)ethanamine (90 mg,

0.30 mmol), methyl 6-fluoronicotinate (68.7 mg, 0.443 mmol) and potassium carbonate



propanoate was resolved by SFC (Colum: Chiral pak AS-H 150 x 4.6 mm x 5 pm
Mobi | e phase: 5 to 40% ethanol in CO2, nodifier: 0.05%diethylamne, flow
rate: 3 SwOrbryoss@sgi ve net hyl PCT/IB2011/055588
3-(6-(cycl opentyl(41-fl uorobi phenyl- 4481 ) nmet hyl am no)

ni cot i nam do) propanoate, |Isonmer 1 (retention tinme: 3.89 mn) and nethyl
3-(6-

(cycl opentyl1(41-fl uorobi phenyl-4-yl)nethyl am no)ni coti nam do) propanoat e,

| soner 2 (retention tine: 4.08 mn). Step D

3-(6-(cycl opentyl(41-fl uorobi phenyl-4-ynmet hyl am no)ni coti nam do ropanoi c
10§B.Ci g y| g}%%épg,bééiﬁjm@ogdm QMFg(ﬁ r@[%./) vmesteﬁi\yqed fory12 h at 1 Or!’C. The reaction) Prop

3- (6- ( cychppeRtysk(cbhoénttRs PRl dPR¥ lunder reduced pressure. The crude residue was
yl ) met hyl am _no) ni cot i nam_do) pr gpanoat e, | soner pJ&'§T540 ng, 1.14 mol) in THF

(15 ni) wAYifeg yprenaraiygoti< 10 ¥R mAhm RrisidReropitd-(At xt ure was stirred at

30 C for ABrifluordsthphbidhe; I-ﬁgetﬁﬂuﬁﬁr@bﬂi@&ﬂaw 180 ) @03 9816w HICTH AR ext r act ed
with ethyl acetate ?_h The conbi ned or gani c hés/ers were dried
u L

20_1 .
over Na25(W0AAEZ.(dhelet $-8P &% WindePo &BubldHpre®& il (o4l Vet (d. J=8.0
3- (6- (cychepamy vy Br4d- JHsupHeitphens 1d,4/=8.8 Hz, 1H), 5.80 (br, 1H), 4.74-4.72 (m, 1H),
yl ) met hyl am no) ni cot i nam do) propanai ¢ acid, Isoner 1 (290.1 % as a
col orl ess3s7§I(?’d3.H)iLH8§\I|\7F§6((ﬁ'D@p 71-8188d M) 159.01%-p-$3 (Trét'), @:1@7&1@ én J=9.6,
2.0Hz, 1HpW)7.48-7.51 (m 4H), 7.39 (d, J=8.0Hz, 2H), 7.02-7.07 (m 2H),
6.98 (d, J=9.6 Hz, 1 4. 48 , /
2 47-2. 508 g E.3-06-(2-cyslopropygh1-f4A(trilygromethylibipheyy

6H), %029pdbpaoibtidlH) . M5 (Mkl) = 461.9. Step E _ A |
s e e S e v
gé(F;(C%/ﬁ!/I ﬁpémmbﬂﬂcc{tihm@r Qb0 plgeoy 4 ndmol) in 'Il'HF(3.0 m2L) was gdded 1710 %Ll ofa Ny

Yy me am Nno) Nl COot 1 nam ado ropano e, SO r . , . . In
THF (15 E\‘Hé.@oét%%‘g*df'ofé) P 'E%QRHSFFB‘B{‘?EZ i%“trﬂl'r)uﬁﬁ?lfﬁftcé% %&Poﬁﬁ%asrﬁt%%g?e was
stidrred aht &gﬁb&agﬁig&hmpemu@w@st%c?iﬂﬁﬁtg;pﬁu@r E@bhéﬁﬁnﬁngmadd\éo@_g@.us HCI
an extracted wt et acetate * . e (0] I ne organi c ayers
were dpi e%ﬁ%mt“rﬂd’mxréﬁ@d%ﬁféwq Asttale (P anlg¥ %é@‘@ CPB‘b{ﬂe\()é’rga”'C layers
gb( |6; ( C%/ﬁ{/\zléﬂﬁ\ﬂééhbﬁfiﬂithz\béi@ﬂ’, j@gh@hl@éﬁydﬁe@jover Na S0, and concentEate7dBuréder

Yy e am no)ni co nam do ropanoj ¢ ac soner . as a
ool o s leeifrdi oy H R s Mo olee I P HE4B AL Tbetyi S KisoPATP RRe
CD30D) 68hydtoftierideHB2. 780§ 0. 23M0mmdbH W, adde@HIATU D34 MgAB351 indywastH) , 7. 39
(d, J=8.0 dzgq], 7,.02-7.07.% 2@,.6.8.8 d, J=9 6 Fz, 1% 4@? (d,
020, 2rp. _Bged Bha gikUiggias stnsiior 18 tinsyDisb{dRyIeBpjamins A5 Mg 0448 11
1. 94- 20 90n(nhal) Wi addbd6Phe dosafting Mixtitd)waslstid@d Bh2h rddm tebieratife. (1) = 462. 0.

Bl ¢ 4 28 Shh e LRSI R b Lo QL] Yphenyld pyg g o n-5-

was extracted with ethyl acetate (3 mL x 3). The combined organic layers were washed

with water, dried over Na,SO,4 and concentrated under reduced pressure to give a
yellow solid. This solid was dissolved in THF (1.5 mL). A solution of lithium hydroxide

25 dihydrate(14.7 mg, 0.351 mmol) in water (1.5 mL) was added. The reaction mixture was
stirred for 1 h at room temperature. The mixture was acidified to pH 3 by addition of 1N
aqueous HCI. The mixture was extracted with ethyl acetate(5 mL * 3), and the combined
organic layers were washed with water, brine, dried over Na,SO,4 and concentrated to
dryness. Purification by HPLC (column: Kromasil Eternity-5-C4g 150 x 30 mm x 5 ym;

30  modifier 0.0685% TFA; gradient 10 to 80% acetonitrile in water) gave 3-(6-(2-
cyclopropyl-1-(4'-(trifluoromethyl)biphenyl-4-yl)ethylamino)nicotinamido)propanoic acid
(7.00 mg) as a colorless solid. "H NMR (400 MHz, Methanol-d;) & 8.32 (s, 1H), 7.72-
7.67 (m, 3H), 7.60 (d, J=8.4 Hz, 2H), 7.53 (d, J=8.4 Hz, 2H), 7.40 (d, J=8.4 Hz, 2H),
6.43 (d, J=8.8 Hz, 1H), 4.90-5.00 (m, 1H), 3.40-3.48 (m, 2H), 2.40-2.45 (m, 2H), 1.83-



vl ) met hvl am no) ni cot i nam do) propanoi c acid F The title conpound was
prepared using a procedure anal ogous to that described in Exanple 4.19,
usi ng cycwoperntmsmsar bal dehyde and 5- br onop- 2- chl or opyr i RCaHIBR®B11/055588 St ep A,
and 4-(trifluoronethyl)phenyl boroniciaid in Step B. Colorless solid. 1H
NVR (400 MHz, CD30D) 6 9.03 (s, 2H), 8.68 (d, J=8.0Hz, 2H), 8.45 (d,
J=1.6Hz 1H), 8.16- 8.18 (m 1H), 7.89 (d, J=8.4Hz, 2H), 7.04-7.06 (m 1H),
4.89 (d, J=10.0Hz, 1H), 3.65- 3.68 (m 2H), 2.67-2.70 (m 2H), 2.62-2.56
(m 1FD 2.16- 2 13 (n1 1H), 1.86-1.58 (m 6H), 1.43-1.38 (m 1H). M (Ml)
=514. 2. 15Exa

3- (6- ((teﬂMH%FH) M%Pérﬁmm WP (781089 k£ THeP Rk 4R/ AHENE A§10.09.(m,

vpret hvl angcM@(mg{mmg glo) propanoi c acid, Isomer 1 and Exanple 4. 30:
3-(6- ((tetrahvdro H pvran-4- vl)(41 (trlfl uororret th )hbl phenyl -

vpret hvl abxaBPlgidl pt |0 Ag(trit Rath ¥

2012/ 0857 |érihﬁ% tu%u%% ré) o&t&ﬁdA (+ - ) met th )
3-(6-((tetrahvdro-2H pvran-4-v trifluoronethvl)bi phenvl-4-

v1) met hvl am no) ni cot i nam do) pr ate  5(+/-)-methyl

yl ) met hyl am no) ni cot i nam do) pro ate was prepared using a nethod

anal ogous to the described in le 4.13, Steps B - F, using

t et r ahydr o- 2H pyr an- 4- car bal dehyde and 4-brono-4'-(trifl uoromet hyI ) bi phenyl
in Step B. Colorless solid. 1 (400M—|z CCl 3) 58.45 (d, J=1.95 Hz,
1H), 7.75 (dd, J=8.8, 2.3 Hz, .R1-J. 68 ( 4H), 7.53 10(d, J =8. 2Hz
2H), 7.36 (d, J=8.2 Hz, 2H), le @127 (d, J=8.6 Hz, 1H),
5.62-5.74 (m 1H), 4. 49- 4. 58 90 4.07 (m 2H), 3.59-3.72 (m 5H),
3.26-3542 (m,2H), 2.56-2.62 (m Z1H) 192205(m 1H), 1.80-1.90 (m 1H),

J 2 ) BibunsSholh VB4 ioared o 2 e netons gk sspts o
yl) met hyl Bxémpledi foowslna@r@ﬂf)rgﬁdpahhwatc@tlnqrﬁalﬁem Slepa%d'HrféMRwOO MHz,
3-(6- ((tebtaBpIE%:58ts, 1H), 8.43 (s, 1H), 7.95 (s, 1), 7.90 -7.89 (m, 1H), 7.83 (d, J= 8.0 Hz,
2H), 7.71 (d, J= 8.0 Hz, 2H), 6.70-6.68 (M, 1H), 3.61-3.58 (m, 2H), 2.63-2.60 (m, 2H),
10 2.37 (s, 3H), 1.96-1.89 (m, 1H), 1.82-1.77 (m,1H), 1.71-1.67 (m,1H),1.07-1.02 (m,6H).
MS ( M+1)=515.4.
Example 4.16: 3-(6-(1-(6-(4-chlorophenyl)-5-methylpyridin-3-ylamino)-3-

methylbutyl)nicotinamido)propanoic acid, Isomer 1

o o
PN NN
<A
N

HN Sy

Z
cl

15

Step A: 6-(4-chlorophenyl)-5-methylpyridin-3-amine
HoN

| SN
=
Cl
To a solution of 6-chloro-5-methylpyridin-3-amine (3 g, 20 mmol) in 1,2-
dimethoxyethane (30 mL) was added PdClx(dppf) (770 mg, 1.16 mmol), 4-
20  chlorophenylboronic acid (4.94 g, 31.6 mmol), and KsPO4 (8.93 g, 42.1 mmol). The

reaction mixture was purged with nitrogen and heated to reflux. Water (20 mL) was



15pyran-4-yl) (4'-(trifluoronethyl)bi phenyl-4-yl)methyl am no)ni coti nam do)
propanoate, Isoner 2 FF (+/-)-Methyl

3- (6- ((t evoabi2dssHRH- pyran-4-yl1) (4" -(trifluoromet hyl) bi phenpio14e55588

yl ) met hyl am no) ni cot i nam do) pr opanoatl&8 was resol ved by SFC ( Col um:

Chiral pak AD- 20H 10 x 250 mm Mobile phase: 50% net hanol in CO2;

nodi fier:none; flowrate: 10 mmn)) to give nethyl

3-(6-((tetrahydro-2H pyran-4-y1)(4'-(trifluoronethyl)biphenyl-4-

yl ) met hyl am no) ni cot i nam do) propanoate, |Isomer 1 (retention tinme 6.55 nin)
and et hyl WD 2012/ 085745PCT/ 1B2011/ 055588 165

3- (6- ((t ePFANRNDe RSP MigURe Masstirref af qu'Hbf%rf‘@tthh?lﬁ‘?ap?H@'hV‘lXtHre was

yl) ;ret g%/I BRI WBPEth TR BOARENBRTRe coRDIRY ofgdiicheasivae t i me: 14. 45
m n ep C.

3-(6- ((te??raqw%ﬂ@t@dym‘wﬁaweﬂ Rrassuze- Purifisation by sife? Bgh hespaesaphy.-

v1) met hvl grovided @L(Q%Idﬂétﬁﬁéﬁg)l)-@frﬁ@tﬂﬂpym|riigla<7n‘uné aéa 5IM§\I ébnbl 1HNMR
3- (6- (%tetrahydro 2Hp trifluoromnet ylé_g hen

MEptE A morl\wa.%@lm%mae@&%%@9&5%6(msﬂdwe@f%mﬂ %ol ) was

di ssol vedsigp BretBana6-(6-3nBkdphedyIiE-nidthAslRRLS yBAMAIE hydr oxi de was added
and the mxtuqe stlrred Ih at room derrperature The reaction m xture was

concent r at'&s si due was dissolved in 5 nL

wat er and(ﬁ/heneqp?ymt(eqm (@J(L; uﬁlb%hé@ylpﬁn%tmpyh@m%i B-gon of 1N aqueous HC .

The resul ti n m xture was extracted with ethyl acetate. The organic layer
was dried %@U@OM”B’i‘iﬁ@@?ﬂ’?%ﬁ”@atet‘%asgﬁ’@@arﬁdé’é‘l”&rai Regeedugs prBlogavs sol i d

was stor e thht deséfbdd ME(HW[EIMWG@M@EN " hisidg0s-@i-stforophenyl)-5-methylpyridin-
3-(6-((te rah dro 2H-p

y1) (41-(t .am' ﬁyﬁj@ofaﬁﬁ@ﬁgﬁlw% "ep9ived By PEMUSERH ehialerhMd PR h&inoi ¢
?cgdb :_Eofmrﬁ x3 mcaumal SILirRpwitts 9 bYto 4bbh N¥Ra040R d\zljZQra&D@I 61)5*;;4,9735 (d, 4H)
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7 os (0 ERbieging modii, Towsate L) G Rgde DR by Ed oRETIy 1
‘21 gg ‘21 gé5(nﬁ@thyll|bi)nd|@3—93—34méﬂqylbmyla2rhﬂo)n%oiﬁ%nﬁd@ﬁpréﬂﬁ@no%t@ Jsoﬁuﬁa (%t%rgloﬁm gH) ,
1 32-154 3“%]&1 %J?::}”m)l\?@d(rﬂﬁlh&'?’ éz(é (%I_Ql-gplé)ﬁ)p‘ﬁenyl) 5- methylpyHPdln g“yl)—%: ' (m 28,
go( |6) (( E ﬁhfeﬂ'ty}tﬂjltﬂarﬁho?ﬁ/doﬁﬁarﬁrd)bﬂﬁéﬁaméier lg‘oh!églqurwérhwh)nlgieph'aseyﬁmﬂmert]hyl

e otl na C , oner .y y

ol (T e bR S Ry R A s Sieshly Py eNTieatpamio)
él ) m%'lt hyljampaﬁc)dtﬁ 086 BN 450 )i, TPSUY0ANRI) waggmblvgg Gn'LﬂQF I(r@ mL) :Bérgmv(zgl ) a\évgz g

| SSOl ve In ne ano u us S XI S
and the nPXYqpUe 'Lhﬂ‘ir? L)ééf °¥'HL QI@S@QH%‘H ter ﬁﬁ%ﬁ’éﬂfw’és S*H‘F?éjn%téé %HD?F?B%’{%F% was
co ?cerzb r Sn ?dTh@dfbmtjrre u5 a byﬂgautubegf ?N%q%@@sdﬂN@Sdbﬂd\@(ﬂattad I10 %
wat er an util o U y a 1 T1 0N aqg S e
el t v S ta tﬁae D g et Goro s G Be S e
dried Ovebod\eﬁﬁﬁéteamlddm@@@fﬁdrpﬁéﬁﬂlré ReBidval soheat abs e@ﬁo\ﬁealbydyopﬁh@atﬁml id was

gt ?ge?( ![ 2 $%}Z§5?%Y§ﬁj§1ygrﬁvgnhe%‘{,ﬁ?mg{%ymynd.ﬁ 3\-/y?amino)-3-
y1) (41-(t Meiﬂwmm)m&bhfyérmb)@hﬁfamrclhcw )swricny | (288.00)g)ia6 @t donek €l egiRr tpanoi ¢
300 o N a0k 103 SSBeR £35 (& %bi, BE 08 5. PR Lo 350 (O
1H), 7.46 (d, J=8.4 Hz, 1H), 7.21-7.30 (m, 4H), 6.73 (d, J=2.4Hz, 1H), 4.49-4.52 (m,
1H), 3.50-3.54 (m, 2H), 2.46-2.49 (m, 2H), 2.04 (s, 3H), 1.65-1.75 (m, 2H), 1.50-1.51
(m, 1H), 0.93 (d, J=6.0 Hz, 3H), 0.88 (d, J=6.0 Hz, 3H). MS (M+1) =481.3.




2H), 7.91 (br, s, 1H, 7.59-7.70 (m 4H), 7.55 (d, J=8.19 Hz, 2H), 7.39 (d,
J=8.19 Hz, 2H), 6.52 (d, J=9.56 Hz, 1H), 4.23-4.32 (m 1H), 3.93-4.11 (m
2H), 3. 63w0.2822/08871452H), 3.28-3.48 (m 2H), 2.58-2.68 (mMPCZHB2012034882. 18 (m
1H), 1.84-1.96 (m 1H), 1.44-1.65 (misRH), 1.32-1.43 (m 1H). M5 (M¥l)=
528.6. WD 2012/ 085745PCT/ 1B2011/ 055588 166
Exanpl e4. 31: 3- (4-(3-nmet hvl-1-(2-(4-(trifluoronethvl)phenvl)pvrimdin-5-
vl am no) but vl ) benzam do) pr opanoi ¢ aci d The title conpound was prepared by
a decaborane reductive am nation reaction 5of the

oyn|n1d|ne 5 carbaldeh%de wi th the corresponding
approprl aExa : Pl f HRIDAEIYEAEY lagnipeipyimigdime i J=6.24 Hz,
3 H QSC@goxgn@o oicacld 1. 53 - 1.8 (m 3 H 2.66 (t J=5.76 Hz, 2 FD
3.69 (d, J=5.85 Hz, 3 Ei 447 (dg J=7.90, 5.95 Hz, 1 H 6.96 - 7.05 (m 1
H 7.38 (d, J=8. 19 Hz, 2 H 7. m 4 H 8.22 (d, J=8.19 Hz, 2 H 8.33 (s,
2 H. LCMS: nmz 501.2 [M+H] . 10QExanpl e 4. 32:
3-(3-(3-nethv1-1-(2-(4-(trifIu0'o~"thvl)phenvl)pvr|nldln 5-
VI am no) but v1) pi col i nam do) propangi ¢ aci d The title conpound was
prepared by a decaborane reductiVye am nation reaction of the
4-trifluoronet hyl phenyl pyrimdi - carbaldehyﬂe mﬁth t he correspondi ng

15appropriate am ne. LCMS: |nst nnie, = 3.63 mn, mz = 502.4
MH+ N, 3- di met hoxv- N- et hvl cycl ob ‘-c rbd?a deOHO N\ ----0diastereoner A
(I ess polar on TLC) Dichlorome was added to the vial

cont ai ni ng 3- H
The title compound was prepared using a method analogous to that described in

5 Example 1.4, starting from methyl 2-chloropyrimidine-5-carboxylate and 1-(4'-
(trifluoromethyl)biphenyl-4-ylbutan-1-amine (prepared in a manner analogous to that
described in Example 1.25 Steps A — B starting from 4-bromobenzonitrile). "H NMR
(400MHz, MeOD) & 8.55 (s, 2H), 7.69 (d, J = 8.4 Hz, 2H), 7.61 (d, J = 8.4 Hz, 2H), 7.53
(d, J=8.0 Hz, 2H), 7.39 (d, J = 8.4 Hz, 2H), 5.01-5.05 (m, 1H), 3.45-3.48 (m, 2H), 2.46-

10 2.50 (m, 2H), 1.86-1.70 (m, 2H), 1.42-1.25 (m, 2H), 0.88 (t, J = 7.4 Hz, 3H).MS (M+1) =
487.3.
Example 4.18: 3-(4-(1-(6-(4-(trifluoromethyl)phenyl)pyridin-3-

ylamino)butyl)benzamido)propanoic acid
0 0
IKQ)kN/\)kOH
H
HN | N
=
d F
F
15  Step A: Methyl 4-(1-hydroxybutyl)benzoate

0]
\H/Q)J\O/
OH

A solution of methyl 4-formylbenzoate (2.09 g, 12.7 mmol) in tetrahydrofuran (50

mL) was cooled to 0 °C. To this solution was added n-propylmagnesium bromide (6.4
mL, 2.0M in THF) dropwise over 20 minutes. The reaction was stirred at 0 °C for 2 h.
20  The reaction was then quenched by addition of saturated aqueous ammonium chloride.

This mixture was extracted with ethyl acetate. The organic layer was dried over



met hoxycycl obut anecar boxylic acid (1:1 isoners, 1500 ng, 11.53 mmol), N 20
nmet hoxynmet hanam ne. HCI (1514 ng, 15.53 nmmol) and HATU (6570 ng, 17.3 nmol).
Huni g' s baieeo(2s80RsnL, 46.1 mmol) was then added. The mPKTUBE1IWRISS$tirred
at room tenperature overnight. The mix ure was diluted with H20 and
extracted with Et 0OAc WD 2012/ 085745PCT/ 1B2011/ 055588 167 three tines.

I nsol ubl e solids were observed in the aqueous |ayer. The conbi ned organic

| ayers were washed with brined, dried over Na2SO4 and concentrated. The
crude was dissolved in EtOAc and | oaded to the colum and purified by

Combi Fl ash (40 g silica gel, EtOAc/heptane: 0->50%, |eading to |ess polar
di ast er eoMENESIYAFUESP JHEISH FskOnseryBited: Furifcatiop &y siica gel dhresies@pher A: 1H
NMR (400 méi QR?F-%% buf))BeRodtddd.25 £ 428 )E8a cdldies ot 3'H NRIRO@GOOM 2 H)
3.17 (s, gﬁﬁ) 3.%3 S 3%2?)43@60@ H)923.6:g>£s, 3 H 3.98 - 4.%9 (m 1
H . GCMS: %Q%éhﬁ@fé con2 10 (d, J=8.4 Hz, Z2H), 4.74 (dd, J=7.8, 5.7 Hz,

(3- met hoxygQy & gghet 313), 4461--(1.82 {rh,usnHoNes hy!@ghpbﬂm\olgzla,vpﬂetézamlsH).HO

10nBuLi (L.27 nm, 1.6 M 2.03 mmol) was added to the bi phenyl brom de (610
ng, 2.03 . Mgthyl g-butyryigenzgete 78 ¢ The resul ting greeni sh sol ution was
stirred for 1 h. The | ess polar diastereoner A nade above in THF (2 nL) was
added at -78 C and stirred at O f or pttes and room tenperature for 2
h. Quenched with 1 N HCl and extrakt th EtOAc three tines. The conbi ned
organic | ayers were washed with 15bili ned, dried over Na2SO4 and

trated. The. crud ifj Conbij. Fl ash i.Lica_ gel
C ey ment anPBasaR ol EuPile [L 2% AR S eabt e SRR e
(Clr_rlyLmO:Z Fl)CRMecHy%l_EL(gﬁggrai?rax)fin;‘ilt;(zl)nﬂené’o7dt®4 (762)_255;mg,22.8QnH)20I)3n59C76 @&,d_i&lI?dTﬁ)rgéth?hﬁe.-z ﬁlj 10
7.97 - 8. 8@6 (aot9" PP B ATBIF Gy wor lsdopeamPrglurd a5 siires )gr_wé-s added to
Ege ms_;ab UE Ngsgq'ﬁ/v_?ﬁfwdé’@ dﬁettmgoli(da?@nB@d @iﬁ%ioﬁn‘fﬂmé filﬂ‘aifé?Na%h@hf eemtghéé@bha?0|

at | . e m ur, S Sstlirre rQqomite er, re r m nut es
b GuencAla Aron 101 PEfoalR of 64,68 Rlneh SSTbRIBE" Got Foehbike o ee
ti (rjryes. Tha?twlﬁy'nz@@lem@mir@) b@yebmrlwwig/aéhwmwm MH'Z,FEBDCQI&n)g_BlOBVGL (4
sodl um su te C C r at . C S | € as
211 oa gob o RB) el hEt 5. abapt kit AgPT0) BHE Hecttd 7 Bhabh > TH 25°
NVR (400 Mg, t, CHLORORRBMY) 6 ppm 1.97 (br.s., 1 H, 2.03 (m 3 H 2.27 -

2.44 (m 283 - 273 (m.1H 3.22 (s, 3 H 3.80 - 4.04 (m 1 H 4. 63
_ 4. 7215(n.gte?%“'g?tiiv't{e&,zo'ﬁf_ﬁéﬁlg Hz, 2 H 7,57 (d, J=8.39 Hz, 2 H 7.67 (s,

4 H. LCVMB: mz = 319.1 [MOH|. w
OH

0]
Methyl 4-butyrylbenzoate (256.1 mg, 1.242 mmol) was dissolved in

tetrahydrofuran (3 mL) and methanol (3.0 mL). 1N aqueous sodium hydroxide (3.73 mL)

was added and the reaction mixture was heated to 50 °C for 3 h. The reaction mixture
20  was then cooled to room temperature and concentrated. The crude residue was taken

up in water and acidified to pH 5 by addition of 1N aqueous HCI. A colorless precipitate

formed. The solids were filtered off and dried under vacuum to give 4-butyrylbenzoic

acid (155.4 mg, 65%) as a colorless solid. 'H NMR (400 MHz, CDCls, 5) 8.16 - 8.21 (m,

2H), 8.01 - 8.05 (m, 2H), 2.98 (t, J = 7.2 Hz, 2H), 1.78 (m, 2H), 1.01 (t, J = 7.41 Hz, 3H).
25 Step D: Methyl 3-(4-butyrylbenzamido)propanoate

1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (154 mg, 0.801
mmol) was added to a solution of 4-butyrylbenzoic acid (154 mg, 0.801 mmol), methyl

3-aminopropanoate hydrochloride (90.8 mg, 0.881 mmol), 1-hydroxy-7-



WD 2012/ 085745PCT/ 1B2011/ 055588 168 1H NVR (400 MHz, CHLOROFORM d) 6 ppm
2.05(m 2 H 2.14 - 2.33 (m 2 H 2.715(m 2 H 2.89(m 1 H 3.64 (m 2
H 3.95 (Wp201248574531 - 4.51 (m 1 H) 6.65 (m 1 H 7.40CtdB2015055888 Hz, 2
H 7.58 (d, J=7.61 Hz, 2 H 7.60 - 7131 (m 4 H 7.71 - 7.86 (m 1 H) 8.32
(d, J=9.36 Hz, 1 H 8.82 - 9.06 (m 1 H 9.40 - 9.61 (m 1 H. LCMS mz =
528.1 [ M+H] .

(tetrahydro-2H pyran-3-y1)(4'-(trifluoronethyl)biphenvl-4-vpnethanol H
10 diastereoner A A sol ution of the correspondi ng brom de (1000 ny,

3.32 mol ) in tetrahydrofuran (30 nL) was cool ed t n- BuLi (2.08 ni,
1.6 Min Hé@@ﬁéo"”@z%‘?“mg Q! 'Hﬂ@@da%tﬂefthbi'@”}'ﬁ%(ﬂgpémm%@ﬂm?'? Bd at -78 C

for 30 m BlchIB'anﬁ’éihé’néi(@r(bﬁL}jq'ﬁW#@a(ﬁlaﬁQ/a%tlrré’d &%oamubmpe@tar@wra@wrméuran (2

m.) was added via syring he m xture was stirred at -78 15 C for 30 mn
and t hen RacHWeRdi LB‘%HTY"t”éHﬁB'Pé‘tmLﬁtBa”eA@ﬁPoW@%h?fjd’Hihd’ﬁtarea’(@rW Teat urated aq)

was addedo?ﬁﬂucﬂé}%r X lHEE oVWErSM et ﬁﬂfa\fé filer8d A o%@érﬂia@ed mﬂﬂ@arngam c
Iayer was over sodium sultfate and concentrated. The cru

puri fied Byskish ethehigaipgigrhyigavs rg‘?thv'@a(“dwtyrwapmﬁm'%@afqpﬁaowet(112491 20% Et 0AC
i n hept anagy, 56% g a@obﬂeésv\gbndl aﬁwwmrmzr@m@bp@mg (@llﬁseeqrregrm) A (192
ng, 17. Z%and ess po 0 di ast er egner Q\Z-é 69 For nore pol ar
di ast er eohdP (k {182 g, 2@76 Q%bm NVR: 8850 ML éth%@ﬁ@RM dy2 Bzpdh 1. 20 (m
1H 1 38266J(t G%émHZBzH*) 1171854 82 923-|)( Imoo?et b|)=734§Q\zA§)m fusHM+3).73878.2.3. 86

(m 2 H 406 - 4.20 (m H 4.4 J= Hz
2012/ 0857§Ea9rE-/3TG-_4g(A-1(6-;(411£tu§|ﬂwomethvl)phenvl)pvrldln -3-ylamino)butyl)benzamido)

T o T U T UooOoo00

10  propanoic acid
To a solution of methyl 3-(4-butyrylbenzamido)propanoate (128 mg, 0.46 mmol)

and 6-(4-(trifluoromethyl)phenyl)pyridin-3-amine (100 mg, 0.42 mmol, prepared as in
Example 2.7, StepB) in dry methanol (4.8 mL) was added decaborane (31 mg, 0.25
mmol). The resulting mixture was stirred at 30 °C overnight. The solvent was removed

15 under reduced pressure and the residue was purified by preparative TLC to provide
impure methyl 3-(4-(1-(6-(4-(trifluoromethyl)phenyl)pyridin-3-
ylamino)butyl)benzamido)propanoate. This material was dissolved in THF (3 mL) and
water (3 mL). Aqueous lithium hydroxide (1.00 mmol) was added. The resulting mixture
was stirred at 20 °C for 1 h. The solvent was removed underreduced pressure. The

20 residue dissolved in water and the solution brought to pH 3-4 by addition of 1N aqueous
HCI. The mixture was extracted with dichloromethane (10 mL*2). The combined organic
layers were concentrated. Purified by preparative HPLC (column: Phenomenex Gemini
C18 250 x 21.2 mm x 10 ym; modifier: 0.225% formic acid; gradient: 10 to 30%
acetonitrile in water) to give 3-(4-(1-(6-(4-(trifluoromethyl)phenyl)pyridin-3-

25  ylamino)butyl)benzamido)propanoic acid (20 mg) as a colorless solid. "H NMR (400
MHz, CDsOD) & 7.90-7.95 (m, 3H), 7.86-7.79 (m, 5H), 7.52 (d, J = 8.0 Hz, 2H), 7.43-
7.47 (m 1H), 4.57-4.60 (m,1H), 3.60-3.64 (m, 2H), 2.62-2.65 (m, 2H), 1.94-1.96 (m, 1H),
1.82-1.86 (m, 1H), 1.57-1.43 (m, 2H), 1.01 (t, J = 7.2 Hz, 3H). MS (M+1) = 486.3.



169 1 H 7.38 (d, J=8.19 Hz, 2 H 7.50 - 7.61 (m 2 H 7.66 (s, 4 H. LQV:
mz = 319.2 for [MOH . Exanple 4.34:

3- (6- ((t evoabi2dssH2H- pyran- 3-y1) (41-(trifl uoromet hyl) bi phEnpio14e55588

vpret hyl am no) ni coti nam do) propanoic1&id 00 LN-)LOHIH -, .......... HN N
5F The conpound was prepared fromthe nore polar diastereoneric

al cohol A using a Mtsunobu coupling reaction with the appropriate am ne.
1H NWVR (400 MHz, CHLOROFORMd) 6 ppm1.69 (m 3 H 2.13 (m 2 H 2.54 -
2.65 (m 2 H 3.27 (dd, J=11.41, 8.29 Hz, 1 H 3.45 - 3.64 (m 2 H 3.71
(m 3 H 4.36 - 4.51 ( 1 H 6.53 (d 10J 9 95 Hz, 1 H) 7,41 (d, J=8.19
Hz, 2 H) 7 X -[_0"‘ thyly 1 " . h pRYBM N~ _8. 21 (m 2 H)

9.35 (m %I)B@tyla@%?cdﬁémrdoﬁggéﬁoﬁd%ﬂ Exarrpl e 4.35:

3-(6-(cyclopenty triftluoronethyl phenvu;pyr|n1d|n 5-

v1) met hvl am no) ni cot i nam do) propanoi ¢ agj d, mer and Exanple 4.36: 3-(6-
(cyclopentyl(2-(4-(trifluoromnethyl)
15vl ) met hyl am no) ni coti nam do) pro
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(+/-)-cyclopentvl(2-(4-(trifl
HONF

% Hdi n- 5-
acid, |soner 2 WO
) phenvi ) pyri mi di n- 5- y1) net hanol

F
F

F
Step A: 1-(2-chloropyrimidin-5-yl)-3-methylbutan-1-ol
OH

SN
N/)\CI
To a solution of 5-bromo-2-chloropyrimidine (5.0 g, 25.8 mmol) in diethyl ether (129 mL)
and THF (129 mL) was added isovaleraldehyde (4.45 g, 51.7 mmol). The reaction
mixture was cooled to -78 °C, and n-butyllithium (15.4 mL of a 1.6 M solution in
heaxanes, 24.6 mmol) was added. The mixture was stirred for 30m at -78 °C. The
10  reaction mixture was quenched by addition of saturated aqueous NH,ClI, and extracted
with ethyl acetate (300 mL x 3). The combined organic layers were dried over Na,SO,4
and concentrated under reduced pressure to give 1-(2-chloropyrimidin-5-yl)-3-
methylbutan-1-ol (1.98 g) as yellow oil. 'HNMR (400MHz, CDCls) & 8.54 (s, 2H), 4.76-
4.80 (m, 1H), 1.75-1.66 (m, 2H), 1.45-1.37 (m, 1H), 0.89 (d, J = 6.35 Hz, 6H).
15  Step B: 3-methyl-1-(2-(4-(trifluoromethyl)phenypyrimidin-5-ybutan-1-ol

To a solution of the 1-(2-chloropyrimidin-5-yl)-3-methylbutan-1-ol (600 mg, 2.99
mmol) in toluene (15.0 mL) was added Pd(PPhs), ( 346 mg, 0.299 mmol), 4-
(trifluoromethyl)phenyl boronic acid (682 mg, 3.59 mmol), potassium fluoride (521 mg,
20  8.97 mmol) and water (3.7 mL). The reaction mixture was purged with nitrogen and
heated to reflux for 5h. The phases were separated and the aqueous layer was
extracted with ethyl acetate (3 x 200 mL). The combined organic layers were
concentrated under reduced pressure. The crude solid was purified by silics gel
chromatography to give 3-methyl-1-(2-(4-(trifluoromethyl)phenyl)pyrimidin-5-yl)butan-1-
25 ol (138 mg) as a yellow solid. "HNMR (400MHz, CDCl3) 5 8.77 (s, 2H), 8.55 (d, J = 8.4



To a -78 C solution of
2-(4-(trifluoronethyl)phenyl)pyrimdine-5-carbal dehyde (1.0 g, 3.96 mmol)
in THF (6wolpiams74added cycl opent yl magnesi um br om de ( 2P@T/1Rt0150ds5588 2. OM
solution in THF, 5.95 muol). The sol ufion was stirred at 0 C for two hours.
The m xture was quenched with saturated aqueous NH4Cl, dried over anhydrous
Na2SO4, filtered and concentrated under reduced pressure. The crude residue
was purified by silica gel chromatography to give cycI opentyl(2-(4-
(trifluoronet hyI )phenyl )pyri m di n- 5- yI)rret hanol (1 g) as a red oil. 101H
NMVR (400 NPE % H&ﬁ £W 75 (d, J=8.0
Hz, 2H), 6224)47§§((%J1ﬁ)4 H2 256). 48 8(4n({“ { 1%2if5im1%’1“l 6153114)47 (M; 93-1. 82
(M 1H), 3H72-944a49=(m HeHBN). 1. 37-1. 13 (m 1H). Step B: (+/-)- nethyl

6- (cycl opentv1(2-(4- tri fI uor onet hvl ) phenvl) pyri m d| n- 5-

v1) net hyl SieRde 3 0-L3-methvh-t-(2-€4-(trifluororpgthylol [AYs

Cycl Opent m;;_ﬁﬁylérﬂm6§rr¢cftuhamro@gﬁb@go)doéﬂﬁdly| ) pyrimdin-5- yl ) et hanol conpound
3 (1 - (tertbutoxycarbonyl am no) n| cotinate (1.17
g, 4. 65 rrﬁB‘F)'“‘? ?P”TW”@?(?Srﬁf?p%gu%aédn%b?q ?W{%QRHSFS%&%H?%' (3@2'%3 g, 7.75
mmol ) fol EQ%ﬁIehw:ﬁlS@éd%Mi @cs@hrmagﬁa@meuaémymﬂ(ﬁa (vffmuo?on?efzhmmbhyn The

m xture was stirred at C overni was_ di |l ut ed

with wat ePyraw&i'né’écv'k%%fé&%qqlpr@ﬁﬁﬂ% dac'é‘?‘%“&'\‘lb‘%%ﬁ?@@ﬂe@S@?é%rﬁ'@ | ayers
were drieg, 56\(GVJ=|\§12$@42HP@ aoEcend naiLed Hl)l ndes-7 rsaQMcspl) I@f&ﬁﬁuﬂ e.8.8 Hz,

Purificati onﬁﬁé/ sili el chrorrat\cl)&rj)ag gzzg% 900 ﬂg
t - butyl carBarede: 2§\A(ﬁﬂc WA O -2% 41 RYZERT Eh1BPohef Ha0%dm 36)n:-§6- The
sol utisen way (ROOHRA. 1301 @6@:(1 Tm) f1|01010@19ﬁt6l-¢) M@(WH@ =rjop.3ras added. The
m xture was stlrred room | . The. mxture was dil uted
with satuEseEBledealbs "’ VEPYHAIn-3 6t at e, The or gani ¢
WO 2012/ 08|W£?ﬁ%&ﬁ?&ﬂaam%ﬁﬁ&&anbwadmayﬁmmsanmbm@lew Qh @t @metelyll ed over
Na2804, and I d educg .nThe %rudﬁ I

] A’ ; 5 M e t y

6- (cyclopmhwiQZ (4 (trlfluororret hyI)phenyI)pyrl md| n- 5-
yI)rret hyI am no)nicotinate (723.3 ng) as a colorless solid. 1H NVR (400 WHz,
CDCI 3)'°6 59.09 (s, 2H), 9.05 (s, 1H), 8.57 (d, J=8.0 Hz, 2H), 8.22 (d,

J=8.0 Hz, 1H), 7.74 (d, J=8.0 &lz, 2Hp, 7.51 (d, :0=8.0Hz 1H), 5.54-5.51(m

1H), 3.95 (s, 3H), 3.22-3. ;S){k 81- 9 EV\);U\ 68-1.52 (m
5H), 1.42 (s, 9H), 1.31-1.i2](mN2 OH st epf[C: [ e hyl -

3-(6-(cycl opentyl(2-(4-d§rrfTuoronet hyl ) phe pyri m di n-5-
v1) met hyl am no) ni cot ilpani dg) pr opanoat e, I S! ~4& and Met hyl
3-(6-(cycl opent y1(2( 4: N N
10(trifluoronethvl)Phenvl)
ni cot i nam do) propanoate, |sone

in-5-vpneth

F F

F F
F F

Step A: methyl 3-(6-(3-methyl-1-(6-(4-(trifluoromethyl)phenyl)pyridin-3-

yl)butylamino)nicotinamido)propanoate, Isomer 1 andmethyl 3-(6-(3-methyl-1-(6-(4-

(triffluoromethylphenylpyridin-3-ybutylamino)nicotinamido)propanoate, Isomer 2

o} o) O O
S N/\)j\o/ N N/\)]\O/
| H | J H
HN” N HN™ N
)\\\‘~ XN | SN
= P4
F F e
20 F F

(+/-)-methyl 3-(6-(3-methyl-1-(6-(4-(trifluoromethyl)phenyl)pyridin-3-
yhbutylamino)nicotinamido)propanoate (prepared as described in Example 1.29) was
resolved via SFC (Column: Chiralcel OJ-H 250 x 4.6 mm x 5 pm, Mobile phase: 5 to



FF To a solution of (+/-)- nethyl

6- (cycl opentyl(2-(4-(trifluoronethyl)phenyl)

pyri m di rwb-2g912)aset4Ryl am no) ni cotinate (972 ng, 2. 13 mMoDOIPLTIR20THIS56480 ni)
was added 152N aqueous LiCOH (10.7 nmL15€1.4 mol ). The m xture was stirred
at 50C overnight. The m xture was neutralized by addition of 1N aqueous HCl
and extracted with ethyl acetate. The conbi ned organic |ayers were dried
over Na2SO4 and concentrated under reduced pressure. The residue was
dissolved in DMF (5 nmb). HATU (1.19 g, 3.15 nmmol) was added. The mi xture

was sti rredo for 45 mn 3-am noRr opanoat e ZOh%dr ochl or| de (435 ny,
3. 15 ol F0%faetkene! i ?Qépﬂq%&fre@ Ayfeligthdaninegfoy ratg: {&9'¥e added. The

resul ti ngnpfsn gr(@(mtrgﬂnr(GJ@ﬂ(taﬂudr&ﬂaﬂhpwp%wm :@-or 2 h. The m xture was
di luted with aqueous . The organic was d wth water, dried

over Na2Sg#ut ﬂ%'”@MH?Wé’P@‘HOQﬁ{H’é‘ #Wédreﬁ%@gdw 36”6@?‘0%3'&4 tgiy!

(+/-) - met By6-(Brihyl- (1thl@tﬂﬂurﬂrwr%%y()ﬂhe(nwp;fridupwmahg ﬂn)ri@;')'eny ') pyri m din-5-
25yl ) nmet hy] am naq) ni cot i nam do) pr%/ganoat e %3“ esol ution by SFC

(Col urh: REPYRFIHNPRYARPRIES SYRET SfeI”BO'bWE%e88 5 C2: net hanol , Fl ow

rate: 80 gldp®:B-(6M3dhéth@rt (60(41(%ﬂdb@wafmmhemowb.@13ve et hyl
3-(6-(cycl openty1(2-(4-
(trifluor ¥hRut a8l I$a8end ani no) ni cot i nani do) pr opanoat e,

3506 (cycl openiy ?5”*85“?“35&8?%@?@%2&’ ?@%‘?ﬁ? R
(trifluor B'HEWWX?@HQWW%?HPWEF hiBONY eth WWW%@Wh’éH’?%}%%banoat e,
| sonerp2 GRETEAYS ﬂfL)‘L'I'hgﬁf L. 8l of 46N ﬁ@)eou§%@l@tl&a 5.6 mmoI) was added.
1) et byt G116 BYE S S o SPSGT AL s baT B R Waggiged to pH 5
3- (6- (cychapentagliedud AE(4nd élttsefcarmihitonelis M3 PThé Bbfbined organic layers
1)ty A ) o LA S0 T 2BRORt P oot Sk A B T )"
nol ) was (tafldeshethiigohsnii sy naunwgale)tanylérhmd)rﬁéot.hmmbwawoai wde I§dPhier2h. The
mxcug vageneuti ol eee b o[ gn- ol ailsaveous el e scacted w th
concent r atgyl L@t @4, \2PESEO0 O7.86 e, 3Bt NBb (B; 88), 6.73 (m, 1H), 5. 09 5. 01 (m, 1H),
3.47 (m, 2H), 2.49 (m, 2H), 1.89-1.77 (m, 1H), 1.72-1.58 (m, 2H), 0.95 (d, J= 6.4 Hz,
3H), 0.92 (d, J= 6.4 Hz, 3H). MS (M+1)=501.3.
Step C: 3-(6-(3-methyl-1-(6-(4-(trifluoromethyl)phenypyridin-3-
20  yhbutylamino)nicotinamido)propanoic acid, Isomer 2
Methyl 3-(6-(3-methyl-1-(6-(4-(trifluoromethyl)phenyl)pyridin-3-
yhbutylamino)nicotinamido)propanoate, Isomer 2 (980 mg, 1.90 mmol) was dissolved in
water (5 mL) and THF (5 mL).Then LiOH (2.35 mL of a 2N aqueous solution, 5.70
mmol) was added. The mixture was stirred at room temperature for 2h. The mixture was
25 acidified to pH 5 with 1N aqueous HCI and extracted with EtOAc (5 mL*3). The
combined organic layers were dried over Na,SO4 and concentrated to dryness to give
3-(6-(3-methyl-1-(6-(4-(trifluoromethyl)phenyl)pyridin-3-
yl)butylamino)nicotinamido)propanoic acid, Isomer 2 (604.2 mg) as a colorless solid. 'H
NMR (400 MHz, CDs0OD) & 8.62 (s, 1H), 8.27 (m, 1H), 8.04 (m, 2H), 7.90 -7.86 (m, 3H),
30  7.69 (m, 3H), 6.73 (m, 1H), 5.09-5.01 (m, 1H), 3.47 (m, 2H), 2.49 (m, 2H), 1.89-1.77 (m,
1H), 1.72-1.58 (m, 2H), 0.95 (d, J= 6.4 Hz, 3H), 0.92 (d, J= 6.4 Hz, 3H). MS
(M+1)=501.3.

0.0’.0{— .l- 3_




(cyclopentyl(2-(4-(trifluoromethyl)phenyl)pyrinmndin-5-

yl ) met hyl am no) ni coti nam do) pr opanoate, Isonmer 1 (303.1 ng) as a colorless
solid. 1HvONR2A0880Q5MHz, Met hanol -d4) 58.92 (s, 2H), 8.5PCcidB20d+858s88Hz, 1H),
8.37 (s, 1H), 7.97 (d, J=8.0 Hz, 2H)157.78 (d, J=8.0 Hz, 1H), 6.83 (d,
J=8.0 Hz, 1H), 4.81-4.70 (m 151H), 3.54 (t, J=7.2 Hz, 2H), 2.58 (t, J=7.2
Hz, 2H), 2.52-2.49 (m 1H), 2.09-2.01 (m 1H), 1.78-1.47 (m 6H), 1.35-1.22
(m 1H. M5 (Mt1)=514.13. Step E:

3-(6-(cycl opentyl(2-(4-(trifluoronethyl)phem|)pyrim din-5-

y1) met hyl am no) n| cotl nam do propan0| c acid, Isomer 2  Methyl

3-(6-(cyc : /2)-3-46 laletd-(oo(tnfiugramathviipyridineg: | 5-

20yl ) met hy @ac,d sonmer 2 (460 ng, 0.872 mmol) was
di ssol ved 1 n water a%leous LiOH (4.4 m, 8.72
mmol ) was added. The m xture was stirre m tenperature for 2h. The

m xture was neutralized by addition ps HCl and extracted with

erd were dried over Na2504 and
3-(6-
enyl ) pyri m di n- 5-

5 Igomer 1 (308.9 ng) as a colorless
solid. 1H NWR (400 MHz, Methanol -d4) 58.|92\(§ 2H), 8.57 (d, J=8.0 Hz, 1H),
8.37 (s, 1H), 7.97 (d, J=8.0 Hz, 2H), 7.&(¢;FJ=8.0 Hz, 1H), 6.83 (d,
J=8.0 Hz, 1H), 4.81-4.70 (m 1H), 3.54 (t, Jg7.2 Hz, 2H), 2.58 (t, J=7.2
Hz, 2H), 2.52-2.49 (m 1H), 2.09-2.01 (m 1H), 301.78-1.47 (m 6H),
1.35-1. 22 (m Tlhe)tltlewen(pwnq wg3 prepared ysMpd MetvgsepoTs tBhatidesgrssEs 173

Exanmpl ¢ 4 le 1.25, usin ano hen Iboronlc acid and 2- chloro 5 trlfluor methyl)pyridine
3(6(1(2 Io?trlfluoo "YNMB envl yr(%mdln ( ? %33’

a
ni cot i naninddipprepaledees seidd, MOMH:arr@Da@@réps é8fas 38') 5, 28b1 Ay £.03
(trifluor gieaeyh%@ m'beﬁvj a wa fiod=o fh Rithy ¥ 88V AP)RICOHE NRD dQ)PRQPanci

Cld | so

(+/-)-1- (2424947 ﬁﬂ Pd:ér%ﬁ:e@ M/m pehd iz Hi. it Hi-h 98 (P | Dl Befrd=3:4 6(m, 2H),
2.46-2.49 (m, 2H), 1.77-1.67 (m, 2H), 1.64-1.50 (m, 1H), 0.87-0.92 (m, 6H). MS (M+1) =

10 501.3.
Example 4.23: 3-(6-(1-(2-methoxy-4'-(trifluoromethylbiphenyl-4-

ybutylamino)nicotinamido)propanoic acid

@) O
_ H
HN N

et hyl acetate.
concentrated to dryness to glv

Step A: 4-bromo-3-methoxybenzonitrile
N

Br
O

15
To a solution of 4-bromo-3-methoxyaniline (4 g, 19.8 mmol) in water (22 mL) was

added concentrated HCI (7 mL). After cooling to 0 °C, a solution of sodium nitrite (1.5 g,

22 mmol) in water (56 mL) was added dropwise. The resulting mixture was stirred at 0 °C

for 30 min. After neutralizing with solid potassium carbonate, the reaction mixture was
20 added to a mixture of copper () cyanide (2.13 g, 23.8 mmol) and potassium cyanide

(3.2 g, 50 mmol) in water (22 mL) at 70 °C. The reaction mixture was stirred at 70 °C for



To a -78 C solution of

2-(4-(trifluoronethyl)phenyl)pyrimdine-5-carbal dehyde (1.0 g, 10 3.96

nmol ) i n WBR0(22851¥E) was added n- propyl magnesi um br om dectaB®ii/ndssgf a 2. OM
solution in THF, 5.95 muol). The sol ut§ on was stirred at 0 C for two hours.
The m xture was quenched with saturated aqueous NH4Cl, dried over anhydrous
Na2504, filtered and concentrated under reduced pressure. The crude residue
was purified by silica gel chromatography to give
(+/-)-21-(2-(4-(trifluoromethyl)phenyl)pyrimdin- 5 yI)butan 1 oI 15 (1. 1 9)
as ared oil. 1H NWVR (400 MHz, CDCI3) 58.75 (s, Hz,

2H), 7. 68“@ dAftejcgoI@gpQ roozmjemgprqtgreél tr@ge@gﬁonl\%s exj_ragtgd 1NI©:|!ZO|(J%518 §|_1|qp mL

1. 85- 1. 63~ gMThaldbmbihed extrictd VetdWricd dver Qla%ﬁﬁlteré&%r% ddacertited uder

2012/ 085745PCT/ 1B2011/ 055588 174 Ste (+/-)-net

6- (1- ( 2- (BYUesY PWeﬁélFSnFﬂ%S‘?F)dHﬁé‘Wlp}Jﬂ{})‘?qPﬁﬁi'% g5 Ck}@mﬁgﬁa%tmtﬁ@)vr%.%ou nat e

N NO  F Sh@nd- @n%ttﬁﬂx&béw&nwﬁ‘lem 7g) asayellow solld 1HNMR 400 MHz, CDCls) d 7.64
(+-)- 1(2(4(tr|fluoronethy j)butanlOl(llg, 3.7

P
b0l ) el A Ho. (et 04 0 oS B L RGP IO Do b1 (1378, 0. 25 o
in THF (28tdp8: 2amsthddglad trhflubRInesIdy| pLNEarbeniftile 9. 9. 25 mmol ) fol | oned by
di et hyl azodi car y 0, e mxture was stirred at
40 C overnight. The reaction m Xt as diluted with water and extracted
with ethyl acetate. 10 The conbi ned gani c | ayers were dried over Na2SO4
and concentrated under reduced pressygrex"Ryrification by silica gel

2, M was di ssolved in

di chl oronet hane (30 nmL). The solution was coftred to O C. Trifluoroacetic
acid (3 nm) was added. The m xture was stirred for 2 h at room tenperature.
The mi xture was nibtlretc®d-bibinb- %mbmm;t@dz@qmmeowaﬁ@@% rﬁmdl)eéKtract ed 15 with

t hyl Th | , dri Na2SA,
ont concolih ooty TRty e (62 RR0T Be St 8 st Slofilaala vas
purifiied by, i0Bingaolyrl toliBhe (Bt @Dy @rhyatep(Bhpwastpurgedraithyltroged.1- ( 2- (4-

o R P DA el R o bt ) °

208. 53 ( drefllix3vérnidnt. T?lbl)rea@ioﬁ%litare \&dré)wa%ealm(hd/vatéﬁ@oo n’l‘ltan(ﬂéabtracﬂad56 ( d,

J =8. OOHggwjfpeth‘yEaicegat%‘? w 4$|_'Pé1§ cgnﬁwe%jrﬁrg@%xtrac swere rleg "\/eer"gzsol ; 35 (s,

filtered, and concentrated under reduced pressure. The residue was purified by silica

15 gel chromatography to give 2-methoxy-4'-(trifluoromethyl)biphenyl-4-carbonitrile (620
mg) as a colorless solid. "HNMR (400 MHz, CDCl3) 8 7.68 (d, J= 8.4 Hz, 2H), 7.60 (d,
J=8.4 Hz, 2H), 7.36-7.40 (m, 2H), 7.22 (s, 1H), 3.87 (s, 3H).

Step C: 3-(6-(1-(2-methoxy-4'-(trifluoromethyl)biphenyl-4-

yDbutylamino)nicotinamido)propanoic acid

20  The title compound was prepared using a method analogous to that described in
Example 1.25, Steps B — D, using 2-methoxy-4'-(trifluoromethyl)biphenyl-4-carbonitrile
and n-propylmagnesium bromide in Step B. Colorless solid. THNMR (400 MHz, CDs0OD)
0 8.44 (d, J= 2.0 Hz,1H), 7.83 (dd, J= 9.2, 2.0 Hz, 1H), 7.66 (s, 4H), 7.29 (d, J= 8.0 Hz,
1H), 7.14 (s, 1H), 7.08 (d, J= 8.0 Hz, 1H), 6.59 (d, J= 8.8 Hz, 1H), 3.83 (s, 3H), 3.57-

25 3.60 (m, 2H), 2.59-2.63 (m, 2H), 1.94-1.84 (m, 2H), 1.57-1.54 (m, 1H), 1.48-1.44 (m,
1H), 1.02 (t, J= 7.4 Hz, 3H). MS (M+1) = 516.3.



WO 2012/ 085745PCT/ 1B2011/ 055588 175 Step C. net hyl
3-(6-(1-(2-(4-(trifluoronethyl)phenvl)pyrimdin-5-v1)butylam no)

ni cot i namvoa)rmspatoat e, | soner 1 and net hyl PCT/IB2011/055588
3-(6-(1-(2-(4-(trifluoronethyl)phenyli}9
pvri m di n-5-vnbutyl am no) ni coti nam do) propanoate, |soner 2 5FF To

a solution of (+/-)-nmethyl 6-(1-(2-(4-(trifluoronethyl)phenyl)pyrimdin-5-
yl ) butyl am no) ni cotinate (796 ng, 1.85 nmol) in THF (10 nL) was added 2N
aqueous LiOH (8 nL, 16 nmol). The m xture was stirred at 50C overni ght. The
m xture was 1lOneutralized by addition of 1N agueous HCl and extracted with
et hyl aceEXmplefingd: SyBIweae) f-giriflug hybighenvl-¢d over Na2SO4 and
concentraﬁg%!t%@,qmb)m@ﬁﬁg,@mo%@@@@acidrhe resi due was dissolved in DMF (5
m.). HAT : g, 2.7 mmol) was added., The mj xture was stirred for 45

m n. Methyl 3-am nopropanoate hydrochl ofi de (33 ng, 2.7 mol ) and

N, N- di i sopropyl et hyl am ne (930 ny, - pe added. 15The resulting

m xture was stirred at roomtenper 2 h. The m xture was diluted

wi th aqueous NH4ClI. The organic [

Na2SO4, and concentrated unde
3-(6-(1-(2-(4- g
(trifluoronethyl)phenyl)pyrim di nO5-y1)
(1.0 g). Resolution by SFC (Colum: QJ
75: 25 20C2: et hanol, Flow rate: 80 ni/m n,
give nethyl 3-(6- onet hyl ) phenyl)

pyri mi di nSepA : ! H{h¢ do) propanoate, Isomer 1 (Retention tine
0.959 mn, 390 ng) and nethyl 3-(6n(1-(2-(4-

| am no) ni cot i nam do) pr opanoat e
20 mm* 20 pm Mobi | e phase:
Modi fier: 0.1%diethylamne) to

(trifluoromethyl)phenyl)pyrimdin-5- t yl am no) ni cot i nam do) pr opanoat e,
| soner 2 (Retention tine 1.87 mn, 40 . 25Step D

3-(6-(8-(2-(4-(trifluoronethyl)pheny?®)pyri i di n-5-yl)butyl am no) ni coti nanid
0) propanoi ¢ Bk doluliGP&RIbrbmo-2-hydrodyben8Hithl! (2 g, 10 mmol) in DMF (15 mL)
3-(6-(1-(2-4}4-(tr| f | uor onet hyl éphenﬁl ypyrimdin-5-

yl ) but yl affhprredrd iRdemaibppeldpdndae-2 Meehend polesgpmmgroayater@ 19l ) was

di ssol ved2pn MRAbE bt Koénme}ngamﬁjrwﬁme( Rixiled walGHUeed st rddnltbfbefadurd féfla2 9. 4

mol ) was_added, The WO 2012/085745PCT/ 1B2011/ 055588 176 m xt ure was
stirred atfhe sAsieembdyrammsSivise wih waipieand eigeiedwdd sl ereipieZAd8 ™y addi ti on
of 1N+gqueptrhe ldembitad o?%arﬁ@%&g welrd Brict HUdr afthRIrelseNa BT dharbhédfra®igani ¢

| ayers were dried over 2S4 and concentrated to dryness, to give
3-(6-(1-( gn({elf_reduced pressure to give 4-bromo-2-methoxybenzonitrile {2.08 g) as a yéllow

(111 11 ur Gt Ny NIV OIS 57 5414 B80Mni)0h 10 6 Ul dlaizpnapanoi c
act @, 1 SOTRE (@ J= 1.6 Hz, 1H), 3.87 (s, 3H).

Step B: 3-methoxy-4'-(trifluoromethylbiphenyl-4-carbonitrile

Na

15
To a solution of 4-bromo-2-methoxybenzonitrile (2.08 g, 9.81 mmol) and 4-

(trifluoromethyl)phenylboronic acid (2.80 g, 14.7 mmol), potassium fluoride (1.71 g, 29.4
mmol) and Pd(PPhs)4 (1.13 g, 0.98 mmol) in toluene (40 mL) added water (10 mL). The
mixture was stirred at 110 °C for 12 h. The reaction mixture was diluted with water and

20  extracted with ethyl acetate (20 mL x 3). The combined organic layers were dried over
anhydrous Na>SO4 and concentrated under reduced pressure. Purification by silica gel
chromatography gave 3-methoxy-4'-(trifluoromethyl)biphenyl-4-carbonitrile (2.66 g) as a
colorless solid. '"H NMR (400 MHz, CDCls) 5 7.67 (d, J=8.4 Hz, 2H), 7.63-7.56 (m, 3H),
7.15 (dd, J= 8.0, 1.2 Hz, 1H), 7.06 (s, 1H), 3.95 (s, 3H).



5(261 ng) as a colorless solid. 1H NVR (400 MHz, Methanol-d4) 6 8.87 (s,

2H), 8.50 (d, J=8.0 Hz, 2H), 8.39 (s, 1H), 7.82 (d, J=8.8 Hz, 1H), 7.77 (d,
J=8.8 Hz,wbMp12/85B3 (d, J=8.8 Hz, 1H), 5.11-5.07 (m 1HpPCTABHAE1/(35588)=6. 8
Hz, 2 H, 2.57 (t, J=6.8 Hz, 2H), 1.98 1.71 (m 2H), 1.43-1.62 (m 2H),
1.00 (t, J=7.2 Hz, 2H). M5 ( M+1l)=488.1. Step E:

3-(6- (1 (2-(4- (trlfluororrethyl)phenyl)pyrlmdln 5-yl ) butyl am no) ni coti nam d
0) 10propanoic acid, |soner 2 The net hyl

3-(6-(1-(2-(4- (trlfluororrethyl)phenyl)pyrlmd|n 5-

yl ) but yl arsn no) ni cot1| namtdo) propanoat e 0.80 nmol ) was

di ssol ved=2{R wai e pethogd-(triflgoromeryvbiohgmdAr)d oyl & (4.0 nL, 8.0

nol ) Wasn,@gm,dajpg,gahg,g%@ was stirred at roomtenperature for 2h. The

m xture was neutra Ize addi tion 15 of 1N aqueous HClI and extracted with
ethyl acetate. hmélewmoH@%Wa? GERREC] UG 3 PRRspeurg analgaevile thetstssaribedqd

concent raﬁ@(émblélﬂlﬂae§@ SBO— ] N@ng%-(‘fﬁ;tlﬁéky(@(t(lﬂuoromethyl)blphenyl 4-
(trifluoronmeth phenyl rimdjn- but Iam no) ni cotl na pr opanoi c

aci d, Fsoﬁ%’POQ'}/r ‘??r?d Wﬁf"pé( %”@6‘!16}*?@%‘ edBStep Ba&PIRiRSS S269 WMEI\%%anoI d4)
6 8.87 (SMI-&Hst(aDZ@ (37, (d33%82© HﬂnH?P@oo 39—&(2 24H)z;1|-?) 8%3((61 J=BBHE, Hz,
1H), 7.77 é— 1-5 07 (m  1H),
3.55 (t, QHB Tgl4 4, J=8. @4}42 %H)ﬁ 4@t(d BGOHZHW) éﬁ? (d, 1J-é87 H%L 11"_12 (AP (

1.43-1. 6248w, ZlﬁHz 1HP@ 7(7t(d J——'878 EleZH 8'?)25 MB(nG M)lz) 62@@ 1H), Bk cal data

G ucaqon cAVP as 3/ used to determ ne
the abili {91 %@H@r@?v%“ gamcaaaa %ﬂh&&'ﬁn %%G-ﬂé‘wmo@lé d|Q?c(&chrﬁ 4 RaudBd cAwP
produgti oms (IRA)Me)ﬂsn@B gl ucagon ant agoni sts are re-suspended and diluted in
100% DVMSO_ Prior to _use |ni e d uca%on cAI\/P assa . 100x DMBO conpound
stocks ar 8XaNPlEAeed: 3dO-(Ji(¢-44-fliitoremetnoxphy HMIEH2R) contai ning either
0.1% or 4%tﬁ$ﬁamﬁ1@${ﬁcdﬁﬁa@tjo§‘{9mﬂtﬂa(ﬁd ocks are spotted into the
30appropriate wells of | ow bindi ng whi te sol i bottom 384 well plates
(Corning). 2uls of 5% DVBO or known Iu agon tagonl st are added to each
plate to define the assay w ndow. sbably transfected with the
human gl ucagon receptor are remoye f |E,Lulture flasks with cell

di ssoci ation buffer. Cell pell etE ar8 re- suspended, at a concentration of
8.3e5 cells/m in DVEM F12 w Nnout 4% BSA and 200uM I BWX. WO
2012/ 085745PCT/ 1B2011/ 055588 177 6u s/,bf iell suspen5| ons are added to the

assay plates. Plates are incubated fb Froomtenperature prior to
the addition of a 100pM chal | enge dose o on. On a separate plate
gl ucagon dose response curves are run to det erm ne the EC50 of (ﬂl ucagon.

After a 30R% HiG SRIARAUERYESAIERACd HBING AtArefPit eanakgous dnthrkdgseFiRehitt ed by t he
Saddi 15 onEQREmpl¥S. 1, BihG erbgsraldah e shd NerdeM cHIRFRGtiinRihg i0ZI&NASand4-at es
are | nCUb((3}[|'E|f?u(:|orcf)methoxy)phenylboronlc acid in Step B. Colorless solid. "H NMR (400 MHz,
CD3;OD) © 8.85 (s, 2H), 8.48 (d, J=8.8 Hz, 2H), 8.38 (d, J=2 Hz, 1H), 7.92 (d, J=8.4 Hz,
1H), 7.38 (d, J=8.8 Hz, 2H), 6.75 (d, J=8.4 Hz, 1H), 5.04-5.08 (m 1H), 3.54-3.58 (m,
2H), 2.57-2.60 (m, 2H), 1.99-1.89 (m, 2H), 1.57-1.44 (m, 2H), 1.01 (t, J=7.2 Hz, 3H). MS
20 (M+1)=504.2.

Example 4.26: 3-(6-(cyclopentyl(4'-fluorobiphenyl-4-yl)methylamino)nicotinamido)

propanoic acid, Isomer 1and Example 4.27: 3-(6-(cyclopentyl(4'-fluorobiphenyl-4-

yl)methylamino)nicotinamido)propanoic acid, Isomer 2

0 0
NN OH
| H | H

7
N

HN ® a0

25



an additional 60 mn at roomtenperature prior to being read on the Perkin
El mer fluorescent plate reader. Raw is converted to nM of cAMP produced
based on wocAMPsst4andard curve. Converted data is then aoalipmadoissssng t he
Pfizer data analysis program |C50valiges are determ ned fromthe generated
si gnoi dal dose response 10curves. Kb values are the cal culated using a
nodi fi ed Cheng-Prusoff equation. The data is provided below in Table 1.

Tabl e 1: cAMP Data Exanpl e Nunmber N(numnberoftinmes assayed) cAWP kb (nm 1.1
23 1700 1.2 8 140 1.3 23 73 1.4 10 560 1.5

OO

To a solution of 4-bromobenzonitrile (4.0 g, 22 mmol) and 4-fluorophenylboronic

Step A: 4'-fluorobiphenyl-4-carbonitrile

Na

acid (4.6 g, 32 mmol) in 4:1 toluene:water (100 mL) were added potassium fluoride (3.8
5 @, 66 mmol) and Pd(PPhs)4 (2.5 g, 2.2 mmol). The resulting mixture was stirred at reflux
for 12 h. The mixture was cooled to room temperature and extracted with ethyl acetate
(30 mL*3). The combined organic layers were washed with water, brine, dried over
anhydrous Na>SO4 and concentrated under reduced pressure. Purification of the crude
residue by silica gel chromatography gave 4'-fluorobiphenyl -4-carbonitrile (4.2 g) as a
10 colorless solid. 'H NMR (400 MHz, CD30D) & 7.69 (s, 4H), 7.63-7.60 (m, 2H), 7.15-7.10
(m, 2H).
Step B: (+/-)-methyl 3-(6-(cyclopentyl(4'-fluorobiphenyl-4-

yl)methylamino)nicotinamido)propanoate

ﬁj\N/\)j\o/
| ) H
HN N

L

(+/-)-methyl 3-(6-(cyclopentyl(4'-fluorobiphenyl-4-yl)methylamino)nicotinamido)

15

propanoate was prepared using a procedure analogous to that described in Example
1.25, Steps B — D, using 4'-fluorobiphenyl-4-carbonitrile and cyclopentylmagnesium
bromide in Step B.

20 Step C: Methyl 3-(6-(cyclopentyl(4'-fluorobiphenyl-4-yl)methylamino)nicotinamido)

propanoate, Isomer 1 and Methyl 3-(6-(cyclopentyl(4'-fluorobiphenyl-4-

yl)methylamino)nicotinamido)propanoate, Isomer 2
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(+/-)-methyl 3-(6-(cyclopentyl(4'-f|uorobipheny|-4-y|)methylamino)nicotinamido)
propanoate was resolved by SFC (Column: Chiralpak AS-H 150 x 4.6 mm x 5 pym;
Mobile phase: 5 to 40% ethanol in CO,, modifier: 0.05% diethylamine, flow rate: 3

5 mL/min) to give methyl 3-(6-(cyclopentyl(4'-fluorobiphenyl-4-yl)methylamino)
nicotinamido)propanoate, Isomer 1 (retention time: 3.89 min) and methyl 3-(6-
(cyclopentyl(4'-fluorobiphenyl-4-yl)methylamino)nicotinamido)propanoate, Isomer 2
(retention time: 4.08 min).

Step D: 3-(6-(cyclopentyl(4'-fluorobiphenyl-4-yl)methylamino)nicotinamido) propanoic

10  acid, Isomer 1
To a solution of methyl 3-(6-(cyclopentyl(4'-fluorobiphenyl-4-
yDmethylamino)nicotinamido)propanoate, Isomer 1(540 mg, 1.14 mmol) in THF (15 mL)
was 15 mL 2N aquous lithium hydroxide. The mixture was stirred at 30 °C for 2 h. The
mixture was neutralized with 1N aqueous HCI and extracted with ethyl acetate (20

15 mL*3). The combined organic layers were dried over Na,SO,4 and concentrated under
reduced pressure to give 3-(6-(cyclopentyl(4'-fluorobiphenyl-4-
yl)methylamino)nicotinamido)propanoic acid, Isomer 1 (290.1 mg) as a colorless solid.
"H NMR (400 MHz, CD30D) 58.18 (s, 1H), 8.07 (dd, J=9.8, 2.0Hz, 1H), 7.48-7.51 (m,
4H), 7.39 (d, J=8.0Hz, 2H), 7.02-7.07 (m, 2H), 6.98 (d, J=9.6 Hz, 1H), 4.48 (d, J=9.2Hz,

20  1H), 3.45-3.48 (m, 2H), 2.47-2.50 (m, 2H), 2.37-2.31 (m, 1H), 1.94-1.90 (m, 1H), 1.65-
1.35 (m, 6H), 1.29-1.26 (m, 1H). MS (M+1) = 461.9.
Step E: 3-(6-(cyclopentyl(4'-fluorobiphenyl-4-yl)methylamino)nicotinamido) propanoic

acid, Isomer 2
To a solution of methyl 3-(6-(cyclopentyl(4'-fluorobiphenyl-4-

25  ylmethylamino)nicotinamido)propanoate, Isomer 2 (480 mg, 1.01 mmol) in THF (15
mL) was added 15 mL 2N aqueous lithium hydroxide. The mixture was stirred at 30 °C
for 2 h. The mixture was neutralized with 1N aqueous HCI and extracted with ethyl
acetate (20 mL*3). The combined organic layers were dried over Na,SO4 and
concentrated to dryness to give 3-(6-(cyclopentyl(4'-fluorobiphenyl-4-

30  yl)methylamino)nicotinamido)propanoic acid, Isomer 2 (273.2 mg) as a colorless solid.
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"H NMR (400 MHz, CDsOD) 88.18 (s, 1H), 8.07 (dd, J=9.6, 2.0Hz, 1H), 7.48-7.51 (m,
4H), 7.39 (d, J=8.0Hz, 2H), 7.02-7.07 (m, 2H), 6.98 (d, J=9.6 Hz, 1H), 4.48 (d, J=9.2Hz,
1H), 3.45-3.48 (m, 2H), 2.47-2.50 (m, 2H), 2.37-2.31 (m, 1H), 1.94-1.90 (m, 1H), 1.65-
1.35 (m, 6H), 1.29-1.26 (m, 1H). MS (M+1) = 462.0.

Example 4.28: 3-(6-(cyclopentyl(2-(4-(trifluoromethyl)phenyl)pyrimidin-5-

yl)methylamino)nicotinamido)propanoic acid

The title compound was prepared using a procedure analogous to that described in
Example 4.19, using cyclopentanecarbaldehyde and 5-bromo-2-chloropyrimidine in
Step A, and 4-(trifluoromethyl)phenylboronic acid in Step B. Colorless solid. '"H NMR
(400 MHz, CD3s0D) & 9.03 (s, 2H), 8.68 (d, J=8.0Hz, 2H), 8.45 (d, J=1.6Hz 1H), 8.16-
8.18 (m, 1H), 7.89 (d, J=8.4Hz, 2H), 7.04-7.06 (m, 1H), 4.89 (d, J=10.0Hz, 1H), 3.65-
3.68 (m, 2H), 2.67-2.70 (m, 2H), 2.62-2.56 (m, 1H), 2.16-2.13 (m, 1H), 1.86-1.58 (m,
6H), 1.43-1.38 (m, 1H). MS (M+1) =514.2.
Example 4.29: 3-(6-((tetrahydro-2H-pyran-4-y)(4'-(trifluoromethyl)biphenyl-4-
yDmethylamino)nicotinamido)propanoic acid, Isomer 1 and
Example 4.30: 3-(6-((tetrahydro-2H-pyran-4-y)(4'-(trifluoromethylbiphenyl-4-
yDmethylamino)nicotinamido)propanoic acid, Isomer 2

0] 0] @] O

/
Iz
o]
I

120



178 1.20 1 1000 1.21 1 520 1.22 1 6700 1.23 6 300 1.24 2 1600 1.25 4 95
1.26 4

WO 2012/085745 PCT/IB2011/055588
164

Step A: (+/-)-methyl 3-(6-((tetrahydro-2H-pyran-4-y)(4'-(trifluoromethyl)biphenyl-4-

yl)methylamino)nicotinamido)propanoate

5  (+/-)-methyl 3-(6-((tetrahydro-2H-pyran-4-yl)(4'-(trifluoromethyl)biphenyl-4-
yl)methylamino)nicotinamido)propanoate was prepared using a method analogous to
the described in Example 4.13, Steps B — F, using tetrahydro-2H-pyran-4-carbaldehyde
and 4-bromo-4'-(trifluoromethyl)biphenyl in Step B. Colorless solid. H NMR (400 MHz,
CDCls) 0 8.45 (d, J=1.95 Hz, 1H), 7.75 (dd, J=8.8, 2.3 Hz, 1H), 7.61-7.68 (m, 4H), 7.53

10  (d, J=8.2Hz, 2H), 7.36 (d, J=8.2 Hz, 2H), 6.53-6.62 (m, 1H), 6.27 (d, J=8.6 Hz, 1H),
5.62-5.74 (m, 1H), 4.49-4.58 (m, 1H), 3.90-4.07 (m, 2H), 3.59-3.72 (m, 5H), 3.26-3.42
(m ,2H), 2.56-2.62 (m, 2H), 1.92-2.05 (m, 1H), 1.80-1.90 (m, 1H), 1.31-1.58 (m, 3H).
Step B: methyl 3-(6-((tetrahydro-2H-pyran-4-y)(4'-(trifluoromethyhbiphenyl-4-

yl)methylamino)nicotinamido)propanoate, Isomer 1 and methyl 3-(6-((tetrahydro-2H-

15  pyran-4-y)(4'-(trifluoromethybiphenyl-4-ylYmethylamino)nicotinamido) propanoate,
O* ? O*

O‘w“‘w

(+/-)-Methyl 3-(6-((tetrahydro-2H-pyran-4-yl)(4'-(trifluoromethyl)biphenyl-4-

yh)methylamino)nicotinamido)propanoate was resolved by SFC (Column: Chiralpak AD-

Isomer 2

20 H 10 x 250 mm; Mobile phase: 50% methanol in CO,; modifier:none; flow rate: 10
mL/min)) to give methyl 3-(6-((tetrahydro-2H-pyran-4-yl)(4'-(trifluoromethyl)biphenyl-4-

yl)methylamino)nicotinamido)propanoate, Isomer 1 (retention time 6.55 min) and methyl
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3-(6-((tetrahydro-2H-pyran-4-yl)(4'-(trifluoromethyl)biphenyl-4-
yl)methylamino)nicotinamido)propanoate, Isomer 2 (retention time: 14.45 min).
Step C: 3-(6-((tetrahydro-2H-pyran-4-yl)(4'-(trifluoromethyl)biphenyl-4-
yhmethylamino)nicotinamido)propanoic acid, Isomer 1

5 Methyl 3-(6-((tetrahydro-2H-pyran-4-yl)(4'-(trifluoromethyl)biphenyl-4-

yl)methylamino)nicotinamido)propanoate, Isomer 1 (165 mg, .30 mmol) was dissolved

in methanol (3 mL). 3 mL 1N aqueous sodium hydroxide was added and the mixture
stirred 1h at room temperature. The reaction mixture was concentrated under reduced
pressure. The residue was dissolved in 5 mL water and the solution adjusted to pH 3 by
10  addition of 1N aqueous HCI. The resulting mixture was extracted with ethyl acetate. The
organic layer was dried over MgSQ,4 and concentrated to give a colorless solid. The
solid was stored in a 70 °C vacuum oven overnight to give 3-(6-((tetrahydro-2H-pyran-4-
yh)(4'-(trifluoromethyl)biphenyl-4-yl)methylamino)nicotinamido)propanoic acid, Isomer 1
as a colorless solid. "H NMR (400 MHz, CDCl3) & 9.55 (d, J=5.0 Hz, 1H), 8.16-8.24 (m,
15  2H), 7.91 (br, s, 1H), 7.59-7.70 (m, 4H), 7.55 (d, J=8.19 Hz, 2H), 7.39 (d, J=8.19 Hz,
2H), 6.52 (d, J=9.56 Hz, 1H), 4.23-4.32 (m, 1H), 3.93-4.11 (m, 2H), 3.63-3.82 (m, 2H),
3.28-3.48 (m, 2H), 2.58-2.68 (m, 2H), 2.04-2.18 (m, 1H), 1.84-1.96 (m, 1H), 1.44-1.65
(m, 2H), 1.32-1.43 (m, 1H). MS (M+1)= 528.6.
Step D: 3-(6-((tetrahydro-2H-pyran-4-y1)(4'-(trifluoromethyl)biphenyl-4-
20  ylhmethylamino)nicotinamido)propanoic acid, Isomer 2
Methyl 3-(6-((tetrahydro-2H-pyran-4-yl)(4'-(trifluoromethyl)biphenyl-4-

yl)methylamino)nicotinamido)propanoate, Isomer 2 (170 mg, .31 mmol) was dissolved

in methanol (3 mL). 3 mL 1N aqueous sodium hydroxide was added and the mixture
stirred 1h at room temperature. The reaction mixture was concentrated under reduced

25 pressure. The residue was dissolved in 10 mL water and the solution adjusted to pH 3
by addition of 1N aqueous HCI. The resulting mixture was extracted with ethyl acetate.
The organic layer was dried over MgSQO,4 and concentrated to give a colorless solid. The
solid was stored in a 70 °C vacuum oven overnight to give 3-(6-((tetrahydro-2H-pyran-4-
yh(4'-(trifluoromethyl)biphenyl-4-yl)methylamino)nicotinamido)propanoic acid, Isomer 2

30 as a colorless solid. "H NMR (400 MHz, CDCls) & 9.55 (d, J=5.0 Hz, 1H), 8.16-8.24 (m,
2H), 7.91 (br, s, 1H), 7.59-7.70 (m, 4H), 7.55 (d, J=8.19 Hz, 2H), 7.39 (d, J=8.19 Hz,
2H), 6.52 (d, J=9.56 Hz, 1H), 4.23-4.32 (m, 1H), 3.93-4.11 (m, 2H), 3.63-3.82 (m, 2H),
3.28-3.48 (m, 2H), 2.58-2.68 (m, 2H), 2.04-2.18 (m, 1H), 1.84-1.96 (m, 1H), 1.44-1.65
(m, 2H), 1.32-1.43 (m, 1H). MS (M+1)= 528.6.
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Example 4.31: 3-(4-(3-methyl-1-(2-(4-(trifluoromethyphenyDpyrimidin-5-
ylamino)butyl)benzamido)propanoic acid
H
O, N OH
F e ~
(¢}
F
N
]
NJN

The title compound was prepared by a decaborane reductive amination reaction
5 of the 4-trifluoromethylphenylpyrimidine-5- carbaldehyde with the corresponding
appropriate amine. 'H NMR (400 MHz, CHLOROFORM-d) & ppm 0.93 (d, J=6.24 Hz,
3 H)0.98 (d, J=6.24 Hz, 3 H) 1.53 - 1.85 (m, 3 H) 2.66 (t, J=5.76 Hz, 2 H) 3.69 (d,
J=5.85 Hz, 2 H) 4.47 (dd, J=7.90, 5.95 Hz, 1 H) 6.96 - 7.05 (m, 1 H) 7.38 (d, J=8.19 Hz,
2H)7.69 (m, 4 H)8.22 (d, J=8.19 Hz, 2 H) 8.33 (s, 2 H). LCMS: m/z = 501.2 [M+H].
10 Example 4.32: 3-(3-(3-methyl-1-(2-(4-(trifluoromethylphenylpyrimidin-5-

ylamino)butvyl)picolinamido)propanoic acid

(0] H OH
F
F (0]
F | ~N
/N | Z
NJ\N
H

The title compound was prepared by a decaborane reductive amination reaction
of the 4-trifluoromethylphenylpyrimidine-5- carbaldehyde with the corresponding
15 appropriate amine. LCMS: Instrument: Minnie, RT = 3.63 min, m/z = 502.4 MH+
N, 3-dimethoxy-N-methylcyclobutanecarboxamide
@)

OMe

7

N
\

—0 diastereomer A (less polar on TLC)

Dichloromethane (20 mL) was added to the vial containing 3-
methoxycyclobutanecarboxylic acid (1:1 isomers, 1500 mg, 11.53 mmol), N-
20  methoxymethanamine.HCI (1514 mg, 15.53 mmol) and HATU (6570 mg, 17.3 mmol).
Hunig's base (8.03 mL, 46.1 mmol) was then added. The mixture was stirred at room

temperature overnight. The mixture was diluted with H20 and extracted with EtOAc
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three times. Insoluble solids were observed in the aqueous layer. The combined organic
layers were washed with brined, dried over Na2S04 and concentrated. The crude was
dissolved in EtOAc and loaded to the column and purified by CombiFlash (40 g silica
gel, EtOAc/heptane: 0->50%), leading to less polar diastereomer A and slightly more

5 polar diastereomer B. Diastereomer A: H NMR (400 MHz, CHLOROFORM-d) & ppm
2.09-225(m,2H)2.43-2.57 (m,2H)3.17 (s, 3H) 3.23 (s, 3H) 3.43 (m, 1 H) 3.63 (s,
3 H)3.98-4.09 (m, 1 H). GCMS: observed 173 for C8H15NO3.

(3-methoxycyclobutyl)(4'-(trifluoromethyl)biphenyl-4-ylYmethanol

10 nBuLi (1.27 mL, 1.6 M, 2.03 mmol) was added to the biphenyl bromide (610 mg,
2.03 mmol) in THF (4 mL) at-78 °C. The resulting greenish solution was stirred for 1 h.

The less polar diastereomer A made above in THF (2 mL) was added at-78 °C and
stirred at 0 °C for 30 minutes and room temperature for 2 h. Quenched with 1 N HCI and
extracted with EtOAc three times. The combined organic layers were washed with

15 brined, dried over Na,SO,4 and concentrated. The crude was purified by CombiFlash (4
g silica gel, EtOAc/heptane: 0->40%), leading to the desired product. 'H NMR (400
MHz, CHLOROFORM-d) 6 ppm 2.38 (m, 2 H) 2.67 (m, 2 H) 3.30 (s, 3 H) 3.96 - 4.10 (m,
2H)6.93-6.97 (m,2H)7.47-7.51 (m,2H) 7.66 - 7.69 (m, 2 H) 7.97 - 8.02 (m, 2 H)

Sodium borohydride (56.5 mg, 1.50 mmol) was added to the solution of the

20  ketone (200 mg, 0.598 mmol) made above in methanol (5 mL) at 0 °C. The mixture was
stirred at room temperature for 20 minutes and quenched with 1 N HCI. The mixture
was extracted with EtOAc three times. The combined organic layers were washed with
brine, dried over sodium sulfate and concentrated. The crude was purified by
CombiFlash (4 g silica gel, EtOAc/heptane: 0->50%), leading to the desired product. 'H

25 NMR (400 MHz, CHLOROFORM-d) 6 ppm 1.97 (br.s., 1 H), 2.03 (m, 3 H) 2.27 - 2.44
(m,1H)2.53-2.73(m,1H)3.22 (s, 3H)3.89-4.04 (m, 1H)4.63-4.74 (m, 1H)7.42
(d, J=8.19 Hz, 2 H) 7.57 (d, J=8.39 Hz, 2 H) 7.67 (s, 4 H). LCMS: m/z = 319.1 [M-OH].
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Example 4.33: 3-(6-({3-methoxycyclobutyl)(4'-(trifluoromethybiphenyl-4-

yl)methylamino)nicotinamido)propanoic acid

"H NMR (400 MHz, CHLOROFORM-d) 5 ppm 2.05 (m, 2 H) 2.14 - 2.33 (m, 2 H) 2.71
5 (M2H)289(m,1H)3.64 (m,2H)3.95(m, 1H)4.31-4.51 (m,1H)6.65(m, 1H)

7.40 (d, J=7.80Hz, 2H)7.58 (d, J=7.61Hz, 2H)7.60-7.71 (m, 4H)7.71-7.86 (m, 1

H) 8.32 (d, J=9.36 Hz, 1 H) 8.82-9.06 (m, 1 H) 9.40 - 9.61 (m, 1 H). LCMS: m/z =

528.1 [M+H].

(tetrahydro-2H-pyran-3-y1)(4'-(trifluoromethylbiphenyl-4-yl)methanol

10 F  diastereomer A

A solution of the corresponding bromide (1000 mg, 3.32 mmol) in tetrahydrofuran

(30 mL) was cooled to -78 °C. n-BuLi (2.08 mL, 1.6 M in hexane, 3.32 mmol) was added
and the mixture was stirred at -78 °C for 30 min. Pyran-3-carbaldehyde (379 mg, 3.32
mmol) in tetrahydrofuran (2 mL) was added via syringe. The mixture was stirred at -78

15 °C for 30 min and then warmed to room temperature. Ammonium chloride (5 mL,
saturated aq) was added and the mixture was extracted with ethyl acetate. The organic
layer was dried over sodium sulfate and concentrated. The crude was purified by
chromatography. 12 g silica gel column eluting with 0-50% EtOAc in heptanes, leading
to two diastereomers: more polar diastereomer A (192 mg, 17.2%) and less polar

20 diastereomer B (487 mg, 43.6%). For more polar diastereomer A (192 mg, 17.2%) H
NMR (400 MHz, CHLOROFORM-d) 6 ppm 1.20 (m, 1 H) 1.38 - 1.62 (m, 3 H) 1.85 -
1.99 (m, 1 H)3.40 (m, 1 H)3.73 - 3.86 (m, 2 H) 4.06 - 4.20 (m, 1 H) 4.45 (d, J=8.39 Hz,
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1H)7.38 (d, J=8.19 Hz, 2 H) 7.50 - 7.61 (m, 2 H) 7.66 (s, 4 H). LCMS: m/z = 319.2 for
[M-OH].

Example 4.34: 3-(6-((tetrahydro-2H-pyran-3-yl)(4'-(trifluoromethyl)biphenyl-4-

yl)methylamino)nicotinamido)propanoic acid

0 0
KE)J\N/\)J\OH
~ H
HN N
T O
s

F

5 F
The compound was prepared from the more polar diastereomeric alcohol A using

a Mitsunobu coupling reaction with the appropriate amine. '"H NMR (400 MHz,

CHLOROFORM-d) & ppm 1.69 (m, 3 H) 2.13 (m, 2 H) 2.54 - 2.65 (m, 2 H) 3.27 (dd,

J=11.41, 8.29 Hz, 1 H) 3.45- 3.64 (m, 2 H) 3.71 (m, 3 H) 4.36 - 4.51 (m, 1 H) 6.53 (d,
10 J=9.95 Hz, 1 H) 7.41 (d, J=8.19 Hz, 2 H) 7.55 (d, J=8.19 Hz, 2 H) 7.58 - 7.75 (m, 5 H)

8.10-8.21 (m, 2H) 9.35 (m, 1 H). LCMS: m/z = 528.3 [M+H].

Example 4.35: 3-(6-(cyclopentyl(2-(4-(trifluoromethyl)phenyl)pyrimidin-5-

ylmethylamino)nicotinamido)propanoic acid, Isomer _and Example 4.36: 3-(6-

(cyclopentyl(2-(4-(trifluoromethylphenypyrimidin-5-

15  yDmethylamino)nicotinamido)propanoic acid, Isomer 2

O, i H
’, N '\ N I X
% N~ (0] | N N~ O
N__-N NH N. 2N NH

oﬁj oﬁ)/

OH OH
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Step A: (+/-)-cyclopentyl(2-(4-(trifluoromethyl)phenylpyrimidin-5-yl)methanol

HO N F
/ \>_< >_‘_|:
=N

F

To a -78 °C solution of 2-(4-(trifluoromethyl)phenyl)pyrimidine-5-carbaldehyde
(1.0 g, 3.96 mmol) in THF (6 mL) was added cyclopentylmagnesium bromide (2.97 mL
of a 2.0M solution in THF, 5.95 mmol). The solution was stirred at 0 °C for two hours.
The mixture was quenched with saturated aqueous NH4ClI, dried over anhydrous
Na,SQ,, filtered and concentrated under reduced pressure. The crude residue was
purified by silica gel chromatography to give cyclopentyl(2-(4-
(trifluoromethyl)phenyl)pyrimidin-5-yl)methanol (1.0 g) as a red oil.
"H NMR (400 MHz, CDCl3) 5 8.20 (s, 2H), 8.57 (d, J=8.0 Hz, 2H), 7.75 (d, J=8.0 Hz,
2H), 4.62-4.51(m, 1H), 2.30-2.22 (m, 1H), 2.21-2.17 (m, 1H), 1.93-1.82 (m, 1H), 1.72-
1.49 (m, 6H), 1.37-1.13 (m, 1H).
Step B: (+/-)- methyl 6-(cyclopentyl(2-(4-(trifluoromethyl)phenyl)pyrimidin-5-

yl)methylamino)nicotinate

H

NI\
I\N/ O
N_-N _0O
F F

F
To a 0 °C mixture of cyclopentyl(2-(4-(trifluoromethyl)phenyl)pyrimidin-5-
yl)methanol compound 3 (1.0 g, 3.1 mmol) and methyl 6-(tert-
butoxycarbonylamino)nicotinate (1.17 g, 4.65 mmol) in THF (20 mL) was added
triphenylphosphine (2.03 g, 7.75 mmol) followed by diethyl azodicarboxylate (1.35 mg,
7.75 mmol). The mixture was stirred at 40 °C overnight. The reaction mixture was
diluted with water and extracted with ethyl acetate. The combined organic layers were
dried over Na>SO4 and concentrated under reduced pressure. Purification by silica gel
chromatography gave 900 mg of the t-butylcarbamate, which was dissolved in
dichloromethane (30 mL). The solution was cooled to 0 °C. Trifluoroacetic acid (3 ml)
was added. The mixture was stirred for 2 h at room temperature. The mixture was

diluted with saturated aqueous NaHCO3 and extracted with ethyl acetate. The organic
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layer was washed with water, dried over Na,SQO., and concentrated to dryness under
reduced pressure. The crude residue was purified by silica gel chromatography to give
(+/-)- methyl 6-(cyclopentyl(2-(4-(trifluoromethyl)phenyl)pyrimidin-5-
yl)methylamino)nicotinate (723.3 mg) as a colorless solid. 'H NMR (400 MHz, CDCl3) &
5 9.09 (s, 2H), 9.05 (s, 1H), 8.57 (d, J=8.0 Hz, 2H), 8.22 (d, J=8.0 Hz, 1H), 7.74 (d, J=8.0
Hz, 2H), 7.51 (d, J=8.0 Hz, 1H), 5.54-5.51(m, 1H), 3.95 (s, 3H), 3.22-3.10 (m, 1H), 1.81-
1.69 (m, 1H), 1.68-1.52 (m, 5H), 1.42 (s, 9H), 1.31-1.12 (m, 2H).
Step C: methyl 3-(6-(cyclopentyl(2-(4-(trifluoromethyl)phenyl)pyrimidin-5-

ylYmethylamino)nicotinamido)propanoate, Isomer 1 and Methyl 3-(6-(cyclopentyl(2-(4-

10  (trifluoromethylphenyl)pyrimidin-5-yl)methylamino) nicotinamido)propanoate, Isomer 2

To a solution of (+/-)- methyl 6-(cyclopentyl(2-(4-(trifluoromethyl)phenyl)
pyrimidin-5-yl)methylamino)nicotinate (972 mg, 2.13 mmol) in THF (10 mL) was added

15 2N aqueous LiOH (10.7 mL, 21.4 mmol). The mixture was stirred at 50 °C overnight.
The mixture was neutralized by addition of 1N aqueous HCI and extracted with ethyl
acetate. The combined organic layers were dried over Na,SO,4 and concentrated under
reduced pressure. The residue was dissolved in DMF (5 mL). HATU (1.19 g, 3.15
mmol) was added. The mixture was stirred for 45 min. Methyl 3-aminopropanoate

20  hydrochloride (435 mg, 3.15 mmol) and N,N-diisopropylethylamine (1.08 g, 8.4 mmol)
were added. The resulting mixture was stirred at room temperature for 2 h. The mixture
was diluted with aqueous NH4CI. The organic layer was washed with water, dried over
Na,SO,4, and concentrated under reduced pressure to give crude (+/-)-methyl 3-(6-
(cyclopentyl(2-(4-(trifluoromethyl)phenyl)pyrimidin-5-

25  yl)methylamino)nicotinamido)propanoate (1.2 g). Resolution by SFC (Column: AD 250
mm*20 mm* 5 ym, Mobile phase: 45:55 CO2:methanol, Flow rate: 80 mL/min, Modifier:
0.1% diethylamine) to give methyl 3-(6-(cyclopentyl(2-(4-
(trifluoromethyl)phenyl)pyrimidin-5-yl)methylamino)nicotinamido)propanoate, Isomer 1

(Retention time 1.36 min, 450 mg) and methyl 3-(6-(cyclopentyl(2-(4-
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(trifluoromethyl)phenyl)pyrimidin-5-yl)methylamino)nicotinamido)propanoate, Isomer 2
(Retention time 3.50 min, 460 mg).
Step D: 3-(6-(cyclopentyl(2-(4-(trifluoromethyl)phenylpyrimidin-5-

ylimethylamino)nicotinamido)propanoic acid. Isomer 1

Methyl 3-(6-(cyclopentyl(2-(4-(trifluoromethyl)phenyl)pyrimidin-5-
yl)methylamino)nicotinamido)propanoate, Isomer 1 (450 mg, 0.853 mmol) was
dissolved in water (5 mL) and THF (5 mL).2N aqueous LiOH (4.3 mL, 8.53 mmol) was
added. The mixture was stirred at room temperature for 2h. The mixture was neutralized
by addition of 1N aqueous HCI and extracted with ethyl acetate. The combined organic
layers were dried over Na,SO,4 and concentrated to dryness to give methyl 3-(6-
(cyclopentyl(2-(4-(trifluoromethyl)phenyl)pyrimidin-5-
yl)methylamino)nicotinamido)propanoate, Isomer 1 (303.1 mg) as a colorless solid.

"H NMR (400 MHz, Methanol-d,) 5 8.92 (s, 2H), 8.57 (d, J=8.0 Hz, 1H), 8.37 (s, 1H),
7.97 (d, J=8.0 Hz, 2H), 7.78 (d, J=8.0 Hz, 1H), 6.83 (d, J=8.0 Hz, 1H), 4.81-4.70 (m,
1H), 3.54 (t, J=7.2 Hz, 2H), 2.58 (t, J=7.2 Hz, 2H), 2.52-2.49 (m, 1H), 2.09-2.01 (m, 1H),
1.78-1.47 (m, 6H), 1.35-1.22 (m, 1H). MS (M+1)=514.13.

Step E: 3-(6-(cyclopentyl(2-(4-(trifluoromethylphenyl)pyrimidin-5-

yl)methylamino)nicotinamido)propanoic acid, Isomer 2

Methyl 3-(6-(cyclopentyl(2-(4-(trifluoromethyl)phenyl)pyrimidin-5-
yl)methylamino)nicotinamido)propanoate, Isomer 2 (460 mg, 0.872 mmol) was
dissolved in water (5 mL) and THF (5 mL).2N aqueous LiOH (4.4 mL, 8.72 mmol) was
added. The mixture was stirred at room temperature for 2h. The mixture was neutralized
by addition of 1N aqueous HCI and extracted with ethyl acetate. The combined organic
layers were dried over Na,SO,4 and concentrated to dryness to give methyl 3-(6-
(cyclopentyl(2-(4-(trifluoromethyl)phenyl)pyrimidin-5-
yl)methylamino)nicotinamido)propanoate, Isomer 1 (308.9 mg) as a colorless solid.

"H NMR (400 MHz, Methanol-ds) 5 8.92 (s, 2H), 8.57 (d, J=8.0 Hz, 1H), 8.37 (s, 1H),
7.97 (d, J=8.0 Hz, 2H), 7.78 (d, J=8.0 Hz, 1H), 6.83 (d, J=8.0 Hz, 1H), 4.81-4.70 (m,
1H), 3.54 (t, J=7.2 Hz, 2H), 2.58 (t, J=7.2 Hz, 2H), 2.52-2.49 (m, 1H), 2.09-2.01 (m, 1H),
1.78-1.47 (m, 6H), 1.35-1.22 (m, 1H). MS (M+1)=514.13.

66
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Example 4.37: 3-(6-(1-(2-(4-(trifluoromethylphenypyrimidin-5-ybutylamino)

nicotinamido)propanoic acid, Isomer 1 and Example 4.38: 3-(6-(1-(2-(4-

(trifluoromethyl)phenyhpyrimidin-5-y)butylamino)nicotinamido)propanoic acid, Isomer 2

%OY “«@Y

5 F
Step A: (+/-)-1-(2-(4-(trifluoromethyl)phenypyrimidin-5-ylbutan-1-ol

HO N F
/ \ F
;CNH:HF

To a -78 °C solution of 2-(4-(trifluoromethyl)phenyl)pyrimidine-5-carbaldehyde (1.0 g,

10 3.96 mmol) in THF (20 mL) was added n-propylmagnesium bromide (2.97 mL of a 2.0M
solution in THF, 5.95 mmol). The solution was stirred at 0 °C for two hours. The mixture
was quenched with saturated aqueous NH,4ClI, dried over anhydrous Na,SOy, filtered
and concentrated under reduced pressure. The crude residue was purified by silica gel
chromatography to give (+/-)-1-(2-(4-(trifluoromethyl)phenyl)pyrimidin-5-yl)butan-1-ol

15 (1.1 g) as a red oil. "H NMR (400 MHz, CDCl3) 3 8.75 (s, 2H), 8.50 (d, J=8.0 Hz, 2H),
7.68 (d, J=8.0 Hz, 2H), 4.79-4.68 (m, 1H), 1.98-1.91 (m, 1H), 1.85-1.63 (m, 2H), 1.47-
1.29 (m, 2H), 0.92 (t, J=7.2 Hz, 3H).
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Step B: (+/-)-methyl 6-(1-(2-(4-(trifluoromethylphenypyrimidin-5-

ybutylamino)nicotinate

F
5 To a 0 °C mixture of (+/-)-1-(2-(4-(trifluoromethyl)phenyl)pyrimidin-5-yl)outan-1-ol
(1.1 g, 3.7 mmol) and methyl 6-(tert-butoxycarbonylamino)nicotinate (1.40 g, 9.25
mmol) in THF (20 mL) was added triphenylphosphine (2.42 g, 9.25 mmol) followed by
diethyl azodicarboxylate (1.61 mg, 9.25 mmol). The mixture was stirred at 40 °C
overnight. The reaction mixture was diluted with water and extracted with ethyl acetate.
10 The combined organic layers were dried over Na>SO4 and concentrated under reduced
pressure. Purification by silica gel chromatography gave the t-butylcarbamate, which
was dissolved in dichloromethane (30 mL). The solution was cooled to 0 °C.
Trifluoroacetic acid (3 ml) was added. The mixture was stirred for 2 h at room
temperature. The mixture was diluted with saturated agueous NaHCQO3; and extracted
15 with ethyl acetate. The organic layer was washed with water, dried over Na;SO,4, and
concentrated to dryness under reduced pressure. The crude residue was purified by
silica gel chromatography to give (+/-)-methyl 6-(1-(2-(4-
(trifluoromethyl)phenyl)pyrimidin-5-yl)butylamino)nicotinate
(796 mg) as a colorless solid. 1H NMR (400 MHz, CDCI3) 6 8.97 (s, 1H), 8.94 (s, 2H),
20 8.53 (d, J=8.0 Hz, 2H), 8.19 (s, 1H), 7.71 (d, J=8.0 Hz, 2H), 7.56 (d, J=8.0 Hz, 1H),
5.90-5.81 (m, 1H), 3.91 (s, 3H), 2.32-2.09 (m, 2H), 1.35 (s, 9H), 0.89 (t, J=7.2 Hz, 3H),
0.82-0.80 (m, 2 H).
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Step C: methyl 3-(6-(1-(2-(4-(trifluoromethyphenylpyrimidin-5-ybutylamino)

nicotinamido)propanoate, Isomer 1 and methyl 3-(6-(1-(2-(4-(trifluoromethyl)phenvyl)

pyrimidin-5-yl)butylamino)nicotinamido)propanoate, Isomer 2

H H
\//,,NI\ Nl\
H%N/ O |\N/ O
NN NH NN NH
g l\og
O . O\
F——F F——F
F

F

To a solution of (+/-)-methyl 6-(1-(2-(4-(trifluoromethyl)phenyl)pyrimidin-5-
yhbutylamino)nicotinate (796 mg, 1.85 mmol) in THF (10 mL) was added 2N aqueous
LiOH (8 mL, 16 mmol). The mixture was stirred at 50 °C overnight. The mixture was

10  neutralized by addition of 1N agueous HCI and extracted with ethyl acetate. The
combined organic layers were dried over Na,SO4 and concentrated under reduced
pressure. The residue was dissolved in DMF (5 mL). HATU (1.026 g, 2.7 mmol) was
added. The mixture was stirred for 45 min. Methyl 3-aminopropanoate hydrochloride
(373 mg, 2.7 mmol) and N,N-diisopropylethylamine (930 mg, 7.2 mmol) were added.

15 The resulting mixture was stirred at room temperature for 2 h. The mixture was diluted
with aqueous NH4CI. The organic layer was washed with water, dried over Na,SO,4, and
concentrated under reduced pressure to give crude (+/-)-methyl 3-(6-(1-(2-(4-
(trifluoromethyl)phenyl)pyrimidin-5-yl)butylamino)nicotinamido)propanoate (1.0 g).
Resolution by SFC (Column: OJ 250 mm*20 mm* 20 um, Mobile phase: 75:25

20  COgzmethanol, Flow rate: 80 mL/min, Modifier: 0.1% diethylamine) to give methyl 3-(6-
(1-(2-(4-(trifluoromethyl)phenyl) pyrimidin-5-yl)butylamino)nicotinamido)propanoate,
Isomer 1 (Retention time 0.959 min, 390 mg) and methyl 3-(6-(1-(2-(4-
(trifluoromethyl)phenyl)pyrimidin-5-yl)butylamino)nicotinamido)propanoate, Isomer 2
(Retention time 1.87 min, 400 mg).

25  Step D: 3-(6-(1-(2-(4-(trifluoromethyl)phenyl)pyrimidin-5-yl)butylamino)nicotinamido)

propanoic acid, Isomer 1

The methyl 3-(6-(1-(2-(4-(trifluoromethyl)phenyl)pyrimidin-5-
yhbutylamino)nicotinamido)propanoate, Isomer 1 (390 mg, 0.778 mmol) was dissolved
in water (6 mL) and THF (5 mL). Aqueous 2N LiOH (4.7 mL, 9.4 mmol) was added. The




4.27 2 310 4.28 2 56 4.29 4 570 4.30 6 71 4.31 6 55 4.32 6 2700 4.33 4 280
4.34
WO 2012/085745 PCT/IB2011/055588
176

mixture was stirred at room temperature for 2h. The mixture was neutralized by addition
of 1N aqueous HCI and extracted with ethyl acetate. The combined organic layers were
dried over Na,SO, and concentrated to dryness, to give 3-(6-(1-(2-(4-
(trifluoromethyl)phenyl)pyrimidin-5-yl)butylamino)nicotinamido) propanoic acid, Isomer 1
5 (261 mg) as a colorless solid. H NMR (400 MHz, Methanol-d,) d 8.87 (s, 2H), 8.50 (d,
J=8.0 Hz, 2H), 8.39 (s, 1H), 7.82 (d, J=8.8 Hz, 1H), 7.77 (d, J=8.8 Hz, 2H), 6.63 (d,
J=8.8 Hz, 1H), 5.11-5.07 (m, 1H), 3.55 (t, J=6.8 Hz, 2 H), 2.57 (t, J=6.8 Hz, 2H), 1.98-
1.71 (m, 2H), 1.43-1.62 (m, 2H), 1.00 (t, J=7.2 Hz, 2H). MS ( M+1)=488.1.
Step E: 3-(6-(1-(2-(4-(trifluoromethyl)phenyl)pyrimidin-5-yl)butylamino)nicotinamido)

10  propanoic acid, Isomer 2
The methyl 3-(6-(1-(2-(4-(trifluoromethyl)phenyl)pyrimidin-5-
yhbutylamino)nicotinamido)propanoate, Isomer 2 (400 mg, 0.80 mmol) was dissolved in
water (5 mL) and THF (5 mL). Aqueous 2N LiOH (4.0 mL, 8.0 mmol) was added. The

mixture was stirred at room temperature for 2h. The mixture was neutralized by addition

15 of 1N aqueous HCI and extracted with ethyl acetate. The combined organic layers were
dried over Na,SO, and concentrated to dryness, to give 3-(6-(1-(2-(4-
(trifluoromethyl)phenyl)pyrimidin-5-yl)butylamino)nicotinamido) propanoic acid, Isomer 2
(277 mg) as a colorless solid. "H NMR (400 MHz, Methanol-d,) & 8.87 (s, 2H), 8.50 (d,
J=8.0 Hz, 2H), 8.39 (s, 1H), 7.82 (d, J=8.8 Hz, 1H), 7.77 (d, J=8.8 Hz, 2H), 6.63 (d,

20 J=8.8 Hz, 1H), 5.11-5.07 (m, 1H), 3.55 (t, J=6.8 Hz, 2 H), 2.57 (t, J=6.8 Hz, 2H), 1.98-
1.71 (m, 2H), 1.43-1.62 (m, 2H), 1.00 (t, J=7.2 Hz, 2H). MS ( M+1)=488.1.

Biological data

Glucagon cAMP assay

25 The Cisbio cAMP detection assay is used to determine the ability of punitive glucagon
antagonist to block glucagon induced cAMP production. Potential glucagon antagonists
are re-suspended and diluted in 100% DMSO. Prior to use in the Glucagon cAMP
assay 100x DMSO compound stocks are diluted 20x with DMEM-F12 media (Invitogen)
containing either 0.1% or 4% BSA. 2uls of 5x compound stocks are spotted into the

30 appropriate wells of low binding white solid bottom 384 well plates (Corning). 2uls of 5%
DMSO or known glucagon antagonist are added to each plate to define the assay
window. CHOK1 cells stably transfected with the human glucagon receptor are removed
from culture flasks with cell dissociation buffer. Cell pellets are re-suspended, at a
concentration of 8.3e® cells/ml in DMEM-F12 with or without 4% BSA and 200uM IBMX.



7 120 Human G ucagon SPA assay The d ucagon SPA assay is used to determ ne
the ability of test conpounds to bl ock the binding of glucagon-cex to the
gl ucagon wecemss745Test conpounds are resuspended and seciraBiog1/08ssss ed in
100% DVSO. 1ul of test conpound at th&7 desired 5 concentrations is spotted
into the appropriate wells of 96 well |ow binding white clear bottomplate
(Corning). lul of DMSO is spotted into total binding wells. lul of a known
gl ucagon ant agoni st at a concentration of 20uMis added to non specific

bi nding wells. WD 2012/ 085745PCT/ 1B2011/ 055588 181 0. 3-0. 75ug of nenbrane
fromchem 1l cells stably transfected with the human gl ucagon recept or
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assay ingredients with the exception of test conpounds are re- suspended in

the T ol | oRFRRGIS A BUFA0aHASEIEIRAISH A ©3 SraTRANNEEiEoIng tAd EGEIOT 5% gl ycer ol
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using Pfi gead&itiéed aoan@bmbm tBMPBFAIre &.%\/@lmga@aabﬁ thdesrkmetiger ned from
the generated si 0Se response curves. | ues are 10cal cul at ed
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program. ICs¢ values are determined from the generated sigmoidal dose response
10  curves. Kb values are the calculated using a modified Cheng-Prusoff equation. The

data is provided below in Table 1.

Table 1: cAMP Data

Example Number N (number of times | cAMP kb (nm)
assayed)
1.1 23 1700
1.2 8 140
1.3 23 73
1.4 10 560
1.5 8 2900
1.6 16 210
1.7 8 170
1.8 6 1000
1.9 14 130
1.10 12 180
1.11 14 280
1.12 18 560
1.13 30 150
1.14 6 990
1.15 10 78
1.16 2 150
1.17 16 1100
1.18 18 120
1.19 4 890
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1.20 1 1000
1.21 1 520
1.22 1 6700
1.23 6 300
1.24 2 1600
1.25 4 95
1.26 4 390
1.27 4 260
1.28 4 83
1.29 10 160
1.30 4 540
1.31 4 540
1.32 1 610
1.33 4 120
1.34 4 550
1.35 10 50
1.36 8 870
1.37 8 220
1.38 2 600
1.39 8 110
1.40 2 4600
1.41 2 450
1.42 2 780
1.43 8 190
1.44 2 580
1.45 2 620
1.46 10 92
1.47 10 180
1.48 2 1200
1.49 2 750
1.50 10 70
1.51 10 160
1.52 10 120
1.53 10 46




W Caim 1.A conmpound of Fornmula | A4-A3 R1( )L Al=A2 B4-B3o \ )

Bl- B2/ N- R3 R21 5 or a pharnaceutically acceptable salt thereof, wherein
Rl i s phewgl2ommssmatnal |y substituted with one to four sulpsTiiBrend3ssesach

i ndependently selected fromhal o, -S(® 2-(C1_3)al kyl, hydroxy, -C(0)NRaRb,
(C3-05)cycl oal kyl, cyano, (C -C6)al kyl optionally substituted with one to
three fluoro, or (G -C6)al koxy optionally 10substituted with one to three
fluoro; or a 6-nenbered heteroaryl group which is optionally fused with a
(C4-Cr)cycloal kyl, phenyl or 5 to 6 menbered heteroaryl, and wherein the

optional ly_fused 6-nenbered heterocaryl group is opti onal | y substituted with
one to fopuP4substituents eh€h i ndependent!y |s&lected from hal @,
-S(0) 2- (CFsg)al Ky, hydroxyz - C{0)NRaRb, cyamgoo(Cl- 15C6)al Kyl optionally
substituted with one to three fluoro, or (Cl-C6)al koxy nntlnnrlly
substitul86with one to thf2e fluoro; Ra and 30are each independently H or
(C1- &3) alky7; 7 120

1.58 10 120

1.59 2 1500

1.60 4 280

2.1 4 38

2.2 14 54

2.3 5 310

24 2 300

2.5 7 760

2.6 7 500

2.7 10 280

2.8 13 130

2.9 4 820

2.10 6 1700

2.11 4 1800

2.12 8 730

2.13 8 1900

2.14 4 290

2.15 4 120

2.16 4 120

2.17 4 420

3.1 10 1500

3.2 6 1900

3.3 6 6000

4.1 22 67

4.2 4 31

4.3 8 99

4.4 10 66

4.5 8 820

4.6 11 53

4.7 8 220




R2 is Hor (Cl1-C3)alkyl;

- (CH2) 2S03H or

fl uoro;

R3 is tetrazolyl,
-(CH2) 2CO2H optionally substituted with 20a hydroxy or

ALQO 202/088R5and A4 are each i ndependently CR4 or PNI/mB20t1Iv035K€8 pr ovi so
that no nore than two of Al, A2, A3 asd A4 are N,

-CH2-tetrazol yl,

R4 at each occurrence

i s independently H, £ halo, cyano, (Cl-C3)al kyl optionally substituted with
one to three fluoro, or (Cl-C3)al koxy optionally substituted with one to
25three fluoro; L is -X-CH(R5)- or -CH(R5)-X-; Xis CH2, O or N\H R5 is

(Cl- C8) al

hydr oxy or nethoxy;

kyl

(("2 CZ) cvcel oal l(\/l

which is optionally substituted with one to three fluoro,
which |s nnflnnnll\/ substituted with

one to t\Wh8 G -C3)al kyl 30| Which are optiondl49) substituted wilth one to
three fl igigd or one to two| § CI-C3)al Kyl and rein one to two carbons of
the (C3-ChHcycloalkyl can be replaced with NH NG Cyalkyl | O or S; or
(C3- C7) cyél'8al kyl - (CL- C6) a| K&/I wherei n the (|&3- C7) cycl oal kyI group of WO
2012/ 085] 183 sard (C3-C7jfyctoat Kyt =(C1-C6) al kyl is
optional | - BﬂLk;d_WMLh_a&Opti onal |y
substi t uf éd3vv|th one to thf&e fluoro; B1l, BX00B3 and B4 are each
i ndependegti,y CR6 o N wifjr the proviso thatyjgo nore ttam two of Bl, B2,
B3 and B4 are N, 5R6 at eafh occurrence is |nc}ependentlv H, hal o,
(Cl- ) al RWS optl onal I y sub@ti tuted with ong 370 three fluoro, |or
(C1-&3)a at.%y optionatty—s ttuted—wthone g0 threeftuoro; and further
provi ded|that when L is -Xt jC):H(RS) and X is or 0 then at lleast one of
Bl, B2, |B37and B4 is N, when L is -X-CH(RS5)|-34and X is NH then at |east one
of A1, A>—1A8—Ae4—|—s—N—&ﬁ ren—t—+s—CHR )Grq‘( then—at—t+east one of Bl,
B2, B3 a1é' §4 is N 10 2.Th‘é compound of cldim1 or a pharnmaceutically
accept abl e19alt thereof, whgrein R2 is hydrag®o or nethyl and |R3 is
-(CH2) 2 JZ \,..,_C.'—!(.)w. \,..,_G'—!(G—!)wl—'1 153—Fhe—econpound of claiml
or 2 or a gﬂar maceutical ly }sleclcept abl e salt tjhereof, wherein Xlis O.
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4.22 5 53

4.23 6 75

4.24 8 88

4.25 6 94

4.26 6 57

4.27 2 310

4.28 2 56

4.29 4 570

4.30 6 71

4.31 6 55

4.32 6 2700

4.33 4 280

4.34 7 120

Human Glucagon SPA assay

The Glucagon SPA assay is used to determine the ability of test compounds to block

the binding of glucagon-cex to the glucagon receptor. Test compounds are re-

suspended and serially diluted in 100% DMSO. 1ul of test compound at the desired

5 concentrations is spotted into the appropriate wells of 96 well low binding white clear

bottom plate (Corning). 1ul of DMSOQ is spotted into total binding wells. 1ul of a known

glucagon antagonist at a concentration of 20uM is added to non specific binding wells.



4. The conpound of claim1 or 2 or a pharmaceutically acceptable salt
thereof, wherein X is NH 20 5. The conpound of claiml1l or 2 or a
phar macewocaldogsmscept abl e salt thereof, wherein X is E€HZ/IB2011/055588 6.
The conpound of claim4 or a pharmacestically acceptable salt thereof 25
wherein L is -X-CH(R5)- and one or two of Bl, B2, B3 and B4 are N

7. The conmpound of claim4 or a pharmaceutically acceptable salt thereof
wherein L is -CH(R5)-X- and one or two of Al, A2, A3 and A4 is N 308. The
conmpound of claim1 thr ough 7 or a pharnmaceuti caIIy accept abl e salt t her eof
wherein R5 is_ethyl, propyl, isopropyl, isobutyl butyl , penty

neopent yl 0 CQ/EWQp(Pfd‘Eﬁ/T‘bra{??(f!PBHihem 1 C%'Wt%éH?WfGCt%@E’FBH&W{m%T9'“‘3390”

cycl opr op»ec@ptrohwlu@arel) %bl\/pcﬁ'qﬂzﬂ}Gl%Hg@hldéﬂ(PdrkYM Elh1e1) ariy FrsugwenesAand
wherein sal d cl opro c cI obutyl, cycl opent1y cycl ohexyl are each
optional | § A el eskie Eier orepddsise iy ell wellging speseplaies POt ASEY011/ 055588

184 9. Them@%&ﬂﬂi@ﬂut@fheﬁ‘éx@bﬁﬂcﬁ cﬂftes@c@rlﬂﬁélm%%lﬂé k&%épﬁn@@&lﬂﬁﬁ@wn@wﬁ@ t thereof
wherein RL |s ﬁQﬁ?n substituted with a trifl uoroneth ?/a R2 is H

and prdvi Bgert Mep&ﬁ@HA@a’i’%M%@C'b&li@a&hc?% aeere fﬁ#%@/oo%%t‘\that A2 and
A3 are notolftihy A6- mmnlsb@at@aramw\dtémpe@étatemha affount it r@ematﬂom@td y

acceptabl e salt thereof wherein Rl phenyl substituted w

trifl uor ofStq%) MEsRPraRgDis drEermineq, byéﬁ%{i rﬂﬂ B‘\‘?lpé%@s PhaVelee Tﬁthrﬁﬂio%‘ft'vﬂl A2,
A3 and AdemistioN debsbtdrUDaieis dpaRYedlesing PaterAD AR dnApsigpRgreth. L Dalles

1011. The conpound of claim 10 or a pharmaceutically acceptable salt thereof
wher ei n R34 §en deigppineghipm the generated sigmepal dogerrshREsOfuUNEsarhyalYesirea

phar mageutile@htey u@mgemeaglmuﬁﬂﬂ dquiabier. eDhtaibedeetia d8ipgosinds is provided in
4-trifluorometh I(&benyl or 4-chlorophenyl; and R4 and R6 at each

150ccur r endeZr

Table 2: SPA Binding Data

Example N binding
1.23 3 27

1.31 2 24
2.14 4 79
2.15 3 34

4.1 10 22
412 8 15
4.20 11 14
4.21 7 124




13. The compound of claim 12 or a pharmaceutically acceptable salt thereof
wherein Bl is N and B2, B3 and B4 are each CR6; B2 is N and Bl, B3 and B4
are each wB@p1Bss=mnd B4 are each N and B2 and B3 are eaehTaR8ii/mssend B3
are each N and Bl 20 and B4 are each1€R6; or Bl and B3 are each N and B2
and B4 are each CR6. 14. The conpound of claim1l1l or a

phar maceutically acceptable salt thereof wherein Al is N and A2, A3 and A4
are each CR4; A2 is N and Al, A3 and A4 are each CR4; Al and A4 are each N
and A2 and A3 are each CR4; or Al and A3 are each N and 25 A2 and A4 are
each CR4. 15. A compound of claim 1l selected fromthe group
consistin

(+)-(R- S%FBC anethyl 1-(4'-(trifluoronethyl)biphenyl -4-yl)butyl am no)nico
tinam do) propanoi a @&wigdund of Formula | _ _ _ _ _
303- (6-(3-nethyl -1-(4"- (trlfuyorgyethyl)blpgpn%%-4-yl)gutylanlno)nlcotlnam

do) propanoi c aci d; -
(-)-(S)-3-(6-(3-net hyl b 4/(tri I uorLomatéyl ) bi Rhenyf - 4-yl ) but yl anmi no) ni co

ti nam do) propanoi c aci d;
3-(2-(3-nethyl-1-(4"-(triflugresagt hyl ) bi phegyl-g#-yl ) bugylga no) pyri m di ne-5
- car boxam do) 35propanoic acid;, W) 2012/ 085745PCT/ 1BZ011/ 055588 185

(R -3-(2-(3-nmethyl-1-(4"-(trifluoromethyl)bi phenyl-4r?yl) butyl am no) pyri m di
ne-5- gar boxam do) propanoic acid;

(S) - 3- (2- 63a pRAMEcedtidatly a&debtébt@wﬂﬁabbubv}]brdnhenyl 4-yl') butyl am no) pyri m di
ne-5- carboxam do% pro panoi c_ac

53- (6- ( 1- 84*8 Rhepy qme'ﬁ%wwﬂyteiﬂ%m oy puRRtitHeats s idepENSRINY do) pr opano
ic acid; selected from halo -S(0)2~(Cy- 3)alkyl hydroxy, C(O)NRaR (03 Cs)cycloalkyl, cyano,

(R - 3(6&1 (trif |'uor onet h phe ﬁ/ amno)nlcotlnamdo)prop
anoi ¢ aci 6)a|ky| optionally substitutéd W|th one to three uoro or C1-Ce)alkoxy optionally

(S)-3+66- édbs&uﬂjted\tvrth bhéi@y tarRtflpte, bi phenyl1- 4-yl) but yl am no) ni coti nami do) prop
anoic acid

3- (6- ( 2- nethimampered heterqaryl srURRVNGH StaRYRRHY fused i KpsFamdaail cot i nani d

0) pr Opanghéhyﬁ&* 5lto 6 membered heteroaryl and Whereln the optionally fused 6-membered
103- ( 6- (1 triflyoromethyl) hen pro%l am no) ni cot i nan do) pr opa
noi c aci d teroa | group is optionally substl uted |th on to four stituents each

(R -3-(6- (nbebéhdehtly bdlbsted aromtiyd, )} Sihey.IaldA Hy X9 Pyd (@ MRAR Néye@b] (@M do) pro
anoi ¢ aci.d

E)S) 3-6- Pi)atkﬂ‘ oRtiepally Y8R EHISE HYih) e SR EKga fluerg) 9rdPabylakerh 8RY¥INEAY i nami do) pr o

panoi ¢ ackgbstituted with one to three fluoro;

+) - 3-(6- tr 1 ugr ongt h bi phenyl- 4-yl ropyl am no) ni cotin
<(am) dO)(pr aH&%&‘ gcf;qj:tnnde enhenu‘fmor(c;1 )g”q},p y yl') propy ) ni cot i

R2 is H or (C4-Cs)alkyl;

R%is tetrazolyl, -CHy-tetrazolyl, -(CH2)>SO3sH or —(CH),CO2H optionally substituted with
20  a hydroxy or fluoro;

A', A%, A* and A* are each independently CR* or N, with the proviso that no more than

two of A1, A2, A3 and A* are N;

R* at each occurrence is independently H, halo, cyano, (C1-Cs)alkyl optionally

substituted with one to three fluoro, or (C4-Cs)alkoxy optionally substituted with one to
25  three fluoro;

L is —=X-CH(R®)- or -CH(R®)-X-;

Xis CHy, O or NH;

R® is (C+-Cg)alkyl which is optionally substituted with one to three fluoro, hydroxy or

methoxy; (Cs-C7)cycloalkyl which is optionally substituted with one to two (C4-Cs)alkyl
30  which are optionally substituted with one to three fluoro or one to two (C4-Cs)alkyl and

wherein one to two carbons of the (Cs-C7)cycloalkyl can be replaced with a NH, N(C+-

Cs)alkyl, O or S; or (C3-Cr)cycloalkyl-(C+-Ce)alkyl wherein the (Cs-Cr)cycloalkyl group of



15(-)-3-(6-(2-nethyl-1-(4"-(trifluoronethyl)bi phenyl-4-yl)propyl am no)ni cot
i nam do) propanoi ¢ aci d;

3- (5-(3- mwOlyi2aBs144' - (trifl uoromet hyl ) bi phenyl-4-yl) but ylcan3z)/psssezi ne- 2- ¢
ar boxam do) propanoi c aci d; 183

(R -3-(5-(3-methyl-1-(4'-(trifluoronethyl)bi phenyl-4-yl)butyl am no) pyrazi ne
-2- 20car boxam do) propanoi c aci d;
(S)-3-(5-(3-nmethyl-1-(4"-(trifluoronethyl)bi phenyl-4-yl)butylam no)pyrazi ne
-2- carboxam do) pr opanoi c acid;

2-(3-methyl -1- trifluoromnet hyI ) bi pheny1-4-yl)butyl am no) - él

Htetr azoPa'éiCyPﬁﬁW@%&’fy&K%C@awr IS ORL AR SU%WG@;WG& 6ne 10 two (C1-CJalkyl

Ht et razobvh@mélr@abm)anﬁswsmféawm or%t()?mﬂéetﬂhzssrlo -(4'-(trifluoromethyl)

bi pheny1-4- é | Am no) ni cot i nam
N LUy L obr o and B Hattabh Tdeppadnay Fof N with the proyisehas Frs BeBheny | - 4-

y1l) butyl g,m@m@ngé@%g&,grg“@ga N: 2-(6-(3-nmethyl-1-(4"- (tr| fI uor onet hyl)
bi phenyl - 44 but | am no), ni cot i nani do% 30et hanesul f oni ¢

3- (N th{?l abeioﬁ %P%%Cels (rgepgrdently to %ﬁ*e(pnﬁ@?’&fyﬂ)ﬁ%tf%??"ﬂsﬂpf) WE&WHM no)

ni coti nanbﬁ’@)dlhﬁééafmj@fd? oﬁ(E1dcg)aIkoxy optionally substituted with one to three quoro and
(2R) - 2- hydr oxy- 3- ( 6- -ctrifl uoromnet @1{*}1& Blhen yl-4 é ) but yl am

no) ni cot TYRRT IGYIHPY Whéniﬁdx' AR 26879 X085 25P 237155088 -186

3- (6-(3- net IR anli-H*%s NE\R/ﬁlé‘hltfls =X-CH(Rhug OR®S knlthdr shes bndoyA), patAd, ami no)
ni coti nam do) pr %Banm C

3-(2-(3- misthyAnd whep_Lyig ﬁﬂ?'fLRz):X (riernleftll‘??é 6%9f®| j?’mepr?é‘ﬁﬁ 9Ny 1) put yI ani no) pyr
i m di ng-5- car boxam do) pr opanoi ¢ aci d;

53-(2-(1-(2,6-dinme _(triflyoroneth hen - met hyl but yl am n
0) E)yr |( i ((jl ne-%.- &p%(ggg@ Cdﬁﬁ@no?rc,a ac utically acceztaz)le salt thereof, y

;’ (6- (t1 ( &héretH REMydrofen of ﬁienyU@rﬁd)Rﬁtshé(CP-IP)&@dJﬁ-myl 4-y1) - 3-net hyl butyl am no
ni cotina ol C
3-(6-(3- ”M?—?(g Q@W@%Pﬂ?‘#ﬁ%)&%ﬁhw ) phenyl ) pyri di n-3-yl) butyl ani no) ni co

ti nam do) 10propanoi c aci d;

15 3. The compound of claim 1 or 2 or a pharmaceutically acceptable salt

thereof, wherein X is O.

4. The compound of claim 1 or 2 or a pharmaceutically acceptable salt
thereof, wherein X is NH.
20
5. The compound of claim 1 or 2 or a pharmaceutically acceptable salt

thereof, wherein X is CHo.

6. The compound of claim 4 or a pharmaceutically acceptable salt thereof
25  wherein L is —X-CH(R®)- and one or two of B', B B® and B* are N.

7. The compound of claim 4 or a pharmaceutically acceptable salt thereof
wherein L is —CH(R®)-X- and one or two of A", A%, A®> and A*is N.

30 8. The compound of claim 1 through 7 or a pharmaceutically acceptable salt
thereof wherein R® is ethyl, propyl, isopropyl, isobutyl, t-butyl, pentyl, neopentyl,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl or cyclopropylmethyl each optionally
substituted with 1 to 3 fluoro and wherein said cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl are each optionally substituted with 1 to 2 methyl.

35



3-(5-(2-(4"-(trifluoromethyl)bi phenyl-4-yl)butyl am no) pyrazi ne-2-car boxam d
0) propanoi ¢ acid;

3-(5-(1- (w0 2()1217(18{514aoronet hyl ) bi phenyl 4 yl ) propyl ani no) pgrasimeesgsar boxarmi
do) propanoi c acid;

153- ( 6- (cyclobuty1(41 (trlfluoronethyl)blphenyl 4-yl ) met hyl am no) ni coti nam
do) propanoi c aci d;
3-(6-(3,3-dinethyl-1-(4"-(trifluoromethyl)bi phenyl-4-yl)butylam no)nicotina
m do) propanoi ¢ aci d;

3-(6-(cycl opropyl(41-(trifluoromethyl)bi phenyl-4-yl)nmethylam no)nicotinam d
0) propanoic 2E8aC| he compound of claim or a pharmactceutically acceptable salt thereof

3- (6- (cychaprin R%ﬂpheﬁyl IsUbStHQES Wi Rtk Wrehenylordald; RARE HYARIMro@déed gat | nami d

0) propano cC ac
3-(6-(3- t AYY Ala'(e4”((t@°tr'i‘é\t‘ A4 BWPHPrﬁV@eglltr)%ﬁeﬁW)A‘bﬁfey”%{ﬁpﬁbﬁ' ni cot i nam do) pr
opanoi ¢ aci d;

253- (6-(1- (b| phenyl- 4-y1) - 3- et hyl but yl am no) ni cot i nam dogepropanm c acid;
3-(6-(1-(2 -1 or OHPEHQWQUW gma'@ 7n%t%9‘?%@?9‘?‘5‘ﬁ?'%§99?€*6? PRRFE$Yr opanoi ¢

aci d; wherein R' is phenyl substltuted Wlth a trifluoromethyl or halo; R? | is H; and provided that
3-(6-(1-(3 -chl orob|1ph2engl -y1) - 3-net hyl but yl am no) ni cot i;nam do) propan0| C
aci d: one or two of A', A? and A are N and further prowded that'A® and A” are not both

3-(6-(3-ngt hyl -1-(4-(pyridin-3-yl)phenyl)butyl am no) ni coti nam do) pr opanoi c
aci d;

3-(6- ( 1-(3' -fl uor obi phenyl-4-y1) - 3-net hyl but yl am no) ni coti nam do) pr opanoi ¢
gglgd & 0a 11.  The compo%ndI %f claﬁm 1010r2 phlarrBaceultlcaIIy acceptable salt thecrieof

3 acfd ( mﬂg&myRss QCHQ§§5+¥ i pheny yl ) but yl am no) ni coti nam do) pr opanoi
3-(6- (1- (2' - met hoxybi phenyl-4-y1) - 3-net hyl but yl am no) ni coti nam do) pr opanoi c
aci d;

3-(6-(1-(2" - chl%r o8 NprEMYRYIA gitjaim Thrapsimgeeicaly)accerieblr satt 8§ opanoi ¢
aci d; wherein R' is 4- trlfluoromethylphenyl or 4-chlorophenyl; and R* and R® at each

3-(6- (1 (4' - cyanobi phenyl 4-y1)-3-net hyl but yl am no) ni cot i nam do) pr opanoi c
aci d: occurrence are H

3-(6-(1-(4' -ethoxybi phenyl-4-y1l)-3-net hyl butyl am no) ni coti nam do) pr opanoi c
aci d;

353- (6 (1- (3' -t hdRGEPPR_YRALOTAIRIT) 1250r ARy BeRUFPallY a7 TRIPRIB SAL 1F2RS) pr opano
ic acid, WH‘QeRQBQlé@BW&@P@T/aHJBmHé Q&ﬁ’ﬁ@fgﬁ B3% N and B', B and B4 are each

3- (6-(1-( %RGGB1 and B lela)(I:rPn %sz anXJB)j are eaéhhc\flliplétz ngrgs AN Iaﬂggh do) propa

noi ¢ aci d,

3- (6- (8- g and B" ok é&hmﬁbbpﬁabéws%arxéle)acw@fd@ dndte/ sgeBen OREOt i nami do) propa
noi ¢ aci d;
3-(6-(3-nethy| 1 (4" - met hyl bi pheny1-4-yl ) butyl am no) ni coti nam do) pr opanoi ¢

aci d; The compound of clalm 1 or a pharmaceutically acceptable salt thereof _
5 (6 (1 (4,112 QR BRPRY b W CESTORPUL AT P Shd AP 381 ropanol

53- (6 (1- CR*- Aedrioxydre phemilnd-A7 o K’ neé BYEDORY| R A" aaY AP ers é4uami dag pr opanoi
c acid
3-(6- (Qli (ﬁ‘ aﬁ%ﬁo?@b‘?aﬁﬁéﬁ/i 4-y1) - 3- et hyl but yl ami no) ni cot i nami do) pr opanoi c
aci d;

gél( g? (1-(4" - etﬁsyl bi pc%?n%unéo}/(]ﬂglm 1 sellé(r:%d l1?rch)FT%/tlha(@alrgglronuo crgn(szlg’;[ir%gngfm do) propanoi ¢

3- ((6- (3~ mpiyHRR-346-(Fnlemyyi-it duntrtugtonmiempiohlenyivi-Ajbuerin 6pidoBeaide) pr opanoi
aci

3- (6- ( 1- ( BFOPRRRIGBEAY | car banoyl ) bi phenyl- 4-y1) - 3- met hyl but yl ani no) ni cot i nani
do) 30  3-(6-(3-methyl-1-(4'-(trifluoromethyl)biphenyl-4-yl)butylamino)nicotinamido) propanoic

acid;

(-)-(S)-3-(6-(3-methyl-1-(4'-(trifluoromethyl)biphenyl-4-yl)butylamino)nicotinamido)
propanoic acid;
3-(2-(3-methyl-1-(4'-(trifluoromethyl)biphenyl-4-yl)butylamino)pyrimidine-5-carboxamido)

35  propanoic acid;



10pr opanoi ¢ aci d;

3-(6-(1-(4" -isopropyl bi phenyl-4-y1)-3-nethyl butyl am no) ni coti nam do) pr opano
i c aci d; WO 2012/085745 PCT/IB2011/055588
3-(6-(3-nmethyl-1-(4"-(trifluoromethox§y bi phenyl-4-yl)butyl am no)ni coti nam d
0) propanoi c acid;
3-(6-(3-nethyl-1-(4'-(met hyl sul fonyl ) bi phenyl-4-yl)butyl am no) ni coti nam do)
propanoi ¢ 15aci d;

3-(6-(3-nethyl-1-(4- (6 (trlfluoronethyppyrldln 3-y1l) phenyl ) but yl am no) ni cot

i d
3 (6- 0 R PR oL S (yarpmsIehEORS Y BB RENPTIRRIEHIRBE: 3- et hy! but v

) nicoti naévbd@rﬁa@p@egar%l@gmai
20(R) -3-(6 (tri quoronetth)blphenyl -yl am no) - 3- net hy

| but yl ) n(@o’:{ {Zﬁ@nmataylp} gpétﬁgllquorgg l,)biphenyl-4-yl) utylamino)pyrimidiné-5-
(S)-3-(6- egrbega,ﬁdghmg,mcgc.d(tn fl uoronet hyl ) bi phenyl-4-ylam no)-3-nethylb

utyl) nicotinam pr opano
3- (6- ( 8- mevhyT-(4-(fHuorpmethybiBhe sty Py tiaprRmyietinaglidhPoBRBRIE 9 cot i nami do)

propanoi ¢ @)@@-ﬁ 4'- (trlfluoromethyl%blphenyl -4-yl but¥lam|no)n|cot|nam|do)propan0|c acid;

(R)-3-(6- f | uor onet bi phenyl-4-yl am no) buty (Pnl coti nam
i do) prop o1 -gc(ﬁd(trlf uoromethyl)blphenyl -4-yl)butylamino)nicotinamido)propanoic aci

(g») ) 3- (6- GQﬁ-l(fE—HéYHyé 3=(4triflibrondtmbmeh VLI prslyRmYiAo icktiddhiae) frapatid cot i nam
i do ropanoi ¢ aci
303- (g (ga%’t hyl - 1- (6 (4-(trifluoronethyl)phenyl)pyridin-3-ylam no) butypnic

oti nanpdojg- Mﬂpﬂ-‘(‘l@ifl@or@ﬁlbﬂwl)blphenyl 4 yI)propyIamlno)nlcotlnamldo) ropanoic acid;
5 (5 (5 mty e T R e L S o no
3-(6-(1- (584'1’03(63041(46(tlﬁf¥lrofdnﬁétﬁﬂll}!ﬁ1ﬂféﬁﬁt4lwbp) r SV PdotifAMidd) pyb@embmcadwtyl)

3 (6 (1 (W RAmEBoAT R L A AH TSP 222 o

c acid;  propanoic acid;

3-(6- (1 ET?&T@)(%' %-H}fﬂgi- - (::[rhlLloPo%etﬁ)tbhaﬁle%ﬁmeﬂ}brgppyxgrhl%)rr]nc%tl an?,lg})no) propyl)

1

m E:(()'?L:—Lﬁ?ebfo@aﬁdmacw )met hyl )-6-(3-methyl -1- (4" -(trifluoronethyl)biphenyl -4-

yl.am no) 3-(5-(3-methyl-1-(4'-(trifluoromethyl)biphenyl-4-yl)butylamino)pyrazine-2-carboxamido)

propanoic acid;

(R)-3-(5-(3-methyl-1-(4'-(trifluoromethyl)biphenyl-4-yl)butylamino)pyrazine-2-

20  carboxamido) propanoic acid;
(S)-3-(5-(3-methyl-1-(4'-(trifluoromethyl)biphenyl-4-yl)butylamino)pyrazine-2-
carboxamido) propanoic acid;
2-(3-methyl-1-(4'-(trifluoromethyl)biphenyl-4-yl)butylamino)-N-(1H-tetrazol-5-
yhpyrimidine-5-carboxamide;

25  N-(3-(1H-tetrazol-5-ylamino)-3-oxopropyl)-6-(3-methyl-1-(4'-(trifluoromethyl) biphenyl-4-
yhbutylamino)nicotinamide;
N-((2H-tetrazol-5-yl)methyl)-6-(3-methyl-1-(4'-(trifluoromethyl)biphenyl-4-yl)
butylamino)nicotinamide;
2-(6-(3-methyl-1-(4'-(trifluoromethyl) biphenyl-4-yl)butylamino) nicotinamido)

30 ethanesulfonic acid;
3-(N-methyl-6-(3-methyl-1-(4'-(trifluoromethyl)biphenyl-4-yl)butylamino)
nicotinamido)propanoic acid;
(2R)-2-hydroxy-3-(6-(3-methyl-1-(4'-(trifluoromethyl)biphenyl-4-yl)butylamino)

nicotinamido)propanoic acid;



5but yl ) ni coti nam de;

6-(3-nmethyl-1-(4"-(trifluoronethyl)biphenyl-4-ylam no)butyl)-N(2Htetrazol
-5- y1) niwotneAsses; PCT/IB2011/055588
3-(4-(2-(6-(4-(trifluoronethyl)phenyli3gyri dazi n-3-yl am no) but yl ) benzam do) p
ropanoi ¢ acid;
103-(4-(1-(2-(4-(trifluoromethyl)phenyl)pyrimdin-5-ylam no)butyl)benzam do
) propanoi ¢ aci d;

(R-3-(4-(1-(2- (4 (trlfluoronethyl)phenyl)pyrlnldln 5-yl am no) but yl ) benzam
do) propanqic_ac

(S -3-(4- ?16'6%”1‘9&“3/{11?(??“‘?}6\1"é‘w@'ﬁ'fﬂﬂﬂr‘?rﬁﬁt@)ﬁ% IRRW YR HYIBTACA N no) but yI ) benzani

do) 15pr OH@BM#mé‘&)bﬂ)panow acid;
3-(6-(3-nget hyl - 1- ( & Iuoronethyl%blphenyl 4-yl oxy) but yl ) ni coti nam do) p
r opanoi ¢ aé?é@ methyl 1-( methyl 4'-(trifluoromethyl)biphenyl-4-yl)butylamino)pyrimidine-5-

3-(6-(3- n@é,ﬁyka,ﬁdé)ﬂ,rodahbpcfalcwororret hyl ) bi pheny1l-4-yl ) but oxy) ni coti nam do) pro
panoi ¢ _aci d

3-(6-(1- (2(2761 k% f1oirer Byl BPBRBHYAREY - RYYPHIVERID R B -8panoi ¢

aci d; 2005mgopﬁﬁaaﬁ@ﬂghbgakky acceptabl e salt thereof. 16.A conpound of
claim1l sel ected f up consistin

(-)-(S)-3s 616 ﬁ@tWhylf (tﬂﬂucﬁ’mPWV'&%PW??]W)WEW@WW'W'W)) but yl ami no) ni co
t ' nam do) nieb@HANGd ﬁrc@ﬁhéﬁc aC|d

3-(2-(3- | uor onet hy I? Phen yI)buthanlno% pyri m di ne
- 5 car bOQé%(%meﬂ}y&ééﬁé% étrlgldgramethyl)pheny )pyridin-3 yI)butyIamlno)nl tinamido

3- (6- (13- ( Aropbhsit Btigor omet hyl ) bi pheny1-4-yl) propyl am no) ni coti nami do)
pr opanoi

3-(5-(3- né’?ﬁﬁj(41ﬁ(‘ﬂ“OFE"‘E‘PFWI)HBP%{H‘MW{)PW'@B}H’&%@W%”912)0@{9%%95}'{4%85096‘99'&| ne- 2-

car boxam d@ypr opanoi c aci d; .
gg(m éog g?’gﬁé‘ﬁé} itrlgéqrer(nethy )llz)llpj)r?én%/ tyh)glo)pelg Xo)gyrgélhg]Zdéa%oié%liﬁ)r)n no) butyl ) ben
(-)-3-(6- prdpaBdibYEIdL- (4 - (tr|fIuoronethyl)blphenyl 4-y1) propyl am no)nicotin
am do) DT R g e B IR S el i 1SS B Ak o) piciehgel - VO
acid;
3-(6-(3,3-dimethyl-1-(4'-(trifluoromethyl)biphenyl-4-yl)butylamino)nicotinamido)
propanoic acid;
3-(6-(cyclopropyl(4'-(trifluoromethylbiphenyl-4-yl) methylamino)nicotinamido) propanoic

20  acid;
3-(6-(cyclopentyl(4'-(trifluoromethyl)biphenyl-4-yl)methylamino)nicotinamido) propanoic
acid;
3-(6-(3-methyl-1-(4-(6-methylpyridin-3-yl)phenyl)butylamino)nicotinamido)propanoic
acid;

25  3-(6-(1-(biphenyl-4-yl)-3-methylbutylamino)nicotinamido)propanoic acid,;
3-(6-(1-(2'-fluorobiphenyl-4-yl)-3-methylbutylamino)nicotinamido)propanoic acid;
3-(6-(1-(3'-chlorobiphenyl-4-yl)-3-methylbutylamino)nicotinamido)propanoic acid;
3-(6-(3-methyl-1-(4-(pyridin-3-yl)phenyl)butylamino)nicotinamido)propanoic acid;
3-(6-(1-(3'-fluorobiphenyl-4-yl)-3-methylbutylamino)nicotinamido)propanoic acid;

30  3-(6-(3-methyl-1-(2'-methylbiphenyl-4-yl)butylamino)nicotinamido)propanoic acid;
3-(6-(1-(2'-methoxybiphenyl-4-yl)-3-methylbutylamino)nicotinamido)propanoic acid;
3-(6-(1-(2'-chlorobiphenyl-4-yl)-3-methylbutylamino)nicotinamido)propanoic acid;
3-(6-(1-(4'-cyanobiphenyl-4-yl)-3-methylbutylamino)nicotinamido)propanoic acid,;
3-(6-(1-(4'-ethoxybiphenyl-4-yl)-3-methylbutylamino)nicotinamido)propanoic acid,;

35  3-(6-(1-(3'-methoxybiphenyl-4-yl)-3-methylbutylamino)nicotinamido)propanoic acid,;



17. A conpound of Formula | A4-A3 R1( )L Al=A2 B4-B30 ) -B2T-R3 R2I or a
phar maceutically acceptable salt thereof, wherein 5R1l is phenyl optionally
substi t utwo izdssane to four substituents each independentiip2Eebssstsed from
hal o, -S(0)2-(Cl_3)al kyl, hydroxy, -@D)NRaRb, (C3-05)cycloal kyl, cyano,
(Cl1-C6)al kyl optionally substituted with one to three fluoro, or

(C1-Co6) al koxy optionally substituted with one to three fluoro; or a

6- menbered heteroaryl group which is optionally fused with a

(C4-Cr)cycl oal kyl, 10phenyl or 5 to 6 nenbered heteroaryl, and wherein the

opti onal Ié fused 6 menber ed heterogaryl group optionally substltut ed with
one to fodH6§listi- '[]‘@H"tyéb RisEN-1-HeoreBethY %'tbf&a”%'&)%?té@”f'ﬁ’@ﬁﬁoﬁamic acid

- S(0) 2- (Céa@(a (dpl- dw&é}f@twsenyr @DsN%tR&nbu hé meéﬂrﬁaﬁ)@d)bw;)a@@& b@iﬂa| ly
substitute uoro, or al koxy optionally
subst it ut &d® \@mﬁatfwﬁé (f‘dﬂ?ﬁhv'é@h?mﬂ&rﬂ)buwmn%)ﬁﬁo MiFRIPEREACIC FGbendent |y H

or (Cl-C3pabi- 4'-ﬂE?8r b A1\ B-nfethyd Uty dotinh®ido eV d:
- CH2- tetra"z%ojl6 k ¢ §ml$)(c)% - &1 %Crglzng%(l);)tlponal ?&@ﬂ;ugisct?? uted with a
hydr ox o?’ Wﬁé‘? e hoxy ija‘gnylAzyl) %Q‘GHH’ uilarging)nicotinam %ﬁ’ﬂi’é’fﬂq%‘fj CR4 or N,

wi th the preyi-ge-chidrsbigheniiy-a)-BhadthdButlemhirtnibdtinafdo)prdpanslc Adidare N
3-(6-(1-(4'-ethylbiphenyl-4-yl)-3-methylbutylamino)nicotinamido)propanoic acid,;
3-(6-(3-methyl-1-(4-(pyridin-2-yl)phenyl)butylamino)nicotinamido)propanoic acid;
3-(6-(1-(4'-(dimethylcarbamoyl)biphenyl-4-yl)-3-methylbutylamino)nicotinamido)

10  propanoic acid;
3-(6-(1-(4'-isopropylbiphenyl-4-yl)-3-methylbutylamino)nicotinamido)propanoic acid;
3-(6-(3-methyl-1-(4'-(trifluoromethoxy)biphenyl-4-yl)butylamino)nicotinamido) propanoic
acid;
3-(6-(3-methyl-1-(4'-(methylsulfonyl)biphenyl-4-yl)butylamino)nicotinamido) propanoic

15  acid;
3-(6-(3-methyl-1-(4-(6-(trifluoromethyl)pyridin-3-yl)phenyl)butylamino)nicotinamido)
propanoic acid;
3-(6-(1-(2,6-dimethyl-4'-(trifluoromethyl)biphenyl-4-ylamino)-3-methylbutyl)
nicotinamido)propanoic acid;

20  (R)-3-(6-(1-(2,6-dimethyl-4'-(trifluoromethyl)biphenyl-4-ylamino)-3-methylbutyl)
nicotinamido)propanoic acid;
(S)-3-(6-(1-(2,6-dimethyl-4'-(trifluoromethyl)biphenyl-4-ylamino)-3-methylbutyl)
nicotinamido)propanoic acid;
3-(6-(3-methyl-1-(4'-(trifluoromethyl)biphenyl-4-ylamino)butyl)nicotinamido) propanoic

25  acid;

(R)-3-(6-(3-methyl-1-(4'-(trifluoromethyl)biphenyl-4-ylamino)butyl)nicotinamido)
propanoic acid;
(8)-3-(6-(3-methyl-1-(4'-(trifluoromethyl)biphenyl-4-ylamino)butyl )nicotinamido)
propanoic acid;

30  3-(6-(3-methyl-1-(6-(4-(trifluoromethyl)phenyl)pyridin-3-ylamino)butyl)nicotinamido)
propanoic acid;
3-(6-(3-methyl-1-(5-methyl-6-(4-(trifluoromethyl)phenyl)pyridin-3-ylamino)butyl)
nicotinamido)propanoic acid;
3-(6-(1-(5-methyl-6-(4-(trifluoromethyl)phenyl)pyridin-3-ylamino)butyl) nicotinamido)

35  propanoic acid;



R4 at each occurrence is independently H, halo, cyano, (Cl-C3)alkyl
optionally substituted with one to three fluoro, or (Cl-C3)al koxy

opt i onal lwo=uotzaisst4at ed with one to three fluoro; L is - RCTHBIE)/055688
-CH(R5)-X-; 25 Xis CH2, 0 or NH; R518% (Cl-C6)al kyl which is optionally
substituted wwth one to three fluoro, hydroxy or nethoxy; (C3-C7)cycloalkyl
which is optionally substituted with one to two (Cl1-C3)al kyl which are
optionally substituted with one to three fluoro or one to tw (Cl-C3)al kyl,
or (Cl-C3)al koxy which are optionally substituted with one to three fluoro,
and \/\herel n_one carbons of the (C3- C7)c cl oal kyl can be repl aced
with a NH- (&t ﬂ@f"é‘?rRVPthybb'BPerS" dyfami @B)-e@ﬂ B'ﬁ%ﬂr@ﬁl'wpr%’@i"'@@?@ kyl wherein

t he (C3- CEyeyelsal BubmsiivioHERINpvrdR-2 Qb4 CT/ 1B2011/ 055588
190 C7) cyc%(ogl &yl -e?%. - -;?t'F' Kyl ml slyg%tel(agr)l%ynl y éggbstllfl?ﬁrtz@gﬁw th one to two

(G - C3) al RigPtingmigpPEPaNgiberignal |y substituted with one to three fl uoro;
Bl, B2, BR- (@ﬂqite%zalt@gﬁsth%u) admmﬁnt(uy(t@%r&\ﬁethyl)bnmelﬂyruhgawr@vl so that no

nor e than t wo of and B4 are N 5R6 at each occurrence is
i ndepefdeRyl)niEptinRRNIde: ( c1- C3) al kyl optional |y substituted with one to

three fl ugrgmemtyl-1Gh-&Rudtdneatily BitheAPad-VIdmiiesity - NL(ed-twkdAdl-ene to three
fl uoro; é furtyheS p@gw ded t%at ann { is - -”- I$6 and X is CH2 or O

t hen at Iééfﬁ‘fOt@ﬁ'é"d@F Bl, B2, B3 and B4 is N vvhen Lis -X-CH(R6)- and X is

NH then aB-(4 PR Fordthyphenibyriddyzin-3-WmiadBuit)BéhZaniido)problfid - X- t hen
at | east orge-qyg'?6 1@ B2, B3 %F\MH B@ﬁ)lys N. 0M1 Ffjwjl)écorrpound o aim 17

sel ected PF8m the group consisting of

(S) - Nq6{ 63{(4-3t-rB1h rllfhjbrdn‘iléiﬁyli&éhil}dyﬂﬁmmiﬂ}/}’drﬂmo)butyl)benzamldo)propan0|c
pyri di n- 2- I phenyl I but ypam no] pyridi n-3- 'yl |carbonyl ybet a-al ani ne;
(+-)- N-(?% { (cycl ohexy1{2[4-(trifluoromethyl)phenyl]

pyrl m di n¢RR3(4- LirobraaletthDphén radhnk3-glamailt @ardldani ne;
()-3-(4- (?Lc))-i)g gm@g(?r(lrfl uoroerrré?ﬁyl )ygﬁg?m )py?a2| n- Mf&gm no) Eut yl ) benzam d
0) propanBi%?8et g

(S) - 3- (4~ (D=d-(451(A=(XtriFiEidramieeyBpaHy)) Bl in) Py b Ay Wehadthiae) but yl ) benzam
do) propan0|c aci d;
propanoic acid;
3-(6-(3-methyl-1-(4'-(trifluoromethyl)biphenyl-4-yloxy)butyl)nicotinamido)propanoic acid;
3-(6-(3-methyl-1-(4'-(trifluoromethylbiphenyl-4-y)butoxy)nicotinamido)propanoic acid;
and
3-(6-(1-(4'-(trifluoromethyl)biphenyl-4-yloxy)ethyl)nicotinamido)propanoic acid;

20  or a pharmaceutically acceptable salt thereof.

16. A compound of claim 1 selected from the group consisting of
(-)-(S)-3-(6-(3-methyl-1-(4'-(trifluoromethyl)biphenyl-4-yl)butylamino)nicotinamido)
propanoic acid;

25  3-(2-(3-methyl-1-(4'-(trifluoromethyl)biphenyl-4-yl)butylamino)pyrimidine-5-
carboxamido)propanoic acid,;
3-(6-(1-(4'-(trifluoromethyl)biphenyl-4-yl)propylamino)nicotinamido) propanoic acid,;
3-(5-(3-methyl-1-(4'-(trifluoromethyl)biphenyl-4-yl)butylamino) pyrazine-2-
carboxamido)propanoic acid,;

30 (+/-)-3-(4-(1-(2-(4-(trifluoromethyl)phenyl)pyrimidin-5-ylamino)butyl)benzamido)
propanoic acid;
(-)-3-(6-(2-methyl-1-(4'-(trifluoromethyl)biphenyl-4-yl)propylamino)nicotinamido)
propanoic acid;

or a pharmaceutically acceptable salt thereof.
35



20(R)-3-(4-(1-((5-(4-(trifluoronethyl)phenyl)pyrazin-2-yl)am no)butyl)benza
m do) propanoi c acid;

3- ( N- et hybh-2612(08SHaet hyl - 1- (4" - (trifl uoronmet hyl) 41, 11- bippimanydi]/esksss

yl ) but ypam no) ni coti nam do) pr opanoi c 18i d;

()-3-(6-(((tetrahydro-2H pyran-4-y1)(4'-(trifluoronmethyl)-[1, 11-bi phenyl]-4
- 25yl ) nmet hyl ) am no) ni coti nam do) pr opanoi ¢ aci d;
()-3-(6-((2-(2-cyano-4'-(trifluoronmethyl)4l, 11-bi phenyl]-4-yl) butypam no)

ni cot i nam do) propanoi ¢ acid;

(+/-)-3-({543-nethyl -1- (4 -tr|fI uororret hyl - bi phenyl - 4-y1) - but yl am no] - pyri m
i di ne-2- car bohyl | Aa‘?ﬂ”?%’}mBP beamia! aci d:

303- ({5-[(R -3-methyl -1- (4" - tardifhuor omet hyI ghiphenyl - 4oy1l) - but yl am noj - pyri

m di ne- 2- car bonyl | - am no) - op| iC CI d;
3-({5-[(S)-3-nethyl -1- (R 'qu i phe y1) - butyl am no] - pyrim
di ne-2- carbonyl | -am no) - | oni £ aci d

3-[(6-{(S)-3-nethyl -142- (4 t AT T &or onret hyI %h‘e‘rfyl ) - pyr'i\'Tﬁ_diSn-S-ylFbutyI am n
ol - pyri di ne-3- 35carbonyl ) an no] - propi oni ¢ aci d;
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(+/-)-3-(6-(4,4,4-trifluoro-1- f4 -(trifluoronethyl )b| phenyl-4-yl)butyl am no
) ni coti nghd Bbﬁrﬂ}aﬁﬁ'é%i%a%ﬁ%@be salt'thereof, wherein

3-(6-(28- CR¢is0dHe‘aWobnénéll€r subétitii el With @B tesdut BiikaHR RN & oy lin ®ipBMdéHIlyNO) Ni cot i n

am do) propanoic¢c acid
53- ( 6- ( 3- AEEHY f@m(@'qreﬂ@)a(%w@aikx('thydquuoﬁ%%ﬁ)%&M»CWWHPY@@WQ but yl

am no) ni (GIQ'LCJ)QI I%)l&’féﬂ?@ﬂ@éti@uté‘@b\ﬂh one to three fluoro, or (C- Ce)alkoxy optionally
3-(6-(1-( (4 chl or opheny1) - 5- et hyl pyri di n- 3y|amno) 3- et hyl but'yl ) ni coti

nam do) pPYPFHREEEWERPRe to three fluoro;
3-(2-(1- (6ra61rﬁérﬁd>é4@a ﬂgié?cﬁh\ﬂll)gl%lﬂﬂﬁiﬁwﬂB%pthéWthée@mnﬂpé L E Nty gAfyh-

10car boxam do proFanm C

3- (4- (19- (B 0 3 X § G‘@F@ﬁﬁﬁo‘rﬂﬂt eRYhyNS peheran feenfieasyfusasdi-nembeffani do) pr o
panoi ¢ ac héieroaryl grou |s optlonally substltuted with one to four substituents each

(+/-)-3-(6 thy quorometm{ penyl88¥r|4nbd|n5 | ) but yl am
i N0)  ni Cotqdﬁaq,ﬁd@m}ﬁ%%ﬁ%frema{@lqj -S(O)2-(C1-3)alkyl, hydroxy, -C(O)NR"R", cyano, (C1-

(R) - 3- (6- £3am®t dptibndiy(Ribétutel Mithl dnerte iR &Il orb el JoR)akosty Bpionslly but yI ani no)

substituted with one to three fluoro;

15 R%and R” are each independently H or (C1-Cs)alkyl;
R?is H or (C1-Ca)alkyl;
R%is tetrazolyl, -CHy-tetrazolyl, -(CH2)>SO3sH or —(CH),CO2H optionally substituted with
a hydroxy or fluoro;
A', A%, A* and A* are each independently CR* or N, with the proviso that no more than

20 two of A', A%, A% and A* are N;
R* at each occurrence is independently H, halo, cyano, (C1-Cs)alkyl optionally
substituted with one to three fluoro, or (C4-Cs)alkoxy optionally substituted with one to
three fluoro;
L is —=X-CH(R®)- or -CH(R®)-X-;

25 Xis CHz, O or NH;
R® is (C+-Cs)alkyl which is optionally substituted with one to three fluoro, hydroxy or
methoxy; (Cs-Cr)cycloalkyl which is optionally substituted with one to two (C4-Cs)alkyl
which are optionally substituted with one to three fluoro or one to two (C+-Cs)alkyl, or
(C1-Cs)alkoxy which are optionally substituted with one to three fluoro, and wherein one

30 totwo carbons of the (C3-C7)cycloalkyl can be replaced with a NH, N(C-Cs)alkyl, O or
S; or (Cs-Cr)cycloalkyl-(C1-Cs)alkyl wherein the (C3-Cr)cycloalkyl group of said (Cs-



15ni cot i nam do) propanoi ¢ aci d;
(S)-3-(6-(3-nmethyl-21-(6-(4-(trifluoronethyl)phenyl)pyridin-3-yl)butylam no)
ni cot i narmvo@)respatoi ¢ aci d; PCT/IB2011/055588
(+/-)-3-(6-(3-nethyl-1-(4-(5-(trifluapomet hyppyri di n-2-y1) phenyl)butyl am no
) ni cotinam do) propanoi ¢ aci d;
203-(6-(1-(2-nethoxy-4"-(trifluoronethyl)biphenyl-4-yl)butylam no)nicoti nam
i do) propanoi c acid;

3-(6-(1-(3- nethoxy 4' - (trifluoronethyl)biphenyl-4-yl)butyl am no)nicotinam d
0) propangic a

3-(6-(1- (§z>€>40'?q"ﬂ'1(¢u8ﬁ)allfﬁ't [sefippisyPstityted withione 50 Hr9 Gurlaalel W8I cot i nani

do) pr opaa@s SptidRaARI stibstituted with one to three fluoro;

R | opent 41-f| uor obi phen | ) met hyl ami no) ni coti nam do) pr opa
l(’lOI) Cc aci dgqy% Pand g‘;gre each mdepen(PentIy)é:R6 oer with theyprowso th)at no more than )prop

(S) 3- (6 (W@ﬂgﬂpghtaﬁ%ejg“fawgr obi pheny1l-4-yl) net hyl am no) ni cot i nam do) pr opa
noi c acid

3-(6- (Eycﬁoﬁb‘?ﬂﬁy‘lc(oﬁur(@m@t'? indepRnashity Ry halanEnHa)al Pricaaly subpittag Wi ani no)

ni coti nanbﬁ’@)dlhﬁééafmj@fd? oﬁ(23$1dcg)alkoxy optlonall substituted with one to three fluoro; and
30(R) - 3- Gn%Ptetrah dro 1-(trifluaronethyl)bi phenyl 4-yl)me

t hyl am no cooVidg %yvﬁpgbé%i}?@l—é{ég%and X'is CH; or O then at least one of B,
(S) - 3- ( 6- B¢ tEStdnaBrey R Wbl fsa k- érmif))( 4dd Xid NAlthieH s@ddtvhe bf RhevdyA: 44yl ) met h

yl am no) nicoti nam do pr.opan
3-(4-(3- n’étwnﬂnd]!"”(e@ L(ﬁ @HER?%H?%WMWF ?rﬂﬁ]%frﬁ/l ?’pﬁ‘ ianod s Y- yl am no) but yl ) be
nzam dg) 35propanoic acid; WD 2012/ 085745PCT/ 1B2011/ 055588 192

5 (3 (3 ethyl - (3 (4 (L) yor orpLINL ) phec ) B LT GL -3 o o) buey)

3- (6- ((3- (ethpwy ek eiLi Y- ld driftuokdrhdthy ppyaidet-byl pHEnpeny fandiny]byriei-BY | am no)
ni cot i nam(?(r% roBanm c acid
53-(6-((t¥ tﬁﬂﬂﬁ eR-8l308N- 3- y1) (41- (trifl uoronet hyl ) bi phenyl-4-yl ) net hyl a

m no) ni CC(H—PW@[@M@YOQ@W'—[& (Bifluskomethyl)phenyl] pyrimidin-5-yl}methyl)amino]
(R) - 3- é é’}‘%jrﬁgdﬁ % é\ﬁ é a% lfl uor onet hyl) phenyl ) pyri m di n-5-y1) net hyl am
no) ni'cot FBRAALYL

(*)-3-(4-(1-((5-(4- (trlfIuoromethyl)phenyl)pyrazin-2-y|)amino)butyl)benzamido) propanoic

acid;

(S)-3-(4-(1-((5-(4-(trifluoromethyl)phenyl)pyrazin-2-yl)amino)butyl)benzamido) propanoic

acid;

20 (R)-3-(4-(1-((5-(4-(trifluoromethyl)phenyl)pyrazin-2-yl)amino)butyl)benzamido)
propanoic acid;
3-(N-methyl-6-((3-methyl-1-(4'-(trifluoromethyl)-[1,1'-biphenyl]-4-
yhbutyl)amino)nicotinamido)propanoic acid,;
(£)-3-(6-(((tetrahydro-2H-pyran-4-yl)(4'-(trifluoromethyl)-[1,1'-biphenyl]-4-

25  yl)methyl)amino)nicotinamido)propanoic acid;
(£)-3-(6-((1-(2-cyano-4'-(trifluoromethyl)-[1,1'-biphenyl]-4-yDbutyl Jamino) nicotinamido)
propanoic acid;
(+/-)-3-({5-[3-methyl-1-(4"-trifluoromethyl-biphenyl-4-yl)-butylamino]-pyrimidine-2-
carbonyl}-amino)-propionic acid;

30  3-({5-[(R)-3-methyl-1-(4'-trifluoromethyl-biphenyl-4-yl)-butylamino]-pyrimidine-2-
carbonyl}-amino)-propionic acid;
3-({5-[(S)-3-methyl-1-(4'-trifluoromethyl-biphenyl-4-yl)-butylamino]-pyrimidine-2-
carbonyl}-amino)-propionic acid;
3-[(6-{(S)-3-methyl-1-[2-(4-trifluoromethyl-phenyl)-pyrimidin-5-yl]-butylamino}-pyridine-3-

35  carbonyl)-amino]-propionic acid;



(S)-3-(6-(cyclopentyl(2-(4-(trifluoronethyl)phenyl)pyrimdin-5-y1)nmethylam
no) 10ni coti nam do) propanoi ¢ aci d;

(R) - 3- (6-WO-202/088%46t ri f 1 uor oret hyl ) phenyl ) pyri m di n- 5- ylpCbaB3oianisags)

ni cot i nam do) propanoi c acid; and 191
(S)-3-(6-(1-(2-(4-(trifluoronethyl)phenyl)pyrimdin-5-yl)butylam no)nicotin
am do) propanoic acid; 15or a pharmaceutically acceptable salt thereof.

19. A pharnmaceuti cal conposition conprising (i) a conpound of any one of
claims 1 to 18; or a pharnaceutically acceptable salt thereof and (ii) a
phar maceutlcally acceptabl e excipient, diluent, or carrier. 20 20.

The conpo§i/Vi%le-(@+ %rrb.fwﬂﬁom(wéﬂl@rwngf@mb'efb%ﬂybﬂwab@v'a@moa therapeutical ly

accept abl gicsdmibiyropahoit aciar esent in a therapeutically effective amount.
21. A nethod for treating or_delaying the ressi on or onset of Type 2
2541 abet es-End-QFRBEPHS Pl eomP by Piehen A B WM BRYIPETR) t he St ep of
adm ni st eb,rdbgn@,@a@,a animal in need of such treatnent a therapeutically
effectlve anount of a corTEoun or pharmaceutically acceptable salt thereof

of any’ ong (&13-E1e4rd (2 meih G- (TBluorEEN YRR MIMBYHHN-2-YOBHY TN of O ai m 1

t hr ough 18|C@ﬂ'néhh@(5)6ﬁﬁ)gﬁ@)|b(é@b| y acceptable salt thereof in the manufacture
of a nedicanent for trea %]a di sease, condition or disorder that is

modul at ed3#§(1- Hlreieppiend mgthyipYHTinSagiRinp s apatiy butylnicotinamido)

propanoic acid;
3-(2-(1-(4'-(trifluoromethyl)biphenyl-4-yl)butylamino)pyrimidine-5-

10  carboxamido)propanoic acid;
3-(4-(1-(6-(4-(trifluoromethyl)phenyl)pyridin-3-ylamino)butyl)benzamido)propanoic acid;

(+/-)-3-(6-(3-methyl-1-(2-(4-(trifluoromethyl)phenyl)pyrimidin-5-yl)butylamino)
nicotinamido)propanoic acid;
(R)-3-(6-(3-methyl-1-(6-(4-(trifluoromethyl)phenyl)pyridin-3-yl)butylamino)

15 nicotinamido)propanoic acid;
(S)-3-(6-(3-methyl-1-(6-(4-(trifluoromethyl)phenyl)pyridin-3-yl)butylamino)
nicotinamido)propanoic acid;
(+/-)-3-(6-(3-methyl-1-(4-(5-(trifluoromethyl)pyridin-2-yl)phenyl)butylamino)
nicotinamido)propanoic acid;

20 3-(6-(1-(2-methoxy-4'-(trifluoromethyl)biphenyl-4-yl)butylamino)nicotinamido) propanoic
acid;
3-(6-(1-(3-methoxy-4'-(trifluoromethyl)biphenyl-4-yl)butylamino)nicotinamido) propanoic
acid;
3-(6-(1-(2-(4-(trifluoromethoxy)phenyl)pyrimidin-5-yl)butylamino)nicotinamido) propanoic

25  acid;

(R)-3-(6-(cyclopentyl(4'-fluorobiphenyl-4-yl)methylamino)nicotinamido)propanoic acid;
(S)-3-(6-(cyclopentyl(4'-fluorobiphenyl-4-y)methylamino)nicotinamido)propanoic acid;
3-(6-(cyclopentyl(2-(4-(trifluoromethyl)phenyl)pyrimidin-5-yl)methylamino)
nicotinamido)propanoic acid;

30 (R)-3-(6-((tetrahydro-Z2H-pyran-4-yl)(4'-(trifluoromethyl)biphenyl-4-yl)methylamino)
nicotinamido)propanoic acid;
(S)-3-(6-((tetrahydro-2H-pyran-4-yl)(4'-(trifluoromethyl)biphenyl-4-ylYmethylamino)
nicotinamido)propanoic acid;
3-(4-(3-methyl-1-(2-(4-(trifluoromethyl)phenyl)pyrimidin-5-ylamino)butyl)benzamido)

35  propanoic acid;
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3-(3-(3-methyl-1-(2-(4-(trifluoromethyl)phenyl)pyrimidin-5-ylamino)butyl)
picolinamido)propanoic acid;
3-(6-((3-methoxycyclobutyl)(4'-(trifluoromethyl)biphenyl-4-yl ) methylamino)
nicotinamido)propanoic acid;
3-(6-((tetrahydro-2H-pyran-3-yl)(4'-(trifluoromethyl)biphenyl-4-yl)methylamino)
nicotinamido)propanoic acid;
(R)-3-(6-(cyclopentyl(2-(4-(trifluoromethyl)phenyl)pyrimidin-5-yl)methylamino)
nicotinamido)propanoic acid;
(S)-3-(6-(cyclopentyl(2-(4-(trifluoromethyl)phenyl)pyrimidin-5-yl)methylamino)
nicotinamido)propanoic acid;
(R)-3-(6-(1-(2-(4-(trifluoromethyl)phenyl)pyrimidin-5-yl)butylamino) nicotinamido)
propanoic acid; and
(S)-3-(6-(1-(2-(4-(trifluoromethyl)phenyl)pyrimidin-5-yl)butylamino)nicotinamido)
propanoic acid;

or a pharmaceutically acceptable salt thereof.

19. A pharmaceutical composition comprising (i) a compound of any one of
claims 1 to 18; or a pharmaceutically acceptable salt thereof and (ii) a pharmaceutically

acceptable excipient, diluent, or carrier.

20.  The composition of claim 19 wherein said compound or said

therapeutically acceptable salt thereof is present in a therapeutically effective amount.

21. A method for treating or delaying the progression or onset of Type 2
diabetes and diabetes-related disorders in animals comprising the step of administering
to an animal in need of such treatment a therapeutically effective amount of a
compound or pharmaceutically acceptable salt thereof of any one of claims 1 through
18.

22.  The use of a compound of Claim 1 through 18 or pharmaceutically
acceptable salt thereof in the manufacture of a medicament for treating a disease,

condition or disorder that is modulated by the deactivation of a glucagon receptor.



