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AS GLUCCKI NASE ACTI VATORS FI ELD OF THE | NVENTI ON The present invention
rel at es twoobwd46ut ed heteroaryls and the uses thereof pas/iBylweRInase
activators. BACKGROUND Di abetes is a major public health concern because of
its increasing preval ence and associated health risks. The disease is
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20 phosphate, and subsequent insulin release. Glucokinase is found principally in

pancreatic 3-cells and liver parenchymal cells. Because transfer of glucose from the
blood into muscle and fatty tissue is insulin dependent, diabetics lack the ability to
utilize glucose adequately which leads to undesired accumulation of blood glucose
(hyperglycemia). Chronic hyperglycemia leads to decreases in insulin secretion and
25 contributes to increased insulin resistance. Glucokinase also acts as a sensor in
hepatic parenchymal cells which induces glycogen synthesis, thus preventing the
release of glucose into the blood. The GK processes are thus critical for the
maintenance of whole body glucose homeostasis.
It is expected that an agent that activates cellular GK will facilitate glucose-
30 dependent secretion from pancreatic beta cells, correct postprandial hyperglycemia,
increase hepatic glucose utilization and potentially inhibit hepatic glucose release.
Consequently, a GK activator may provide therapeutic treatment for NIDDM and
associated complications, inter alia, hyperglycemia, dyslipidemia, insulin resistance
syndrome, hyperinsulinemia, hypertension, and obesity.
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V\D2007/t843 38, WD2007/ 043638, and W2007/ 117995 recite certain heterocyclic
derivatlGEPO¥P A0S 1 ity for the treatment of diabetes. Although
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to Type 2 di abetes, and di abetes-related and obesity-related .
co- nor BneiaPpkcslly sigble to allow less frequent usage; and (e) it would be usable in
combination with tolerable amounts of any of the categories of drugs listed herein.
25 Substituted heteroaryls, particularly pyridones, have been implicated in
mediating GK and may play a significant role in the treatment of NIDDM. For example,
U.S. Patent publication No. 2006/0058353 and PCT publication Nos. WO2007/043638,
W02007/043638, and WO2007/117995 recite certain heterocyclic derivatives with
utility for the treatment of diabetes. Although investigations are on-going, there still
30 exists a need for a more effective and safe therapeutic treatment for diabetes,
particularly NIDDM.
SUMMARY OF THE INVENTION
The present invention provides Formula (1A) compounds that act as glucokinase

modulators, in particular, glucokinase activators; therefore, may be used in the
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R is H or (C4-Cs)alkyl; and

R* is quinolinyl, thiazolo[5,4-b]pyridinyl or 5- to 6-membered heteroaryl

15  containing one to two N heteroatoms and optionally one O or S heteroatom, where said
heteroaryl, quinolinyl and thiazolo[5,4-b]pyridinyl are optionally substituted with one to
two R*, where each R* is independently (C4-Cs)alkyl optionally substituted with one to
three hydroxy, -CFs3, cyano, (C1-Cs)alkoxy, halo, amino, (C1-Cs)alkylamino, di-(C+-
Cs)alkylamino, -CO2R*, -(C1-Cs)alkylCO2R*, -C(O)N(R*™)2, -P(O)(OR4p)2, -(C+-

20 Cg)alkylP(O)(ORup)2, -P(O)(OR*)(C+-Caalkyl), (C1-Cs)alkylsufonyl, -SOsH, -NHC(O)R*
or aryl(C4-Cs)alkyl, where the aryl of said arylalkyl is optionally substituted with (C;-
Ce)alkyl, -CF3, cyano, (C1-Cs)alkoxy, halo, amino, (C1-Cs)alkylamino, or di-(C1-
Cs)alkylamino;

R* at each occurrence is independently hydrogen, (C1-Cs)alkyl or benzyl; and

25  R™ at each occurrence is independently COzH or (C-Cs)alkyl optionally substituted
with one to three hydroxy; or a pharmaceutically acceptable salt thereof.

R is preferably H, methyl, ethyl, -CF3, -S(O)2(R'?), or C(O)R™, where R'? is
methyl, ethyl, isopropyl, cyclopropyl, cyclobutyl, (C4-Cs)alkylamino, or di-(Cs-
Cs)alkylamino. More preferred, R" is H, methyl, ethyl, -CF3, -S(0)2CHs, -S(O)2.CH2CHs,

30  -S(0O)2,CH(CHs)2, -S(O).cyclopropyl, -S(O).cyclobutyl, -C(O)NHCH3;, -C(O)NHCH2CHs,
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thiazolyl, pyridinyl, pyridazinyl, pyrimidinyl, pyrazinyl, or quinolinyl, each optionally
substituted with one to two R*, where R* is as described above. More preferred,
R*is pyrazolyl, isoxazolyl, pyridinyl, pyrazinyl, pyrimidinyl, quinolinyl, each optionally
substituted with one to two R*, where R* is as described above. Most preferred,
15 R*is pyrazolyl, isoxazolyl, pyridinyl, pyrazinyl, pyrimidinyl, quinolinyl, or a Formula of

(@), (b), (c), (d), or (e),
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where R* is methyl, ethyl, -CF3, -CO2H, -CH,CO4H, -P(O)(OH),, -CH;P(O)(OH),, -
SOsH or benzyl.

20 A preferred compound of the present invention is a compound of Formula (1B)
RZ
H
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/
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where R', R?, and R* are as described above.
Preferred compounds of Formula (1B) include (S)-3-cyclopentyl-2-(4-
(isopropylsulfonyl)-1H-pyrazol-1-yl)-N-(5-methylpyridin-2-yl)propanamide; (S)-3-

25  cyclopentyl-2-(4-(isopropylsulfonyl)-1H-pyrazol-1-yl)-N-(pyrazin-2-yl)propanamide; (S)-
3-cyclopentyl-2-(4-(isopropylsulfonyl)-1H-pyrazol-1-yl)-N-(5-(trifluoromethyl)pyridin-2-
yh)propanamide; (S)-3-cyclopentyl-2-(4-(isopropylsulfonyl)-1H-pyrazol-1-yl)-N-
(pyrimidin-4-yl)-propanamide; (S)-3-cyclopentyl-2-(4-(isopropylsulfonyl)-1H-pyrazol-1-

4



where Rda is nethyl, ethyl, -CF3, -002H, -0H2002H, -P(0)(OH) 2,
-CH2P(0) (OF) 2, - SO3H or benzyl. 20A preferred conpound of the present

i nventi orowo2ow/eempound of Forrmula (1B) R2 ---------- " HPCTNBRO0Y03873  NO
(1B) where Rl, R2, and R4 are as described above. Preferred conpounds
of For rith)-&-(EYBpidind-yidereranagigs c{ Dperysiapentyls2-(4-(isopropylsulfonyl)-1H-

(5 08" prh iR MERYp eI 2-09 oDkt R} BYG cigindai2 21 opanar de:
25cycl qeptodyisiioty() 9 épy el wif-ahi ety -1 y-pyrakeol3-y D)prdbapamas; (SR3y | ) pr o

d S) - .
D oal GelabhivhN-A6-Matar PYIIN oY Bnmatty isyien -1 K- Zat 150 ( i 11 wor omret h
B B P o ooty Y20y S o e, .
1) pr ouamamleﬂeyl){oﬁ)pa}armaeo(c&)@ “gyclapéaty(- Bﬁ(éfirrtmwlswifdnydwﬂbf-pmwﬂawbwl

}NS)) 2?%%%@3{%&% hz’%(%)% %MBBW%Q%WQ%%% I3r1]2:y%lc§]pe2nty ]RI (ﬁ) ?r?ﬁ nﬁ-l pyrazol -3-
Hpyr azq)')i—(ﬂhe%;(@ulf&tthmwaazﬁdnﬂ?y| %bod@n@ﬁﬁa@mw (1;benzyiipyrazol-3-

(S)-3-cycl openty = (i sopropyl su onyl) H pyrazol
- et hy|yl)131qyplppa|ztyll 2514y(1r)etbylspk§¢wh) tig:pyragol3l-yl)-propanamide; 2/8) 3- cyclopentyl

YR R B F Gy AR &y Py ol -2

H- N R-fny bf &) T d
(S?ygaé??@ggﬁw%gb;:ﬁﬁg?dﬁ?sﬁ%?} e?&y?@?gggﬁl-{byrmp?? '[nrl ?I uoronet h

yl') pyr iRIPRADaR| glogen y@)@s@%qnfp@wéw Cgﬂyl)r\il/(/‘llyéﬂ%}*ﬂ >1I (jsexagol-3-

L

-yl)- prmlammedemldés) 683 Eszsutlopemtwim J(&Bpfdbyﬂswrbhyl)aw bs»mbH YIFNpyrazol -1

o bond Bl 4h-readaast Bas LT 8 SPnshih NE e ttyl-4 b PUazah Yk as(A-azol - 1-y1)
-yg;opa(%p@z&f@qyﬁ ﬂyggro ani’ﬁ-{ Brdptnbhige @S HbERP Wby ARYBaARE- 1
(S)-3- W'WM%@%@@F()W'SPW@M) t/dmwamm*wwpmwammde §Q))3 Nycélppemtdl -B2-yl)

p;’??apl- (§%Lﬁ(u?8p§ﬁ%¥9}(’)p gﬂ%lé{rﬁdg P1?P6’Jr%%|f§ y%laropa rﬁ?/dr %é’
(S)-3- | Sul fon (fbte(t I@&IW)lﬁﬂ@X/Fé’é@Ph =) WL5- &re&rﬁ?%sndm -2- yIZ)propanam|de

(i soprop yrazol - 1-y1) - pr opanam de;
H- #pr az(§f§ 33cxp19pepiyl -2-(4- (ethylsulfonylgl1 pyrazol -1-yl)-N-(5- methylpyrazm -2- yI)

(5~ 3" aYePaAnI (SEBRAATE kg £ BRIt P BB it 1 1

H- pyrazp pfapa/rﬂa)mlﬂbwwt&mtéleand &)-63(3-cyclopentyl-2-(4-(methylsulfonyl)-1H-pyrazol-1-
cycl opentyl-2-(4-(ethyl sul fonyl)-1H pyrazol -1-y1)- N-f5 met hy Ipfyrl di n-2-y1)-
pr opanatipeepanamido)nicotinic acid; or a pharmaceutically acceptable salt thereo

20(S) - 3- CyC'/QrRﬁHéé/&re?er?%; (:@tnﬁ%bﬁb”offw brestht PVEATGH Tska ¥dhipuha ofRopuRy T azi
n-2-yl)- propanam de; -benzy

6- (2B3¢1Qy)l opent y1- 2- (4- (et hyl sul fony1) - 1H pyrazol - 1-

yl ) propanam do) ni coti nate; and 2
(S)-6-(3-cyclopentyl-2-(4-(nethylsul 1) - 1H pyrazol - 1-

yl ) propanani do) ni cotinic acid; or a pha maceui;_ll cally acceptable salt

t hereof . Anot her preferred CRAPOY (le e rﬂs\eng invention is a conpound

of Fornmul a J
N=— o]

(1C)
where R', R?, and R* are as described above.

Preferred compounds of Formula (1C) include(S)-3-cyclopentyl-2-(4-
(isopropylsulfonyl)-1H-imidazol-1-yl)-N-(5-methylpyridin-2-yl)propanamide; (S)-3-
30 cyclopentyl-2-(4-(isopropylsulfonyl)-1H-imidazol-1-yl)-N-(1-methyl-1 H-pyrazol-3-
yl)propanamide; (S)-3-cyclopentyl-2-(4-(isopropylsulfonyl)-1H-imidazol-1-yl)-N-(5-
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WO 2010/ 029461PCT/ 1B2009/ 053773 Anot her preferred conpound of the present

I nvention is a conpound of Formula (1 D R----(21------ N--R4IN O -. R
H (1D) whwoeoR1029482, and R4 are as descri bed above. 5PretCenBmdy/esnmounds of
Formula (1 D) include (S)-3-cyclopentyl-N(1l-nmethyl-1 H py

razol - 3-y1) -AnqtRer prefereweemporpd f the-prppeal siventign jsor epavwanndef Formula
(S)-3- 315' opent yl - N(5- net hyl pyridin-2-y1)-2-(3-(trifluoronethyl)-1H pyrazol
-1-yl ) propanam de; and (S)-3-

cycl opentyl - N- (5- et hyl pyrazi n-2-y1) (3-(trifluoronethyl)-1 H pyrazol -

yl ) propanam de; or a pharmaceutically ayceptable salt thereof. |oAnother
preferred conpound of the present Nnhventfion i 8 a conpound of Fornula (1 E)
R NHRi ----- e Nl------- " NRY \ NN—= T~Rhere the Rl, R2, and R4
are as descri bed above. Preferre _co oundd of Fornmula (1 E) include
(S)-3-cycl opentyl -N-(5- 15net hyl pyridi n-2- Q1) - 2- ( 3- (rrethylsulfonyl) 1 H1
,2,4-triazol - 1 yI)propanam' de; (S)-3- glopentyl N-(1 -nethyl-

H-pyrazol 3- (,net hyI sul f on 1 H1,2 4-triazol-1- vyl )propanam' de;
(S)-3- e rgd% a[(‘lfj(F% asyde5¢eria ?ér‘fl)b?y9l) 2 (3 (met hyl sul fony1)-1 H

5 Preferred compounds of Formula (1D) include (S)-3-cyclopentyl-N-(1-methyl-1H-

pyrazol-3-yl)-2-(3-(trifluoromethyl)-1H-pyrazol-1-yl)propanamide; (S)-3-cyclopentyl-N-
(5-methylpyridin-2-yl)-2-(3-(trifluoromethyl)-1H-pyrazol-1-yl)propanamide; and (S)-3-
cyclopentyl-N-(5-methylpyrazin-2-yl)-2-(3-(trifluoromethyl)-1H-pyrazol-1-
yl)propanamide; or a pharmaceutically acceptable salt thereof.
10 Another preferred compound of the present invention is a compound of Formula
(1E)
R2

N
R1\</ SN N—Rs
v~ o
(1E)

where the R', R?, and R* are as described above.
Preferred compounds of Formula (1E) include (S)-3-cyclopentyl-N-(5-

15  methylpyridin-2-yl)-2-(3-(methylsulfonyl)-1H-1,2,4-triazol-1-yl)propanamide; (S)-3-
cyclopentyl-N-(1-methyl-1H-pyrazol-3-yl)-2-(3-(methylsulfonyl)-1H-1,2,4-triazol-1-
yl)propanamide; (S)-3-cyclopentyl-N-(5-methylpyrazin-2-yl)-2-(3-(methylsulfonyl)-1H-
1,2,4-triazol-1-yl)propanamide; (S)-3-cyclopentyl-N-(pyrazin-2-yl)-2-(3-(trifluoromethyl)-
1H-1,2,4-triazol-1-yl)propanamide; (S)-3-cyclopentyl-N-(5-methylpyridin-2-yl)-2-(3-

20  (trifluoromethyl)-1H-1,2,4-triazol-1-yl)propanamide; (S)-benzyl 6-(3-cyclopentyl-2-(3-
(trifluoromethyl)-1H-1,2,4-triazol-1-yl)propanamido)nicotinate; (S)-ethyl 2-(3-(3-
cyclopentyl-2-(3-(trifluoromethyl)-1H-1,2,4-triazol-1-yl)propanamido)-1 H-pyrazol-1-
yl)acetate; (S)-6-(3-cyclopentyl-2-(3-(trifluoromethyl)-1H-1,2,4-triazol-1-
yl)propanamido)nicotinic acid; and (S)-2-(3-(3-cyclopentyl-2-(3-(trifluoromethyl)-1H-

25 1,2,4-triazol-1-yl)propanamido)-1H-pyrazol-1-yl)acetic acid; or a pharmaceutically

acceptable salt thereof.



1 ,2,4-triazol-1-yl)propanam de;

(S)-3-cyclopentyl -N-(pyrazin-2-y1)-2-(3-(trifluoronethyl) 1 H1

, 2, 4- tri awol2eto/o2bdepr opanam de; (S)- 3-cycl opentyl - N-(5- mPCm)gIBmWDi:kWs
in-2-y1)-2-(3- 20(tr|fluororrethylz 1 H1,2,4-triazol-1-yl)propanam de;
(S)-benzyl @Anaheyesrassef {e present inventionisr»pBamyageuticel gomposition that

Cicﬁo:)redn?ﬁj Sfjs((g % M Ombﬁﬁ?‘%éﬂﬁﬂ\gent&)ﬁ) ofh rr:'>Y1|zarr‘%ﬁ@euo’ucally acceptable

, 2, 4- trsthtbeFebfyéﬁdJ(Z)[wpmﬂhﬁeuttblgyaﬁzapﬁaﬁle eybip@ﬂldutuent or carrler
(S) 6- ( 3- %ﬂelopentyl ggrlfluororrethyl H- 4-triazol -

y1 ) pr ofARIEHR! rth@@pmﬁqelt GPMRHSES a therapc)autlcally effechve Bmount of 8
(S) 52- (c%nﬁﬁbﬁiqceﬂﬁé ¥derdikvisrt rn' Hﬁ_ YHarREEH ca%y'ﬁ‘cceg[)table salt thereof and a

251,2,4-tr1 az propanam pyrazol -1-yf)acetic acid; or
phar rracmflarmaeuycaﬂgmpeatab& ead:lplemheilleleﬁt or\werr&y10/ 029461PCT/ 182009/ 053773
0Si |on

Anot her asp of the,present |nvent H rmaceut i cal %: rp:)

thot "eomar site fambaSBhSitnePrisnal BRsknd fTkRar gt ey ticaTAgEN,
phar W%Fﬁéﬁ@édéﬂtléﬁ%@é@ﬁté’olé%’dt th@t%ro‘POPre@H@d(a%)d|tﬁ)®'l‘§h§@ﬁ§éédti%§| é ents
accept abl e exci pi ent’, diluent, or carrier. Preferrably, the conposition

conpr i se@udetanerda@@ttq, eatifopesity canti-hypestansian, @ntinyhesgigeemic, endiipi pr esent

ohelt e aierfa s eERESkIRSE b RETE B ELRE, bist A Fbsr® ¥ bnt-qhgsiy

corrp05|etge@1|fs rRydesoipet $réih. | east one additi onal pharmaceutical agent, or a
phar maceut i cal | g acceptable salt thereof. Preferred additional
cag

phar maceut i dalry @ﬁh:h@r Papeeif ﬂaﬁpre&ﬂrﬁﬂféﬁnéon%@um%tb@g ifpr/treating a disease,
anti - hy&e)e]rdﬁ;[ Zbﬁels A ddi f'e(o% Iﬁco% fsd bﬂggpé *n%flg@gg,%esﬁqny%

descri bed re re erre |-d|a
agent s,saic edegoe] |he;1rriwmreahthat mcluddsrthp@tepaof)adjmm|s%tepeglto afméammengly esent

invention_is a nethod for t tin ase, con on r di sorder
rediat diCIabRE Giiasin e Sraereaept A empacall R e AR @
enzyne,q dn'?kfd;hr?aﬂﬂﬁng r?r@é’ént'u &Hféﬁ,so?? Bﬁ)h%h%@cé’utm%%b SRibhNHefcdfa mammal ,

15preferab I n nee such treatnent a therapeutically effect Ive
amount of a mleﬂmﬁmdhsm‘rdenseopcelsditwns mesliated by ghucekindser actvators dadlude
conpositi t.h ases ers, or conditio nedi ated b

o1 Lok HEea HEBeTER pyReRidrthe. PR SinaBime oM iseh dr S R anet abol i
syndr orgucddtiRRi, E:ﬁ@zﬁlétec&éﬁeﬁ@h@ur@b@m qtam&wemro@hwcﬁﬁbéuc €&itinBpAIhG,

neur opat hy, di abetic nephro

P dlabetlc retino ﬁ 200besity
dy L0i duqt@ﬁaitm, dysjidisleraiashynertemsicsy, |hry§arln$téwemlaaamd insy mreslsteecetsumr@me

3 Aot a2 e AT PGP ReicA R, of saREAS e I, N e L 1

resi st dmpaired Rlicuse. toldpasce) lodlee ity eshdringullry pssidtancé apedreme. hiylpes prefeest a,
and obesit Most preferred is Type ||l diabetes. In yet another aspect of

the pre¥e typierN/GH‘?p?Eﬁi? hypergﬂﬁeema @ﬁd pbasity- nijoshrrefesied 'SoTypﬁs”@I'Qhﬁﬂe%I ucose
in a mmal,p, e?faﬁéﬁ\%#%séeﬁm e prEUH |H\)teh |UH‘?§atrﬁé’th§P ?{j c?r?g?qﬁ'é RLEf 619

to a mammual 11 nee ment erapeuti ca ve amount of
a eanpdlocd gfucbbe ipaesammal nprefdrably, a bumnph@naﬁmnemesalhe stappofsi ti on
ther eofeidministering 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 hherein). The combination therapy may be administered as (1) 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 (2) 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
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Compounds of the present invention nmay be adm nistered in conbination with
ot her pharnmaceutical agents (in particular, anti-obesity and anti-diabetic
agents 30aexerwdesihherei n). The conbi nation therapy nmapChaBzdsdis’sx er ed as
(1) a single pharmaceutical conposition which conprises a conpound of the
pr esentSECANE FONHIPSItipN ¢araptisiag @t irdst one maditionat pRvEAGesdicalagant dgesdbeded
her ei n - r | - | i , Al tnQr carrier; or
(2) ol R e PRTFE RN 2PEGTRBR L RISER! BiEEh of bafER) el TSy
conposigHapmaceuticadl Sonpaozitionspoayn de efdntihstered stmult@ddousnodr sequendiafly and
pharmaceutically acceptabl e excipient, diluent, or carrier, and (ii) a 9
VO 20107‘@@94%@15}&/ 1B2009/ 053773 second conposition conprising at |east one
addigt i onal pharmaceutical agent described herein and a pharnaceutical ly
accept abl e exci pient, diluent, or carrier. The pharnmaceutical conpositions
may be admi ni stered sinmultaneousl yYDoFINl@{uNBtially and in any order. 5

DEFI NI TL ONS For purposes of .the present invention, .as descriped. and. clai med
ot e n FaRrPGoTil B Fresei iarkinthr 28 destibediand Miaimed NesF ot folowing

"Acti vabghs hndYhrased Akadéined &Y folléwki vation”, as used herein, unless

ot herw se 10i ndicated, refers to the ability of the conpounds of the
present i nveActivaie(s)” Phiativatory opraciivetien’, psbisad heeeinhenless eiepwisei n a

ol e 8368 LIfP iRt et oGl Bk ePeoant idicb W ERG T
i ndi Patcﬁlféctlaﬁlrﬁf ® the @KWZ{ﬁi@aih@ﬁ@mmélaés & NgRAd fsksreby pRFtRAlYSrvHdIgt
provide a therapeutically 15effective anmount of said agents that are useful

for thectivatngrald &ZyA&di sease, condition, or disorder, as described

herein. ™Al kX ] 8 ' Welall ; 0 an
oxygen mor et pehor APt Ear ot tsT s Ahe Rt e Bt sk AR Seld? ™
al kyl mefes Y9 otvler phamh&ceticgr corppagist dreprodnets dedtiprovidea therdpelutivally

20" Al kyl ", as used herein, unless otherw se indicated,_ includes saturated
o3 al &iFCtiVG MOUaF BbAI4PRERIS thakkieAeTdfior e ratopal OfBAISERSE GAIOKBN:.  The
al kane | i L@t or branched and may be unsubstituted or
substi t%ﬁ%ﬁ%z?@?éﬁgﬁ% ﬁ?%@'t erm"(01-06) alkyl" refers to a nonoval ent,
strai ght or “Biknxyhets udddohereirg uplesspotbervwise imdicateéds ef@sdardnorxygearmoiety

Non- ex%at{/?r%gvg f&r)fr?eqpelll?ﬁ s%%sét%%ﬁ?a}hggh&‘ pdridRRPe., alkyl moiety) of an alkoxy
group has the same definition as below.

20 "Alkyl", as used herein, unless otherwise indicated, includes saturated
monovalent hydrocarbon alkane radicals of the general formula CnHzn+1. The alkane
radical may be straight or branched and may be unsubstituted or substituted. For
example, the term “(C1-Cs) alkyl” refers to a monovalent, straight or branched aliphatic
group containing 1 to 6 carbon atoms. Non-exclusive examples of (C4-Cg) alkyl groups

25 include, but are not limited to methyl, ethyl, propyl, isopropyl, sec-butyl, t-butyl, n-propyl,
n-butyl, i-butyl, s-butyl, n-pentyl, 1-methylbutyl, 2-methylbutyl, 3-methylbutyl, neopentyl,
3,3-dimethylpropyl, 2-methylpentyl, hexyl, and the like. Alkyl represented along with
another term (e.g., alkylamino (e.g., CHsNH-), aminoalkyl (e.g., NH2CH>-), di-alkylamino
(e.g., (CH3)2N-), arylalkyl (e.g., benzyl), and the like) where said alkyl moiety has the

30 same meaning as above and may be attached to the chemical moiety by any one of the
carbon atoms of the aliphatic chain.

"Aryl", as used herein, unless otherwise indicated, refers to a monocyclic,
bicyclic, or fused ring system wherein each ring is aromatic. A typical aryl group (e.g.
phenyl, naphthyl) is a 6- to 10-membered carbocyclic ring or ring system. The aryl

35 group may be attached to the chemical moiety by any one of the carbon atoms within
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25i ncl ude, but are not limted to nethyl, ethyl, propyl, isopropyl,

sec-butyl, t-butyl, n-propyl, n-butyl, i-butyl, s-butyl, n-pentyl,
1- met hyl bwoybio/@94set hyl but yl , 3-net hyl butyl, neopentyl , P8T3BZI0veI3M13 pr opyl ,
2-nmet hyl pentyl, hexyl, and the Iike. Al kyl represented al ong with anot her

term (dhg rlngaams;qramﬁrﬁyi rngsgare aptonety Su@sﬁtw@m\wm ope (g threqspbspiupnts and
| kyl, d the lik
anere SIRCER e SIFRASNS rBl A Arkhont feroad Pl bletaf” e

attached to Ummmd%sqﬁltherprﬂe\ﬁthwmwnt)m lwedtﬂfe:femmhtassaitbemwgé t he
alip hatlélgchal n._ "Aryl' unl ess ot herw se indjcated, refers

as he
to a miReEFEC; EefeEﬁ QS’yQ,qu‘EO raﬁ’s @U:s%rﬂ‘ @n(ﬂf\)ss PERAGRIEIEIK aggg;p;ameﬂ%alﬁssof
aronat i i~cal (Tely
0. aniia SOpdRres, af eh & BB BoorRiS ¥, RRRUBINS), Loudinkrs e
at t achesbtopicaliy lalteied cainpoonds, ;eﬂdyaradhemferﬂonsmredrdwn/mrdmfme hin 10 WO

2010/ 029461PCT 09/ 053773 the ri ste ryl rings_are optionally
subst | (GTBRPYACSP dNe Presam bendaps Stk g ydrales o BB W AN ot er dar y1
to for rﬂdrlﬁbcﬁfr@%abf 8 ﬂl‘%frr%@éut)’dally'd&ﬁeéﬁé%leegélt tHepapro R somdidéraa present

i nvention"™, as used herein, unléss otherw se indicated, refers to conpounds

of For rﬁ!ﬂr@pQSltA)nS phar maceut i cally acceptable salts of 5the conpounds, as

2001 2a corpSampeohndogeact ol uiERT shATRiR ol TR &yl SRt 1

conpourstpaefi altyf‘éatm’aﬁé@ﬁérbd@yam &lRl- mSieties! whertlalkyHisaisegefedt disoveor mul a
(1A) conpounds, pharmaceutically acceptable salt thereof, are

consi dé?r@éer&%%wlkﬂﬁ@re Botxpunembrigd mogecyeiedings: iarkdingneyienrapyler wi se
d t
Loyt 2 ifionhfy eftfchedtys dnd ehHbAESH. TheRAlcldailyl Yot el (R afRRAIEC
ar eI 3- cthtenﬁieaiaﬂbent;eti;l/ an;acwyeodﬂtbe x:iaﬂg:ln at:oms?mthﬁg thgcbmuopri rlngﬁﬂgumaﬂl%yrl]
open cl onex Cl 0a rou, ma e (0] e
Y ey ol afS oy Selibhed HeRBhe B R SRy, The 46 Bseroaed i ng.
| oal
Es it i Eloahs Rl BeRYitPRREIINPRS idriH £HetdrbanPRfi Sl o0
Eg£ gr (r)]ar yIrlI tealab(iftﬂz?abelseddwrglh unlmgsswjv@remte |nd|cated mewmetc];egﬁtawmfﬁg
| SS W S
D baucidRE A ik PrRidieten NGkt Ofeaban/dtateR: Patica G itisk Which: cn

resul t regult ﬁﬁth@aﬂah%%f@clu@sléq(ﬂﬁﬁebﬁﬁ?lgstﬁéféreﬂo?ﬁlgrdf%ﬁé?é%dﬁdﬂ [ es
i ncl ude Type | 20di abet'es, or insulin-dependent diabetes nellitus (

DDM)
whi26h rdighetes, eripaulimdeperdaniciaheies mebiity (BIDMhwhidhvesdlis Tppethel akfichret es,

or el ettt ot SREDE Rl FlaBRl et e GRS TR ot
the i na(NllDDlvjo ahigreoften oedurs Vilsnarthl L drswsselboateddpwsld ofprubnanat el y to
insulin. Most preferred is N DDM  25"Di abetes-rel ated disorder”, as used

her ei n anmaé%go be e (Gssd af e mbéay of Byasprgatian cells and tissues to respond
appropriately to insulin. Most preferred is NIDDM.

25 “‘Diabetes-related disorder”, as used herein, unless otherwise indicated, refers to
metabolic syndrome (Syndrome X, or elevated blood glucose, hypertension, obesity,
dyslipidemia), hyperglycemia, hyperinsulinemia, impaired glucose tolerance, impaired
fasting glucose, insulin resistance, obesity, atheroscierolic disease, cardiovascular
disease, cerebrovascular disease, peripheral vessel disease, lupus, polyoystic ovary

30 syndrome, carcinpgenssis, diabetic neuropathy, diabetic nephropathy, diabetic
retinopathy, diabetic macular edema, and hyperplasia.

“Halo-substituted alkyl”, unless otherwise indicated, refers to an alkyl group
substituted with one or more halogen atoms (e.g., chloromethyl, dichloromethyl,
fluoromethyl, difluoromethyl, trifluoromethyl, perfluoroethyl, and the like. When

35 substituted, the alkane radicals are preferably substituted with 1 to 3 fluoro substituents.
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met abol i ¢ syndrone (Syndrone X, or elevated bl ood gl ucose, hypertension,
obesity, dyslipidem a), hyperglycem a, hyperinsulinema, inpaired glucose
t ol er ancewoi2npeizo4sd fasting gl ucose, insulin resistancePColBRI09/953773

at heroscl erotic di sease, cardi ovascul ar di sease, cerebrovascul ar di sease,
peri pheral végienoagl's@gdsed gial, uplsisyBfReMise Ngligated.swirIp dedn aromatic

car o1 NORSHGSIclp s (PR f BSHSHRAL D O TRYIo RBRIT SR Rtncichbhly
"Hal o- aadll)@%t@a? tﬁPﬁgNa_UtSﬁir'S, puefeestsly @bﬂe})méwthrtedimaéredtomgf ﬁ]lbs]_é)@htwp:velﬂ Kyl
r stitu Wi one or, nore hal ogen atoms (e.qg., chlorone ,
gi gﬁ?of‘%ﬁﬁﬂ@i% P?N%”@FW{& rﬁggs, inghude Ry @MEEW@PYL mipéﬁ‘%fg/r‘o%ﬁ?%%/[, OvagW',
£l | i 4 _ T
P &Per ahREbY oxaBftzaly iy, (taZolyf ERaAhY BPrmidify Pafiife iRl Bhe are

2010/ 0 248.5RETEXBAPIRS /0 33sEWririgeinetunier gulnoliagl, asedlimdy eénzofunangks ot her wi se
i ndi cat,ed, (Eﬁafers to ?n aromat,i c. m)no&/cl ic, or., fused ri n&aﬁ:’\gnt ai ni one or
[ 0 ,

mor e hetGEZOLTRFRIY e KIORM g edri¥nindazely. @nddfedikgm e fiscte 9rgre : ABFy

from ongtdchelid @t BREMICRRhYIIBYY HYoshyeHsd BRiNeCRY8RIG RS OF hBRIIESIHRd ?' ngs
include pyrolyl, furanyl, thiophenyl, pyrazolyl, oxazol%vlvl, 5t hi azol yT,
oxadi aZ¥l | angh ) wdihirythe tirg.r Hgtgroarylpgre eltianajly supstitutaaiwiilylonedadhnege | i ke.

Non-, e i ve.exanpl es of fused rings include: quinolinyl, cinnolinyl,
beﬁ?of fﬁ(dg%mu,e%ﬁsenzot hi azol yl, indolyl, iso-indolyl, indazolyl, and the

l'i ke. The hetri@otytieyraausdtiyerefh, ainlcyestHetwlsé iRiicdted) @férsroindhyaroynaaity
one of the carbon atons or heteroatons within the ring.

1l (e.g., N, 0, and S)
Het er odiN@sscontaintist orshal mere iptarpatomsieagh MdependenthhsalectedJiam N, (QeitS.

"Heter %ﬁrgﬁlyifﬁﬁn Bﬁ‘éq? BBl Hute tYRGRE, n@%gﬁ{}é@%@fegg{%g{iﬁﬁl seéiﬂreﬁgé Br ﬁJ”&O

non- ar ngs contai nirng one or ns “each 1 ndependent |y
sel ect exathinated dhd hayoexi§ apa ef@radychic br fuvedning. dNdMHezelubiveen@mMipies of t hat

ith tiall t f ul t t ed. i st
e o e T e A At
t et rahggﬁéﬁi?rggﬁgnyi ,yl’aﬁ%ée@%?‘he{p‘,&%?%%;r%iz%‘[ﬁ{/%?l’%lzng%‘[h?gkgl , an%g(?ﬁ%{;?i iej
Non- ex cxasiples ek tuselddwetefocydse dndlederaméydithyaloiatrt{ 1dgridinyl, thiazolo[5,4-
6, 7-di dr 0-.5H 1 di . thi | 4-. b idi [, )
> 4G I Eh R BB v TgR ki il e Mhe: Thedaterosyglig eoue

group rxy be adcheled theochépicah/ibied by Bt edre BYthanoarbss atdms be car bon at ons
or 20heteroatons (e and S) "withi'n the ring system Heterocycles

* 3 N’ 0’ . . . .
ar €0opthesergatgms (&gt Rln @, ednovp x Withindhe singraystens u biatenogieies are optionallyanmal "
or "ma | L.an” ei nl otherwi se indicated, refers to an
i ndi vi %&'@?Whﬁs@?w;}g% #@9%'@#6%%5' the taxonom ¢ cl ass Manmmal i a.

Non- excl usi v/ievmel es “mamimariant asiuseluteeinyDBlkss ot wiseCindicatd rerss t@nd
cattle, preferably 25 human. "Mediate(s)" or "nedi ated”, as used herejn,

unl ess ¥t REMIFUR aniaaldhekig a mereker af dhe FrRxoaeMmiG stassiMa@malia. Plen-exelugive
full . . A H ot

the | B es o T TS GEE TR ORG-S, BorEe LA et b ' ™
gl wsokimasan.activity in the liver, and/or to increase the catalytic rate of

Used her oi n. MEAS(ToohaRed Gl e BavaBeraiar diiess ohenwise ifdicated, Fefers to™
the activation (e.g., partial or full) of the glucokinase enzyme by enhancing glucose
binding, alleviating the inhibition of glucokinase regulatory protein, a key regulator of
glucokinase activity in the liver, and/or to increase the catalytic rate of the glucokinase

30 enzyme (e.g., change Vmax).

"Obesity” and “obese”, as used herein, unless otherwise indicated, refers
generally to individuals who are at least about 20-30% over the average weight for
his/her age, sex and height. Technically, obese is defined, for males and females, as
individuals whose body mass index is greater than 27.8 kg/ m?, and 27.3 kg/m?,

35 respectively. Those of skill in the art readily recognize that the invention method is not
12



generally to individuals who are at | east about 20-30% over the average
wei ght for his/her age, sex and height. Technically, obese is defined, for
mal es anawbendales461as i ndi vi dual s whose body mass i ndex PC3/IBIO%0E77% han
27.8 kg / n2, and 27.3 kg/ nR, 35respecti yeI){. Those of skill in the art

r eadi | yinitasbigringse wiex fatl athimihenabewe erideriad Indeags thenmethod of the invention

2010/ 02946 / 1. O f it hi
cri ter B TRGLEHC PHPGRRlRprab Racby IPLhiRas Wikpel kol ilhoe FadioH,
pract i agilerty, fonexarngdieabs thdse Wablmawbsiptien®fo dhesily. t radi tional criteria,
for exanple, by those who be prone to ohesity. "Pharmaceutically

ma
accept abl e" BS2[8aeLHIEARY ﬁ?c%/m?@%a%yﬁ%(ﬂ e YPes0igTWise Hedicalels t hat t he
subst a id : i ) -

CoxEool iAo I0ERAS oL bSfhritlSr RRAL IibsEng BEMHERbIc cricaly pngior |
conpositokicalogaady owith tree otnemiigredients coreptigidg tehierrauiation, compositi@edand/ag t he

| evel bl ood ucose" r, "l ower blood glucose" as used herein, unless
ot hervmg[é_g W%F@gbgﬁ‘g tf%étgaéh?r&‘”\iﬁ' amount of the conpound of the present
| oi nvention "Réﬁhbﬁ?igetﬂé EAN thsar! ot 16\WeCHIBBE Hicse?Bs u3bd hefein,

o@ﬂalg
conmpound hi gh enough to acconplish the desired effect of |owering bl ood
gl ucoseainlessotherwise indinated, refers to ammamoaptat theatanypafideltheprasenint ", as

conpourneebiortSHeRaRaCbATOVHS el Bickoeh R dangRofTR Rk fop KBusn

parti cubaiccdhrpiigl the G6siEd efdct oPlowleriey BlRbd dliiddseableBuabanamana! i or at es,
or elimnates 150ne or nore synptons of the rL1)art_| cul ar di sease, condition,

or di sor der, THErqRaUtivally efiesitve BOWRI AsusetheipinungsHpiaeBrisaBIdicaierpt ons

o, e RS, MDA AT T o

"Treat ne reating", %ﬁ
i ndi catthd partedutairsdiseages cenditing, oadliserdeat (iihgtteouateshamietionated, loe efimigatess of

t he disorder or condjtion_to 20 which. such term appliges, or one or nore
Syt oA QL STBIS B P e GRSHAHPT iRe59S, Gt D6 00T le 06 (L iy SBleo
enconp [ r +i8n Ngrman,

pr even'ft?n%gelt e %ﬂisr{é?;t%t gfog@gr wgﬁhﬁo@%rﬁ:ﬂﬁ gﬁmaglarooﬁgég?%b?gﬁltlgg’soci at ed
wi t h a diserdeddesaibedometiein.on, i ncl udi ng reducing the severity of a disorder
or condition-or_.s I Qns_.associ ated.t herew t rior to affliction.w,th said
i sorder or " TEATATES oFeafeand M e e taad haPky LplsSsdiheivats AR *The
conpoungfer§to Fd\rereihgsamdviatie ok irfhibitifg TheTBrotRéss bRthel disdrder 8F cohdtion B Of
adm nistration afflrcted with the disorder or condition. Treating al so
en@dnpaxikiel speierim PRRliashOr PEE A MePressymrptams faugbrdisardebadcendionr Asf

o eoent USRI EIE e RE i el deBbraarail MR nslidn et

accept ghtferalalyteshitirman ,e@’fe,veﬁ@m?ﬂ&i dhgsEDf andlseraier oreondition! orcsfryasitbiegns t hat
are useful in the treatnent of diseases, disorders, or conditions nediated

by gl u@RPRRR Wihiadispiier o FOpEKTPN cBCIING BRSNS eIRErCRfi a disgraer or

g| ucoki . ] ! . ; T . . .

3010/ 03SRETRETY TRBRUET g Red MorelilcRfio iction win sald disarderor o1y
bﬁ 25y ntdmlerz?itﬁne]d Thys ,styen;]thmrirt] @anwafee:*.o ehatinitstnai!iordlef mlreommsﬁc[amoﬁ;m‘l thg (pJﬁSSérﬂ

t hose wel |l -known 1 n the mdc rts, tycularly I Al t.of the
dosor | POYRTHOTRTREMALIE . nonas Ta¢ Hine i driistiokbe Aieteganiet el Jorder
aval | ool BB BRI ko 8RS BRsSEL preventhaliié fecthembeds dibrsnokee.

Ws.) or are readi

condition or of symptoms associated therewith.
DETAILED DESCRIPTION OF THE INVENTION

30 The present invention provides Formula (1A) compounds, or pharmaceutically

acceptable salts thereof, compositions and pharmaceutical compositions that are useful
in the treatment of diseases, disorders, or conditions mediated by glucokinase
activation, in particular, compounds that activate glucokinase in a mammal, preferably a

human.
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5prepared using nethods well known to those skilled in the art (e.g.,
prepared by nethods generally described in Louis F. Fieser and Mary Fi eser,
" Reagent swbapioigsmni ¢ Synt hesi s”, 1; 19, Wl ey, New Yor PCTABBA9/0BIMW ed.),
or Beil steins Handbuch der organi schen Chem e, 4, Aufl. ed. .

Spri nger - Ver¢@mgpowads phthei preseit inyerfigipmaidie: synthesizedbwusyathietc voutes frat

Bei | st g] i [ t.] t - ion
schenea 8488 51858 1A AR Mis WelH&RbIE| h e BERRSS Suts, PR1EABA 1
gorrpoijriidg;ﬁé of trtetwewigﬁer}nboﬂtm\m dhmén.arlrrcb steytingvheterias 'afceageneﬁfﬁhy avaitabée |
etaile escription of the indivyjdual reactjon steps, see the Exanpl es
secti oﬁr%mcsmmgrw&é%waﬂ LN 35 f\Wé‘CQrQth'Pﬁ'SaKB’HW\‘-?éﬁ(%eV\ﬁﬁa\Pr SthEsadli t abl e
starti Hg,te%ri , I b %}%}gt
synt5he3|9§e theus?ﬁﬁgn%@ﬁ%%@kgﬁn?ﬂ@ t%ﬁ@é%lﬁ%klﬁ%%gﬁﬁ%zanﬂ%%,‘gr ari gtby of

der i vatmethodsigeneddlly dascrihed in hanig FofFieser arahidannBiespr,¢Raragdntsyfot Regamithods

descri hed bel.ow,c further nodified in Light_of this, disclosure usin
conventb%ﬁﬁg?s'% hé]m%gt %l%&?wa%r\mqu]t ﬂ%%d;eg'lz??rl %@kwm{@—ﬁégﬁpoundsgof
the pr Qﬁéﬁhisblﬁ'é’r‘?@%ieﬁﬂeﬂ&,sﬁtﬁﬂ.%qS!b?ih@bﬂV@ﬂB apgrliat in'cﬁ,ﬁﬁrﬁg Ql@@pl@ﬁ%ﬁlféﬁ%di c or

chiral cénter; and therefore, exist in different stereoisoneric forns. The
R and Svedablegdia e Baistainconnecdhtapase)know edge of known chir al

chiPali Ly off GreuPREREceS, M lesiEe SEhpireE depieTrBle v okBboftaRn: . 1"

at t ackpdtestil rbgtes FPOsyrithesizidlg compdimdsasi\the preedti hvehfien pamdlkey coul d be
designated as R or _S depending on the priorities of 25 the groups attached

to t he iBieamediates ek oy anegrediaieinddescriptiomad die hdiigyrl upastionsteps nwes the,
Eliel, j ' ol 994 i f
nui:leeop":hl eag? F ggﬁ%riﬁ?lgm{].ﬁtﬂg%gnéﬁg?cg@dtggot{?ﬁgml %‘géélé%g?%ag%g%? Plre Ial i ? y of
i nt er nesfartihg rmaterietsaremyents, rambsyintidtid foeitexamyl esusdédtr syntisesipe thever si on of

t he configuratjon where a conpound with R configuration is .converted to
corSourkTIRaURds @ the Aressit dMABHORSNEI e VaR b ertyativss thRtealy I Urier.Bany
subst i tdfﬁé %oﬁ@ohhe ?E@%é*‘r@&%‘ttﬁérh hgagg'egér%ed Belb?v EaH bR R iEi @tn t he

i nternedi ates can a e racemc (5 m xture of stereolsoner er eby
pr oducilight oathesriisciosacrigsisg cangenticrial sbeanisityi wall kROWD dO davsebskilleckin the
separate, these enantioners to provide the specific Ror Sisoners. It is
furtherfThoted that the internediates can al so be racemc ther eby produci ng
racem c produgipourddTBf he3nesé iheehtiRsgeddpbe@mePéint @FaTh @ RSast bk can be
used to resolve stereoi sonmers of WO 2010/ 029461PCT/ 1B2009/ 053773 conpounds
f r &% t Rsymmeaiiearchirek eenter;and therafoiem @xish inelferaicigresisamerie fansetlhe

Sons. 1Nt BRI Sane S iRl BR0e R BB hisAM gy 8 M B
geonet ranensisily poshédeosidiied Boersat. For exarapiel the chiraitconmoimermaddiafee present
i nvention incorporates a double 5bond or a fused ring, both the cis- and

t r ans- fsId@EgoRSsandversian whane asuclgpehisditachsdromithe PPpraite sggofdre t he

. Cion | . . i Lon.
br ot ect/caving group, e PREURIEERIG 885 haRITORITS Boptling chARl pricfEsr o"

i nt2sr nede gregpd attachaudesthe stereeaettieo (Stevéddh emipirg bé Oirg amic Gorpanids dpygr oup.

CommonHERbl o SerEROHk e, sette iRy i Sous: e THSR0N: Witkrees i 1 e
react | 1, el HARhLORS IS AHBS s i RATPRILIBuO RS cﬁ?églg?b?inté‘ﬂné’dib!ée

protecting group g or a carboxyl protecti'ng group " is a
subst i tisieetairgct dotredsttal the exainpées therari aryinveysionpfithacobfigwkionwherewect s

the am ne_ or carboxyl functionalit [ ectively, .of e GO0 und.
St t ap e S R eon il Bl B arerti 10 Sapbind viltla & Pt BRI 6% esoc)
acyjo grptiepges octhediingie fHOF Sdbstit @GRS ¥t theCsterEsTRABINS rethlrie@n! 1PIsFurther noted

that the intermediates can also be racemic (50:50 mixture of stereoisomer) thereby

producing racemic products. A chiral separation method can be used to separate these
enantiomers to provide the specific R or S isomers. It is further noted that the
intermediates can also be racemic thereby producing racemic products. A more
35 detailed description of techniques that can be used to resolve stereoisomers of
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acetyl, o-nitrophenylacetyl, o-nitrophenoxyacetyl, trifluoroacetyl,
acetoacetyl, 4- chlorobutyryl, isobutyryl, o-nitrocinnanoyl, picolinoyl,
acyl i sot Wwoceyswebss1 am nocaproyl, benzoyl, and the Ilkercanﬂﬂmmvimxy groups
i ncl udi ng: net hoxycar bonyl , 9- fluorenylnethoxycarbon

2, 2, 2- tAAMPQIBINSHTATB HpeiaFaranyic Mixture caBtae fosnAyn éeaadﬁéqwﬁaﬁpdre Collet,

20vi ”y'§éﬁ¥ﬁé1r|9°\ﬂ)ﬂ%p E‘hé% cﬁ%ﬂéﬁ&aﬁ%‘& Hateslaédﬁ’és%ﬁ}tl%k RSP BREGERONNL

benzyl oxy- "Carb obenz ox ca

2, 4-di qhgenpblaruqdltmryarae bogwdnt wane@htlbh@nhbrbees Be peos@tti@bnd @osiivhaky|
protectln s |nclude rreth ];% however, |t is not restri tedto
ot her al?‘k’%? ‘?Pfaé@@'ér' as‘FQ"S}FP thegaregedpYSniiogdnsReyates & ¢ub

Addist | g p%)éﬂl g ndrd

t- butyI est(gr?ei tri r{g(t%ﬁg”éqﬁgs %I%J utyIngéj(ref'}g't\ﬁ;%I g%lllmi(t,u‘?édgl]%%ﬁyl rre'?%yl
benzhydwrifhin tl'ag/amm of/the iavéntianmet hyl si | yl ) et hyI ni troet hyl ,

2- (t th eth h § th d.th k
2 e YR S ROE} Db o o) Glshestl A LN i Sl e
by one fakitdrifity @.4. hErlﬁfa‘i*y oF8&cahdify ahithe PESAfdriedRle SfroRT Gh@Sdilddy gr oups
and their use, see T. Greene, Protective Groups in Organic Synthesis,

John Wreegtigssuitls 2 metecvrag lor bakéwigroup. Theriesmy’ @rcvtecillr@grm@ @F odg" reders” L"

o e oS e el B BF BB SEBNENL R oy,

di spl acesily @a@ﬂd@btﬁ@&gmwﬁa{ grcmps cad el aimp@.)ncponarr éxa:ﬁgle Eﬁmh@s of
| eavi ng groups include halo (e. - alkyl (e.g., nmethyl and

et hyl ) ,PrOHICHRGOROUP ° %’m@mﬂkmmﬂmgm 715 3 %Wav@@t atF?@@?ﬁé@es
and t hear{léﬂé @r Eérﬁbgﬂ e@#ouﬁr)] Bt s d;%féﬂ?s R é"rp H;e'oérJ %Lrgo%p £l ngli “p

Schenes eral” procedures usef eparatio
conpoundspedtivehe optmseaslhpom@nsmablelatmnne ptrotdmeng rgd@upm mctﬂ;,deh@vﬂenter t hat

the i nvention, bas N descrlbed er.ei n_and he cl ai ns,
ool st dasbmy (BaeY cevegrouRe e oL meehl dnipage L et rotes
of pre [ e cg;p@ t m,k e skilled
artPsaﬁeg}r% grﬂ\ét(r)c%e lgl!se{a %Fﬂhﬁh r, ntBﬁZ i tgvﬁﬁbgogroupl E tﬂe BFr g't ecting

gr oups,chigrobetydyl Pg2bubyryl Yo-nitrodinarrayl, picdliidyl aacylissthiksyanates @éntisoedproyl, n
Schene S an, at msuch as arbon itro

Tooxygditney: SBHERENkE; R Eb00nT SRl ina s i hamEriabE bl enii eger

with a iaihéyrbBnyll 2 209- tr?ﬂudFB@thbﬁ?éé?bonyl 2ftﬂifn%'tr$yls§|glléthk@ﬁfélrlﬁl§hﬂr oup which
under goes nucI eophi [ic substitution with a nucleophile, and refers to a

hal28gervidoxycarkenyraltyioxysadianyk 1,1 Hdisrethyl-popynylaxyegroonyli beazyoxyresyl at e,
25 ot PSSk EIBTR Rt eb: £ b Hengt St BB B Bas ke or oup 5
15pr ot eRémdsastativeehMOxyepiotsctmgaireaps tlgde inethiPo@ster, Sonesver lit isWibtl_R2 Hm
i restricted to other alkyl, benzylester, silyl ester, or substituted benzyl esters. Additional
carboxyl protecting groups include: methyl-, ethyl-, and t-butyl-esters, trimethylsilyl, t-
25  butyldimethylsilyl, diphenylmethyl, benzhydryl, cyanoethyl, 2-(trimethylsilyl)ethyl,
nitroethyl, 2-(trimethylsilyl)ethoxymethyl, 2-(p-toluenesulfonyl)ethyl, and the like.
Suitable protecting groups and their respective uses are 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,
30  1991.
The term “leaving group” or “L”, as used herein, refers to the group with the

meaning conventionally associated with it in synthetic organic chemistry, i.e., an atom
or group displaceable under reaction (e.g., alkylating) conditions. Examples of leaving

groups include halo (e.g., Cl, F, Br, 1), alkyl (e.g., methyl and ethyl), thiomethyl,
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pg20. .. .. N. 1pg20Npg20N 1Pg20-N1-12 if i R3 PgR3 PglR3 .Pgll . R3 0000
(1.1)(2.2)(1.3)(1. 4 R2 HONH2 11R3 0 (1.5) R2R2R2 HOCHpg200OHP H
. RBR3R3 OWO 2010/03¥461. 7) (1. 8) 20Schenme 1 descri besTihmopnpzx at i on

of chiral a-amno acids (1.5) and finally to . . .
tosylates, mesylates, and the like. Preferably, the leaving group is a triflate or iodo

group.
Schemes 1-5 outline the general procedures useful for the preparation of
compounds of the present invention. It is to be understood, however, that the invention,
5 as fully described herein and as recited in the claims, is not intended to be limited by

the details of the following schemes or modes of preparation. Other reagents and
preparatory modes known by the skilled artisan can also be used. Further, the leaving
group, L, the protecting groups, Pg' and Pg?, X, Y, Z, R', R?, and R® are as described
herein. In Scheme 1, W represents an atom such as carbon (C), nitrogen (N), or

10  oxygen (O), preferably C or O, and the letter “m” refers to an integer with a value of 0,
1, 0or 2. The letter “L” refers to a leaving group which undergoes nucleophilic
substitution with a nucleophile, and refers to a halogen (e.g., chlorine, bromine, fluorine,
or iodide), triflate, mesylate, or tosylate, preferably a triflate. Further, the amino group
is protected as a tert-butoxycarbony! protecting group (Pg') and the carboxyl group is

15  protected as a methyl-ester protecting group (Pg?).

Scheme 1

RZ RZ RZ RZ
HOmJVNHz — HOmJ(OH — szomerH — szo%L
R® RS RS RS

o) o) o) O

(1.5) (1.6) (1.7) (1.8)
20 Scheme 1 describes the preparation of chiral a-amino acids (1.5) and finally to
an activated ester (1.8) for introduction of an N-linked heterocycle. Although, Scheme 1
describes a method for the preparation of compound (1.5), availability of this amino acid
is not restricted to this method only. Alpha-amino acids can also be prepared by other
methods known to the skilled artisan or can be purchased from commercial vendors
25 (e.g., Sigma-Aldrich (St. Louis, MO); Acros Organics (Geel, Belgium); Fulcrum
Scientific Limited (West Yorkshire, UK); and Amatek Chemical (Kowloon, Hong Kong)).
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an activated ester (1.8) for introduction of an N-|linked heterocycle.

Al t hough, Schene 1 describes a nethod for the preparation of conpound
(1.5), awsol2atwizp46y of this amno acid is not restricte@CraBood/ss3nex hod
only. Al pha-am no acids can al so be prepared by other nmethods known to the
ski | | edAraiNo edar or-2kean be sptherizeddramn am arnraeratel fupetienaliged snaing: |

S0 BBl g Fopl Bl B 0 Bl o SEUBLARAEEEST o,

Kong) ) .(LW\oretéxtbiy02:® #salbR§r ol BIEKH0DS BRI 3V Aet.ab, ©&d.eSyn( 182)77(;@200&)) by
synt hesi ze from an aBFr opri at eI fun ti onal i zed %ﬁre(g ” rot ed EN— Pgl)

and carmgsa,wtﬁd&t@et@a 9. peps*arePle, BEIRUURLIN G Aip oS Gratprer.
PY eter by rih k9 RiicRRel lAetafhattcan e o6l ?(llwnggﬁﬂ ra;ecthﬁg]zl(t%?ﬁt’- ,

(20 5)) y upling, tor exa napreferred
exanpl dqutex}&amdmdbmmoa-ﬁ-ioﬂppmpamme m| theywessrtehaifedl(RIPTal).caftentrdaing

I h (R)- hyl 2-(t
he or deE iR st o soivan S ep Y TR O (eARE noan |
[ nert ShMRSHaligRN 128 BTRE e kalERMSihe ddifolobiy éawrséte@eamgbmmn (1.2)

can then be reduced to the corresponding saturated conpound under
hydr ogdﬁa&)lumlec bridiagiepation congigpaal AdypicabRyrogenatianaisaicion @an b@e

or "By SRRk ik Py LEAT nd B BBeB SR T RO TG P by

r erfDV&'Flﬁfhdrhénméb@fﬁhewmhéfﬁrbmng? @m;@fn (18 eonedeaby remodal afther ds the
desired amno acid (1.5). For exa he tert-butoxycarbonyl prot ecting

or oup. SRIb@REIRERHNG Gt Of JHAMBeI Bl AR Tars hadral a0 B SEEH EICHOT | o
t 1 h
o T vaRnde bR ok tartdnf br&@BiRE QBN APl el Fednl ERE bl N an
a- h;ﬁl r Q4Kwee$b&hc ¢andijior DeGBribecter. FThe ecu\&itt?]d eéter@hgery\casmxe. syrﬁeeé{zefd Tmaags
| Ca ce e |1 S reac (0] ca ertorne I N
i Prertteatepbmh anac ety @98%&&@@?ffquwsﬂpnsﬁe&@%@nﬁvgﬁcﬁp AL such

as 2, 6- r i ft oRi hydri de
to The %ngoxgeesg r(ﬁ ﬂ&ﬂ@%r@%&' 'F ﬁ éhéh#%%’*ﬁié?ﬂ ephE o PI ﬁ‘gbar o

from t H@908))r kesp typican preceduve duis dezﬂdtloh)can e performee iroén nrwt*soloeﬁt sddhr st by
di azoti zation of the ?m no acid with slfcgl umnitrite in water in presence of

aci d ( NScEHBIdrous CR2Clodh e presgnge qidpitebase guchyas 2.584igine by EMPWIES)| | owed

?‘;{ 2;” PSR BusRETia dRlEhy sl R Bt R A L TR e
1, kb- 1ggRiedtzEete? (1.2) 6art beSré@aréd from the corresponding amino acid (1.5) via
sequence of reactions, first by diazotization of the amino acid with sodium nitrite in

water in presence of acid (McCubbin, J.A., et.al., Org. Letters, 8, 2993-2996, (2006))
followed by acid catalyzed (H»,SO,) esterification of the resulting hydroxy-ester (1.6).
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Schenme 2, describes the preparation of carboxy-protected

het ero-substituted-esters (2.4) and (2.7). 5ln Method A the internediate

(2.3) carwbeomnbadismed from conmercial ly avail abl e hal o- aibaBo0edIsd73

het erocycles (2.1) by treatment with t-butyllithiumfollowed by reaction

with a dialkyl disulfide (Katritzky&ham@}z. et al. J. Chem Soc., Perkin

Trans. pethb@l 1139-45; 1989). The resulting sulfide (2.2) can be oxidized

to the correspondi ng sulfone with a suitabl e oxidant such as pot asgPum

per oxononosul f at e (Oxone(r) DuPont 1OSpeci alty em cal s egwa et _NJ)),

or mchId) |er-|oxyben ~{¢ d (See),tue ZiNH et a LRonaIg OPg

BI oorganl Cy8x Mgt cinal Qm%t—ﬁyﬁs,g i 22) 4995k Q4 OKri st of ,
an(t Tetrahedr | Ssue gh 8954 8?6%) (2007) KuI g

Sur endra e él Australt a?1 Jour nal of%Ehen stry, "%0(8), 1415 25 1987) .

Internediate (2.3) can be converted to (2.4) by nucleophl lic/ substitution

reacti opethdl® nucl eophilic 15substitution regetion can be pegrfornmed in a

chiral corrpound with inv@fsion of the sterepgbeni Stry at the chiral center.

The nucl eopgl rqanjlw_@z@en jated by tye @R9%an appr opr/i at e

i nter medipee (\2=3) |um—h‘é'§&rret kdi g | azi de and subsequent

addition of t 2tr|flateCe gy (1.8) thereg% generatlng t he

car boxy-protected 2-heterosubstituted est d Q her suitable bases

with arMetbpd@priate pKb and other al kylating 20 agents (e.g., alkyl

sul fonates and the |i k8% _can al so be utily B d (Effenberger, Franz et al.

Li ebi gs Aﬂ Zeqder géem , (2), 314-33 >g2, lerasaka, Tadashi et al.
Bi oor gani £ dt &9 em sty Rétd e%‘ 13(6) 1115-1118; 2003). Qis a
hal ogen, pr ffr ably Br Qor g WO 2010/ wz§%6QPCT/ 1B2009/ 053773 For
exanpl e, -1Him dé& e (2.1) ca b converted to

4- (al ky&kéﬁéﬂhé’? déddmeazid prelparationdof darr@@tyﬂa@‘tedﬁéé Reter®uslipstitLidaeuteisqblgvned

by reaction with dialkyldisulfide. The sulfide noiety in internediate (2.2)
can be @ @ Hed to corresponding sulfone (2.3) by treatment with

55 dubst |t utbi e 2t e eGSR B B8 o B S ersdf HVarape s
t hen syWidreabgtidtetinmieiodydgs l(w 19 b?&‘eaﬁ'ﬁént\/wltrht btt/MitHivm Fenawed by relicsiohazi de
in an inert solvent such as THF foll owed by addition_of trlflate ester

(157, W o dfulEiSbians norn Ul bbiessacdrhre Tt i ' v
i 1 e G T o (g3 e sYlg 27 cal Bk e e fing ool puhdhy e e

resul t iwith astizabre dixataat eachsaas pataslsmmmpédjmerd)rtoeutfdtte (Gxone®dDsiohbne (2. 4).
For ex

or oo e Ghemosis {DesoualebIN g oxdmie oA TR GRS (Bocs Bat men
with a @érﬁbtd&yhdﬁ'a&%tféld&do‘? hic & NERRIOAh St Leflgls 112 (525015800

t enperat ure. 4-substituted- IHpyr azol e can reated with [ithium
bi s( t r i2088nyKristofy Mhnetdd., Tetrabeeonh 63 Iseae 66n89%896h (2A67 hiuiketied est er

(2. 2) . Gtefid A ALsilaticuhAl GRS LoEl PSS iderh alERRaRte ©
per OXOF(QFB)%'ahfb@I dorlvexeaesd (2.4) WRgelboﬁmﬁé sabétuut%iema@aéﬁ TPRemYE:SShilid\J

USA) . Finally, conmpound (2.7) can be prepared directly fromthe
corfier SURStilutian seadionCandieperdriytacis g ehit cagpound with inversion of the

2000r pot AR SRR BHEATRLFy: SERHANRenie RED R efment o)

chem staryagsropriate intermediate (2.3) with lithium hexamethyldisilazide and subsequent

addition of the triflate-ester (1.8) thereby generating the carboxy-protected 2-hetero-
substituted-ester (2.4). Other suitable bases with an appropriate pKy and other alkylating
20 agents (e.g., alkyl sulfonates and the like) can also be utilized (Effenberger, Franz et al.
Liebigs Annalen der Chemie, (2), 314-33; 1986; , Terasaka, Tadashi et al. Bioorganic
& Medicinal Chemistry Letters, 13(6), 1115-1118; 2003). Q is a halogen, preferably Br

orl.
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described herein. Schenme 3 (3.2) 25The final transformation to the am de
(3.1) can be acconplished via an acid catal yzed transam dati on reaction.
For exanpWve2otwanssfior mati on of the a- heterocycl e substi P(Itrﬂﬂzms/t)isma(Z 7,

wherein the Pg2 noiety depicted is nekeee/ Qﬂo the am de (3.1) can
2010/ 029461 FOr/exErude/ 4H8amge-dEingiareledd - bycarnr kaceryarted tort-galkwlihio) élbl din

aproti a2, 2o g BeREAkh RPLSA THLbweB 5 ebBl WA diigjsthe.
Tet . LeTHeesdfidd®oiblysSnéntddmedidGO(242)an bé%?(@zecﬂdmrreapdwdbig&edlfeweﬂanl dS

i ncl ude Al 203 Ti 02, ZnCl2, SnCl4, Ti.Cl4, FeCl3, Al M3, and
like. M reat Hbﬁtﬂt\)"éwﬂq rOPEF it 38 i AN dagrt BelVERhFYsIeds mg&stl\@emy

ny digol Yissn e P24 Akyl6Ardy I o1 @‘é‘da?z%rﬁ%ﬁﬁf?&%rﬁk&t%ﬁﬁ?%s‘tﬁeﬁc' d (3.2)

under acidic or conditi coupl propriate amne to
pr oducesymtfmsmed id@rrme(Za&h byetregatrren,t \Aathdmhmnuhekajﬁemybji@laam\m amivnerttsobwent

FNdronS| t er ca rmed, un either basic or acidic
condi tlst%: -BHEEQECH%‘F%W@HQE (qdfg) LioH in the 10 presence of
an inert or gaptHer SQnSAINEECA) c’jb'?h 53" réifaréH Wé%@?er%@ﬂoﬂﬁelﬁé@&lJnoged&éﬁée as

catal yzed hydrol ysis. For acid catalyzed hydrolysis, HCL in the presence of
water vihowroin Migthpg 8. larthisrapsei thesaliylation afansujidaiderivatised?2. 2é\l\gth (1R)senl ,

6" s et TR, 8 LA T ARSI S0ed ne Gt BB 2002

t hat CCQW@HQ@ 49>f FEDéX’@JhQIe( 3. sﬁbsﬁ@&&ﬂﬂﬁﬂi;@@z@lek@%)@ah&a’e @ﬁ‘ltldegﬂé@frbﬁﬁd
transam dation reacti on or ester drolysis for the final sulfon

subst i tRPEW- hﬁrW@%@'@rﬁ%f‘ébMﬁﬂ?féhha @nteéphan%iqilpwe@ bsefég@tmentr\/\é{fb@s to a
Chem Cadualkglanﬂgﬁ‘lrndy(é‘b Hﬁsdé;ﬂagg'}{lyulﬁ |iRYR4F af the%ﬁ;gé}%tJ ﬁoét%s% &95%1 jn

or nore Specrfircco e a sing |ne npoun “abl e
coupl i r[g/ram‘let(E 2|) cah lhxdaetrésﬁed with lithium bls(trlmethylsnyl)amlde foIIowed by treatment

L7 S0 ocastbater SRl GhBbPiovidinaSEREUIS: & (TN | FHEPF Ton of t he
&C: f' g ﬁlsl)?%é%hv e %%gﬂp\ﬁﬁﬂ:@rc?ﬁ%ef ﬂhh@ﬁgxuﬁ)éfhr@%@%%f o m}itﬁepo'ié'ééuﬂlﬂ' e amne
peroxomonosulfate (Oxone®, DuPont Specialty Chemicals, Deepwater NJ, USA).

Finally, compound (2.7) can be prepared directly from the commercially available
hetereocycles (such as 3-(trifluoromethyl)-1H-pyrazole, (Shanghai Sinofluoro Scientific
20  Corporation, Shanghai, China)) as shown in Method C using alkylation chemistry as

described herein.

Scheme 3

(3.2)
25 The final transformation to the amide (3.1) can be accomplished via an acid
catalyzed transamidation reaction. For example, transformation of the a-heterocycle

substituted ester (2.7, wherein the Pg® moiety depicted is methyl) to the amide (3.1) can
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25 Schenme 4 describes an alternate preparation of the hydroxy-ester
(1.7) (Aam, M, et. al., Tet. Asvm, 8(17), 2949-2959, (1997). Li2CuCi4,
pr epar ed woamo@@k2 and LiClL in THF, can be added to a (PGIrdBmOi)/gssanj
reagent solution in THF, for instance in a preferred exanple

cycl opdift §¢hiaweeby tieABPOR; wih atleewis @gid iRdhalipkgsentgRican appropdalisramie Upon

a1 SRRl o] 690 0L PRGN, Bt AR s R ) el .
Schene Yaadav, J.9); et.ak, 2Tet. Léttefs048 Asdne 2p02169-4472,/(1977). Other suitable Lewis
acids include Al,Os, TiO,, ZnCly, SnCly, TiCls, FeCls, AlMes, AlMe,Cl, and the like.
5 Alternatively, this transformation can be achieved via ester hydrolysis of the
ester (2.7) to the corresponding carboxylic acid (3.2) under acidic or basic conditions
and coupling with an appropriate amine to produce the pyridone amide (i.e., a
compound of the present invention). Hydrolysis of the ester can be performed under
either basic or acidic conditions. For example, aqueous NaOH, KOH, or LiOH in the
10  presence of an inert organic solvent such as THF or dioxane can be used for base
catalyzed hydrolysis. For acid catalyzed hydrolysis, HCI in the presence of water with
or without an organic solvent can be used. See, e.g., Puschl, A,, et.al., J. Chem. Soc.,
Perkin Transactions 1, (21), 2757-2763, (2001). Other suitable methods can be used to
catalyze the hydrolysis. It is noted that compounds of Formula (2.4) can undergo a

15  similar acid catalyzed transamidation reaction or ester hydrolysis for the final sulfonyl
substituted amide transformation. The term “coupling reagent” refers to a chemical
reagent that is commonly employed as an agent to couple or join two or more specific
compounds to make a single combined compound. Suitable coupling agents include [O-
(7-azabenzotriazol-1-yl)-N,N,N’, N’-tetramethyluronium hexafluorophosphate], 1,1'-

20 thiocarbonyldimidazole, and the like. Moreover, activation of the acid (3.2) to an acid

chloride follwed by treatment of the suitable amine will also provide compound (3.1).

Scheme 4

RZ
szoﬁo — szo%OH
R3 R3
o) o)

(4.1) (1.7)
25
Scheme 4 describes an alternate preparation of the hydroxy-ester (1.7) (Alami,

M., et. al., Tet. Asym., 8(17), 2949-2959, (1997). Li,CuCl,, prepared from CuCl, and
LiCl in THF, can be added to a cold Grignard reagent solution in THF, for instance in a
preferred example cyclopentylmagnesium bromide, to form the alkyl magnesium

30 cuprate. Upon addition of (4.1), for instance methyl (2R)-glycidate, followed by an
aqueous quench, (1.7) is formed.
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y=X 0 ], R pg2/ y--"X0(5.3) /] R Z, k, ?Th.r. a- pg2
Q----'7 y=X 0 (5. 4)
WO 2010/029461 PCT/IB2009/053773
Scheme 5
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y=X

V= 0
(5.5) (5.4)

Scheme 5 describes another route to synthesize compounds like (5.5).
Intermediate (5.2) can be synthesized by the nucleophilic displacement of a leaving
group, such as bromide, on (5.1) by the anion of heterocycle (2.4) formed by mixing
(2.4) with a base of sufficient strength, such as sodium hydride (Liu, Z.-C., et al.
Tetrahedron, 2005, 61(33), 7967-7973.). An aldol condensation with an aldehyde can
form alkene (5.3) via dehydration of a hydroxy intermediate (Sawyer, J. S. J. Med.
Chem. 2005, 48, 893-896.). This reaction is promoted by a base such as potassium
tert-butoxide. Reduction of the double bond can form (5.4). This can be accomplished
with methods that include Pd/C, hydrogen gas or transfer hydrogenation, whereby a
hydrogen source other than hydrogen gas is used, for example ammonium formate in
the presence of Pd/C (Ranu, B. C., et al. J. Indian Chem. Soc. 1998, 75(10-12), 690-
694.). Forming (5.5) can be accomplished as detailed in Scheme 3 either directly or via

the carboxylic acid.

A compound of the present invention may be isolated and used per se or
optionally administered in the form of its pharmaceutically acceptable salt, hydrate,
and/or solvate. For example, it is well within the scope of the present invention to
convert the compounds of the present invention into and use them in the form of their
pharmaceutically acceptable salts derived from various organic and inorganic acids and
bases, acids of amino acids, salts derived form organic and inorganic acids and cationic
salts based on the alkali and alkaline earth metals in accordance with procedures well
known in the art.

When the compounds of the present invention possess a free base form, the
compounds can be prepared as a pharmaceutically acceptable acid addition salt by
reacting the free base form of the compound with a pharmaceutically acceptable
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inorganic or organic acid, e.g., hydrohalides such as hydrochloride, hydrobromide,
hydrofluoride, hydroiodide; other mineral acids and their corresponding salts such as
sulfate, nitrate, phosphate; and alkyl and monoarysulfonates such as ethanesulfonate,
toluenesulfonate, and benzene sulfonate; and other organic acids and their
corresponding salts such as aliphatic mono- and dicarboxylic acids, phenyl-substituted
alkanoic acids, hydroxy alkanoic acids, alkanedioic acids, aromatic acids, aliphatic and
aromatic sulfonic acids, etc. Such salts include sulfate, pyrosulfate, bisulfate, sulfite,
bisulfite, nitrate, phosphate, monohydrogenphosphate, dihydrogenphosphate,
metaphosphate, pyrophosphate, trifluoroacetate, propionate, caprylate, isobutyrate,
oxalate, malonate, succinate, suberate, sebacate, fumarate, acetate, maleate,
mandelate, benzoate, chlorobenzoate, methylbenzoate, dinitrobenzoate, phthalate,
benzenesulfonate, toluenesulfonate, phenylacetate, citrate, lactate, malate, tartrate,
methanesulfonate, and the like. Also contemplated are salts of amino acids such as
arginate, gluconate, galacturonate, and the like. See, e.g., Berge S.M,, et. al.,
Pharmaceutical Salts, J. of Pharma. Sci., 66:1 (1977).

Compounds of the present invention that comprise basic nitrogen-containing

groups may be quaternized with such agents as (C1-Cas)alkyl halides, e.g., methyl, ethyl,
isopropyl, and tert-butyl chlorides, bromides, and iodides; di-(C1-Ca4)alkyl sulfates, e.g.,
dimethyl, diethyl, and diamyl sulfates; (C10-C1g)alkyl halides, e.g., decyl, dodecyl, lauryl,
myristyl, and stearyl chlorides, bromides, and iodides; and aryl(C4-Cy)alkyl halides, e.g.,
benzylchloride and phenethyl bromide. Such salts permit the preparation of both water-
soluble and oil-soluble compounds of the present invention.

When the compounds of the present invention possess a free acid form, a
pharmaceutically acceptable base addition salt can be prepared by reacting the free
acid form of the compound with a pharmaceutically acceptable organic or inorganic
base. Non-exclusive examples of base addition salts include, but are not limited to
alkali metal hydroxides including potassium, sodium, and lithium hydroxides; alkaline
earth metal hydroxides such as barium and calcium hydroxides; alkali metal alkoxides,
e.g., potassium ethanolate and sodium propanolate; and various organic bases such as
ammonium hydroxide, piperidine, diethanolamine and N-methylglutamine. Also
included are aluminum salts of the compounds of the present invention. Further base
salts of the present invention include, but are not limited to: copper, ferric, ferrous,
lithium, magnesium, manganic, manganous, potassium, sodium, and zinc salts.
Organic base salts include but are not limited to, salts of primary, secondary, and
tertiary amines, substituted amines including naturally occurring substituted amines,
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(5.5) Schene 5 describes another route to synthesize conpounds |ike
(5.5). Slnternediate (5.2) can be synthesized by the nucleophilic

di spl acenot2omoaaddieavi ng group, such as bromide, on (SPCY/IBY0Y/MITZNI on of
heterocycle (2.4) forned by mxing (2.4) with a base of sufficient
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acceptabl e salt, hydrate, and/or solvate. For exanple, it is well
t he sc(m@pglﬂlesﬁ;glcb@gqﬂublhtw@@plamo!\@nts but otherwise the salts are equwalent to

10  their respective free acid forms for the purposes of the present invention.

All of the salt forms are within the scope of the compounds useful in the method
of the present invention. Conventional concentration or crystallization techniques can
be employed to isolate the salts.

The compounds and salts of the present invention may inherently form solvates,

15  including hydrated forms, with pharmaceutically acceptable solvents. A solvate refers
to a molecular complex of a compound represented by Formula (1A) including
pharmaceutically acceptable salts thereof, with one or more solvent molecules. In
general, the solvated forms, including hydrated forms, are equivalent to unsolvated
forms and are intended to be encompassed within the scope of the present invention.

20  Solvents that are commonly used in the pharmaceutical art, which are known to be
innocuous to the recipient include water, ethanol, methanol, isopropanol,
dimethylysulfoxide (DMSO), ethyl acetate, acetic acid, or ethanolamine, and the like.
Although pharmaceutically acceptable solvents are preferred, other solvents may be
used and then displaced with a pharmaceutically acceptable solvent to acquire certain

25 polymorphs. A hydrate refers to the complex where the solvent molecule is water.
Solvates, including hydrates, are considered compositions of the compound of the
present invention.

It is also possible that the intermediates and compounds of the present invention
may exist in different tautomeric forms. Tautomers refer to organic compounds that

30 are interconvertible, i.e., when a chemical reaction results in a formal migration of a
proton accompanied by a switch of a single bond and adjacent double bond (e.g.,
enol/keto, amide/imidic acid, and amine/imine forms) or as illustrated below

HO N/ (o] N .
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20convert the conpounds of the present invention into and use themin the
formof their pharmaceutically acceptable salts derived from various
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al kal i & &9 h Kattitaks A-R. b dhgcauipmerismeiddeieracyaias, Academic Rrasse art .
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Furt her se salts of e pr on inclu t
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30 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
and a carrier, diluent or excipient. Suitable carriers, diluents and excipients are well

35 known to those skilled in the art and include materials such as carbohydrates, waxes,
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Formul a .(1A)Thé°HﬁaMcehHEalf&ﬁﬁp6§Tﬁ6n ﬁﬂ%ﬂﬁlggﬁ{>®r@ﬁ?5§'}€5§]ﬁ{‘[@ g%‘éed by an

at om havi ng an atom ¢ nasS or nass nunber tom c mass or
M3 nipdvkaged irablvarietyoidvays depending Bpanphe smeatfiod ssda@@sadrhmtstemg the

S A L
chl ori nge phaetiadsutical formulation in an appropriate form. Suitable containers are well-
known to those skilled in the art and include materials such as bottles (plastic and
glass), sachets, ampoules, plastic bags, metal cylinders, and the like. The container
30 may also include a tamper-proof assemblage to prevent indiscreet access to the
contents of the package. In addition, the container has deposited thereon a label that
describes the contents of the container. The label may also include appropriate
warnings.
The present invention further provides a method of treating diseases, conditions
35 and/or disorders mediated by the activation of glucokinase in a mammal that includes
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medi camen
generally characterized as three main forms: (1) Type |, (2) Type Il, and (3) gestational

diabetes. Type | diabetes is usually due to autoimmune destruction of the pancreatic
30 beta cells. Type Il diabetes is characterized by insulin resistance in target tissues. This
causes a need for abnormally high amounts of insulin and diabetes develops when the
beta cells cannot meet this demand. Gestational diabetes is similar to Type Il diabetes
in that it involves insulin resistance; the hormones of pregnancy can cause insulin
resistance in women genetically predisposed to developing this condition, and typically

35 resolves with delivery of the child. However, Types | and Il are chronic conditions.
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The formul ati ons can be prepared using conventional dissolution and m xing
procedures. For exanple, the bul k drug substance (i.e., conpound of the
present iwoentwmmeor stabilized formof the conpound (eP@T/IBZoowps3ed with a
cycl odextrin derivative or other known conpl exation agent)) is dissolved in

a sui t abire 136|ab@¢ﬂ3 l”hVVthI*@ ipeuly isseaisectated by tBe Pepeeass is dieeddlydrestadies
descr ! gt ARANS TP ABBNIS B Ll A S MRS b4 of yRbaL ¥

formul ated in pha ceu I‘cal ~ dosa an ea
contr olrhafmé@rdestag‘a/pﬁ Il uiaeechrwmagrbé mangge’@mnthea D@hbmtloﬁfﬂ)fdlei%m and

|y handl e d h h f | f
cont |y Sl ot T e S somen o o Lot
met Bod s eddsda S8l RhRY CBehiB&ti SUQACL}?%epO |IIC¥HOI€’%:II‘1%MO‘€CH)|FPJQWCemIa

distribution inc es acontalner avin Ite ereint
phar nadmmrgiyd:emm Keteacidosis or ronkeppiicpypexoembtarmontui Sabdas torm'ttarmer S are

wel | - kno t hos killed in th t and include . .material Uch as

bot t1 e<Cerpicelipes Tifhc hu 5fe auimled o cablioudSe firuseasa, e BLFe,

cyl i ndeggnalaitinade ddckEasctsios@iraiiagon %ﬁé Ry d, RaUiRerehaidner - pr oof
assenbl age to prevent indiscreet access to the contents of the package. In

addi tion, tHe yebanaihecashast afdhe presant invendon isithesbeatmeaniof d@@@tes:)@ateHe

S S LI e e L N

condi t i symelitdpRsH dsord eROSEEY §s apslipiderfiaDyypéreertsion i ulpnregfstandes @bsiarase i n
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dysfunction in e-11 diabetes", Annul Medi ci ne,” 47; 69-83, (1996)).

ne&las ;f&@orapartadetom wehigle qonireheoriaining nﬁéﬂrw e&hﬁ@dtmlarstrayp@ of FoRnpabages,

br 5" oo aossiit BiveEfeh RrdtBGechatRacb sl SR TP BRErapeten e
decreasgaglcdsﬂa,ge'lraﬁh@k/elst erol, and elevated triglycerides), hypergl ycem a,
i npai red gI ucose tolerance (a pre-diabetic state OEPS{?{% ceni a associ at ed

with insuli rFQr&P%rtf’%@i@é‘Wt @WI%BQY'PQ q aeoreiant oA , ®Eagagein the
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about 0.01 mg/kg to about 1 mg/kg. However, some variability in the general dosage

range may be required depending upon the age and weight of the subject being
treated, the intended route of administration, the particular compound being
administered and the like. The determination of dosage ranges and optimal dosages
30 for a particular patient is well within the ability of one of ordinary skill in the art having
the benefit of the instant disclosure. 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 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
35 pharmaceutical agents for the treatment of the diseases, conditions and/or disorders
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to those skilled in the art, unless otherwise indicated. Further, starting materials were

obtained from commercial suppliers and used without further purification, unless
30 otherwise indicated.

The reactions set forth below were done generally under a positive pressure of
argon or nitrogen or with a drying tube, at ambient temperature (unless otherwise
stated), in anhydrous solvents, and the reaction flasks were fitted with rubber septa for
the introduction of substrates and reagents via syringe. Glassware was oven dried

35 and/or heat dried. Analytical thin layer chromatography (TLC) was performed using
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ppm. Mass spectra (MS) data were obtained using Agilent mass spectrometer or
25  Waters Micromass spectrometer with atmospheric pressure chemical or electron spray
ionization. Method: Acquity UPLC with chromatography performed on a Waters BEH
C18 column (2.1 x 30 mm, 1.75 um) at 60°C. The mobile phase was a binary gradient
of acetonitrile (containing 0.05% trifluoroacetic acid) and water (5-95%) Elemental
microanalyses were performed by Atlantic Microlab Inc. and gave results for the
30 elements stated within £0.4% of the theoretical values.
Embodiments of the present invention are illustrated by the following Examples.
It is to be understood, however, that the embodiments of the invention are not limited to
the specific details of these Examples, as other variations thereof will be known, or
apparent in light of the instant disclosure, to one of ordinary skill in the art.
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2010/ 029461#@ﬁfmm©/@©3ﬁ7¢®y 3- cyclomentydrﬁ mmowoaam@a;et(babb S. patents
and publications are incorporated hergin by reference. Preparation of Key
Internmedi ates The follow ng interrediates provide a nore detailed
description of the process 5 condit{on$ It is to be understood, however,
that the invention, as fully described Atenein and as recited in the clains,
is not intended to be linted by the dggtails of the follow ng schenes or
nodes of preparation. In the follow n?ﬂntermedi ates, Boc refers to
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3-cycl opent yl; 2- Y dE QY RIAPGP56E gaoqf'(fi1gi in an@ydrous methanol (15 mL) at room
temperature was added SOCI; (1.64 mL). The resulting mixture was heated at reflux

for 2 hours. It was then cooled and concentrated under reduced pressure. The residue
was partitioned between ethyl acetate and aqueous saturated NaHCOs solution. The
25 biphasic mixture was separated and the aqueous portion was extracted with ethyl
acetate. The combined extracts were dried over MgSOsy, filtered, and the filtrate
concentrated under reduced pressure. The resulting residue was purified by flash
column chromatography (silica gel, heptanes/ethyl acetate) to afford 1.5 g of (I-1b) as a
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Companyes e Syadat ine migyre.dtirerTer e8GR Thaofdatic s Selebfies . The
pal e grad thleyducous PEYsH eXir bR Whﬁ@is’th*lcémdr o mmz.lmé YorhBinetbrganicer 30
mns, by which tinme the col or had devel oped to a dar

. , rey. The m Xture was
- ool Wererwasegl wita saturatec ) (ask PAEL 2 dbied DRt MaSD( 26d@Vgporaied ol -
Al dyi chyChen - . .
£ SPIEHRMERr TR resldlfe 68410 Y8488 mffah) VBRIABEL0DCEH (1 MbF oS | O

bef or e paegeilow oilha sneal drabbnboidess bolatikgmaterishrembinedip tiox stitapet. y'H 50 C
over 30 mins. Saturated NHAC an 700 3\% was then added and the m xture
sti rredWI (489 MHasCDfHa): 8rgh(tH).a3:éP (3D, 2817 EdTk@-@h{l Hie! 48UedRi68 | ayer
extractheﬁ 1V\11tgﬁlhlit hyl ether (2x 250 nlL). The conbi ned organi cs were washed
W th saturate Cl (aq, 350 nL), dried over My504, and evaporated. 20

Distillation of t crude_resj due 8-70 C at 0.8 a i el ded .65+ 70% of
(b Blergie' (B PRlivERIT IR ER M e ey Bl Pestior B 1P
remained in the still pot. 1H NWR ( MHz; CDCI3): 6 4.17(1 H), 3.76 (3
H, 2.67(1 H, 2.01 (1 H), 1.48-1. 8 , 1.11(2 H. Internediate:

(R -methyl 3-cycl opentyl-2-(trifluorpmethyl sul fonyl oxy) propanoate (I-1c) -
0 7~

0
OT

25 (--1c)
Intermediate (I-1b) (6.37 g, 37.0 mmol) was dissolved in dry dichloromethane
(260 mL) and stirred under nitrogen in an ice bath. 2,6-Lutidine (9.0 mL, 77 mmol) was
added. Trifluoromethanesulfonic acid anhydride (11 mL, 65 mmol) in dry
dichloromethane (75 mL) was added dropwise. The reaction was stirred in the ice bath
30 for 60 minutes, concentrated under reduced pressure, and taken up in 1N HCI and

methyl t-butyl ether. The aqueous layer was separated, and the organic layer was
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orf 25(1-1c) Internediate (1-1b) (6.37 g, 37.0 mmmol ) was dissolved in
dry dichl oronet hane (260 nL) and stirred under nitrogen in an ice bath.

2, 6-Luti dvoeo(@uztienl, 77 nmmol) was added. Trifl uoronet haoegBoeniscrsaci d
anhydr| de (11 nmL, 65 mmol) in dry dichloromethane (75 nL) was added

dr opwi SkashEsewitle ageitionalill HElitoriaguredhe kempral afallHhgdutidine 6@ haicembiaed
concent 1 a nmet hyl
t-buty Jr@%ﬁ% Ié’ynéiﬁzga% ﬁ‘l%'ﬁg\ﬁgsflpéoe\ﬁlﬁf‘f b?me que(]i Sbgﬂsc&muﬂnrﬁ%@té;%tgﬁélbg | ayer was

VO 201?1@1?94??@6?@@6&&&&85@&3% ?gd dmfdmmhihmghlimad:uuﬂﬂtﬁﬁﬁﬁtda(lnmsEr3 t he
renova a t he i di ne The co | he or gani aver was then wa e
T B 130 3 Molo BV i o e Foac Immeriase aavlﬁwﬁﬁm@rmﬁcamr H educed

pre sur niyed r h t f (A5 1 ,
0% MR e B B e o Pho e Th 2102,027p G 3270 1 R
(400 M-Hit) 1CCH $)666(45H)J,G 98 51148 (ZJHH) 3 82 (3 H) 2.02 -2.12 (1 H) 1.79-
1.98 (4 H, 1.51 - H) , I nt er medi at e:

4- (i sopropyI'PﬁrﬁTﬁdﬁiﬁp@‘r(ﬁEB'lO@ytth'Di’af" pyragoLer --c \--=-N (l-2a) To a
stirred solution of 4-brono-1H pyraz 99, 16.9 mmol; Aldrich 10
Chem cal Conpany, Inc., MIlwaukee, QAHF under nitrogen at 0C was
added dropw se n-butyl I ithium (34.9 M in hexanes). The reaction
mxture was slowy warnmed to roomtenpqiagyre and stirred for 1 hour. It

was then cooled to OC, diisopropyl dISU|fIde (2.70 nL, 16.9 mol ) was added
dropwi se anchsalstlrred@Ohﬁmnlcnfweurcumowépwazelet érﬁ%gai@@emm Aldtidurs. The

o3P EhhitehERrRRy i iRl ed AR TR yide b UEE L0 LB FeeB Mo o

and t hejrop@asiel £-bRB/Iithiam @sg sEDar.aveth havaiieey Whehedsticnr mn@uﬂeﬂﬁa@@ﬁ)vﬂjﬂ ed
over MgSH4. It was then Itered and the filtrate was concentrated under

r educedvginesssior wondptespperiature. aggl gfiregd for 1hgur. It was then coqled &9 Rdi at e:
QAR R i L G R R S R

Of anhyatrtiosl sSamdRempdeatuné foraroursa T teaction edixiuiré Riagrpoured into a biphasic
bIS tnrrethylmld)l)am de (0,784 nm., 1 Min hexapes) was added. After 45
18t ednixirs AT JOOIAL sthyl geeiate angdiR0 L '@%)Na(t%5T%pHrPf6h‘?r£n'6tlur%MWdr ous

THF) J@éeéqgﬁﬂogf EBWRe g% 6b6ﬁ|d@%§§’%%é‘r‘é?éh fv%sr% Qs Syatdr, BHH&“

t enperature. t hen qu aqueous sat'ur ate NH4Cl
ext r actad mlemomrI‘MgS@aetIHWas tH’elrrefllt)asIaftj|ame|dherﬂ@eate(W&B(d:airzxretnsl;ra‘immL enaﬂen ed over

MgSoH4, filtered, and co n he resulting residue was purified by
flash CRABREE B@Sé?HFﬁ/to(% q;r a%ég d"}_@g% ethyl acetate in heptane) to afford

(1-3a), Mz BRfmbdldHtd)Imethyl 3-cyclopentyl-2-(4-(isopropylthio)-1H-pyrazol-1-
20  yl)propanoate (I-3a)

s\{ N
\< =N O
(1-3a)
To a stirred solution of 124 mg of (I-2a) in 9 mL of anhydrous THF under nitrogen, a
solution of lithium bis(trimethylsilyl)amide (0.784 mL, 1 M in hexanes) was added. After
45 minutes, a solution of Intermediate (I-1¢) (265 mg in 6 mL of anhydrous THF) was
25 added dropwise and stirring continued for 2 hours at room temperature. It was then
guenched with aqueous saturated NH4Cl and extracted with ethyl acetate. The
combined organic extracts were dried over MgSQy,, filtered, and concentrated. The
resulting residue was purified by flash chromatography (silca gel, 0-100% ethyl acetate
in heptane) to afford (I-3a), m/z 297.1 (M+H)".
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WO 2010/ 029461PCT/ 1B2009/ 053773 I nternedi ate: (S)-nethyl

3-cycl opentyl-2-(4-(isopropyl sul fonyl)-1H pyrazol -1- yl)propanoate (I-4al)
, \ -N O wo-24wl0p9dbo a stirred solution of 0.157 g (I-3apCrnBmomis3773

di chl oronet hane at 000 was added 5trifluoroacetic acid (0.041 nL) foll owed

by m chl or opBieteediste: Eimethyl 3zyclgpenid -2 -GwniepiisonyhEinyeazehtilh was
enove 3 on stirred at roomtenperature for another 30 m nutes
before%@?%%%%ﬁ%ﬁ@%ﬁe)t ween et hyl acetate and aqueous saturated NaHCO3. The
aqueous portion was extracted with e acetate and the conbi ned organics
were dried over MgSX4. It was then fi ed and the filtrate concentrated
10under reduced pressure. The res5l él ng residue was purified by flash

col utm chr omat ogr aphy (silica gel, y[ acetate in heptane) to
afford 0.167 g of (I-4al) asa\mg n12 329. 2 (M+H) +.

I nternedi ates (S)-nethyl 3-cycl opantyl- (rret hyl sul fony1) - 1H pyr azol -
yl)propanoate (1-4a2) (mz 301.2 (M FIj 431 and (S)-nethyl

3-cycl opentyl- 2- 15(et hyl sul fonyl) - 1H pyrazol - 1-yl ) propangate (I -4a3)
(mz 315.4 (I rrdeQSléIO@r@‘pihﬂ@ng(h3ahlra’§mto@@b@rmﬁmnetai O Gayasgeddsd bed

o L PeRNRESN etk (08T FRBIGL) PR G R 24 7 ohfo 70

dl sul f Irdmutésﬂm)@tdel kyﬁhy/vasl rinfvERthad the [Facti®t Biitred lat acbmh)terhbeaataréfotrr i azol e
-5a) an% -./NH 20(1-5a) To a stirred solution of
3 met hyanoiney- ?zﬂmn@eabﬁfqrﬁmﬂéﬂc{mﬂ@bgtwﬁkmaha@tam%aqlll@f?ys sajEated

[C):glr gzglrmnogu % at e onewrtl&ggﬁe@%ﬁgcem g]tpi e“@é‘%g%zg aHBB@é%bH{E‘med

USA) ( ldigd@nigp wehetaeiedsdvier MgBOat Itrvwrhhberfmter@d ane trﬁe)flltrateiaqncdrhmteéact i on

t filt d and
m X ure n\@aer reclluceedrgresgure The resulting residue was purified by flash column

chromatography (silica gel, 0-100% ethyl acetate in heptane) to afford 0.167 g of (I-4a1)
as a white solid, m/z 329.2 (M+H)".

Intermediates (S)-methyl 3-cyclopentyl-2-(4-(methylsulfonyl)-1H-pyrazol-1-
yl)propanoate (I-4a2) (m/z 301.2 (M+H)") and (S)-methyl 3-cyclopentyl-2-(4-

15  (ethylsulfonyl)-1H-pyrazol-1-yl)propanoate (I-4a3) (m/z 315.4 (M+H)" ) were prepared in
an analogous manner to that described for the synthesis of Intermediate (I-4a1) from 4-
bromo-1H-pyrazole using appropriate starting materials (e.g., dimethyl disulfide or
diethyl disulfide, respectively.

Intermediate: 3-(methylsulfonyl)-1H-1,2,4-triazole (I-5a)

20 (I-5a)
To a stirred solution of 3-methylthio-4H-1,2,4-triazole (1.00g; Oakwood Products,

Inc., West Columbia, SC) in THF (20mL) and water (20mL) was added potassium
peroxomonosulfate (Oxone®, DuPont Specialty Chemicals, Deepwater, NJ, USA) (10.7
g). After stirring at room temperature for a day, the reaction mixture was filtered and

25 the filtercake was washed with THF. The filtrate was partitioned between water and
ethyl acetate, the bilayer was separated and the aqueous portion was extracted twice
with ethyl acetate. The combined organic extracts were dried over MgSO,, filtered, and

the filtrate concentrated under reduced pressure. The resulting residue was purified by
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25 the filtercake was washed with THF. The filtrate was partitioned between
wat er and ethyl acetate, the bilayer was separated and the aqueous portion
was extrawoediovozdme with et hyl acetate. The conbi ned or gamiiB20e%0¥3aTt s wer e
dried over My504, filtered, and the filtrate concentrated under reduced

pr essurflashhgomatagraphy (Fieki eyl asstaiaimethane! - 10%p to afford 0.496 g of (I-5a)
2010/ 0294 =T/ 0] T 5 esh chromat ography (Si 02, ethyl

acet at égsn% %o#ofﬁao&%%g'ﬁo(ﬁaﬂ?grd 0.496 g of (I-5a) as a white solid. niz
148. 1 ( M+H) Hntermediate] (8)enstgl 3tcgclopShtyiret(By(methylsulfonyl)-1H-1,2,4-triazol-1-
3-cycl opentyl- 2-(%- net hyl sul fonyl)-1H 1, 2, 4-triazol -1- yl)propanoate
(1-5b) YoPrroaneate (IKpp)s( | - 5p) To a stirred solution of 42.7 ny of
(I-5a) in anhydrous THF (4 ni) under/Ti
bis(trinmethylsilyl)am de (0.261 ni, in THF). After stirring for 30

m nutes, a solution of Internediate (1-1f) (88.3 ng) in anhydrous THF (10
m.) was added dropwi se. After 1 Rofr N. r€acti on was quenched with water,
brine was added, 10 and extracteg wi¢t h)'et Hyl acetate twice. The conbined
organics were dried over MgSO4 and phFi fi by flash chromat ography (40-FM
75: 25, 60:40, 50:50, 0:100 heptane: et ﬂb?acet ate) to give 0.0447 g of
(I-5b) as a clear oil; mz 302.2 (MtH) + [ nternedi at e: .

4- (i sopr opyl kha s}irregrsotipazefi42. ( maaf (I<yanin anhygopus -T6H) (481 uadek nitroggn

sol uti - br.omm- 1 1.m - : I i iGal . Y
v 1 vewhda aqifs [T SR AP ARSRIE A @aet B b SRS nr SARG ot 36
necked-riputes, osdlotiorf bilskernasiistddbdc) (388 yig)lin ahhyano(d THF (10 mL)wad i n
pentangsj dropwi se over 45 mnutes with a dro in% funnel . After conplete
addi ti ,deﬂrfﬁ’oﬁi"’i&%r%ﬂ%% hQh el reaLtigh RS %%)Qh@ 1 aers PHBe v &hen
it S T d HaRi~ef v i r I

di s1\glafi e %%%%anﬂtﬁl%ﬁhgoﬁé r(?L@a t%a@mv?/ésf%egge b\%@?%@%ﬁ'&?&é}%ﬁz@?e@@i%%s%s
st i r r ecarfdopurifedhmufisstachromatggtapby A0-HM, @51y, B0:4h &0pE0, 6: @0 heptasetaibhylon

was quenched with sa te Cl foll owed tralization with 10% HCl .
The aabeleblaoue 04l 20 S 5 has adin i el PRZLTHTR ToR (hrce t1 mes.
The conbi nednRirgRAiAS: M%Sp@’dgﬁﬁio@-\’lﬁ-inﬁfg%eﬂﬂéaruri fied by flash

chromat ography 25(40-FM 100:0, 95:5, 90;10 ethyl acetate/nethanol) to

afford 3.3767 g of (l1-6a); mz 143.0¢ NH | nt er medi at e:
4-(isopropylsulfonyl)-ll—l—irﬁdazole~€{-6 =00 ---¢c N

(I-6a)
15 To a stirred solution of 4-bromo-1H-imidazole (5.0 g; Aldrich Chemical Company,
Inc., Milwaukee, WI) in 100 mL anhydrous THF at -78°C in an oven dried 500 mL 3
necked-round bottom flask was added t-butyl-lithium (48.0 mL, 1.7 M in pentane)

trogen was added |ithium

dropwise over 45 minutes with a dropping funnel. After complete addition, the mixture
was warmed to about 10°C to 15°C for 2 hours and then it was cooled to -78°C, and a
20 cold (-78°C) solution of diisopropyl disulfide (6.78 mL) in 30 mL THF was added via
cannula. The reaction was stirred for 16 hours allowing the bath to warm. The pale
yellow solution was quenched with saturated NH4Cl followed by neutralization with 10%
HCI. The layers were separated and the aqueous extracted with THF three times. The
combined organics were dried over MgSO,4 and purified by flash chromatography
25 (40+M, 100:0, 95:5, 90:10 ethyl acetate/methanol) to afford 3.3767 g of (I-6a); m/z
143.0 (M+H)".
Intermediate: 4-(isopropylsulfonyl)-1H-imidazole (I-6b)

el

N=
(I-6b)
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(I-6b) WD 2010/ 029461PCT/ 1B2009/ 053773 To a stirred solution of 1.00 g
(I-6a) in dichloronmethane (14 nL) at OC was added trifluoroacetic acid
(0.54 nL)wbabiomees1by m chl oroperbenzoic acid (6.07 g) wa3/IRUAYOS3ITTE
portions. An additional 10 nL dichloronethane was added to the m xture and

stirrinkP ashitredsetitionsafer.00g (MoakinedichiorempetangdilA rikkat @koved agdadt he

t t ddi
1 aur VAT PaBEa R R DL SRELE WY o ilrPRclRbi B R e fbede ™
resi duen mrﬂldnsedArbyldﬂitla?bl O mindichloremethepeapdy ald@d i thet injdture and stirring
?ﬁte ;?ngrr]ﬁ%g n? g tﬁép ||r/1()utetso tr?ef che)rt?at% wla% r%move%la_n(sdbt)he rrga%:tlc:)Ln7 gtlrréd a!t_?oom
k I
C\ et fo4 aﬁq'o%r?érrszpaﬁ hiHéS BBkt abitid™] dagRprch: of N NAOPPENORRA).

----- cN--="10 oastl ution of
| n anhyTzITe)mtErH:wea coﬂ;eernirﬂ:ted armndtthegesndu%auaﬂel@bylfiatsh|ooiumn

o1 ot el i S0 sl AcelpEmentate o b g H0 T10 GiatlBeblde

was addeg ig1Aqppwi se. After 75 minutes, the reactl on was quenched wth
wat er, brine was added, and extracted W|th ethyl acetate twi ce. The

conbi ned or daiermediaie «(Drmeltrybdeycigsny!-2rd-(raprepydsulanyl )+ Htimidazol-1-

chr na et hyl acetate/ heptane, 25 to 100% to afford 53 ng of
1$a13RﬁWﬁ%9é§®§£P%NP I ntermedi ates (S)-methyl

3 cyclopentyl 2-(4- (ethylsulfonyl) 1

mz 315.4 (MrH) + and (S) - net hyl 3 cy ntyl-2-(4-(nmethylsulfonyl)-1 H

i mdazol-1 -yl)prop ano ate (I- niz 3p1.4 (M+rH) + were prepared in an

anal ogous nmanner to that descrlbe _ﬁy\ hthesis of Internediate I-7al,

above, from 4-brono- 1H i m dazole apptopriate starting materials

(e.g., diethyl disulfide or dinetRyl |suI de, respectively).

i dazol - 1-yl ) propanoate 20(1-7a2)

251 nt er nedi at e: (S) met hyl (I-7a1)
3-cyclo ent -(4-(trifluoronethyl)-1Hi m dazol - EI ) propanoate (1-8a) |1
Kf----- p)a (s}llrreg§pllgrpn of 50 mg of (I-6a) in anhydrous THF (4 mL) under nitrogen was

added lithium bis(trimethylsilyl)amide (0.260 mL, 1 M in THF). After stirring for 30
minutes, a solution of Intermediate (I-1c) (88 mg in 3 mL anhydrous THF) was added

15  dropwise. After 75 minutes, the reaction was quenched with water, brine was added,
and extracted with ethyl acetate twice. The combined organics were dried over MgSO4
and purified by flash chromatography (SiO,, ethyl acetate/heptane, 25 to 100%) to
afford 53 mg of (I-7a1); m/z 329.1 (M+H)".
Intermediates (S)-methyl 3-cyclopentyl-2-(4-(ethylsulfonyl)-1H-imidazol-1-yl)propanoate

20 (I-7a2) m/z 315.4 (M+H)" and (S)-methyl 3-cyclopentyl-2-(4-(methylsulfonyl)-1H-
imidazol-1-yl)propanoate (I-7a3) m/z 301.4 (M+H)" were prepared in an analogous
manner to that described for the synthesis of Intermediate I-7a1, above, from 4-bromo-
1H-imidazole using appropriate starting materials (e.g., diethyl disulfide or dimethyl
disulfide, respectively).

25 Intermediate: (S)-methyl 3-cyclopentyl-2-(4-(trifluoromethyl)-1H-imidazol-1-
yl)propanoate (I-8a)

(I-8a)
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WD 2010/ 029461PCT/ 1B2009/ 053773 4-Trifluoronethyl-1H i m dazole (5.0
g, 37.0 mml; Apollo Scientific Ltd., Bredbury, Cheshire, UK) was stirred
in dry THFOQEBM2mMey under nitrogen at roomterrperature PLIrtIB2009M053773

hexanet hyl di sil azide (1IMin THF, 33.4 m, 33.4 was added dropw se via
addi tion furﬂTErlﬂuqrhmq’rhydtW@ﬂW@goa 50 80320 momh/bmimaemrfec kigk. 50

5m nut o 3 g, 37
nmol ) |e§hr ry %%ﬁﬁgé‘mqﬁgw\ﬁ% sf:flﬁrehdgﬁ Oggéﬁﬁ'%qfﬁ e Pﬁ&grﬁrﬁrltrééerég% hcgélﬁl'vvas added
i n one tpaperatare. Thithiumeledamethaiglisilalzidegd M o THF133.4 mbo33. denpel)avas e,
stirred for 2 hours, % uenched with saturated a%ueous amroni um chl or| de

sol ut | GfdesrRpYIsgha addyiedunaelst The Bbekis WAS SUTRE ahRrBUSMPRIRIHIaNERS
sepgr alfthutdndnd BRrPUIR fr 2RKR bARS ANGRAN bRUSE) ADfslaly MR Mt W! th

wat er and yl acetate. e organi c ayer was vva ser| es with dilute
aqueousTrﬂrﬂﬁ(()%@hdr)r whiohi tgd hqereohrﬁedﬁ)@/apmeabahhumaseadd@dan@neapuitrd)m| nbe The
organi c theaddrr ed over s di um | I+ ered, and

o At VAR BIOWEH 8 Wit B oS e e req forAab e alSed with

cont ai NYhGratdLalieRsd &RehdriGh URRSHIRY s@stich ?Z@HL)'aﬁHléﬂlbWéd téRsir BUEinidrd by
chromat ography on a 330 g pre-packed silica gel "15colum, eluting with 10%

et hyl aldw agegauspegerewas saparated aficktne argamigdayeryas a@mqtt@/ted;pn ieen The

0 ofal MW Rarate sETREER. TRETuo Phelubln Wit i RSyl B 1
pot assmurner@oé [PRREPNGH E hciloaatesls Nevpbtasanth cirkenatt! and ibane. THecorgkARN

product actions were conbi ned, evaporated, and dri ed under hi h vacuumto

af f or d layergugs thengdnrstpeerrsasiivmssifate, §iteres, anghasncestrated ungex

) dhedatt b bliblof®rid ghloe fafdiq). hfénieh, tmjérf?aggm@o.sgng 214

I( n'; er mazrlnialt E.'npurrty, was purified ]hyl/ chromatography ona 335) g plre pacITed silica gel g
S)-3-c opent 4-(trifl uorone 1H i m daz r noi ¢ aci
(1-'8b) 8’0&”@]9. 'HYrNE)W't 5‘(4} %@y'ﬁqeiﬁ}'@P%%ﬂ?e%%m&'?ﬁE&O%w Pt?‘gfg) (6.61 g,
22.4 eratelnge ptdife. mrrré %a\&%ﬁgewgr@ro%%%of aém ﬁ‘HnSa eneatrm@praré Oged

to cool. Sol pot assi u car bonat e ortions to
t he pHamd \ablmajtzlrtg wih i<MicOp istean el ld® atheajhyimcetﬁeﬂydptmtmvelop@sl |added and

Tt (b L R e Mg
W th britdiiondwetd coviinS® Hviaporatbl 3ad dfied Uﬂﬂéﬂhlgﬁ%@ﬂmt@tﬁfbrwﬂ%) sggduced
20  clear oil (6.61 g, 22.4 mmol, 67%). 'H NMR (400 MHz, CDCls) & 7.57 (1 H), 7.38 (1 H),
471-474(1H),3.76 (3H),2.01-214(2H),1.45-1.79 (7 H),1.03-1.18 (2 H); m/z
291.4 (M+H)".
Intermediate: (S)-3-cyclopentyl-2-(4-(trifluoromethyl)-1H-imidazol-1-yl)propanoic
acid (1-8b)

OH

F.c—~¢ N

3 \(N:J o)
(1-8b)

6N HCI (140 mL) was added to (I-8a) (6.61 g, 22.4 mmol) and the mixture was

warmed to 95 °C for 16 hours and then allowed to cool. Solid potassium carbonate (58

25

g) was added in portions to bring the pH to about 4. A precipitate crashed out. Ethyl
acetate was added, and the mixture was stirred until everything dissolved. The
30 aqueous layer was extracted once with ethyl acetate. The combined organics were

washed with brine, dried over sodium sulfate, filtered, concentrated under reduced
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WO 2010/ 029461PCT/ 1B2009/ 053773 pressure, and dried under high vacuumto
afford (1-8b) as a clear glass (6.15 g, 21.9 mml, 98%. 1H NMR (400 MHz,
CDCI 3) 6 wo2B10(aRo4dy, 7.34 (1 H), 6.85 - 7. 15 (1 H), 4.6@8cT/1820090%3173H), 1.98
- 2.17 (2 H, 1.41 - 1.75(7 H), 1.01 - 19?2H);n122774(|—|)

5| nt er rE@ssSire; and dried under high vacuum to afford (I-8b) as a clear glass (6.15 g, 21.9

el or 1 dETET oy ) BVIRIH00 MigE O a8 33 1 T P33 K Rt EB Ty

i nt er redgat &.1d (*Bh) 1(982!'2 gz ZJHQ mrml N.7%(dHgM on enetbenel)( s/aky7 was added
oxalyl chloride (0. g, and N, N-di net hyl formam de (1 drop) 10 at

room t Myt ur e. The mxture vvas stirred for 2 hours at room tenperature.

The reactio in. sed
w R a oni ondmteslile? 18- BRAEERERE 25 B R B P LA ER S P O
(0.27 ghldif-8a3 an oil, which was used in the next step directly.
Internmediate: (S)-nethyl 3-cyclopentyl-2-(3-(trifluoronethyl)-1H pyrazol-1
- 15yl ) propanoate (I-9al) N F3C', -+ \------- 'O (1-9al) To a stirred
solution of 3-(trifluoronethyl)-1H py e (500 ng, 3.67 nmmmol; Aldrich
Chem cal Conpany, Inc., MIwaukee, W) in 10Cm_ of anhydrous THF under
nitrogen was added a sol ution of pl.g uhh h arrethyl disilazide (3.30 nL, 1 M
in 20hexanes, 3.3 nmol). After stirri ngoro40 m nutes at room tenperature,
a solution of Internmediate (l1-1c) (1. 12 (3.67 mol ) in 2 nL of anhydrous
THF) was added dropwi se and stirring wag%&anti nued for 2 hours at room

tenperature._It was then guenched wth
To a suspension 0 mtermedlate (I 8b) (0.25 g, 0.9 mmol) in dichloromethane (5

mL) was added oxalyl chloride (0.35 g, 2.7 mmol) and N,N-dimethylformamide (1 drop)
10  atroom temperature. The mixture was stirred for 2 hours at room temperature. The
reaction mixture was concentrated in vacuo, and the residue was chased with
dichloromethane two times and concentrated in vacuo to afford (I-8c) (0.27 g, 100%) as
an oil, which was used in the next step directly.
Intermediate: (S)-methyl 3-cyclopentyl-2-(3-(trifluoromethyl)-1H-pyrazol-1-
15  yl)propanoate (I-9a1)

= O
(I-9a1)
To a stirred solution of 3-(trifluoromethyl)-1H-pyrazole (500 mg, 3.67 mmol;
Aldrich Chemical Company, Inc., Milwaukee, WI) in 10 mL of anhydrous THF under
nitrogen was added a solution of lithium hexamethyldisilazide (3.30 mL, 1 M in
20 hexanes, 3.3 mmol). After stirring for 40 minutes at room temperature, a solution of
Intermediate (I-1c) (1.12 g (3.67 mmol) in 2 mL of anhydrous THF) was added dropwise
and stirring was continued for 2 hours at room temperature. It was then quenched with
aqueous saturated NH4Cl and extracted with ethyl acetate. The combined organic
extracts were dried over MgSQy, filtered, and concentrated. The resulting residue was
25  purified by flash chromatography (SiO., dichloromethane /methanol, 0 to 10%)) to
afford (I-9a1); m/z 291.0 (M+H)".
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aqueous saturated NHACI and extracted with ethyl acetate. The conbi ned
organic extracts were dried over MpJSO4, filtered, and concentrated. The
resul t i ngwoesiodueesenas 25purified by flash chromat ogr aphpCrSBIR9/053773

di chl oronet hane /nethanol, 0 to 10%) to afford (1-9al); mz 291.0 SMFH)+.
WO 2010/ 02946tEPUediete (8 besiayidscyclopentyin-44-eiaetyicarbamoyl)-1H-pyrazol-1-yl)-

(S)-net 3= GYChC tyls - Qi et C 1) - -1- -

br opandupbarofbcli 3R i 24 8 MPh Hes eI b ar Sh AbBES i nbEAS that e
to t hatdeiiesibéd l&ﬁdgé(yyrtH&@wﬁ‘ihl(“%mfjialﬁ (tﬁaeyﬁn@?i ‘ﬂﬂ-@y(ézo%&)ca‘rb@glilc acidk

1H pyrazol e-4-car boxyl i c aci ric en ca any, Inc., | waukee,
W) i larEhGerIcah Gornaapmng dviwelikes 104). dimeghpfaipias nsh {itermediaig drer
argan, i sopropylamne (66.8 g (92.5 nL), 0.66 nol) was dissolved in THF
(1 L) ana cooled to -5C in an ice/nmethanol bath. Over 30 m nutes,

n- but yl - 1 i t Hhtemmed (e 33, 6Mih@g90-2/-pytare8-yintifluoners etidahedulinadte (kddayx ai ni ng
the tenperature below 1C. The m xturewas stirred at about O0C to about -5C
for 15 m nutes and cooled to -72C @ than acetone and dry ice bath.

D hydr o- 2H pyran-4(3H)-one (Al drich Chem cal Conpany, Inc., MIwaukee, W)
was added slowy over 15 m nutes wh pitrai ning the tenperature at -78C

for 1 hour. N-phenyl-bis-(trifluoronethyl sulfonimde; A drich 15 Chem cal
Conpany, Inc., MIwaukee, W) was susfe®dd in THF (500 nL) and added

lowy to t i i I I | - T
i xtur e vas TR AP0, MonRoraE [eneqas STREL a8 M P B It d Bl ot ur e
over ni gk (Thé antxoolet 10a5°Cimaarite/atetians dath.r Sdec 80 minassy nebutylAihium

resi due e slurried in hexane at 50C (1 L and 250 nl), the |liquors were
ConibentPatll 2ARaRL 1 Ghn el HreceuRy WalePTanTs PeeRyerat ahROPCHS 3. 300

Miz) 6 yﬁ7 r‘h%t%n@ waé stifel %'t")abggft % %?%out%% Ak minutes an'drﬁd?féffﬁj grg

(R) - net tert-but oxycarbon 3, 6-di hydro pyran- 4- ! ) pr opanoat e
(1-1 Obyith Boacs®natar(dldry ik Yatm Dinydroasi-pyranadBofyioneddidtian Ghemical nc dust

(727 bbby Re) AL B e BRSNS (100
was addpéd témperardat-7850®r 1 hBar. TNXSHE-BRS(tsUdrb@@thy@sulfonimide; Aldrich
15  Chemical Company, Inc., Milwaukee, WI) was suspended in THF (500 mL) and added
slowly to the mixture while maintaining a temperature below -60°C. The mixture was
left stirring in the cooling bath, warming to room temperature overnight. The mixture
was concentrated under reduced pressure. The residues were slurried in hexane at
50°C (1 L and 250 mL), the liquors were concentrated under reduced pressure to afford
20 (I-10a). "H NMR (CDCl3, 300 MHz) & 5.74 (1H), 4.19 (2H), 3.80 (2H), 2.39 (2H).
Intermediate: (R)-methyl 2-(tert-butoxycarbonyl)-3-(3,6-dihydro-2H-pyran-4-

5
BOC‘N/\[]/O\
H 0O

(I-10b)
In rigorously anaerobic conditions, zinc dust (72.7 g, 1.11 mol) was suspended in

yl)propanoate (I-10b)

25 anhydrous N,N-dimethylformamide (100 mL), and to the stirred solution, trimethylsilyl
chloride (23 mL 0.18 mol) was added (exotherm to 55°C). The mixture was stirred for
20 minutes, during which time the supernatant became brown in color. The mixture
was allowed to settle, and the supernatant decanted off using vacuum. The activated

40



20 m nutes, during which tine the supernatant became brown in color. The
m xture was allowed to settle, and the supernatant decanted off using
vacuum TWwe 2amva2ystied WO 2010/ 029461PCT/ 1B2009/ 053773 PCMABRONOEST73NaS

washed with N, N-di nmet hyl formam de (4 x 50mL), until the supernatant sol vent
becarne Zit peyveeswas washedpyithrdg Mydimethylformamide (4 x 50mL), until the supernatant

2-(tert§£}%%¢%?§é§o¢y%@é§éno)-3-i odopr opanoat e (Cakwood Products, West

Col unmbia, nol) was dissolved in N, N-di met hyl f or mam de under

gar g(lzln, ad]ge(ﬁ?)in*iethpr{(rl@rttblftt)xycarbbeylanﬁIhO/)f]G-Eﬁjopirmarmm\@Il ?@ﬁmdo% ﬂ:’irodtﬁgls,
riskly. After approxinmate m nutes, the m xture, se eated rapidly

(215 30 NS LEOLBEAR: $6) it 6r2p Mohivasdissalies b NOBEW BRETIRE BRI g

bat i i i - i ~al i Qg t i i ; b ased at

RN L Rt e G G A e U T e

m xt ur epproximedelytd mirhitesitthe enpraraself debted 2Pidlp 2 h308S cvrdabolioled t o

0%) | (EHONESEG! HOFI AR peipRpPRReyANE 6oaing PaGT FaNaalg SPHIdIRMe,
sol i ds tWeleRowrshfcIratictibn o MediemEn ! 5oPORMIRe(t8MptAtuANSLBIGed @Rl NgS

added to the triflate/catalyst m xture, which was stirred at 50C overni ght.
The solapoling bals wesneeovedtand thadeixturegtived asesdyentdemperatuee éarddfe product

i ieur ks B Bt f sk TR AT ARt RS A AhERe PP B RERER S o
wi th 2Q60gidnyof (aqataggm g,m.ﬁemwh&%m%}gphmqsmn@jnes nhepN i Thephagisc wer e
washed with bri neé.| 0 nL dried over 504, and concentrated under

r educedsQbflg svaie avashied withi\. Mrdimethyfetremidas bmtdpne dhaywaghingseaddediPng

r ed- br i A0 j -f : ogr aph
o( 51 09 e Bt R VR BB il of MOSE BN MRS ARBL 091 oY
i n 10%ceincghtrateet aiderhedaced presalifecant (He drakde :pradudidRItiIEDT 3at&0G0OBMa)) 6

5.50 (1 4 95 (1H), 4.4 1H), 4.1 , 3.77 (2H), 3.73 3H)., 2,50
(1Hp, ( 7 2Q%+@th§lza%ratezm%?§<arﬁ%é5%m)cf)-( e mlxrw{@é&%%ﬁ%fﬁg :an@(pea-rﬁﬁ@rrﬁﬁl,
2-(tertgy n 1@ 5 - s -1
6oy |0 AT SRR R FItred it 2078 L HeBei P el @OBRANE P L s
g (80. Cccaommuihgd ofgdrie phasds wase diasbedl watth hnmeng0amb), qriesitover IMgBSOwdarch was
added 5% Pd/ C (2.3 as a slurry in_.toluene 0 .. The t.ocl ave S
ey goangentatss chd RS nEislie, "The st ERE ookt vaS oBLER ¥ agTS, -
hour s a{,nhPR@FelFBRNAIUBE-g)T Kehich WadrRiriad théWé@-ﬂéHWé%n%%ﬁa hgnd the
30filtrates concentrated under reduced pressure to afford (1-1 0c). The
pr #duct(Sifas alird@cetate and Hexanes, 2 to 20%) followed by carbon treatment in 10% ethyl
acetate/hexane to afford (I-10b): "H NMR (CDCls, 300 MHz): & 5.50 (1H), 4.95 (1H),
4.40 (1H), 4.10 (2H), 3.77 (2H), 3.73 ( 3H), 2.50 (1H), 2.31 (1H), 2.07 (2H), 1.43 (9H).
Intermediate: (R)-methyl 2-(tert-butoxycarbonyl)amino-3-(tetrahydro-2H-pyran-4-

3
Boc\N/'\n/O\
H o
25 (I-10c)
In a stainless steel autoclave, 22.83 g (80.0 mmol) of (I-10b) was dissolved in
methanol (150 mL) to which was added 5% Pd/C (2.3 g) as a slurry in toluene (10 mL).

The autoclave was charged to 20 bar with hydrogen and the reaction mixture was

yl)propanoate (I-10c)

stirred for 2 hours at room temperature. The mixture was filtered through celite and the

30 filtrates concentrated under reduced pressure to afford (I-10c). The product was used
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WO 2010/ 029461PCT/ 1B2009/ 053773 in the next step w thout further
purification. 1H NWR (CDCI 3, 300 MHz): 6 4.92 (1H), 4.38 (1H), 3.92 (2H),
3.73 (3HwoOBE20@H) , 1.5-1.8 (4H), 1.43 (9H), 1.2-1.4 ¢eeHiB20wBrmedi at e:
(R) - 2-am no- 3-(tetrahydro-2H- pyran-4-yl 1Zl}_?r (')\E)anoi c acid (I-10d) 0 /\>

i r H2NOmtiee pextisted witheiut Birther pusfieattnnt ¢ NMRGeP Q2300 MHz3® 4.92rtdH), was

S LR Rt R e A

acet at e/ hexgngrinkdbitaL IR\t 2 arRNEB(tEtFah ydRNZPL-BYFaBL DFNpPandltCadidderay phase
was concentrated under reduced pressure and co-distilled with toluene (2 x

200 nm.) to afford the HCl salt of (1-10d), Qiving a yield 10 of 17.9 g;
108% (of f-white powder, presuned danp wih ter or toluene): 1H NWMR (d6-
DVSO, 300 MHz) 6 8.49 (3H), 3.79 (3H),z3.19 (2H), 2.44 (1H), 1.4-1.9 (5H),

1.12 (2H). Secondly, the HC salt gfy Obh) (11.6 g, 55.3 mol) and
i sobutyl ene oxide (5.33 nL) were suSpended in N, N-di net hyl f ormam de (120

nm) in 4 Anton Paar 30 L microwave vial$ Sl'he m xtures were reacted at
100C for 1 hour and allowed to cool. Th % m xtures were washed out of the
vialss with efitgy Intratealiate (BO0OL(22e2 ) 80.0aniriohedasbdssdridedad BN aglégud n

further |. aceta total vaglume 50 for 10 m nutes, during which
tine a 'ﬂﬁ\t&boﬁghﬁ’ﬂ‘igﬁéﬁ%ﬂ @Pgﬁe%ralﬁﬂiglyf b e Wt G4PLE i Oorm ¢ er ed
of f, brigkfRratBraVah etr Yith 209 &thiyPstdtBieh SAmeUT0BVRD) BireRRiveify Ni ght

to afford I nterned at eﬁ?‘lg-HlOd). 201 nt er medi at e:
(R) - 2- hydvankgd Brdarecs.ahpeagugbbpphase dagl qomcephateidouratsirdeduced Pressore \ )

HO . (OH O, (I-1.. l.nt di at - 7. y~44. I . di d
o 1N s it RaRlEs et dd mid S e el Sl ol gt
molp)  asF ﬂggt OB oFfwMied BbwER prbdurnes diamcif AN GRAedbORMR ) UMIRIMRR ;-
surface of the m xture and the whole stirred 25 overnight. The m xture was

ext r actl2MS@,1300ahz)) SLc49 a3td), G1IUD (3H) 3. TtheHgdedud HihAadel @dHext.A2d2HY wi t h
further_ eth ce e (5 )~ _The_.aguequs phase s cool o 0C
under - G g R Seba i I o o st b sh Feod e &tk Rerednks 6 o
66. 45 nUdYe)s@pendeQ i M QHimBtHRbAhatide @ dirsa iAnt&sd PayeB0Idn nicrbive
m xture was_ WO 2010/ 029461PCT/ 1B2009/ 053773
vials. The mixtures were reacted at 100°C for 1 hour and allowed to cool. The
15  mixtures were washed out of the vials with ethyl acetate (50 mL each), combined and
stirred briskly in further ethyl acetate (total volume 500 mL) for 10 minutes, during which
time a thick cream-coloured suspension formed. The solids were filtered off, broken up
with a spatula and dried in a vacuum oven at 50°C overnight to afford Intermediate (I-
10d).

20 Intermediate: (R)-2-hydroxy-3-(tetrahydro-2H-pyran-4-yl)propanoic acid (I-10e)

L5
H O/:\n/OH
O

(I-10e)

Intermediate (I-10d) (7.68 g, 44.3 mmol) was dissolved in 1N H2SO4 (140 mL) and
cooled to 0°C under argon. NaNO: (4.6 g, 66.45 mmol) as a solution in water (25 mL)
was introduced dropwise under the surface of the mixture and the whole stirred

25 overnight. The mixture was extracted with ethyl acetate (100 mL). The aqueous phase
was extracted with further ethyl acetate (5 x 100 mL). The aqueous phase was cooled
to 0°C under argon and re-dosed with concentrated H2SO4 (3.5 mL) and NaNO2 (4.6 g,
66.45 mmol) as a solution in water (25 mL) and stirred overnight. The mixture was
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extracted with ethyl acetate (6 x 100 nmL), re-dosed as above, stirred
overnight and finally extracted a third tine with ethyl acetate (6 X
100mL) . AWD 20800294l of or gani cs Were conbi ned and st ri ppea/BwosHI3aTd
conmpound (I-1 O0e) with a yield of 7. d(91(%) as an orange oil. 1H NWR
( CD30D, extEetagHwitr e@x&azeta(tqmX@OQmL 7epdosgd s almye, stirred oyefnightiargl (2H)

1.27

2 nyar s S EP PR B unE M PER Y ansiaeda 1000 AT 18PP mbyof propnigs

| nt er megierat aconidiné@@hd(Srifoe tbdfferamompamdi(lsiel) witth a piertedha0e (A120Pasrl)
and stirred. 10HCL was sparged in to the m xture for 15 mnutes (exothermc
20C t o BE@RNGRPI: hid NMAR & r¥Q Wla?d § 6r207(ThbuB 928H1) 2 58t 1 b7ddb).. The

mx ur tyr to approximately 1/3 volune, diluted with water (100
t5 n§1 @@HZ&%@ h ethyl acetate (2 x 100 nlL). The organics were

st r| pped andntdmmedidide(Rrradtingt 2pydrdxyesH(tayratiysird-2 Agbyrahdoyiidrogaagdty ((-Si 02,
ethyl acetate and hexanes, 10 to 20%) to 3.8 g of (I-1 Of). The 15 aqueous
phase wil) re-extracted with et hyl acetate (2 x 200 nmL), stripped, and

re-purified to a further 1.2 g of (1-1 .~ 1H NVR (CDCI 3, 300 MHz): 6 4.24
(1H), 3.95 (2H), 3.78 (3H), 3.39 (Zmﬁ(ll—b, 1.83 (1H), 1.52-1.75
(4H), 1.22-1.42 (1H). Internediate: (B~ hyl

3-(tetrahydro-2H pyran-4-yl)-2-(trifl 'or(wet hyl sul f onyl oxy) - propanoate
(1-10g) TfO..---y0." 0 20(1-10g) H&eryfedirate (1-10f), (1.21 g, 6.43 mmol)
was di ssol ved in anhydrous dichl oroneth@ne (60 nlL) under nitrogen. The

m xture was stirred in an ice bath ang 1offidine (1.6 nL) was added.

Trlfllc anhydri de 41 95 m., 11 | ) was added dropw se, and the reaction
was st ilptesaeginte 6o10e)n(H Q. 5h€imla\yva§|dla$6émecwrt Weﬂﬁﬂﬁl}/mQ@Fﬂ—)l@Gﬂﬁt'r@ﬁher

and 25 e i ed

oval” VERIER speldein S mixbifor R MG BT OB G 1 BRE R e &

(I- 1?g)whdlblv¢és %&é%ld gdn%gdlénsm&cflalld%%dg%wm gl'ﬁe(rhlxw‘revwa&aurbpéd itd her

purification 1 461P 1B 77 ter

(S)- rretaranrowr@t@vﬂé%ya(umﬂl IH{RANII WAt @%@mkl and FEBRSRET "51 yt%y' acetate

H m dazel tihkf FRIRY

(Fl our f(%e @u L@.JIE?B angS£1Weﬂe %Qpﬁaé%FQQthb%?@éB bbnﬂé—é bgﬁdﬂﬂﬂ%#
chromatography (SiO., ethyl acetate and hexanes, 10 to 20%)) to 3.8 g of (I-10f). The

15 aqueous phase was re-extracted with ethyl acetate (2 x 200 mL), stripped, and re-

purified to a further 1.2 g of (I-10f): '"H NMR (CDCls, 300 MHz): § 4.24 (1H), 3.95 (2H),
3.78 (3H), 3.39 (2H), 2.73 (1H), 1.83 (1H), 1.52-1.75 (4H), 1.22-1.42 (1H).

Intermediate: (R)-methyl 3-(tetrahydro-2H-pyran-4-yl)-2-(trifluoromethylsulfonyloxy)-

3
o N O
O

20 (I-10g)
Intermediate (I-10f), (1.21 g, 6.43 mmol) was dissolved in anhydrous dichloromethane

propanoate (I-10g)

(60 mL) under nitrogen. The mixture was stirred in an ice bath, and lutidine (1.6 mL)
was added. Triflic anhydride (1.95 mL, 11.6 mmol) was added dropwise, and the
reaction was stirred for 60 minutes then was diluted with methyl fert-butyl ether, and
25 washed 3 times with 3:1 brine/1N HCI. The organic layer was dried over MgSQOy,
filtered, evaporated, and dried under high vacuum to afford (I-10g), which was utilized

in the following reaction without further purification.
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was stirred in 20 nL anhydrous THF at room tenperature under nitrogen. A
lithiumbis(trinethylsilyl)amde solution (1.96 nL , 1.0 Min THF) was
added. Afwenobd2pdomut es, a solution of intermnedi ate (I-POGNBLOYBS3ATY) in 10
mL anhydrous THF was added. The reaction was stirred for 2 hours. The
reacti on was quenched with saturated anmmoni um 10chl ori de and diluted with

brine and et 1 e ered,
and t hen conlﬂﬁegr%n%gj%t% @h@g&é@gl{f&ngyb@?&fgﬁgn% l @Jhﬁ&rﬁgthg aélh
Redi - samidd¥olr1-Biropamydte - ¢0@t e/ hept ane gr adi ent to 100% et hyl

acet ate/ heptane) to afford (I-1 Oh): z 307.4 (MtH) +. Intermedi ate:

5-(net hyl sul fonyl)-1Htetrazole (1-¥Y1a)] NN, NS O\\NO H (I-11a) To
a stirred solution of 5-(nethylthio) etrazole (300 ng; Aldrich Chem cal
Company, Inc., MIlwaukee, W) in THF (151QL) and water (15nL) was added

pot assi um per oxononosul fate (O( ecialty Chem cals, Deepwater,
NJ, USA) (3.18 20g). After stlrrl —Iroof tenperature for five days, the
reaction mxture was filtered and th filtercake was washed with THF. The
filtrate was concentrated under reduced-f9ssure. Crude NVR showed this to

Caken up i n e nesSrSRY P PENTUARR (FoBbhbhREls: Shandfial RrB 2 ERES
DuPont \ipesiiraéd h 2 edti Qﬂhyﬁroﬂbﬂ'lbméterroonNtbmw&ureZﬁﬂbt altragfent rA tighidh room
tenperature for five day he reaction m xture was filtered and the

i1t or RNV RIY oI $<HUH@% hhﬂ@lml- ThE WMiintTttlevagadeenc er &b eainuifser
eduoed I3 REMMRARETI A BRPRROTR 121 BHA AU s T i o

i mpur e as a so sedln enex wi t hout
puri f i ceaction watstlﬂréd fOr 2 Mobls. The readtllmhema\sedua’nmed(\suh ls'atunaﬂed ammonium

? Nc%gllo&?grtr@/el ZCNS?utggE wm/ g)r?rl#el Tar?g %%Rw ace a e aqueoﬁs)lgyrecl)'p\)/\?ansogit?ac ed, 11 b)

dried, filtered, and then concentrated. The resulting residue was purified (Combi-flash,

Redi-sep 40 g, 30% ethyl acetate/heptane gradient to 100% ethyl acetate/heptane) to
afford (I-10h): m/z 307.4 (M+H)".
Intermediate: 5-(methylsulfonyl)-1H-tetrazole (I-11a)

N/
=30 N7 N
O~ \
@)

(-11a)

15

To a stirred solution of 5-(methylthio)-1H-tetrazole (300 mg; Aldrich Chemical
Company, Inc., Milwaukee, WI) in THF (15mL) and water (15mL) was added potassium
peroxomonosulfate (Oxone®, DuPont Specialty Chemicals, Deepwater, NJ, USA) (3.18

20 g). After stirring at room temperature for five days, the reaction mixture was filtered and
the filtercake was washed with THF. The filtrate was concentrated under reduced

pressure. Crude NMR showed this to be a mixture of desired product and starting
material, so the mixture was taken up in methanol and treated with potassium
peroxomonosulfate (Oxone®, DuPont Specialty Chemicals, Deepwater, NJ, USA).

25  After stirring at room temperature for five days, the reaction mixture was filtered and the

filtercake was washed with methanol. The filtrate was concentrated under reduced
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5 0 (1-lib) To a stirred solution of 200 ng of (I-1 1a) in
anhydrous THF (10 nL) under nitrogen was added l|ithium
bi s(tri nawvbybavd2gdeyam de (0.276 ni, 1 Min THF). After ®CirnBoogo$3er3 40

m nutes, a solution of Internediate él-lc) (414 nmg) in anhydrous THF (2 10
m) wareseee taedien 94100 pkimpurediid $a) asha solid avhieh Wagd!sgddn dre aexi $tap
aqueous, ; rat. uracted with ethyl acetate twi ce. The

conbi ni"é‘ﬁﬁc}rbggﬁ?'ﬁgatwg%éﬂlgdgg\\/}e@ﬁwSO4 and purified by flash

chr omat ogr aphy (10g snap Bi otage, 0-10% net hanol in dichloronethane) to

gi ve 0.180 dnfrmebiatd)S)atieyl BidyclopertyBOI 5L nidyisdiforyil-2HTE R h2bIE2-
(R) - 2-am no- 3-(tetrah§%sr)ofurgn- Zd-yyl prggaﬁ(oil(c ac?% (1 -yI’—Za) X> o OH H2N (R
150 (1 -YDppepanoate (I-1H0)a 400 nmL beaker, D-2-furyl alanine (8.16 g, 52.6

mmol ; Chem | npex International, Inc., Wod Dale, IL) was slurried in water
(200 m.) with 10% Pd/C (0.85 g). The beaker pl aced in the bottomof a
2L stainless steel autoclave, charged to 2020 bar (290 psi) w th hydrogen
and stirred for 5 hours at RT. TLC (1:1:1y1:1 ol uene/ acetone/butan-1-ol/
wat er/ aceti c acid) showed sone . starting remai ned. The reaction was
re-charged with hydrogen to 20 bar Nt dwsverni ght at RT, after which
time TLC showed that starti N9, al jwa o |l onger present. The m xture
was filtered through a pad of “cejitg=£pPad wlshed with 2 x 200ml water), and
t heconbi ned 25filtrates stripped to afford (1-1 2a) as a brown solid that
was a m xture of diastereoners WO 2@qE010R9461PCT/ 1B2009/ 053773 (8.4 g,

PR T MG R e R LI
(R) - 2- ygbgety wis dRictamyidrPbidtaRethysilPaaida @ 278 thid { hrik BIF). After

stirring for 40 minutes, a solution of Intermediate (I-1c) (414 mg) in anhydrous THF (2

10 mL) was added dropwise. After 2 hours, the reaction was quenched with aqueous
saturated NH4Cl and extracted with ethyl acetate twice. The combined organics were
dried over MgSO4 and purified by flash chromatography (10g snap Biotage, 0-10%
methanol in dichloromethane) to give 0.180 g of (I-11b) as an oil; m/z 303.1 (M+H)".

Intermediate: (R)-2-amino-3-(tetrahydrofuran-2-yl)propanoic acid (I-12a)

L
: OH
15
(I-12a)
In a 400 mL beaker, D-2-furyl alanine (8.16 g, 52.6 mmol; Chem-Impex
International, Inc., Wood Dale, IL) was slurried in water (200 mL) with 10% Pd/C (0.85
g)- The beaker was placed in the bottom of a 2L stainless steel autoclave, charged to
20 20 bar (290 psi) with hydrogen and stirred for 5 hours at RT. TLC (1:1:1:1:1 toluene/
acetone/butan-1-ol/ water/acetic acid) showed some starting material remained. The
reaction was re-charged with hydrogen to 20 bar and stirred overnight at RT, after
which time TLC showed that starting material was no longer present. The mixture was

filtered through a pad of celite (pad washed with 2 x 200ml water), and the combined

25 filtrates stripped to afford (I-12a) as a brown solid that was a mixture of diastereomers
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,OH HO (R) 0 5(I1-12b) Internediate (1-1 2a) (8.4g, 52. 8mmol) was
di ssolved in 1IN H2SO4 (160 nL) and cooled in an ice/brine bath to 0 C
NaNQO2 (5.w6 2010/2%462 nmol ) as a solution in water (20 nipChaB209/msskied in
under the surface of the solution, and the mxture stirred overni

gr adual (Byt QedaBrigmob 1RO%)Thd Mkt (408 MHzZ, E&Alrf]cﬁfc:ﬁ b2 H),e‘t-h?l(2 &Be?%&&( 6 >O<|
10100 T i i on, ili
ety WS S R0 Sn Tl Tk o0
C - ith, . H2SO4
ERE Tk A R TR R R R e o i

-2C. The m xture was warned to roomtenperature overnight, and the

foll owi ng norning extracted and re-dose 15 above, three nore tines.
The final extracts showed no significap~\awdunt of product, and no obvi ous
starting material in the aqueous phase. The conbi ned or gani cs were stripped
to afford (I-1 2b) as an orange oil QJQ'[@/\@Q a mxture of diastereoners
(8.34 g, 52.0 nmol, 98%, known t bl $ ghtly inmpure by NVR 1H NWR
(400MHz, CD30D): 6 4.22 (1 H), 4.05 , 3.81 (1 H), 3.69 (1 H), 1.82
-2.10 (5 H, 1.55 (1 H. 20Internedi ateX (R)-nethyl
2-h%droxy-3-(tetrahydrofuran-z-yl)prgpqgg)ate (I-1 2c) > 00 HO(R O (I-1
2C) Internmediate (1-12b) (4.23 g, 26.4 mmol) was di ssolved in HPLC
gr ade met haroterinedate(l12amd 8t4y, t92i. $mindig magstissdiveatin2 BY Haaé3% @66edlL) andne

ti .t he. mixt i f h An_al i quot filtered
Prd st ol ahisSafio So R it G g Ao o niPelahd SIS INYaEE vas
conbi nqdofRr) Was kidkied fnhuride? t9é BaFfaée!BftHelsAutidh, 2andWe mixture stirred

2010/ 029461PCT/ 1B2009/ 053773 nmmol of 1-12b and 1.°99 4 mmol of 1-1 2b).

, 12.
The corierRightrigcadualy wermingite Rdr. ethe miﬂuwwasma@?eot:@ith ethyl agetaie 6 yad

washed t-Ay, e . the,.c i ned .fil st,ripped
o ) veldoaLir The RBRTARHEE afibbiintior BRS i ubiq e diGhE <Pie
crude priativethe/@Guabirs i@ dhowesl startingvhatatao esrapimed( etHeyaqussisaittade/
hexane 1:1), to affor él-l 2c) as aJoaI,e yellow oil that was a m xture of
di ast erédmeealed to 3 °C and carefully re-dosed with conc. H2SO4 (4.5 mL), followed by

further NaNO, (5.46 g, 79.2 mmol) in water (20 mL) at -2°C. The mixture was warmed

to room temperature overnight, and the following morning extracted and re-dosed as

15 above, three more times. The final extracts showed no significant amount of product,
and no obvious starting material in the agueous phase. The combined organics were
stripped to afford (I-12b) as an orange oil that was a mixture of diastereomers (8.34 g,
52.0 mmol, 98%), known to be slightly impure by NMR: "H NMR (400MHz, CDsOD): &
4.22 (1 H),4.05(1 H),3.81 (1 H),3.69 (1 H),1.82-2.10 (5 H), 1.55 (1 H).

20 Intermediate: (R)-methyl 2-hydroxy-3-(tetrahydrofuran-2-yl)propanoate (I-12c¢)

e
Hom\
0

(1-12¢)
Intermediate (I-12b) (4.23 g, 26.4 mmol) was dissolved in HPLC grade methanol
(100 mL) and to this Amberlyst-15 (4.23g) was added in one portion, and the mixture
25  stirred for 72 hours. An aliquot was filtered and stripped, and the 'H NMR showed only

product present. The mixture was combined for workup with two other runs (1 g, 6.2
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(3.9 g, 22.4 nmmol, 43%: 1H NVR (400MHz, CDCI3): 6 4.33 (1 H), 3.73 (1 H),

3.73 (2 H, 3.72 (3 H, 1.8 - 2.1 (5 H), 1.51 (1 H). | nt er medi at e:
(2R) - et wb 2310((12&46nahydrofuran 2-yl)-2-(trifluoronethhyl arfiBrogd/03sy])3
propanoate (1-12d) 10 (- Internediate (1-1 2c) (1.57 g,

mol ) vasohabied2k end n9? go@%ﬁ rpsmql;@alﬂ Paks k The goaibigsl meduias wgaﬂt%%ydr ous
di chl t 1.8

6 Y o TR0 B TR IR Ab S S Ul o OB T Al il e (18
14h8 mndg)bm&ﬂrﬂﬁra,t&é veve St]rlplptt-:-lddc g\n}aﬁtk@t¢rudeqbr@%ul\clﬂﬁganyelmm %)_ﬁfg}l% &addi ng
et her and washin m xture o r a e organic

| ayer M@M@@H%ﬁ Rf W@dHﬁHW?ﬁQH\Aﬁ?‘SQM C@ﬂé‘ﬂ g"g’ﬁ nedm eselete t o
affgqrd /?he&gpg 1of|)h(c5 i 512%? ¥eld |ﬁéﬂé?/bLonb’ﬂttR:‘:’l‘(a\ﬁaé‘a%?ﬁd’r&%f‘alastereomers

di ast er eone iS was carr on wi'thout characterization
201 nt er(BeXig p2224 rﬁrﬁb’; memyFH NMR (400MHz, CDCls): 6 4.33 (1 H), 3.73 (1 H), 3.73 (2
3- (tetrahﬁdrofuran %ZFFH %térlfluororrethyl) 1 i m dazol -1

-yl pr dph Ja&@k',ﬂl%e)? YTHN: - ----10 0 o- (1-12e) 4-
(Trifluoromethyl)-1Him dazol e (397 ng, 2.9 nmml) was stirred in ahydrous
25THF (4 nL)|ntﬂﬁU@dla’ie't(r2cﬁjéﬁe@NH (ietr@ahyerateseandtyhyd-triduorgmetaylsoifaviay) 1 M
in THF, rg (2%[8 added. This was stirred at RT as a solution for 90
mn befSre r‘g a 47 WO 2010/ 029461PCT/ 1B2009/ 053773 sol uti on of

internediate (I1-12d) (900 ng, 2.9 mmol) anhydrous THF dropw se. The
reaction was stirred as a mxture at RT fo 3 Br. The reaction was quenched
with saturated NHACl solution, and extrac th ethyl acetate twi ce. The
conbi ned organics were dried OVEYO 904 cfiltered, and concentrated under
reduced pressure. 5 The residue Eschr/o(at ogjaphed (I'sco, 12 gram Redi Sep
Colum eluting wth 30- 50%eth aceOa(Fe) ptane) to afford 370 ng (43%

of (1-1 2e) as a yellow solid Fhat,:vvas a xture of diastereoners; mz
29301 ( M+H) +.

(1-12d)

Intermediate (I-12¢) (1.57 g, 9 mmol) was added to a nitrogen purged flask and
dissolved in 18 mL anhydrous dichloromethane. The temperature was brought to 0°C
and 2,6-lutidine (1.8 mL, 16 mmol) was added followed by dropwise triflic anhydride

15  (2.48 mL, 14.8 mmol). This yellow solution was stirred at 0°C for 45min before adding
ether and washing with a mixture of water and 1N HCI (pH=1). The organic layer was
washed with brine and then dried over MgSO4 and concentrated to afford 3.40 g of (I-
12d) as a yellow oil that was a mixture of diastereomers. This was carried on without
characterization.

20 Intermediate: (S)-methyl 3-(tetrahydrofuran-2-yl)-2-(4-(trifluoromethyl)-1H-

imidazol-1-yl)propanoate (I-12e)

O

(I-12¢)

4- (Trifluoromethyl)-1H-imidazole (397 mg, 2.9 mmol) was stirred in ahydrous
25  THF (4 mL) under nitrogen and lithium hexamethyldisilazide (2.90 mL, 1 M in THF, 2.9

mmol) was added. This was stirred at RT as a solution for 90 min before adding a
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I nternedi ate: (R)-nethyl 2-hydroxy-3-(1H pyrazol-1-yl)propanoate (1-1 3a)
, N, N HOO 0 10(I-13a) In a 50 nL round bottoned fl ask,
met hyl - 2Rvol2ywiadedse (2.5 g, 24.5 mol ) and pyrazol e (4. PTTAB2001/0371810! )

were dissolved in industrial nethylated spirits I@&i and refluxed for 5
hours. sRlg@ion efiinteamediatedls12g) (98P 208, 2.9trrmepda 3amidaﬂ reds ByiF drogvese.

a1 owed i eriligh Mas U agH s SERY 1P 3 R R e dn e 3PP,
crude reterated NHaCy sblution card extfadi€d g)ithvethylcaustateediod. t Thd 30misiheaf crude

material froma previous experinent, and urlfled py col unm chr omat ogr aphy
(20% 50%@@'ﬁ§lweé€&”§f3é?\4%$4§§§) "Ff%eq deenigied wuterdefdeehRESEHE ysed

by NVR TR WEY cﬁF&%aﬂ%?Fa‘})’He%}h (&Yl ‘éFh RERISSH ABILEY el Wl?‘wz% e, and

t he secondary spot approx e tWwo f actions 20 were re-puri
separ at&l% ethyl @icetate /epteBe) tasffardy@d mg ( éB% ) afZ2l-62¢g) a< 8 .y2llowso)idé2ay : 1H

NVR (400VHz , 6.24 (1 4.55 (1 . 4. 47
(2H§ Véas]an'(ngPC o)fdlastereorr\e& ﬁ%%@?ﬁiw& " et byl (1 H, (1 H

3-(1Hpyrazol -1-y1)-2-(trifluoronethyl sulfonyl oxy) propanoate (-1 3b) WO

vas wei ghed QST o0k e e RS PR kT Shal Rt 287 ) Tonoer

nitrogen. The m xture was stirred in an bath and 2,6-lutidine (1.2 nm,
10 mmol ) was added. Trifl uoronet hane su)'f on§c aC|d anhydrlde (1.4 nm, 8.5
mol ) was added dropwi se, and the reagt was stirred for 60 5m nutes,
diluted with nmethyl tert-butyl ether 2(50 and washed three tines vm'th
3:1 brine:HCI. The organic |ayer wa ver sodium sul fate, filtered,
concentrated under reduced pressu'r"@ an dried under high vacuumto affor
(I1-13b) as a light brown oil (1.42 g, 47 mmol, 100% . The conpound was
used crude in the next step; 1H NWR (400 MHz, CDCI3) 6 7.61 (1 H, 7.47 (1
H) ,106. 27 - 6.37 (1 H) 5 50 - 5.54 (XI-#Ba)4.56 - 104.85 (2 H), 3.88 (3 H).
Interrredlate

3-( 1|+ pyr azdP-a15§/ mk w@ hatianed, Bagmar ey 2 Riglygidatg 8119 y24-propehcdide (I -
3¢) ?d(]?e fr?‘}lé -(Eig hHAGE T8 Yidsoldd ifidaFti& hEidt8d shirifs (PBPIL) YRS

stlrre
reﬂuxed for 5 hours. A 0.2 mL sample was withdrawn, stripped and tested by H NMR,

showing all of the methyl-2R-glycidate was consumed. The reaction was allowed to

15  cool, stripped and codistilled with methanol (20 mL). The crude material, a yellow oil,
(6.67 g) was combined with 130 mg of crude material from a previous experiment, and
purified by column chromatography (20%-50% ethyl acetate/hexane). Two fractions
were collected and analysed by NMR, the primary spot material contained
approximately 5% pyrazole, and the secondary spot approx 27%. The two fractions

20  were re-purified separately to afford (I-13a) as a yellow oil. (2.6 g, 15.2 mmol, 62%): 'H
NMR (400MHz, CDCls): 6 7.50 (1 H), 7.42 (1 H), 6.24 (1 H), 4.55 (1 H), 4.47 (2 H), 3.77
(3 H).

Intermediate: (R)-methyl 3-(1H-pyrazol-1-yl)-2-(trifluoromethylsulfonyloxy)

N
\\ /7 E
O“r( h

(I-13b)
48

propanoate (I-13b)
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m.) at room tenperature under nitrogen. Lithium hexanmethyldisilazide (1Min
THF, 4.2 m., 4.2 mol) was added. After 45 m nutes, a solution of

| nt er redisioeo(0029463b) (1.42 g, 4.7 mmol) in dry THF (20PoiDiBreagossded. The
reaction was stirred for 12 hours. The reaction was quenched wi th saturated

anmoni um chiletaraedigia (Ui 3ak (@Q0vng - Brmmel)ares weished inteca flasle andkissehveat er
, o el e

oxt r act B S EBR LR LRUE RS, The PR AW e S Khann,

sodi umaid 2 atlatidihel(! @ ed, 1amimol) vwenddddd: dT tiluteometithreesulfords acide. The

o0 0S4 LBh g Seae o SR SRt et

=1 COfpLR AR oy A Ao e Qs oS 150

| nt er nediretidCl. The organic layer was dried over sodium sulfate, filtered, concentrated

15 R D S D A 80 ) g 2
2010/ 0%‘?#@1@‘?}5 4.?%991%,0@3)?/2)3 THé cdmbBlind was used &ugielintheRe stéh- FPNMRE7

/
my, 0.605 mmol) in 3 mL anhydrous dichloromet hane at 000 was added dropwi se
oxal yl (480MIiHdeCDCIA23F .61 (1 H)4B.4fn@IHl), 62T o6sd YHR Sbdp5.58 (dfH), 4.56 -
N, N- di g?@ﬁ_ﬁrg%glg . This was stirred at 0 Cfor 5 mnutes and then at
ro&&terzﬁ% r -3Pd m nut es before concentrating under reduced
pressure. 1, 3terfi r h@fﬂ@% the L
oxal yl chl ori deélg\?/g?tgeg\g}\;ed. I\r??g f?ggﬁgggm%ﬁg{oﬁgﬂmgi@ssoltbggg?ﬁwgﬂrar%bl
anhydr cuyl)eropahoatenii!Bahe and brought to 0 C. In a separate vi al
(S)-5-(2, 2-di net hyl-1, 3-di oxol an-4-yl ) pyrazin-2-amne (118 ng, 10 0.605
mol ), prepared as in Chen, et al. US 2004/ 0477X48, was conbined with
di chl oeoronet hane (2 nL) and pyridine (0.14R 7 1.82 nmol ). The ami ne
solution was then added to the acid chlorigde g%l ution. The ice bath was
allowed to nelt and the reactiorf was stirfed for 15 h. The reaction m xture
was diluted wth dichloronethang (5 Cl (5 nmL), the layers were
separated, and the aqueous |ayer 19 extnlacted with dichl oronethane. The
conbi ned organics were dried over andGurified by silica gel
chromat ography (12g- Snap Bi ot age, heptane / ethyl acetate) to give three
fractions of inpure desired material. These were conbined, diluted with
di chl or onet hane, washed with saturat gd13gueous sodi um bi carbonate and dried
over Mg504. This was filtered and concentrated in vacuo to afford 76 ng of

(1-14a) as an 20G1|; /77/Z 454.1 (I\/Hgﬂt (1-15a) . _Hydr azi ne
nor§hydr at e 4-4lrélugromethvhiol i-imigazeies @d0ma. #4 mmalsves atiragdmdnal g (30

Too mdl'0) SUBSSD R Y54SR bR AR R Bl RSP AR MRS
M | waukek, 4 Wmmutisvasideded!r dftet 46 mifbtes; asidldtiongof ek tricaiatei| k1 86 1WSg} hen

warned to anbjent t erature and stirred for 1 hour. After this time, the
sol vent4-mmpeﬁ%9@6%a%d@p hkyamadhgdt H er@@FHRléWlaé-%'f@gJP(/éé hoHrs- nédltRt ri al

Gren c AFSRITPWeE tichiRl T s YeRBTpAon 8 R0 d And ot eBfiTBline Shdff o ©

, was then added and the reaction
m xour eethgatcethteo BBOuUghfwate? washaxldes). to thesaleatite precigitatacheaitscobbeed t o

Al et SRl e 20, L0, SO LRSS S o R TR e

over sodium sulfate, filtered, and concentrated under reduced pressure. The residue
was purified by silica gel chromatography, eluting with 100% heptane gradient to 80%
ethyl acetate/heptane. The appropriate fractions were combined, evaporated, and

25 dried under high vacuum to afford (I-13c) as a yellow oil (689 mg, 2.39 mmol, 57%).
m/z 289.2 (M+H)".

Intermediate: (S)-3-cyclopentyl-N-(5-((S)-2,2-dimethyl-1,3-dioxolan-4-yl)pyrazin-
2-yl)-2-(4-(trifluoromethyl)-1H-imidazol-1-yl)propanamide (I-14a)
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(100 nL), and the product was extracted with ethyl acetate (2 x 100 nL),
dried over MgSH4, filtered and the sol vent renoved under vacuum The crude
product wae 2btvenoddpurifi ed by flash chromatography (1: BCharzmeHzsrisyl
acetate), giving -10 g of a pale peach oil, which crystallised on standing
overnight. The crystals were then fil , washed wi th hexane and dried

overnight in an oven to afford (I-15a colorless crystals (8.73 g, 66 %
yield): 1H NWR (400 MHz, DVsO-d6): 6881 (1 H). I nt er medi at e:
(S) - et hyl 3-cyc|openty1-g-(3-(trif uor thyl)-1H1,2,4-triazol - 1-

15yl ) propanoate (1-15b) FyNO (}:1_58 Nt ernedi ate (I-15a) (248 ny,
1.8 mmol) was dissol ve¢— y’TNF (2] r argon and |ithium
hexanet hyl di sil azide (1 MLin\[ 1. 63 ) nol.) was added. 20 The
reaction nixture was thenFstiPNred at anbi entNfe ratgye for 30 mnutes
before Internediate (l1-1c) (550 ng, 1.8 nmol) wasadded as a solution in
THF (20 nmL), and the resulting reaction m xture st'??gd at anbi ent
tenperature for 16 hours. After this tine, the reacthon was quenched by the
addition of NH4Cl (ag.) (10 nmL) at OC and the product was extracted with
ethyl acetate (2 x 40 mL), dried oved-i4®04, filtered and the 25 sol vent
renoved under vacuum The crude product was then purified by flash

h t 2:1 h | t a .af d (Il -,15b) .. |
o Ol Ton e s Spiutiod GrALERS Her manReDEih e A LBk oo affioforfigihdpeTs®
(11251) , a'li-O?@ was blided déshwis@ okaly( tBhIH}id(ej}O?QQ-mll,- 785Amb)), followdd by 2 dré6ps6 H) ,
. - 1. nt er medi at e:

(S)=3- cqfd\%'pféi%neskt?l?@fm igle fﬂhh?:)waﬁéiirr?d)ai PHCifop minutes and then at room
sc | " ORRRPUG I S0 iR n ik SOOI O B3GR 2" o N a0

mol ) ddidhloheethane wag addedaidreondent@bedCtd ensulré diicaxaty| zhtbridecmasitdrmoest.t o
the pH to about 4. The

cool . lid tassium5 carbonate s added to brin

m xt ur %ﬁéeg&l’%t”@ét R Hisperved 'ar?’dr\%@t‘?ﬂhydé‘?}é"‘t ‘g'f:glprqfﬁéﬂ’@(ﬁ‘ﬁéﬂﬁjsbﬁ%g]? Qs
extract i : _ACebal: e £ o 14( Wt h
brine, dri @? g?/&&rlagéoglitanﬁ)s%@gﬁ;&ef@{v? é%gcrﬁ% %ﬁ%ﬂ@? emcfW g\r,ﬁh@re Y@?jhmer

hi glt vdt6@omiroolf prepered ad brgheny et & 7USRAAHB) 47 48 wasneinlbined WiR) - met hy|
3-cycl o&i¥domntdthind an_qué[nf&yéﬁy i 112%‘¥3Lpr1°§5‘ pnor%l?. ThehraRd solution

was then added to the acid chloride solution. The ice bath was allowed to melt and the

reaction was stirred for 15 h. The reaction mixture was diluted with dichloromethane

(50 mL) and 1N HCI (5 mL), the layers were separated, and the aqueous layer was
15  extracted with dichloromethane. The combined organics were dried over MgSO4 and

purified by silica gel chromatography (12g-Snap Biotage, heptane / ethyl acetate) to

give three fractions of impure desired material. These were combined, diluted with

dichloromethane, washed with saturated aqueous sodium bicarbonate and dried over

MgSO.. This was filtered and concentrated in vacuo to afford 76 mg of (I-14a) as an
20 oil; m/z 454.1 (M+H)".

Intermediate: 3-(trifluoromethyl)-1H-1,2,4-triazole (I-15a)

F
i NN

FN&
(I-15a)
Hydrazine monohydrate (4.8 g, 96 mmol) was dissolved in industrial methylated

25  spirits (160 mL) and cooled to 0 °C before ethyl trifluoroacetate (14 g, 100 mmol;
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HOOH 100 (1-1 6a) To a 100 nL round bottom fl ask cont ai ni ng

D-cycl ohexyl al ani ne hydrochloride (10 g, 48 mmol; Chem | npex |nternational,
I nc., WoowoDalo#2946ll) was added 2N H2504 (50 ni), and thecstuBrooos3sT uti on
was cooled to OC. To this solution was added NaNO2 15(5 g, 72.2 mml) as a
sol ut i dMdrieh @rentiealtgmaapyvinge Mivauksem/]) wegadded drppyyisei xthe eespiing

sti ”edretdf?ﬁo Wtu?éwgs%%?g/a}rrﬂga té%ﬁ&%tﬁeﬂ@%r?ﬂu#@%ﬁg siiﬁ'e{ﬁé)tuﬂggr.cﬂ Lo
roomtenperature overni ght. Thé sol'ution Was transterred to a separatory

funnel thizdirestthaGobdnimias reeidvweld ureler vaotyinedrtbthetresideie réhdissoived imed
organi cs were dri over NgZO4ant)c ncentrated to aff %rd m xture

of prodﬁ@lﬂStﬁﬁ'dn§F‘g[?qt?ﬂ§p%% 1oGmbas Ferpapudiae Geptate ke @l.?%org‘éno(;"a&@lﬂcwas

I d d I I t ; 04
Paded. G RELEOMHAS, L b aoke P D PR @B AR e g fOT iR e
added. Hemted &n801°Crionds waursr dtheaeadtiah vas thew eoalledroansbibef ermperaiung
femp T LS FEved SRR YA had oS S6T068 Y RN AsEis NSAChly@dand
the sti®pedniSPLHERE prodfdcE WHE SeREedd ith HRAIGRERRS (7% WRSmEPUrRE dwer0 C. To

dded NaNO2 (2.5 g, 36.1 mmol) I

this solution was adde as a solution in H20 (5
m.) dr dgebSe, lHtared mngithe stlvent eerooveshunden vacsiuwas TBE icrudalpfosiucBwag theén 0 C

ovelni e TeE iR e Bt OBy Diienele i Heslibe L BRI £7BF &L kPis ory
funnel gahtdiewheoH egetafibed dhstandrighitlerhight.- PHé XhrtdIgwdraiteén filéedconbi ned

organi cs were dried over SOUand concentrated to afford (1-1 6a) (4.8 Q)
as pal evaghed with hﬂqnqaod/&@.d querRigheini a ever Q) afferdHy15a) as colorless

(1 Yo TRa5 7GSRI A MR (iDetHe. PROR SO BANWL 2cicica i amy

chloride (4. , 54.9 | ), dropwi se a then.the regct.i s, refluxed for
50 i nut es. InErnediot e OB HRpe AR 2ol HAeg rhBepels due
was sparj)y Fgmﬁg; L n ethyl acetate and sat. NaHCO3. The aqueous | ayer
was 5ext)lr”:ftjzr:dt)ed wit?ﬁl ﬁyl acetate and the conbi ned organics dried over
MSH, filtered, 15and evaporated to give a e oil. The crude product
was purified with silica gel chromatography f age 40-FM eluting with
0-30% (3 CvV), 30 % (3 CV), 30-100% (1 Cv) 00% (2 CV) et hyl
acetate/ heptane) to afford (1-16b) (2.4 g} as a colorless oil: 1H NVR (400
MHz, 0DO13): 6 4.12-4.34 (1 H), F3-77NL3 . 235-2.72 (1 H, 1.80 (1 H,
|3_I:r)_, € 7

1.42- 1.75 (7 H), 1.04-1.35 ( (2 . 20l nt er nedi at e:
(R -nethyl 3-cycl ohexyl-2-(trif IFuor Nmat hyl sej f onyl oxy) propanoate (l-1 6c¢)
(I-15b)
Intermediate (I-15a) (248 mg, 1.8 mmol) was dissolved in dry THF (20 mL) under
argon and lithium hexamethyldisilazide (1 M in THF, 1.62 mL, 1.62 mmol) was added.
20  The reaction mixture was then stirred at ambient temperature for 30 minutes before
Intermediate (I-1c¢) (550 mg, 1.8 mmol) was added as a solution in THF (20 mL), and
the resulting reaction mixture stirred at ambient temperature for 16 hours. After this
time, the reaction was quenched by the addition of NH4ClI (aq.) (10 mL) at 0 °C and the
product was extracted with ethyl acetate (2 x 40 mL), dried over MgSOQOy, filtered and the
25 solvent removed under vacuum. The crude product was then purified by flash
chromatography (2:1 hexane/ethyl acetate) to afford (I-15b) as a colorless oil (198 mg,
42 % yield): "H NMR (400 MHz, CDCls): & 8.34 (1 H), 5.10 (1 H), 3.78 (3 H), 2.28 - 2.16
(2H),1.83-1.76 (1 H),1.74 -1.47 (6 H), 1.21 - 1.04 (2 H).

Intermediate: (S)-3-cyclopentyl-2-(3-(trifluoromethyl)-1H-1,2,4-triazol-1-

30 yl)propanoic acid (I-15c¢)
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(1-1 6c) 2,6-Lutidine (0.354 nL, 3.04 mvol ) was added to a flask
containing internediate (1-16b) (298 ng, 1.6 mmol) in anhydrous

di chl or orwOhlar20461nL) purged with nitrogen WO PCT/IB2009/053773
2010/ 029461PCT/ 1B2009/ 053773 at 0 C. To this was added

bi s(trifluoromethanesul foni c)anhydride (0.46g T, 2.72 mmmol) and stirred
for 40mn. The solution was observed to be | yel l ow. The reaction

m xture was concentrated and taken up in ¢ 9 ether. This was washed
with brine (3x), and aq. 1IN HCl (3x). Thelorganic |ayer was dried over
sodium sul fate, 5filtered, and ncefntrared _at®brd (I1-16¢) (509 ng); niz

319.0 (M+H) +. I nt er medi ptet - met hyl
3-cycl ohexyl1-2-(4-(trifluoronmethyl)? i m dgyol - 1- yl)propanoate (I-1 6d)
(1-16d) 104-(Trifluoronethyl)-1Him'dazole (204 ng, 1.50 mmol) was taken up
i n anhydrous THF and purged with ni trp_g?g) To this added lithium

hexanet hyl di sil azide (1.50 nL, 1.15 r#rm ., 1L Min THF) and the reaction was
stirred as a solution for 40 mn at roomtenperature. After 40 mn,

i nt er medi at N HGl (0 Lj V&8 dttiedtodBtermiebiaté (I- 2561380 gy do estsoldndwae
added drp?w se. This was stirred at roomtenperature for 2 hours 15at which
poi nt tAKtyrearas warmead te 9pnedfogdPihopss pedithe elowed poeel, Salid palassiven

m xt.ur e ' e - added
ana % ne Bl it oA FR G IE SR P nBiiyre el Eg kbS] 00
washed aMd éthgbacetMe T he 3ydeowslager Wax extragieeanrceswith ethyb acetaben@he and
brine (2x). The organic layer was dried over sodiumsulfate, filtered, and

concentGOAtRIBEE OrgAER WES WeshGE WiPriRg. (drieg Qves gogun ﬁ@f%t?uﬁ%erﬁ%duct was
per for i i i i [ ] 92,0 Wik fya gradi ent
of O- G%QPWPQE@%Q{% E\Jbgtégﬁfg)ﬁq{égﬁgt ; or ﬁl"'ﬂﬁ%ﬁ%ﬁ’@gzﬁ%fewoh oil; mz
305.0 (M+H) +. Internmediate: (S)-benzyl

6- ( 3- cyatermexiate 2R)4méthyl Blayelobiery kg trifl lbronmetd plsalferiyloxy)propanoate (I-16a)

y1) propanamnmi do) ni coti nate (1-1 6e) WD 2010/029461PCT/ 1B2009/ 053773 O
(1-16e) Internediate (1-28a) (272 nat .19 mmol ) was taken up in 4 nL
of toluene. The am ne was observed to b¢ Dl ubl e. Di net hyl al um num
chloride (1.19 nmL, 1.19 mol) 5 was addeq to'this m xture. The solids

di ssol ved and the solution was observed to be bright yellow green. Wthin
one mnute, this solution was added tQ a g{4C solution of internediate
(I-16d) (250 ng, 0.822 mmol) in 3HGC o ol'uene. This yellow sol ution was
stirred at 50 C for 2 hours then 0.3 eqgllmrore of dinethylal um num chloride
wasipadded and stirred for another hour.9The heat was di scontinued and
aqueous saturated (I-16a)

To a 100 mL round bottom flask containing D-cyclohexylalanine hydrochloride
(10 g, 48 mmol; Chem-Impex International, Inc., Wood Dale, IL) was added 2N H2SO4
(50 mL), and the stirred solution was cooled to 0°C. To this solution was added NaNO;
15 (59, 72.2 mmol) as a solution in H2O (5 mL) dropwise over 5 min. The reaction mixture
was stirred for 3 hr at 0 °C and then the bath was allowed to melt and come to room
temperature overnight. The solution was transferred to a separatory funnel and
extracted with methyl tert-butylether twice. The combined organics were dried over
MgSO4 and concentrated to afford 6 g of a mixture of product and starting material as a
20 pale oil. The aqueous layer was placed in the original round bottom flask and another 4
mL conc. H,SO,4 was added. After cooling to 0 °C, a solution of NaNO, (2 g) in H.O
(0.5 mL) was added. The reaction was stirred at 0 °C for several hours before being
allowed to come slowly to room temperature overnight and stirred at room temp for 16

hours. The 6 g mixture was dissolved in 2N H2SO4 (50 mL), and the stirred solution
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10Rochel l e's salt (15 nL) was added and stirred for 0.5 hrs. 15 nL of ethyl
acetate was used to transfer to a separatory funnel. The organic |ayer was
washed wWwb 2ee2p46¢ 3x) and brine (2x). The organic | ayePCmaB20dy/HI3d70Ver

sodiumsulfate, filtered, and concentrated to a crude_ residue. Purification

of the Wanigeolpd 4a0cC. whe e spbitienvas addecNedid (2128 h36 4 domebnasaaisoltiopst em
with a ||quaej @@L@b&@qﬁg o&&a&:ﬁlmlﬂ?eﬂ% r%/a%ﬁ& @ﬂ%u?@v\%gagtlfrr%rdqo 5?14‘%‘?)) o a

clear foa nt er me
3- cycl apentheh-tRe Cathatab\dllodedtto inidltiane teireyto) rodnHempkratire bvesrigipr dpsthoat e
(I-17a) I-l?a 20To a stirred sol ution of

2 met hypa 'C(rtSer?'I%‘éﬁ’rBPr@@Hﬁ’)d H2PSTRIraa Jo PSP tPRAkInnesaNd then edrpatpeydh ca)
(19 r | ution of
[ R o REYEIITRU eI PG oo Rited Giob e K IPO AHIGARETE A ter

sti rri mpricentrdtednpraifoed (lat6a)ddrB ¢ papeakt el en/zd 7401 (Witkdn. of | nternedi at e
(I-1c) (400 ng, 1.32 nmmml) in 8 nL of anhydrous THF was added dropw se and
stirring was A WD 2010/ 029461PCT/ 1B2009/ 053773 continued for 4 hours at room
t enper at ure. Inietrn\ggga ehén-makwtAzyclRnenylroverxyrianangaiel(INigbe1 and
extracted with ethyl acetate. The conbi ned _organic extracts were dried over
MpSH, filtered, and concentrated. The f {ing residue was purified by
flash chronmat ography (Si 02, heptane / et hcetate, 0 to 50% to afford
(I-17a) in 47%5yield; mz 305.4 (MH.*. I nternediate: (S)-benzyl
6- (3-cycl opentyl-2-(2-nmethyl -4-(trifluoronethyl)-1 H m dazol -

-yl ) propanam do)ni cotinate (I-17b I -0OZb) 10Internediate (1-28a) was
taken up in 3 nL of toluene. The @ ne s observed to be insol uble.

D net hyl al um num chl oride (0.44 nL, 1.0& i n hexanes, 1.19 mmol) was added
to this mxture. The solids dissolved and the solution was observed to be
bright yellow green. Wthin one m nut(el6bhis solution was added to a 50 C
solution of internediate (I 1 7a) in 2 nL of toluene. This yeIIow sol ution
was stirred at 50 C for 15hours then another 0.3 eq of 1.

di St hyla# @ﬁitﬁ@mqfhmf@rme@%él ol dB- 3o P68 mr@al)ﬂrbanay\féfphérrnﬂbanol (PRe

aueoud i FRsRERg tigfy IS IRIAE 84§ (YEN ol AREERGAe FERMER s

et hyl arelﬁmmedrafonmgf mieded. oggnagﬁ?:ag:oblw dt?ﬁ@l&lh&Cd’]OGﬁtFS?ﬂ)&T ﬁér"?jnqé Thennel Thlhe
gﬁ 822: Ereﬁ'%@rwa@earé 9??‘289@\%@ %US‘()II ﬁgﬁté rﬁvaat Naﬁé@b@ﬁgﬁ@%ﬁeﬁﬁy@&

under r\ﬁ?élgﬁﬁacﬂ%ggﬁ%%hg {@et&t"e%f‘d fh%séd?ﬁ&n%%rwlbé o5} dBﬁe?MdS@%ﬂﬁéred

chr omat ogr acetate / heptane) to af
50154 (aveHpvaporated to dive ercnlmﬂ% ai.e Thé $rudeeproduct was purified W|th silica gel

f’l cy el elhblograply (Bibhge 2o’ LG WS- B8 (S chYEaols &y AR 8Banaet ©

CV), 100% (2 CV) ethyl acetate/heptane) to afford (I-16b) (2.4 g) as a colorless oil: 'H
NMR (400 MHz, CDCl3): 6 4.12-4.34 (1 H), 3.77 (3 H), 2.45-2.72 (1 H), 1.80 (1 H), 1.42-
1.75 (7 H), 1.04-1.35 (3 H), 0.71-1.01 (2 H).

20 Intermediate: (R)-methyl 3-cyclohexyl-2-(trifluoromethylsulfonyloxy)propanoate (I-16c¢)

A\ //

Sy

(I-16¢)
2,6-Lutidine (0.354 mL, 3.04 mmol) was added to a flask containing intermediate

(I-16b) (298 mg,1.6 mmol) in anhydrous dichloromethane (7 mL) purged with nitrogen
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WO 2010/ 029461PCT/ 1B2009/ 053773 (1-1 8a) To a stirred sol ution of
4-met hyl -3-(trifluoronethyl)-1H pyrazole (Ryan Scientific, Inc., M.

Pl easant ,w@8Qp10(@%61ny, 1.3 mol) in anhydrous THF (8 niLpCunsmos/ni3rriogen 5
was added a solution of |ithium hexamethyldisilazide (1.24 nL, 1 Min

hexanest 0G4 Tenibis)wasspdded Bis{irifl uergmeshaassutionin)arhygrided@AampePafZir e, a
| uti f - edi ate (i1 : . 1), d

Toe) waimeh Al SRSl st P e oBse TR G Helidhy Shudls YR Toom

t enper akucion Mixturswhs epnaerstratbd cindi thkermgpao dietsytainat. eThibieE wastted with

extracted with ethyl acetate. The conbined organjc extracts were 10dri ed
over MBS (3r9.1ansh a, TNAHET d8kk eHie SHERAIC faier Was rerayer sopib SYBapur | f i ed

by fila t i 1 . ery© to 50% to afford
(1 - Taayeret ST iRt c i (M0 PR m) Mz O HBHIE 1.

(S) - 3- cycl opetermedinté ASyanhathlyt 3-oftlohekyle?-Grtifiydromdtihply+1&ziohiddazol-1-

yl ) propanoi ¢ acid,(}]z18b) (1-1 8b) 6N HCl (2 nL) was added to

| nt er mex pég%ar‘(qa_tqélé% 89 ngy, 0.29 mml) and the mixture was warmed to 9500
for 16 hours and then allowed to cool. Solid pqtassium carbonate was added
to bring the pHto about 3. A precipitate cr g out. Ethyl 20acetate was
added, and the m xture was stirred until evg ng was di ssol ved. The
aqueous | ayer was extracted once with eth aset’at e. The conbi ned organics
were washed with brine, dried oyer sodiunfsul fate, filtered, evaporated,
and dried under high vacuumto afforgd nmptke ®<1 8b) with some starting
material present; nlz 290.9 ( : *
I nternediate: (2S)-3-cycl opentyl-2[ gpr onet hyl ) - 1H-i m dazol - 1-

yl ] propanam de (1-19a) (1-19a) '5internediate (1-8b) (150 ng, 0.54 muol) in
di chl or onet hane under nitrogen was trla_?ggfl with oxalyl chloride (0.1 ni,
1.1 mol) and one drop of N, N-di meth;} ormam de. The reaction was stirred
for 1 hr and then concentrated. The residue, dissolved in dichloronethane,
wasiot r eat ed 4M Trifluarometrey | )- hHdnidezote (2045, 3.50hmolwas eskéntumpign m xture was

capped and stirred overnight. The reaction m xture was concentrated to
10af f or%l‘f’(yﬂf%%THf @B‘Wrggd%"fh ifregene To tt‘lﬂ@‘ﬂdﬁ.d lithiugr hexeraelhyldisilazide

3- met hy(|1 b "k supnred er?TIJ”:') BME 3L eadtibn 2049 stirred as a solution for 40 min

at room temperature. After 40 min, intermediate (l-16¢) (478 mg, 1.28 mmol) in 2 mL of

anhydrous THF was added dropwise. This was stirred at room temperature for 2 hours

15  at which point the reaction had turned dark yellow. After 2 hours, the reaction mixture
was quenched with aqueous saturdated NH4CI. Ethyl acetate was added and the
material transferred to a separatory funnel. The organic layer was washed with aq. 1M
HCI (3x), water (3x), aqueous sodium bicarbonate and brine (2x). The organic layer
was dried over sodium sulfate, filtered, and concentrated to a crude residue.

20 Purification of the crude product was performed using a combiflash/isco companion
system (SiO,, with a gradient of 0-60% ethyl acetate/heptane) to afford (I-16d) as a
yellow oil; m/z 305.0 (M+H)".

Intermediate: (S)-benzyl 6-(3-cyclohexyl-2-(4-(trifluoromethyl)-1H-imidazol-1-

yl)propanamido)nicotinate (I-16e€)
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FF/ NH(l-20a) A solution of 4,4,4-trifluorobutan-2-one (2.0 g, 16 mmol;
Al fa Aesar, Ward HiIl, 15 MA) and 1, 1-di nmet hoxy- N, N-di net hyl nmet hanam ne
(4.2 ni, 80 20m0i2946Al dri ch Chem cal Conpany, Inc., M| warkeap20d#ps53778 t ol uene
(13 nL) was stirred at reflux for 4 h. The reaction was cool ed and the

m xture was concentrated in vacuo. aCcrude residue was taken up in

et hanol (13 niL) and hydrazine (3.7 as added. The m xture was stirred
at room tenperature overnight befg gncentrating in vacuo. The residue
was 20 redissolved in ethyl acetfate gnd washed with water. The aqueous

| ayer was reextracted With ethyl aceate fhree tinmes. The conbi ned organic

| ayer was dried ovell': s d| N T ane; d, and cope rated to afford
impure (1-20a) as a ) [ s carrief i t hout further
purification. 1H NI\/R (noo . cD&P3) : On 42°(3 H. WO
2010/ 029461PCT/ 1B2009/ 053773 I nt er nedi at|gs: (S)- et hyl

3-cycl opentyl-2-(3-nethyl-4-(trifluoronethyl )-QprrazoI 1-yl) propanoat e
(I-20b), (S)-methyl 3-cycl opentyl-2-(5-mnethy
(trifluoronmethyl)-1H pyrazol -1-y1) pr dbéﬁ@hte (I 20¢) | nt er nedi at e

(1-20a) (15qnt]errq:t%dla]t?? l2)72 rrﬁrﬁgatvﬂaﬁsgl%nq A m 'ﬁt?beﬁgo@fﬁw in

t enper at ur e under exa I'sil"azi de so ron (1
THF, 0. eﬂﬁlnehmaé)oﬁwvwmd) bem@@olabléed)ldfemrp)dalﬂmlnukhtdﬂorﬁb (. n@hels,1.49 sohol) i on

f t di 304 , 1.00 | 1L of dry THF wa dded. Th
Feadt oS o0deE (S FRGURRr TS RlSOISTRECS aaB B RoldeN e Ve thoe
Sa Ur g ROURAR SERTONIHR 8 36hER, B0 SBIRASHRLL ML P4 BYI°CRgRh Aot r ce

times anic layer was concentrated and purified by silica
gel chrioteanedicdd iy (ﬁd)S{QﬁOI@g}, 0. 8221ymmalc)en atrel loé ol aeree. BWhESOjMJ@)MSDI@tidedsa

51 nt eriEBCAISD (0T pasIBrb Sehed rioedl el dgmutet iplErte s aess | 1
yl) pr OFb?Fﬂ)aéﬂrﬂéH fdﬁ'a%BEHé?(PﬁHurCWh@rHéé‘?\Afa% d'iéccﬁ')tlnu@d(a|ndza'lqﬁl)eo-ﬁlé‘»'s‘%l"f'l){rlaté‘d1| oride
(225 , was added to a solution of the conpound 20 of Exanple
8 1@1g3?¢@elle s3gatt 8115011}) was didded @nensiirfeshior 015 Brarl 4o midofte-tbylramtat’eoms
showed UBHPHERF BE SotSig el ibsek%ﬁg?%}fe el WandTHEF (Y L

of thi cind bredd @X) dThanstghRicSay@swad trie€dvet sadiam i efie, ffﬂltérétﬂférider 30
m nutes. Sol vents were evaporated to WO 2010/ 029461PCT/ 1B2009/ 053773
concentrated to a crude residue. Purification of the crude product was performed using
a combiflash/isco companion system with a gradient of 0-50% ethyl acetate/heptane to
15  afford (I-16e) as a clear foam; m/z 501.0 (M+H)".
Intermediate: (S)-methyl 3-cyclopentyl-2-(2-methyl-4-(trifluoromethyl)-1H-

imidazol-1-yl)propanoate (I-17a)

F N’k O
(I-17a)
20 To a stirred solution of 2-methyl-4-(trifluoromethyl)-1H-imidazole (Chireach USA
LLC, San Diego, CA) (197 mg, 1.3 mmol) in anhydrous THF (8 mL) under N2 was
added a solution of lithium hexamethyldisilazide (1.24 mL, 1 M in hexanes, 1.24 mmol).

After stirring for 45 minutes at room temperature, a solution of Intermediate (I-1c) (400

mg, 1.32 mmol) in 8 mL of anhydrous THF was added dropwise and stirring was
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afford 157 ng (100% of (1-21a) as a grayish-white solid. LCM5 in nethanol
to generate the nethyl ester gave mlz 395.9 (M FH)+. Internedi ate: benzyl

5- am nopyweazorar2+star boxyl ate (1-22a) HZN 1 0 N 0 5(I - 22ax/1B2009/053773

5- am nopyr azi ne- 2-carboxylic acid (493 ng, 3.54 nmol; Ark Pharm Inc.,

Li ber t yaAntinged fen4 fagrssatirppadtenmpeagature, N-wasremauanchedivith a@uePus.) at room

t enper r I A i : 1)
was adgairaiell FEchhd SERoBbaRRL ACE YL Fie BB fianiaxikcl{ wHEE )
isti r r eddrie@r o\a? Mgﬁ@s,dfamﬂe%,@‘gj d@tﬁdnﬂbﬁt:wThél réduiyng eesid s gae_lpdlrr]iﬁad ﬁlyl The
ayers were separated, and the aqueous | ayer s extract w t t o
acet at dlasreére ﬁmgﬁaahsb?%s{)m kep @é%}é@@@twﬁt%?@ﬁéﬁoa pih(Igh/ Insdum
sul f;at eyieIBi £BEE 4 W)evaporat ed. The residue was purified by silica

chr omat’ogr aphy "usi n% a 40g pre-packed colum, eluting with ethyl acetate.
The product Ihteswed@is: (8renzyghdi(Bredclopeatybldledethyhd-(thfluedomatier)- Hilgh

- 0A -
vacuUm L A e o AR (T 70 Ol 209 iz 228, (e

(S)-3-cycl opentyl-2-(4-(met hyl sul fan ! ) - 1H pyrazol - 1-yl ) propanoi ¢ aci d

(I-23a) 206N HCl (4 nlL) was added { termedi ate (1-4a2) (189 ng, 0.629
nmol ) and the m xture was war ned 7 C for 16 hours and then allowed to
cool to roomtenperature. Solid fpotassi um carbonate was added to bring the
pH to about 3. Ethyl aketate wag addgd, aqd the mxture was stirred until
everyt hing was dissql ved. N oS erRywas extraegféd>once with ethyl
acetate. The conbi ned ¢rganic & with bripe, dfried over sodium
sulfate, filtered, evaporaNed, anddrie gh vasyumn to afford
(1-23a); nmz 286.8 (MtH)+. WD 2010/ 029461PCT/{1B2009/ 053773

I nt er nedi at e: @)
(S)-3-cyclopentyl-2-(4-(methylsul fonyl)-1Hi m dazol -1-yl) propanoic acid
(1-24a) 56N HC1 (1 nlL) was added to (I-df®e}nediate (1-7a3) (50 ng, 0.17
mmol ) and the

10 Intermediate (I-28a) was taken up in 3 mL of toluene. The amine was observed
to be insoluble. Dimethylaluminum chloride (0.44 mL, 1.0M in hexanes, 1.19 mmol)
was added to this mixture. The solids dissolved and the solution was observed to be
bright yellow/green. Within one minute, this solution was added to a 50 °C solution of
intermediate (I-17a) in 2 mL of toluene. This yellow solution was stirred at 50 °C for 2

15  hours then another 0.3 eq of 1.0 M dimethylaluminum chloride was added and stirred
for another hour. The reaction was cooled to room temperature over 1 hour and then
saturated aqueous Rochelle’s salt (15 mL) was added and stirred for 0.5 h. 15 mL of
ethyl acetate was used to transfer the material to a separatory funnel. The organic
layer was washed sequentially with water (3x) and brine (2x). The organic layer was

20 dried over sodium sulfate, filtered and concentrated under reduced pressure. The
crude residue was purified by silica gel chromatography (20-80% ethyl acetate /
heptane) to afford (I-17b); m/z 501.4 (M+H)".

Intermediate: (S)-methyl 3-cyclopentyl-2-(4-methyl-3-(trifluoromethyl)-1H-
pyrazol-1-yl)propanoate (I-18a)
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m xture was warnmed to 95 C for 16 hours and then allowed to cool to room
tenperature. Solid potassium carbonate was added to bring the pH to about
3. Ethyl woevawewas added, and the m xture was stirredPamiiB200®07I& hi ng
was di ssol ved. The aqueous | ayer was extracted once with ethyl acetate. The
conbi ned organics were 10washed with brine, grived over sodium sulfate,
filtered, evaporated, and dried under high @ to afford (1-24a); mz
284.9 (MHy. Internediate: diethyl 6-am ngp dl n- 3-yl phosphonate (I-25a)
HZNN O / o \..--- (1-25a) 15A mixture of P-am no-5-bronopyridine (5 g,
0.029 nol; Aldrich Chem cal Conpany, NLhc ukee, W), diethyl
phosphate (5.02 g, 0.036 nol)f } 1 ng .4 g, 0.043 nol), Pd(OAc) 2
(0.78 g, 3.4 mmol ), triphenyl phgsph\ne-i(2.28 9, 8.7 mmol ) in ethanol (100
m.) was refluxed for 14 hours under nitrogen. TLC (Petrol eum et her/ et hyl
acetate = 1:1) indicated that the reaction was conplete. The resulting
20m xture was filtered, and the f||tr|ag§ was concentrated in vacuo, the
resi due was purified by prep. HPLthg ?)()rd (I-25a) (4.3 g, 64.4% as a

white solid; mz 231.3 (M+H) +. I nt er medi at e: | m dodi car boni c aci d,
N- (5- met hyl -5 Bwkitdbl W dtion cﬁ@rﬁe‘?r'\ @-(tﬂtﬂud’rbﬁ%ﬂ:}ﬂ er‘ﬁ-lt‘d)}r)az&%t(ﬁ@/aﬁ's@@rﬁ?ﬂc
2010/ 029461PCT/ 1B2009/ 053773 6a) To a solution of conp

2- am ndn6, it nglawnt (ﬁ@l)e(wmn@ ‘g;i rOrr@Q)Zn rohydiqusdi Idlﬁl(&mdrﬂmrw@ment(m m.)

L A ANl I, R o
di chl orramR) ha&%r(éﬁrlrgg-)or\@m#ﬂﬂéﬁat ﬁ)drﬂﬂ%rﬁFéﬁaﬁEr%; afseldtRnest Intermediate (I-

N, Ndi met hyl am nopyri , 0.092 the resulting m xture was

stirred@f40®68, tb’ﬁ@)m@m%&f@# oﬁanmwogs THFQ Wasceddecbdrapseise pne skying
%ghgé%% éor]'t ndeﬁﬁ'ﬂgﬁthbgjéé B §ootr{11ﬁ%r¥1§e8| lé{%n Yas TRER hﬁéﬁche@@ntma)&h%ﬁs Vas

saturated NH4Cl and extracted with ethyl acetate. The combined organic extracts were

10  dried over MgSOQy, filtered, and concentrated. The resulting residue was purified by
flash chromatography (SiO2, heptane / ethyl acetate, 0 to 50%) to afford (I-18a) in 70%
yield; m/z 305.4 (M+H)".

Intermediate: (S)-3-cyclopentyl-2-(4-methyl-3-(trifluoromethyl)-1H-pyrazol-1-
yh)propanoic acid (I-18b)

15
(1-18b)

6N HCI (2 mL) was added to Intermediate (I-18a) (89 mg, 0.29 mmol) and the
mixture was warmed to 95 °C for 16 hours and then allowed to cool. Solid potassium
carbonate was added to bring the pH to about 3. A precipitate crashed out. Ethyl
20 acetate was added, and the mixture was stirred until everything was dissolved. The
aqueous layer was extracted once with ethyl acetate. The combined organics were
washed with brine, dried over sodium sulfate, filtered, evaporated, and dried under high
vacuum to afford impure (I-18b) with some starting material present; m/z 290.9 (M*H)".
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10 was extracted with dichloromethane (50 nL x 3). The conbi ned organic

| ayers were washed with brine, dried over Na2SO4 and evaporated in vacuo,
t he resi dwo 2om02p6ni fi ed by chronat ography on silica toprafrfiBzod9/337256a)
(11.4 g, 40% as a white solid | nt er medi at e: | m dodi car boni c aci d,

N[5 (br oromepieymediates 2Sigyqlopertyle2-{4-Grigparomethyt iy ineigazoh T-est er (I - 26b)
) Amxture of internediate (lI-26a) (5 g, 0.016
m?%cgnsau%clg%gmg%)e (2.9 g, 0.016 nol), benzoyl peroxide (0.37 g,
0 0016 nol) in carbon tetrachloride (70 nL) was refluxed for 12 hours. TLC
(petroleumether/ethyl acetate = 5:1) indicatee\that the 20reacti on was not
conplete. The reaction mxture was filtered
concentrated in vacuo. The residue was puriftied/by chromat ography on silica
to afford (1-26b) (3.1 g, 49.5% as a whiffe solid. WO
2010/ 029461PCT/ 1B2009/ 053773 F | nter [ '
N45- [ (di et hoxyphosphi nyl ) net hyl 1} 2- #yrNdi ny] -, 2
C, C-bis(1,1-dinmethylethyl) este -26c) QNNO II1/----- O\,...-----
(I-26¢c) 5A m xture of internedi ge (N 6b) .0 g, 0.01 nol), triethyl
phosphite (5.2 g, 31.2 nmmol) in THF (100 ni) was refluxed for 72 hours. TLC
(petrol eum ether/ethyl acetate = 1: 1) ggli cated that the reaction was not
conpl ete. The reaction m xture was ¢ ncen rated in vacuo, and the residue

ree i loRtmeriaed) AR Seangoiiis st abmaots Haeth niRTenNE:

(I-26d)treated with oxalyl chloride (0.1 mL, 1.1 mmol) and one drop of N,N-dimethylformamide.

The reaction was stirred for 1 hr and then concentrated. The residue, dissolved in
dichloromethane, was treated with ammonia in dioxane (0.5M, 3 mL). The resulting
mixture was capped and stirred overnight. The reaction mixture was concentrated to
10  afford (I-19a) (80 mg, 54%); m/z 276.1 (M+H)".
Intermediate: 3-methyl-4-(trifluoromethyl)-1H-pyrazole (1-20a)

F
NH
F 7
F =N
(1-20a)

A solution of 4,4, 4-trifluorobutan-2-one (2.0 g, 16 mmol; Alfa Aesar, Ward Hill,

15  MA) and 1,1-dimethoxy-N,N-dimethylmethanamine (4.2 mL, 32 mmol; Aldrich Chemical
Company, Inc., Milwaukee, WI) in toluene (13 mL) was stirred at reflux for 4 h. The
reaction was cooled and the mixture was concentrated in vacuo. The crude residue
was taken up in ethanol (13 mL) and hydrazine (3.7 mL) was added. The mixture was
stirred at room temperature overnight before concentrating in vacuo. The residue was

20 redissolved in ethyl acetate and washed with water. The aqueous layer was
reextracted with ethyl acetate three times. The combined organic layer was dried over
sodium sulfate, filtered, and concentrated to afford impure (I-20a) as a red oil (1.28 g).
This was carried on without further purification. 'H NMR (400 MHz, CDCl3): 8 7.73 (1
H), 2.42 (3 H).
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HNN2 *" .. .... /... ke..02 011 7...." \.,-- (1-26d) A m xture of
internmediate (1-26¢) (4.7 g, 0.011 mmol) and trifluoroacetic acid (14 nl)

i n di chl oworretomess1 (60 nL) was stirred at room tenperat ece/1Bmoy/@ssnwurs. TLC
15(petrol eum ether/ethyl acetate = 0:1) indicated that the reaction was

conpl et e. THetaregdiates (9)-teethyl vayclepentyt2vBtmetayl-4Eifaorrnehomh- The

m Xt ur L.t Ao r t The conbi ned

or gani ?%@%%@%@gg%#ge%? regi;’gg?tngé{mlp%?\zdéﬁgggh%)E?ﬁ%thél,$69. 7% as a

whi t e qoifiudrorhEthYNRI H490a2dH -yl §gpebanocaté (F28dX 1 H), 7.37 (1 H), 6.40 (1 H),
4.33 (2 H, 3.98 (4 H, 2.90 (2 H, 1.20 (6 H). 20Internedi ate:
3-nitro-1H pyrazole (1-27a) (1-2 63 WO 2010/ 029461PCT/ 1B2009/ 053773 A
solution of 1-nitro-1H pyrazole ( gm 37.4 mol ; OgkW
Inc., West Colunbia, SC) in be ile (42 mL) was heg to reflux for 2
hours. After cooling EO 45 C, tjhe reaction m xture,
precipitate, was poured i Oﬂgxane whitg solid precipitated.
This was col | ect edF umfiltpation, 5 d repea &;U\y wi t h hexane
and dried under high vac K"Ql% of (1-27a) as a
white solid; 1H NWR (400 , DVMBO-d6) 6 18.9 H, 801 (1 H, 7.01 (1
H. Internediate: 3-nitr -1H-pyrazo|e(|-2'?b) )

5 (1-20b) (1-20c)

Intermediate (I-20a) (150.1 mg, 1.00 mmol) was stirred in 5 mL of dry THF at

room temperature under nitrogen. Lithium hexamethyldisilazide solution (1.0M in THF,
0.91 mL, 0.909 mmol) was added dropwise. After 50 minutes, a solution of
intermediate (I-1¢) (304 mg, 1.00 mmol) in 1mL of dry THF was added. The reaction

10  was stirred for 3 hours. The reaction was quenched with saturated aqueous
ammonium chloride and extracted with ethyl acetate three times. The combined
organic layer was concentrated and purified by silica gel chromatography (ISCO 12g,
ethyl acetate/heptane 30-100%) to afford a mixture of (1-20b) and (I-20c) as a yellow oil
(153 mg); m/z 304.9 (M+H)".

15 Intermediate: (S)-6-(3-cyclopentyl-2-(4-(trifluoromethyl)-1H-imidazol-1-

yl)propanamido) nicotinoyl chloride (I-21a)

-
ZT

(I-21a)
Thionyl chloride (225 mg, 1.89 mmol) was added to a solution of the compound
20  of Example 48 (150 mg, 0.387 mmol) in dichloromethane (1.5 mL) and the reaction
stirred at room temperature for 1 hour. LCMS of an aliquot in methanol showed ~67%
methyl ester. To the reaction mixture was added another 25 ulL of thionyl chloride and

this was stirred at room temp for another 30 minutes. Solvents were evaporated to
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10(1-27b) Internmediate (1-27a) (830 ng, 7.0 nmmol) was dissolved in
anhydrous N, N- di nethylformam de (20 nL) in a heavy wall ed reaction tube.
Pot assi urwoantyanadee (1.408 g, 10.19 mmol) and di net hyl exirnamed/(B7BL6 g,
14.09 mol ; Al drich Chem cal Conpany, Inc., MI|waukee, W) were added and

the t utﬁé‘fqnﬁé 5¢eng éH0Qed Bf 8- 1) |a§ne1 g'@y@*‘ewh&‘aﬁobﬁmd-w& iadneétpamoltogenerate
st|rr| o roomtenperature, the reaction was

di | ute nt?%th\%va%qg'r%%@hf§ 368? <extract ed with ethyl acetate (3 x 30 nL).
The conbi nedntergediate] Pareays SvarniaogdyiaethecR eartm@/B@d (I-224) er ed, and
evaporated. The crude mater| aI was purified by silica gel f ash

chromat ograpy (50- 60% eth hept ane ov¥e™~\40 m nutes) to afford 985
ng (7699 of (1-27b) as a 200Iea| col prless oil NVR (400 WMHz, CDCI3) 6
7.59 (1 H, 6.90 (1 H, 4.17 (2 N)/ 114 ’3 (6 H). Internediate:
1-(2-methyl -2-(triethylsilyloxy)pfopyl)f-3-nitro-1H pyrazole (I-27c)

(1-27c) WD 2010/ 029461PCT/ 1B2009/ 0537 I ntermediate (1-27b) (948 ng, 5.12
mol ) was di ssolved in anhydrous N, N di nethyl formam de (25 nL) and cool ed
to @ Cin an ice bath. To this was adHgfarhl orotriethylsilane (0.945 ni,

5.63 mml ) and i m dazole (871 mgl 12.8 mmol ). The m xture was stirred at O
C and then s‘iam'@pw%mﬁ@ ?be@/éYIﬁQ%dKﬂ)%m%@p@r aroeleAghEhemainered for two

days. ngerwfé @\N&@&.ﬁéw 8 Wl\tz"alrﬁémlﬂfoﬁﬁé'rhﬁfee 3<c75n 354 tgﬁ@%f% ubd ¢ h

brine ( aqueous | ayer was extract h et acet
m.) andirtdee na‘.tmfglame%lolcoi gatassmhagmbsnamr @4@rmeds BVernrrNda)Maddecﬂ tfell@ded

oot ar e R Eeub Emby 2 weich Ofs rRira Was T eror P2 Bebis A3 MR 2ar
colqer | Etﬁl%téﬁ Wlth ety 3e8tdle %Mﬂ'ﬂ)/dter 1%8‘1%@?‘?%@& @eparated, and the aqzueous layer

1-(2-nmethyl -2-(tri‘et hyl silyl oxy) ropylz) 1H-pyrazol - 3-am ne
was extracted with ethyl acetate. The combined organics were washed Wlth brlne

dried over sodium sulfate, filtered, and evaporated. The residue was purified by silica
chromatography using a 40g pre-packed column, eluting with ethyl acetate. The
product fractions were combined, evaporated, and dried under high vacuum to afford (l-
15 22a) (161.2 mg, 0.70 mmol, 20%): m/z 229.9 (M+H)".
Intermediate: (S)-3-cyclopentyl-2-(4-(methylsulfonyl)-1H-pyrazol-1-yl)propanoic

acid (I-23a)
O
OH
O\\g{ll\l
/" \=N O
(I-23a)
20 6N HCI (4 mL) was added to Intermediate (I-4a2) (189 mg, 0.629 mmol) and the

mixture was warmed to 95 °C for 16 hours and then allowed to cool to room
temperature. Solid potassium carbonate was added to bring the pH to about 3. Ethyl
acetate was added, and the mixture was stirred until everything was dissolved. The
aqueous layer was extracted once with ethyl acetate. The combined organics were

25 washed with brine, dried over sodium sulfate, filtered, evaporated, and dried under high
vacuum to afford (I-23a); m/z 286.8 (M+H)".
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(1-27d) In a Parr shaker bottle was placed 10% pal | adi um on acti vated
carbon (145 ng) and ethanol (10 nlL) followed by a solution of internediate
(I-27c) (Wo2BB/Q946D. 65 mMol ) 15in ethanol (40 nmL). The PoTUBBIWESB7Ihen

pl aced on the Parr shaker at 40 psi_of hydrogen pressure for 1 h. The
reaction mdntelﬁmdfatet(e?)édcy%@m@w Z(paanebtyledionyB-dimigazak - viprarasoianol .
Concent Iorﬁjh n vacuo afforded 981 ng (96.9% of (1-27d) as a clear pale
green 0| 270.0 (MtH) +. Internedi ate: benzyl 6-am nonicotinate (I-28a)
H2NN 1 0 200 (1-28a) To a stirred suspension 6- am noni cotinic acid (100
g, 0.72 nol; Aldrich Chem cal Conpany, Inc., ukee, W) in

N, N- di net hyl formam de (700 nL) with brisk ical stirring was added

pot assi um carbonate (150 g, 1. 08 nol ) andfthe 25reaction was stirred for 10
m n before the portionw se ad on behzyl dyom de (95 WO

2010/ 029461PCT/ 1B2009/ 053773 \é\m ). YfThe reaction was stirred at
roomtenperature overnight, then the sglids re filtered off and washed

t horoughly with ethyl acetate, and tNme sol vent was renoved under vacuum
The filter cake was dissolved in vvat [j %% extracted with ethyl acetate.
The residue after evaporation of N, N ? hyl f or mam de was conbi ned with
5the ethyl acetate extracts (total volunme 2 L of ethyl acetate) and the

comi ned or gan e/1.f ) and
thg%sol vent @ékﬁ'g ?de?s\é’agggg%m&@%%% “1753)(5: g]edrbzgdﬁ{:nb é/jvas reftl uxed
wi t h 1:rhixtliretvirgd watrned 185 d0efof d6 Hairsrand tthem alidveed b cdsl tbirbb@r ed of f

br cci bitPAEBELIO AU POITHLAE CORINSHS MESASA ' SE0ER P bt il o

di benzydakad vV@é%dé’d )an%lr"’cﬂeqﬁixﬁﬁetv@a@étfr%cﬂunﬁt'll e@@ﬁ%{hﬁé%a@d&sol%c@ Tée an
off-white solid; 1H N , (.34-7.29 (5

H, 6. S&HUeRUB)ayes. MBS emra@ted bnze wum eﬂhyl aﬂeiaiznghe Qmmbmedlofgemmdvcﬁee-
ter - byt vl e vt\Jllr’[f(w)gDRgrar(Fe'cpb\?érysl lﬂrtrjl%mﬁfta{ee Glrefed? evapé)r(.:';ltecgl\"\énld dried under high
vacuum to afford (I-24a); m/z 284.9 (M-H)".

Intermediate: diethyl 6-aminopyridin-3-ylphosphonate (I-25a)
H,N N

/
O

(I-25a)

15 A mixture of 2-amino-5-bromopyridine (5 g, 0.029 mol; Aldrich Chemical
Company, Inc., Milwaukee, WI), diethyl phosphate (5.02 g, 0.036 mol), triethylamine
(4.4 g, 0.043 mol), Pd(OAc)2 (0.78 g, 3.4 mmol), triphenylphosphine (2.28 g, 8.7 mmol)
in ethanol (100 mL) was refluxed for 14 hours under nitrogen. TLC (Petroleum
ether/ethyl acetate = 1:1) indicated that the reaction was complete. The resulting

20 mixture was filtered, and the filtrate was concentrated in vacuo, the residue was purified
by prep. HPLC to afford (I-25a) (4.3 g, 64.4%) as a white solid; m/z 231.3 (M+H)".

Intermediate: Imidodicarbonic acid, N-(5-methyl-2-pyridinyl)-, C,C'-bis(1,1-

dimethylethyl) ester (I-26a)
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Br 15(1-29a) To a solution of 2-am no-5-bronopyridine (8.65 g, 50
nmml) in THF (100 nL) was added |ithium hexanethyl disil azide (105 nL, 105
nmol ) undwo 2nickegen at 0 C. After the addition, the m PCuAB2008853313 r r ed
for 30 mns at 0 C. At this point, (BOC)20 (12 g, 55 mml) was added to the
reaction m xture and the m xture was stifred for 20another 30 m ns at 000.
TLC (petrol eum ether/ethyl acetate = E_LE_Lndi cated the reaction was

conpl ete. The reaction mxture was washed with 1 N HCO (20 ni), and the
resi due was extracted with ethyl ac@ (50 mL x 3). The conbi ned organic
| ayers were washed with brine, dri ed ver Na2SO4, and evaporated in vacuo.
The residue was purified by chrogmto ph Non silicato afford (1-29a) (8

g, 58.6% as a white solid. 25Inte utyl phosphenite (I-29b)
OH P.\./\ H 0 (lI-29b) mx ure of anilinium hypophosphite (20
g, 0.131 nol; Aldrich Chem cal ny, | waukee, W) and tetrabutyl
orthosilicate (28.23 g, 0.088 AI dri ch 30 Chem cal Conpany, Inc.,

M | waukee, W) in THF (400 mi) vvas refluxed for 12 hours WO

2010/ 029461PCT/ 1B2009/ 053773 under ni(t- POgEN. The resul ting mxture was
cooled to give afford (I1-29b) as a solution, which was used in the next
step di rect |\ @isehbign qflﬂommunﬂﬁ-amI@%r@rr@ﬁthwlwr@mu%moa@ 8; 0§2ymol) in

hyl | | i
o o ReRsahant (268 ) yyss pdugs didoriiodeylartie)gs ae.0, 0,785 Pl bl "
(rjret k’oy! drodw@e7é8’t1()é°@4§@er ﬂ]@ﬁdlh@h)&}a\ fa@ldtma Elﬂ(B!d)c)b@t(BOMrg EO4231TtnoIp|n105_ mol )
t - 1 ) 1 1 m xture
7 b o B L ke 30 o,
" ooy RYRERIRIFBINEQ 1171 h@BéQm 1l Gné PSR FH”&tﬁFé‘%é%ftlFﬂéh FeoimL e =
B! 4y RS ag.

1 1) |n I cat reaction s conp xture was wash
sodi umtbimperdiarafos 1@230ourk) Tda.u@d(ﬂdﬂ@lewmetthmr/eﬂayl aoctatact éd)vmdntated rhlyeht theet ate

5 | d d
Ne2S04 "SaRIPTL VAR GO T TRL oS Meshatavithed purseh @ o) & erai e aphy
on @i | igas bRtradtt@Rdth(dickiBfométhaded50 A%k HSTRE cBhbined organic layers were

washed with brine, dried over Na,SO4 and evaporated in vacuo, the residue was
purified by chromatography on silica to afford (1-26a) (11.4 g, 40%) as a white solid.
Intermediate: Imidodicarbonic acid, N-[5-(bromomethyl)-2-pyridinyl]-, C,C'-

bis(1,1-dimethylethyl) ester (I-26b)

Os_ O
Os. _N_ _N
Yy
><O ()\/Br

(1-26b)

15

A mixture of intermediate (I-26a) (5 g, 0.016 mol), N-bromosuccinimide (2.9 g,
0.016 mol), benzoyl peroxide (0.37 g, 0.0016 mol) in carbon tetrachloride (70 mL) was
refluxed for 12 hours. TLC (petroleum ether/ethyl acetate = 5:1) indicated that the
20 reaction was not complete. The reaction mixture was filtered and the filtrate was
concentrated in vacuo. The residue was purified by chromatography on silica to afford
(I-26b) (3.1 g, 49.5%) as a white solid.



151H NWMR (400 MHz, 0DO13): 6 7.82 (0.5 H), 6.48 (0.5 H), 3.88-4.09 (2 H),
1.59-1.66 (2 H, 1.45-1.53 (3 H), 1.32-1.44 (2 H), 0.84-0.90 (3 H).

| nt er rediwsioenioee46ibut yl 5- (et hoxy( nmet hyl ) phosphoryl ) pyPCaitR2d9/933¢z bamat e
(1- 29d) H)c O\l 10 0 P/ 0 20(1-29d) A mxture of internmediate (I-29c)
(2.7 g, 19. dniamsiediate nindidegigamoniq acidobh[S¢(Eiathgxyasphinmimethyli2et hyl ani ne
(3.0 | ( and tri phenyl phosphi ne
(1.56 goygg] @Hm@q bdﬁﬁ 1e ano}q m&ﬁg(l%cmfl uxed for 18 hours under

ni trogen. TLC (di chI or omet hane/ met hanol = 10: 1) indicated the reaction was
25 conmpl ete. The reaction m xture was concentrated in vacuo, and the

resi due was washed with water and ektracted with ethyl acetate (50 nmL x 3).

The conbi ned organic | ayers weQ hed with brine, dried over Na2SO4, and
evaporated in vacuo. The residue s purified by chromat ography on silica
to afford (1-29d) (1.8 g, 3 4%Nas apl 0|I WO

(20 5 nmL) in dichloroneth 30 nL) was stigred at roomtenperature for 12
hours. TLC (dichl oromet hane/ net hanol = 10:1) \ndtcated the reaction was
conplete. The reaction m xture was washed with saturated aq. sodium

bi carbonate (100 nL) and the mi xture (W@6ckextracted with dichl oronet hane (20
m_ x 3) The conbi ned organic phases were concentrated to afford (I-29e)

27 (L R gt rBlnsiael288) (o g B ol P Enos it 526,31 26 (1

, mmoI) in THF (100 mL) was refluxed for 72 hours. TLC (petroleum ether/ethyl acetate =

2010/ 029461PCT/ 1B2009/ 05377 eghyl

6- am nopyri di n- 3-yl (et hyl ),pho phlnte(l _20d)  FI 10 /P, 0 (1-29e) A

m xture of internediate (Ia;éi@ (1. 006—+pl) and trifluoroacetic acid
(

1:1) indicated that the reaction was not complete. The reaction mixture was
concentrated in vacuo, and the residue was purified by chromatography on silica to
afford (I-26¢) (4.4 g, 95.6%) as an oil.

10 Intermediate: diethyl (6-aminopyridin-3-yl)methylphosphonate (1-26d)
H.N N
] B
/ST

= }D\O
O

N—

(I-26d)

A mixture of intermediate (I-26¢) (4.7 g, 0.011 mmol) and trifluoroacetic acid (14

mL) in dichloromethane (60 mL) was stirred at room temperature for 2 hours. TLC

15  (petroleum ether/ethyl acetate = 0:1) indicated that the reaction was complete. The
reaction mixture was washed with ag. NaHCO3 (100 mL). The mixture was extracted
with dichloromethane (20 mL x 3). The combined organic phases were concentrated to
afford (1-26d) (1.8 g, 69.7%) as a white solid; 'H NMR (400 MHz, CDCls): § 7.87 (1 H),
7.37 (1 H),6.40 (1 H),4.33 (2 H), 3.98 (4 H), 2.90 (2 H), 1.20 (6 H).

20 Intermediate: 3-nitro-1H-pyrazole (I-27a)

2,

OéN ZAN

NH

(1-27a)
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3.77-3.85(1 H), 1.56-1.60(3 H), 1.18-1.25(3 H). I nt er nedi ate: et hyl
6-((S)-3-cyclopentyl-2-(4-(trifluoronethyl)-1H i m dazol -1-

yl ) pr opamsigi2dmyqy+eitdi n- 3- yl ( net hyl )phosphi nate (1-29f) PCHIB2029H33773 To
a solution of internediate (I|-8c) f , 2.06 i n dichl oronmet hane (20
m.) was adde‘NSPM'@ﬂ@édr@U@ H-pyerzplg .23 g, 7. @mmﬂlzagakwmdtl?roduﬁgﬂ, Hifi-ne

(959 Myesfolf R Actl OB AIRAEAT) BosARAAA, Artisea oo AGES,

12 hoursa ure unde ogen ane net hanol
= 10: 1)cdotidg t@¥6dC, Ittee %Hoaantrmmmmhrchmm@ttertm@m presipitats) wasxboured wad

concentrated in vacuo, the resi due was purified by chromatography on silica

to affo1ro'l3'(”§i e§2§0w %58580'%!@ cUWIS W@mCRl?(#@t?d; MVQPEU”‘(&%PQV‘ 6

5 2 (1]r|£§'s|}ed r@B%thIF_yD\H?H%h%Z%@e gﬁkd mf%r%rwgh“l)/% culind %o éﬂf%ﬂé)?_bsé %};6‘%](?"%(5
. 2514t - Yol I

(I 30a)CFf '8 Oéi% g\%%é%%ﬁy%&@ 893“%?%/ rdj%gé(;-}13[9?]?0(3‘)Iq)(EBZG)J{]({H_QH?01

solution of salicylamde (20.0 g, 0.146 nol; Aldrich Chem cal Conpany,

Inc., NfiiRaukee, W) in 2, 2-di met hoxypropane (300 ni) was added pyri di ni um

p- 5tol uenesul fonate (11.0 g, 0.044 nol) and then heated to reflux for 2h.

TLC (di chl oronmet hane: nethanol = 20:1) indicated the reaction was conplete.

The sol vent Inesmeeiateedtnitrad 1 Hhgyratdle (-28bpue was taken up in ethyl acetate

(150 nL). The solution was washed twi ce with sodi um bi carbonate and once

with brine. The organic |ayer wa® dried and concentrated under reduced

pressure to afford (I1-30a) (26.0)] yield: 93.49% 10as a yellow solid,

whi ch was used to next step wht My purification. Internediate:

4-chl oro- 2, 2-di net hy1- 2H benzo[ e] [ 1} 3] ayaznhe (1-30b) d (I-30b)

OH

10 (1-27b)

Intermediate (I-27a) (830 mg, 7.0 mmol) was dissolved in anhydrous N,N-
dimethylformamide (20 mL) in a heavy walled reaction tube. Potassium carbonate
(1.408 g, 10.19 mmol) and dimethyl oxirane (1.016 g, 14.09 mmol; Aldrich Chemical
Company, Inc., Milwaukee, WI) were added and the tube was sealed with a teflon

15  screw cap and heated to 100 °C with stirring for 1 hour. After cooling to room
temperature, the reaction was diluted with water (40 mL) and extracted with ethyl
acetate (3 x 30 mL). The combined organic layers were dried over Na,SOq, filtered,
and evaporated. The crude material was purified by silica gel flash chromatograpy (50-
60% ethyl acetate/heptane over 40 minutes) to afford 985 mg (76%) of (I-27b) as a

20  clear colorless oil. "H NMR (400 MHz, CDCls) § 7.59 (1 H), 6.90 (1 H), 4.17 (2 H), 2.11
(1 H), 1.23 (6 H).

Intermediate: 1-(2-methyl-2-(triethylsilyloxy)propyl)-3-nitro-1H-pyrazole (I-27¢)

L}r ™
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To a solution of internediate (1-30a) (42.0 g, 0.237 nmol) in POCI3 (200 niL)
was 15added PCI5 (71.95 g, 0.356npl) and stirred at roomtenperature for

| h. Then wbeormozp4sne was heated to refl ux overni ght. TheCTaBuewds3nes
renoved by distillation under atnospheric pressure and the residue was

d| stilled urla@rmediie dd2 Mk )d948maa(B42 myel,was disaatveg)n ashydrpgs dN.Br ude

(1 1y, S ey Beoseo il idiel o CeR Ao ThnBageqded® {1
A 501 U1 on O SXIVT -5 pyty.Gul acet al & 300 G 0,061, Mot - ALcy 1 ch Cobry cal
ConpanyMXfE. waaiadiRES v%d e - V&maﬁw&%ﬂemah%wr%mp%@@rsﬁn@'

0. 182 MRired fr thPd%?é%ﬂé?ﬁ%&P WA SO AIRRY dthylad ﬁanop%hgaﬁgﬁ%% efl) was

stirre over ni ght or orret hane: I ndi cat ed

t he reawith brinevds0 UmTpIT@eeaquﬁwsﬂemwmemaatad wﬂvaﬁhqhmmtzbﬁeo&w THhmMig2S03,
and t hen e sol vent was r nmoved un reduced_ pressure to give a, crude

o oducandiig 99%@%%%&? EES Biof e T B Shiae DEraps aptr e en

5(di chlqrpegt ?@W@%ﬂ@hrm@ﬂa&aphﬁ@s QSV?thyﬂécétQt@ﬁhéEteﬁfééQﬁ/e(" lo30c)
(15.2 g, 40.5% puri as a solid | nt er nedi ate; et hyl

2- (6- (znrzmu@ﬁaﬁé@raﬁ@rdudﬁa@eﬁ@ £dpeld dea] exlatess ail;4p-300.0 (M+H)'.
yl)pyridin-3-yl)acetate (1-30d) 10(I-30d) A solution of internediate
(I-30c) (10.0 g, 55.19 mml) and internediate (I-30b) (10.0 g, 46.36 nmol)

i n 10, 2- di chllotevmiedétie: 1-(DOnethyl-2élsietiedgilybxypropy)-dx/-pynazal-gaysne T27d)

(di chl oronet hane: nethanol = 15:1) indicated the reaction was conplete. The
sol vent was renoved under reduced pressure to afford crude (1-30d) (11.0 g,
yield: 1569% as an oil, which was used inG'\he next step w thout any

purification. Internedi ate |2||(|6 arR&_'opyrl ;——y—l)acetlc acid

hydr ochl oride (1-30e) H2NN O RGNS S|
= } )

(1-274)

In a Parr shaker bottle was placed 10% palladium on activated carbon (145 mg)
and ethanol (10 mL) followed by a solution of intermediate (I-27¢) (1.125 g, 0.65 mmol)
15 in ethanol (40 mL). The bottle was then placed on the Parr shaker at 40 psi of
hydrogen pressure for 1 h. The reaction was then filtered through a pad of celite and
washed with ethanol. Concentration in vacuo afforded 981 mg (96.9%) of (I-27d) as a
clear pale green oil; m/z 270.0 (M+H)".

Intermediate: benzyl 6-aminonicotinate (I-28a)

HN Ny
N0

20 O
(1-28a)
To a stirred suspension of 6-aminonicotinic acid (100 g, 0.72 mol; Aldrich
Chemical Company, Inc., Milwaukee, WI) in N,N-dimethylformamide (700 mL) with
brisk mechanical stirring was added potassium carbonate (150 g, 1.08 mol) and the

25 reaction was stirred for 10 min before the portionwise addition of benzyl bromide (95
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(1-30e) A solution of internediate (1-30d) (11.0 g, 0.0324 nol) in conc.
HCl (75 nmL) was 20 refluxed overnight. The sol vent was renoved under
reduced pwessuve46The resi due was dried by |yophilizati @eTiHB20990B7Tx ude
intermediate (1-30e) (11.0 g) as a solid, which was put into next step
Wit houtmlanQ/ QmeIﬁ, gireactigmwas @gﬂpgtaérocpmttﬁmperature overnlght then the solids

<ol ut | GRS R BrrEnd AR Brodar Wynie Rl chche ol tne sl 9% anol (B0

m) waseanted ke vatlnod The fiterichkamhsdisssded M wefértandom&ravt@dwthléﬂaws
i ndi cated WD_2010/029461PCT/ 1B2009/ 05@?\{]‘5 the reacti on was conpl ete. The
react i SRRt JMe Reldusaliarevarpt 1A ] e E)éfom'@(ﬁn' §d¥ﬁ§ﬁﬁ’rﬂp P'B’&S'Hht e

a;g 53?;‘@%%2@& atetdle %&mﬂ:tsg&%ﬁ;cﬁuﬁg% Mof ét@ acgtté?e e&)r%l W%H 'o?gér?ré{ er

concentrated 1 n vacuo to give a cru e pro uct
puri f i eskttagtpwephedHRiil trimeafbHAO0 (hl-)36figd ((IQIgSQ;;) apdéhel sohz@% rmO\aed/mmdesr

lid; 1H N 7 78
550~ 6.89UP40 pRESSYrer0  Be FEPIRUCEaE rafl i Wi T cieli sdics heng for 30
| nt er magirathen thSsolts hYéred off (warm), washed with diethyl ether:hexane (1:1), and
2-(6-(3-cycl openth/(TJ 2-(4-(trifluoronethyl)-1Him dazol -1-

yl ) pr opHieshi Uus g9 mas—rseylp)tatesltfs@re hot tdogne (ha(filtraoy) required tasemose| ut i on

aadla oRaEEarie @by Yozt fresdh Py Lk BRI RhaS B

3. 36 nrig| NIVER (DRISD-HE)TIBET. B0 1 64), ?1'8Qét1h¢) Md-pe (8as), sLé4 %Zeﬁ)f@ﬂ3¥2 Hyour's at

room terrgerat ure under nitrogen. (petrol eum et her/ et acetate = 1:1)
i ndi cat®a3(Adl)16/z 83384 dhtEs conpl ete. The reaction mixture was

concentT 2t e LSRG AN WU HE AT BB Sy o oarepry on
CD30D): 6 8.29 (1 H), 8.12 (1 H), 8.00H(1 H), 7.77 (1 H), 7.45 (1 H), 5.21
(1 H, 3.74 (5 H), 2.25 (2 H), @R%la)\iwi(lm 1.68 (3 H), 1.58 (2
H, 1.35 (1 H), 1.22 (1 H. 2 di at

2- et hyl - 2- (1- oxy-pyridin-3-yl)-proghoni clac ethyl ester (1-31a) O + N
Br

15 (1-29a)

To a solution of 2-amino-5-bromopyridine (8.65 g, 50 mmol) in THF (100 mL)
was added lithium hexamethyldisilazide (105 mL, 105 mmol) under nitrogen at 0 °C.
After the addition, the mixture was stirred for 30 mins at 0 °C. At this point, (BOC).O
(12 g, 55 mmol) was added to the reaction mixture and the mixture was stirred for

20 another 30 mins at 0 °C. TLC (petroleum ether/ethyl acetate = 5:1) indicated the
reaction was complete. The reaction mixture was washed with 1 N HCI (20 mL), and
the residue was extracted with ethyl acetate (50 mL x 3). The combined organic layers
were washed with brine, dried over Na;SO4, and evaporated in vacuo. The residue
was purified by chromatography on silica to afford (I-29a) (8 g, 58.6%) as a white solid.

25 Intermediate: butyl phosphenite (I-29b)

O

Ho 7

H/P\O/\/\

(1-29b)
A mixture of anilinium hypophosphite (20 g, 0.131 mol; Aldrich Chemical
Company, Inc., Milwaukee, WI) and tetrabutyl orthosilicate (28.23 g, 0.088 mol; Aldrich
30 Chemical Company, Inc., Milwaukee, WI) in THF (400 mL) was refluxed for 12 hours
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1, )CO (1-31 a) To a solution of internediate (1-30c) (15.2 g,
0.084 nol) in THF (250 nL) was added potassiumt-butoxide (18.81 g, 0.168
nmol ) sl owbDyeoak02280C and stirred for 30 25m nutes. Met hbeiIBzﬁOQVQS3(72{3 86 g,
0. 168 ZlrrgL&%was added dropwi se so as to maintain the

2010/ 0 PAIIER2 0D OBVIIITE Mhtteiensps @@@Aﬁdrtamam\/(éaﬂb) a9 ag@lytion, 15 C,
Then t cated the reaction
was co%'gbg\}é% St tﬁ{-:- gr%?%e d"(%czﬂg/e\a’\;lﬁ U{Lﬁ’l}thelrﬁtugﬁf:%ﬂebq{mter (150 nL) and

et hyl acet atlatdr&féalmt)butWhﬂeﬂWms@hlrwy@(l -2y separated and the aqueous
phase was extracted with ethyl acetate (100 nL x 2). The conbined 5 organic
| ayer was dried over Na2SO4 and|_pon entrated under reduced pressure to gl ve

a crude product, which was purifigel_b re HPLC to afford (I1-31a) (4.0 g,
yield: 23% as an oil; 1H NMVR (400 m 6 8.40-8.47 (1 H),

8.30-8.37 (1 H), 7.70-7.80 (1 H), 752761(1H) 4.08-4.15(2 H),
1.53-1.63(6 H), 1.12-1.20(3 H). (I-29¢c) I ntermediate: ethyl

2-(6-(2,2-d -.4- 2H—b

103(/| )[(ayrl di Irfoga;?&“t'é’” %ﬁ%‘% nzo %%1(2 %@i@dﬁ”@(@ﬁo'%'?”ﬁ 3! ROUol ut i on
of int eyaedidé®nidthydiadidé412.4a, gh@@aﬁmmjz)neaﬁcbut tieioedi4ataL(d188hol§ 3. 135
g, 0.016 nol) in_1,2-dichloroethane ﬁ eated to reflux for 3

days. 1@2@I8@cﬁtcﬁﬁo€dﬁﬁqﬁm@og%tAﬁ%ﬂheﬂ ion), theyepacdioadnixHEe Mgt | on was

conpl et [ crude
pr oductgeraaggfclyh\ﬁ\gmarﬁg&plhor 1T eégﬁggﬁq%%hq@ﬁrrggﬁ@y ﬁgr a{g@?éw csfw'gerdgér;[e g.'ne:
netfoanaknpeditude for 18@hdurs >TIB0: (petraidQirlethien/ettfyl atetaterpur ¢) ihbicaldy the3. 68 g,
48. 5% purity by LC- MB) asasolld I nt er medi at e:

2-(6- arF?ﬁ%t[!Rn wap rﬁ’DglF%}‘Pt)e Ehﬁé‘f"ﬁg}‘lrﬁﬁ"{ﬁ%‘ﬁéwﬁda\é’itﬂ aanP@I@m Bﬁcﬁﬁt@r@te‘ %Q‘i&)
H2NIN 1 N thi rbSidte was extracted with ethyl acetate (50 mL x 3). The combined organic

layers were washed with brine, dried over Na>SOj4, and evaporated in vacuo. The
residue was purified by chromatography on silica to afford (I-29¢) (4.3 g, 24%) as an oil;
15 "H NMR (400 MHz, CDCls): 8 7.82 (0.5 H), 6.48 (0.5 H), 3.88-4.09 (2 H), 1.59-1.66 (2
H), 1.45-1.53 (3 H), 1.32-1.44 (2 H), 0.84-0.90 (3 H).
Intermediate: tert-butyl 5-(ethoxy(methyl)phosphoryl)pyridin-2-ylcarbamate (I-

29d)
H
><o No _N
T
o LA
/ \O/\
20 (1-29d)

A mixture of intermediate (I-29¢) (2.7 g, 19.8 mmol), intermediate (I-29a) (5.4 g,
19.8 mmol), triethylamine (3.0 g, 29.7 mmol), Pd(OAc). (0.533 g, 2.38 mmol), and
triphenylphosphine (1.56 g, 5.94 mmol) in ethanol (100 mL) was refluxed for 18 hours
under nitrogen. TLC (dichloromethane/methanol = 10:1) indicated the reaction was

25 complete. The reaction mixture was concentrated in vacuo, and the residue was

washed with water and extracted with ethyl acetate (50 mL x 3). The combined organic
layers were washed with brine, dried over Na,SO,4, and evaporated in vacuo. The
residue was purified by chromatography on silica to afford (1-29d) (1.8 g, 30.4%) as an

oil.
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(1-31c) A solution of internediate (1-31 b)(3.68 g, 0.01 nol) in
conc. HCl (30 nlL) was refluxed overnight. The solvent was renoved under
reduced pwessuve46The resi due was 25dried by |yophili zaPCcenBroo/essior d
(1-31c) (3.4 g) as a solid, which was put into next step wthout any
purificati Or{ntqrme@lra{@d@taylgé -afsneyridin-3-yl(methyl)phosphinate (I-29e)

2- (6-am nopyridin-3-yl)-2- rretE% progioate (1-31d) WO

2010/ 029461PCT/ 1B2009/ 053773 Q0 (1-31d) To a sol ution of
intermediate (1-31c) (3.4 g, 0.019|mmol|) i@ dry nethanol (25 nL) was added
conc. H2SO4 (0.5 nL) and heated to fover ni ght. LC- M5 indicated the

S5reaction was conpl ete. The reaction m xfurg Was. basified to pH 8.0 w th
sat. aqg. sodium bicarbonate and extractéd wth ethyl acetate (30 nL x 3).
The conbi ned organic |ayer was dried p_gg Na2SO4 and concentrated in vacuo
to give a crude product, which was pljl’l I'ed by prep. HPLC to afford (1-31d)
(0. 5 g, yi el Amittdte obimternvddidte (5-QDuY(1.81d, DNRE( 0D avdzriflabidabetic &cid.(80- 7. 90

Eﬂ 7 5195'n§ Whgiﬂylspromethanq ﬁagrﬂ@é/gg%%@req H; rqg% E@?mperat&re f'g)r 12JhoAfJ§s 1TE8( o H;
§I §Sr f)g(ana?nq gﬁfe%ér/r?eé%r?( {d ?Irgma@pér‘a(;pﬁaen%elag;cg% %ﬁa%oéorerplebe Th? easc]t_lo? 15To
a sol utmmmref\NamWGShmdimmhesa(tufamr) ag Osbumy, biGard8naten|1D0i mL Hardh ther aiettiteane
(10 was extracted with dichloromethane (20 mL x 3). The combined organic phases were
concentrated to afford (1-29e) (1.1 g, 91.7%) as a light yellow solid; "H NMR (400 MHz,
10 CDClIs): 6 8.26-8.27 (1 H), 7.73-7.79 (1 H), 6.57-6.60 (1 H), 5.88 (2 H), 3.96-4.06 (1 H),
3.77-3.85 (1 H), 1.56-1.60 (3 H), 1.18-1.25 (3 H).
Intermediate: ethyl 6-((S)-3-cyclopentyl-2-(4-(trifluoromethyl)-1H-imidazol-1-

yhpropanamido)pyridin-3-yl(methyl)phosphinate (I-29f)

. H
/N N N\
FAH;I | 0
F N O N
/ \O/\

15 (1-29f)
To a solution of intermediate (I-8¢) (0.6 g, 2.06 mmol) in dichloromethane (20

mL) was added intermediate (1-29f) (0.41 g, 2.06 mmol) and triethylamine (0.89 mL,
6.18 mmol) at room temperature, and the mixture was stirred for 12 hours at room
temperature under nitrogen. TLC (dichloromethane/methanol = 10:1) indicated the

20 reaction was complete. The reaction mixture was concentrated in vacuo, the residue
was purified by chromatography on silica to afford (I-29f) (250 mg, 26.6%) as an oil; 'H
NMR (400 MHz, CDCls): 6 9.98 (1 H), 8.61 (1 H), 8.22 (1 H), 8.00 (1 H), 7.71 (1 H),
7.51 (1 H),5.05(1H),4.07 (1 H), 3.82 (1 H), 2.14 (2 H), 1.39-1.78 (10 H), 1.01-1.33 (5
H).

25 Intermediate: 2,2-dimethyl-2,3-dihydrobenzo[e][1,3]oxazin-4-one (I-30a)
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m.) was added intermediate (1-31d) (0.171 g, 0.88 mmol) and triethyl am ne
(0.38 nL, 2.64 mmol) at roomtenperature, and the m xture was stirred for
12 hour s WO 20manv46enper at ur e under nitrogen. TLC ( petrolPpeunBzoivesszt hyl
acetate = 1:1) indicated the reaction was conplete. The reaction m xture
was concentrated in vacuo, the residue purified by chromatography on
silicato afford (1-31e) (240 ny, ) @% light yellow solid; 1H NVR
(400 MHz, CD30D): 6 8.37 (1 H), (1 HNp8-05 (1 H), 7.88 (1 H, 7.84(1
Hy, 5.18(1 H), 3.72(3 H, 2.22(2 Hx q H, 1.80(1 H, 1.72(3 H, 1.67
(6 H, 1.61 (2 H, 1.38 (1 H, 128(1 : I nt er nedi at e:
(S)-3-cyclopentyl -N-(5-nitropyridin-2-y$-2-(4-(trifluoromethyl)-1

H25i m dazol - 1-yl ) propanani de (1-32a) ép 010/ 029461PCT/ 1B2009/ 053773
(1-32a) To a sol ution of interr‘re e (1-8c) (2.13 g, 7.2 mml) in
di chl or onet g sbﬂﬂuomc)f s\aﬂéyladM(ZZ} @@1 om%mbt At Ghemidal Gbrgpank, 2 Mol ;
Al drich Chem cal any, 5lnc., Mlwa and triethylamne (3.12 nmi,
21.6 niBf) |tW3rLH§§ﬁm Wgt@mth%@rqmqﬁ%@p@ ) Was asidegl RyAiIdiYM 2 hour s at
room t T et r y etate = 1:1)
[ nd:g]caﬁggﬁhﬁébﬁ@gg??gﬁO\ryé?@‘gfﬂ]oe) afd q:‘%e d%é% @)ﬁéﬂ%&xﬁ)ﬁ?ﬂ VI-\%?COHCGM rat ed
| n vac Udichtdrenmeétsardu ensthanpluF i20|1e)ahdb§zatehrtheaxgmpMas ocompidie cd hesofdmnir d

-32 8. | | i 101 nt i at.e: ,
() - (etsiaiise pid o erestBgordi e st S ykaaeta G Steiiny e sojution
im dazq/{/aslv\/a!éhécﬂ”f\ﬁllé@%fﬁ Qc?dl(u'n ﬁg%onatééné;gme ]v-\ﬁthaorﬁ‘@ UThé’Brzc%Jnld Rher Wedi at e
(I-32a) (0.62 nmol ) N, 15 di net hyl f or mani de ( was added

2| nc ( Jdr@z:l and Q@wcﬁan’mmbdacj under r@dsloedtpreﬁsm te-etipl (13083 (2@0 gl yietd rﬁﬁ)ﬂ%h n

h d f
heube it veled el mhich TR Me fnd SR bR AR dREE ™. 1) it tat e

the reacti onnwamee®t®! £ichlord2e2-drastht szrbeﬁz@{qu@]@xétuhteqr 8dp) and the
filtrate was concentrated in vacuo. he resi ue was washed with water (20

m.) and the 20m xture was extractedw tlDet acetate (20 nL x 3). The
conbi ned organic |ayers

(1-30b)
To a solution of intermediate (I-30a) (42.0 g, 0.237 mol) in POClI3; (200 mL) was
15 added PCls (71.95 g, 0.356mol) and stirred at room temperature for 1h. Then the

mixture was heated to reflux overnight. The solvent was removed by distillation under

atmospheric pressure and the residue was distilled under reduced pressure (85~ 86°C,

2.5 mm Hg) to afford crude (I-30b) (10.2 g, yield: 22.7%); "H NMR (400 MHz, CDCls):
7.55-7.62 (1 H), 7.37-7.42 (1 H), 6.95-7.01 (1 H), 6.80-6.85 (1 H), 1.60-1.70 (6 H).
20 Intermediate: (1-oxy-pyridin-3-yl)-acetic acid ethyl ester (I-30c)

O
|+

N
O

N
= O/\
(I-30c)

A solution of ethyl 3-pyridylacetate (10.0 g, 0.061 mol; Aldrich Chemical
Company, Inc., Milwaukee, WI) and m-chloroperoxybenzoic acid (36.87 g, 0.182 mol) in
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were washed with brine, dried over Na2SO4, and evaporated in vacuo to
afford crude (I1-32b) (0.58 g, 101.2% as a light yellow solid, which was
used i n tWe nmxstiep directly. I ntermedi ate: (S) Petrh31009/053773

2- (6- (3 cycl opentyl -(trifluoronethyl)-1Himidazol -

yl ) pr optieripicnesthane &3®(§.nﬁ-)w%ﬁr$hlrmq abRdygeright d LA M@rowane
(1 320) QPG 058 0o g B rspytavgr enfulen i @2edn HKEIEE R ucq

E/It IhyI Ejﬂammhedmttelﬂaﬁog W thign the QBIVGHDWBSEoédndwedMnabemdmled@ewny,toI nc.,
waukee a riethyl amne (0.41 ni room t enperature,
and t hdiY§ ﬁt“uz’ R,é%dt PeEr¥es Prosuchwes I%'f'?@;m Qhé%@ %&raplay Gﬁémé

ni t 1500€g; ch@&r@iﬁﬁé?'nﬁ’é’tﬁ‘aﬁ&l@%b?lt—Véo.é}cﬁ»tz@t. rg?«{ellru'd'éckl%%)e(jl 5t%§ B304 1 ON

was co reaction m xture was concent ed 1 n vacuo resi due
was purpuritedy e -b8)@sea eglicaphy on silica to afford inpure (1-32c) (130 nyg,

39'23‘? 2°Fy, 1Beipetiiey ot £ h%ﬂlmgmgm EpHh @@i%tﬁ%lo@azuiﬁ%é% D2 is(2

S) - 1 (’6-(3- cycl opentyl-2-(4-(t rifl uororret hyl)-1H i m dazol -
1)

pr opanam do) pyri di n- 3-yLam ng.- 27net hyl - 1- oxopr opan- 2- yl acet ate (I-33a)

n ut | of internmediate (I1-32b) (crude 1.0 g,
Y N7 |

(20 i) s added
10 (I-30d)

8 mp 2.72 mol; Al drich Chem cal
' (1.17 m., 8.16
o >
A solution of intermediate (1-30c) (10.0 g, 55.19 mmol) and intermediate (I-30b)
(10.0 g, 46.36 mmol) in 1,2-dichloroethane (100 mL) was heated to reflux for 3 days.
TLC (dichloromethane: methanol = 15:1) indicated the reaction was complete. The

(
y
N1NcC HO (I-33a) Tg
2.72 mmol ) in dichlorone
1-chl or ocar bonyl- 1- et hyl
Conpany, Inc., M I|waukee,

solvent was removed under reduced pressure to afford crude (I-30d) (11.0 g, yield:
15  69%) as an oil, which was used in the next step without any purification.
Intermediate: 2-(6-aminopyridin-3-yl)acetic acid hydrochloride (I-30e)
H,N N\ o
HCI- |
Z OH
(1-30e)
A solution of intermediate (1-30d) (11.0 g, 0.0324 mol) in conc. HCI (75 mL) was
20 refluxed overnight. The solvent was removed under reduced pressure. The residue
was dried by lyophilization to give crude intermediate (I-30e) (11.0 g) as a solid, which
was put into next step without any purification.
Intermediate: methyl 2-(6-aminopyridin-3-yl)acetate (I-30f)
H,N N\

O
= -

25 (1-30f)
To a solution of intermediate (I-30e) (11.0 g, 72.36 mmol) in dry methanol (80
mL) was added conc. HoSO4 (1.6 mL) and heated to reflux overnight. LC-MS indicated
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20 mmol ) at roomtenperature, and the m xture was stirred for 12 hours at
roomtenperature under nitrogen. TLC (petroleumether/ethyl acetate = 1:1)
i ndi cat edwOhelweastii on was conpl ete. The reacti on m xt uP€ETARIOZOFBCBNL I at ed
in vacuo and the residue was purified by chroma b}g;graphy on S|I|ca to afford

(1 - 33a)the 3eactian wag conplels. dmegepctianHmrrg wes ieddpatD$:0 Wity sgl. a1 H) ,

?1"% - S biggpobdatRigns ePadeq by el e 30 HCE 4, MSaNgY °1 47

( S1 % Jcﬂglénlti)layer was dﬂéﬂ& ehﬁﬁﬁhalé?trateil)/n i/ﬁfuo to glvela (irudle product, which was
cl opent et hyl sul f on i mi - Ci
! 342) urglegetty Jen bt & avora - 5852 %, el %%5 oo Wt SORENRL Gl &
t 2 | X} 3
n1_) s \r/]vag“gg ’| i ?Fﬁ 5?5%78%% 33’1 #hgh‘gfac}?éz’tbe ?’(9 ?gr‘zc‘("g 6026 S é%’ PG

porti org\b83.60 (2 Bymir2tPRBaMHHe)’. After the addition, the m xture was
stirred for 2 hours 10at roomterrperature TLC ( ((;I)etrol eum et her /et hyl

acetate = 1:1Mermediala: @-Paleyr &4 3&¥Ck§a§n%ﬁpq4e %flu%@eF%Hgdmlqﬁh%%L e
was acgﬂi’(@,ﬁ%{dg &r@hr{;b@ﬁ?)ac% ?1”@0 e mxture was extracted with ethy

acet at nmbi ned "o nic |layers were washed with brine,
dried over Na2SO4, and evaporated in [“uo to afford crude (I1-34a) (0.55 g,

91.7% as an oil, which was used int ext step directly. 15Internediate:
(S)-3-cycl opentyl-2-(4-(ethylsulfo i m dazol - 1-yl ) propanoyl chl oride
(I-34b) To a solution of internedfate(l-34a) (0.35 g, 1.17 mmol) in

di chl or onet hane (10 20nmLf was,addel_oxay! ehl oride (0.443 g, 3.49 mmol)
and N, N-di net hyl f or narpw m
O 7 e
O

10 (1-30g)
To a solution of intermediate (I-8c) (0.33 g, 1.12 mmol) in dichloromethane (20
mL) was added intermediate (I-30f) (0.223 g, 0.9 mmol) and triethylamine (0.48 mL,

3.36 mmol) at room temperature, and the mixture was stirred for 12 hours at room

temperature under nitrogen. TLC (petroleum ether/ethyl acetate = 1:1) indicated the

15  reaction was complete. The reaction mixture was concentrated in vacuo and the
residue was purified by chromatography on silica to afford (I-30h) (220 mg, 46.4%) as
an oil; '"H NMR (400 MHz, CDsOD): § 8.29 (1 H), 8.12 (1 H), 8.00 (1 H), 7.77 (1 H), 7.45
(1 H),5.21 (1 H),3.74 (5H), 2.25 (2 H), 1.80 (1 H), 1.70 (1 H), 1.68 (3 H), 1.58 (2 H),
1.35 (1 H), 1.22 (1 H).

20 Intermediate: 2-methyl-2-(1-oxy-pyridin-3-yl)-propionic acid ethyl ester (I-31a)

O
|+

N
O

AN
= O/\

(I-31a)
To a solution of intermediate (I-30c¢) (15.2 g, 0.084 mol) in THF (250 mL) was

added potassium t-butoxide (18.81 g, 0.168 mmol) slowly at -20 °C and stirred for 30

25 minutes. Methyl iodide (23.86 g, 0.168 mol) was added dropwise so as to maintain the

71



drop) at roomtenperature. The m xture was stirred for 2 hours at room
tenperature. TLC (petrol eumether/ethyl acetate = 1:1) indicated the

reacti on waononpiéet e. The reaction m xture was concent PETAB20090383T3u0. The
resi due was chased with dichl oronmethane two times and concentrated in vacuo
t o af f ahéresluempetatddbbetii®eds20,°CX094 538N THeh e MmixtureWastives atised fon t he
next step directly. WD 2010/ 029461PCT/ 1B2009/ 053773 I nt er medi at e:
(S) - benzy]| &3S Gyt oRahY 1eé’ctb41 \X/% BMJTTP!&tEO"I‘}‘]@)re%hérmrﬁ%é@ was fpoured

yl') propanamni do) ni cotinate (I- 5To a solution o

i nt er ngdioaice V~(ater3(éﬂl5>p r(lD) 36d gthyl aoetamerfﬂ 50 mh)le tklasganistiaarevdsi separptatas

added internmedi ate (0..25 riethyl 'ne Q.47 m,
30 mAd PEet BT e A Pt Wince st 00 b k Ay TR orIngd, o
room t Qﬂ‘gﬁlﬁ RN \Mé@'éﬁedﬂ\ bl&oNAars0OS bikd CBAEEST RSB LRIdRE FéRidav pré§ﬁlir@tt6 givel: 1)
i ndi cat the reaction was not conplete. The reaction m xture

concentd atugg Rradyvele woichawvas petfiad byiprep 01BL& ta@fforet(l-3 10 ﬂLQg yaﬁld 8x¥aact ed

it ordren BN Godlt,Po g SRARLTEAT HI S b B T a0 TaR B0

purifi EH’) l7Y523-W63|”(BItIQBr4a(D¥31M 151(25Hb i1ceeBR 6 H')d1 i p- 132‘(0}@3 H()100 mg, 17.82% as
an oil. Intermedi at es

6-(5- el opéﬁwmeglqta_qthyb%«él@Qs@me@wﬂyoawzﬁw@mmsloxazm 3(4H)-

15y pr | -34 nd (S)-benzyl

)RR R bRl Rzl 1
-yl) 3 cyclopentylpropananldo)ngpot'nate (1-34c3) were prepared in an
anal ogous nmanner to that (@ e or the synthesis of Internediate
| -34c1, above, using app At ing materials (e.g., I-7al or |-34e,
respectively). Internmed atks |0IC5|-34d) SH 20 (1-34d)
To a solution of nagnesium (0. 8' g, 36. Dl )[jin THE (20 nmL) was added
cycl obutyl bromde (5.0 g, 37 ntol; Aldy criepi cak Conpany, | nc.
M | waukee, W) dropwise at 50 C. After The xddi tPon, Yhe mxture was
refluxed for 2 hours, at which 25 point thé =gne5|un1appeared conpl etely
consuned. The m xture was cooled to g 5 sul fur (0.95 g, 29.6 mml) was
added portionwi se to the m xture, ﬁg)resultlng m xture was stirred at
50 C for 2 h@%@tloﬂ_f&)ﬁﬁfb%ﬁé&ﬁté’\@%@?@i 84,1020 0 Molshd In&@"rﬁ%ﬂlé‘th(WBOH)P o

hydride (0.76 g, 19 was added 5portlonvvlsetot he m xture
(3.135¢, 0. 016 moI) in 1 2 ichloroethane (50 mL) was heated to reflux for 3 days.

15  TLC (dichloromethane: methanol = 15:1) indicated the reaction was complete. The

solvent was removed under reduced pressure to give a crude product, which was
purified by flash chromatography (dichloromethane: methanol = 80:1 — 60:1 — 30:1
—20:1) to afford impure (I-31b) (3.68 g, 48.5% purity by LC-MS) as a solid.

Intermediate: 2-(6-aminopyridin-3-yl)-2-methylpropanoic acid hydrochloride (I-

20 31c¢)
H,N N\ o
HCI- |
= OH

(I-31c)
A solution of intermediate (I-31b) (3.68 g, 0.01 mol) in conc. HCI (30 mL) was
refluxed overnight. The solvent was removed under reduced pressure. The residue was
25 dried by lyophilization to afford (I-31¢) (3.4 g) as a solid, which was put into next step
without any purification.

Intermediate: methyl 2-(6-aminopyridin-3-yl)-2-methylpropanoate (1-31d)
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WO 2010/ 029461PCT/ 1B2009/ 053773 resulting m xture was refluxed for 30 m ns.
The m xture was quenched with ag. anmoniumchloride (20 nL), 1 N HC1L (20
nm) was awoedio/empiextracted with diethyl ether (20 nL PCENB200ves3¢cwThi ned
organic layers were washed with brine, dried over Na2SO4, and filtered to
give a crude sol ution of inteHpid; ) in THF and diethyl 5ether,
whi ch was used in the next step di ter nedi at e:

1, 2-di cycl obut yl di sul fane (I-34e) s X1 (1-34e) To a crude
solution of internediate (I-34d) d dlethyl ether was added a
10sol ution of sodium (0.562 g, 0.024 nol/) ¥ n ethanol dropw se, followed by
iodine (12, 5.6 g, 0.022 nol). After the addition, the m xture was stirred
for 1 hour at roon1tenperature TLC (b8febl eum et her/ et hyl acetate = 5: 1)

indicated t

Natsos (50 mg 2 SREMeBbrREaheIRIEIENANS R 4TS plfon I GREEAY DAL,
or gani ovasigeded vene heShe. MII) and h‘mted td ael‘luk%mrmghNaQGCMS indidatedather at ed
i n vacuo. The r esi ST urifi.ed chro @%% cato afford
(1 - 34e)repotion @'aswrmgg tegsThighregiction ﬁ tgsataf-(2 H),
2.21 ;

N e ooBlum Bjeffootalandedaddh ‘é%tgn%t %%%%EZ?%%,X%} % 8BEInShay 70 &
sol uti argafhicléyernvamdoed odesNbi30y bnd ltbacenteated.id vgcu@tdgive cruliet ri x

S tif unbi SC). in dichl th .add

di et hyTasie PhiFY e pEren By B S oL TosMar I flad A BBt Svtas@. 3 i,
9.0 mmm.t@éo|rooommmm3@wo@twme cﬁgeet 1Y, ST 7 8 1t r7r49617fe§>1 (L) fesss.e room

tenperature. TLC (petroleum ether 25 ace ate = 0: cate
readt i dn Hhas. E‘:QaﬁﬁlOe(Bel—l) 8-l o Id mﬁzxtgﬂ& (Mas)vashed with ag. amoni um

o) The Sornfrbe e RSkl 2l e bR ab s B in s R Wiaaz ot Tom

th X whi t l'id; 1H NWVR (400
V| a?:%é’é%‘?"?é‘?@'."%‘%r?ﬁfﬁ?y')%?’é‘?&??'pﬁ‘@?”%&e wEy e (

F H
TS
F

FN’I O |/

(I-31e)
15 To a solution of intermediate (I-8c) (0.26 g, 0.88 mmol) in dichloromethane (10
mL) was added intermediate (I-31d) (0.171 g, 0.88 mmol) and triethylamine (0.38 mL,
2.64 mmol) at room temperature, and the mixture was stirred for 12 hours at room
temperature under nitrogen. TLC (petroleum ether/ethyl acetate = 1:1) indicated the
reaction was complete. The reaction mixture was concentrated in vacuo, the residue
20 was purified by chromatography on silica to afford (I-31e) (240 mg, 60.2%) as a light
yellow solid; '"H NMR (400 MHz, CDsOD): § 8.37 (1 H), 8.12 (1 H), 8.05 (1 H), 7.88 (1
H), 7.84 (1 H), 5.18 (1 H), 3.72 (3 H), 2.22 (2 H), 1.85 (1 H), 1.80 (1 H), 1.72 (3 H), 1.67
(6 H), 1.61 (2 H), 1.38 (1 H), 1.28 (1 H).
Intermediate: (S)-3-cyclopentyl-N-(5-nitropyridin-2-yl)-2-(4-(trifluoromethyl)-1H-
25 imidazol-1-yl)propanamide (I-32a)
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WO 2010/ 029461PCT/ 1B2009/ 053773 I nt er nedi at e:

(S)-3-cycl opentyl-2-(4-dinet hyl sul fanoyl -i m dazol -1-y1)-propionic acid

met hyl eswero(0o23sib) (1-35b) 5To a sol ution of internedcains2009/033z) (0.36
g, 2.045 mmol) in THF (10 nL) was added |ithium hexanethyl disilazide (1.84
m., 1.84 mmol) dropwi se at roomtenperajur®. After the addition, the

m xture was stirred for 1 hour at room prature and internediate (I-1c)
(0.622 g, 2.045 nmol) was added. The ing mxture was stirred at room
tenperature for 12 hours. TLC (petroleuntﬂther/ethyl acetate = 1:1)

10i ndi cated the reacti on wa . N

anmoni um chl oride (30 nLF

XY|ract ed with et hyl acetate

(20 mL x 3). The conbi ned orga Np ayeres hed with brine, dried over
Na2SO4, and evaporated in vacuoN The resi due p <D1;i ed by chromat ography
on silica to afford (I-35b) (580 ng, 86.4% as an oil; 1H NWR (400 Mz,
CD30D): 6 7.96 (1 H), 7.90 (1 H, V3Q§,H) 153 78(3H) 2.76(6 H),

2.20(2 H, 1.72(1 H, 1.68(3 H), 3(1 H,

10(1
| nt er medi at efo a solution of intermediate (I 8c) 2 13 g 7 2 mmoI) in dlchlorognettlt_gne (40

() 2D RRE ML - BRI HAAS P o, 708 AR AR cREAREPEb el

ut’i on of ernme
(0. 35 gnc 1 Mikvaukek) Wlmaﬁdﬂlt-'rlétBylérrmhf} (amz rWa,tZ:’r 6(r6rn5l)rdi)roam51eaqb@eatute tamdum
hydr oxi de nmonohydr at e (133 % porti onwi se at room.tenperature.
Af ter ttR8 naigtire M&s, stiredl o ¢ rmgrcgqm lt?réee’faélﬁrewrtﬂf‘tﬁr% regen- o bk

t t t

Feact! OREUEB DS TR TES B2 A e d R Rekton e cdiiplefe? Pt teton

i Xt ur enixageacasicon emtratedirOvacud, g rasicueawds poefied by wheomatogeapmaon ed wi t h
t hyl t T nbi d | hed with

bri e, e P (R andt 20 Alea YHIRUARI ™Y o ot ford orude (1-35¢)
(0.132 g, 95. Iﬁf’@rm%‘éheﬂe'(‘%l rret-%'n‘nﬁ&b%lhi%ylﬁb g%fd’ﬂ%ﬂt)ﬂ-tﬁs trlﬂuoromethyIpH-

(S)-3-cycl opentyl-2 hyl sul fanmoyl -1 m dazol - 1- pr opi onyl | oride
(I- 35d)|m|qa2035ct))l)propanamlde (1-32b)

H
F N _N
F N~ O ZNNH
(I-32b)
To a solution of intermediate (I-32a) (0.62 mg, 1.56 mmol) in N,N-

2

15  dimethylformamide (20 mL) was added zinc (1.02 g, 15.6 mmol) and a solution of FeCls;
(2.53 mg, 15.6 mmol) in water (20 mL) at room temperature. The mixture was heated
at 100 °C for 3 hours under nitrogen. TLC (petroleum ether/ethyl acetate = 1:1)
indicated the reaction was complete. The reaction mixture was filtered, and the filtrate
was concentrated in vacuo. The residue was washed with water (20 mL) and the

20  mixture was extracted with ethyl acetate (20 mL x 3). The combined organic layers
were washed with brine, dried over NaxSO4, and evaporated in vacuo to afford crude (I-
32b) (0.58 g, 101.2%) as a light yellow solid, which was used in the next step directly.

Intermediate: (S)-ethyl 2-(6-(3-cyclopentyl-2-(4-(trifluoromethyl)-1H-imidazol-1-

yl)propanamido)pyridin-3-ylamino)-2-oxoacetate (I-32c)
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To a solution of internediate (1-35c) (0.33 g, 1.04 mol) in

di chl oronet hane (10 10nmL) was added oxalyl chloride (0.397 g, 3.13 nmmol)
and N, N- dvoevtwd2deimanm de (1 drop) at room tenperat ure. PCHABIMMONDIBIE Was
stirred for 2 hours at roomtenperature. TLC (petrol eum ether/ethyl acetate
= 1:1) indicated the reaction was gofinl ete. The reaction m xture was
concentrated in vacuo, the resi due chased with dichl oronmet hane two
times, and concentrated in vacugAto~afford crude (1-35d) (0.35 g, 15100%

as an oil, which was u|§ed in thg nexy step directly. I nt er nedi at e:

6-[(S)-3-cycl opentyl-2;(4- ; -imdazol -1-y1)-
propi onyl am no] - ni cgbkl;«_t@ ] ™ (I1-35e) O (1-35e) 20To a
solution of internediate ILI ) (@ LI09 1) d)n\a%chl or onet hane (15
nL) was added internedfateN(I-28a) (0.24 0% ) Yafd pyridine (0.25

m., 3.13 nmol) at roomtenperature, and the mbture was stirred for 12
hours at room tenperature under nitrogen. TLC (petrol eum et her/ et hyl
acetate = 1:1) indicated the reacti oQ \é%g) not conplete. The reaction
m xture was concentrated in vacuo, lfa WO

2010/ 029461PK5I'é EBRAIRS/ TN} érrdetiate (Imb)uicrudaso afdeo, Qfﬁmrlncﬂ)(mr acted with

ethyl acetate 0 The nblndorganlc | a shed with
bri ne, ﬁ?l higep gﬁ%@mﬁ Vé?ﬁja‘é‘i% e'aompxsaé@ﬁt?tg%’eo %&%m%fg purified

by ghr I 50i | .
5 nter "nﬁ'ﬁf'ﬁ??“mﬂ“‘r&‘“%ﬁ? R b R
(1-36a)mmol dt rbign t(emmcature and theomixterel was stirred for 12 hours at room

4-(trif) th d I 0.0 g, /3.5 I 'T_.75 t 0C
was addBPERRAGE HBOPROS ParoienE) bR ey Bedigld's o hdigelFel e

10ni t r qggation e okt ét@ Vigfe fddctib® tigiur® wasf @ncdhtraidd: /n'\ﬂéchWth'érr@%@@et ate
(1.67 m., 17. ﬂ_@lbwlsg was added and the reaction was stirred fo h at room

t enper avag purifi imoaledranhy oresitica tmatiersl iswuse é-32¢) Km0 ey vl&zwm

Dy 1ertPhar U AR BTG . b e B B Bh st (LA B84 B " Bucous

SO' uti qn.H)IrerxenRk), Nego aavgoN a0l @%ey, 2ves(2 Y, T.86Xt6R L1 ﬂ%‘INBS I@3q-4)hyl14a((2et ate
three tines. The conbined organic |ayer mas dried over [tered, and
evaporatled to a mi xture of solid and oil. The crude was flltered to renmove

nost of the I ow solid
was tritur atlggrmﬁ%gaq?n @rﬂifﬁ Qﬂﬁ%@?p%&%ﬁ%%ﬁ'%ﬁﬁéwﬁ I@érh%#&l JJ he yel | ow
| mpur i tyl peoparteniadiridi-3Waemfrid)emethyaridoxdpropah-2dy I wretdtet(-384) rated with
di ethyl ether again. The filtrate 20was concentrated and the previous
trituration steps were repeated. ThirsS\afforded (I- 36a) as a white solid
(9.33g, 61%; 1H NWR (400 MHz, 0DO 6 7.53(1 H), 7.30(1 H, 4.73 (2 H,
3.81 (3 H; mz 209.0 (MH)+. termedi at e: et hyl

3-(1-nmethyl-1Him dazo|I: 4-y1)-2-\(4- (Hrl fl uororret hyl)-1 H m dazol -

-yl)acryl ate (I-36b)
740\
FA’-\(;, O U
F N Y

15

(I-33a)
To a solution of intermediate (I-32b) (crude 1.0 g, 2.72 mmol) in dichloromethane
(20 mL) was added 1-chlorocarbonyl-1-methylethyl acetate (448 mg, 2.72 mmol,
Aldrich Chemical Company, Inc., Milwaukee, WI) and triethylamine (1.17 mL, 8.16
20 mmol) at room temperature, and the mixture was stirred for 12 hours at room
temperature under nitrogen. TLC (petroleum ether/ethyl acetate = 1:1) indicated the
reaction was complete. The reaction mixture was concentrated in vacuo and the
residue was purified by chromatography on silica to afford (I-33a) (350 mg, 26.1%) as

an oil; "H NMR (400 MHz, CD;0D): § 8.51 (1 H), 8.09 (1 H), 7.95 (2 H), 7.86 (1 H), 5.13
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/[ WD 2010/ 029461PCT/ 1B2009/ 053773 To a 0.2 M solution of
internediate (1-36a) in THF was added 1. 1leq

1- net hyl Wei2niodeegiie- 4- car bal dehyde (Ryan Scientific, | ®RCT/IBMoY/0BIBasant,
SC), and this solution was then cooled to O C. _To this solution was added
0.5 equil VAl @R&(%i),pbl @43 Hind 88Ul dki de’ 6! H).11-B2dol 4t 1 oH).i h3TiHFH)ahd St(Ae
reactl n)vvas allowed to slowly warmto RT. 5After 18h the sol ution was
acidified with 1IN HCl, brine was added, and extracting three tines with

et hyl acet atlaterfﬂeehates(lﬂ)t:i ogclopgrani-2-(4 -4yt suviend )-tl heimidexdl ngldbropgaheid over
sodi um syl fate and concentrated to afford crude (1-36b). This material was
t aken fadreftar ude. I nt er medi ate: net hyl

3-(1-nmethyl -1H i m dazol -4-y1)-2-(4-(trifluoro hyl)-1 H

10i mi dazol - 1-yl ) propanoate (1-36¢cl) (I-36c1) Crude internedi ate
(1-36b) was dissolved in THF. To this soluti s then added 30

equi val ents of water, 10 equivalents of a niumformate, and finally 0.1
15equi val ent of palladi umon carlgpn (10% .| Thi SOIa] xture was then heated to
reflux. After 60 nmin the reactOgdl vva/ y filtering through a
syringe filter, washing with eth %%yl ngllover magnesi um sul fate, and
concentrating down to afford de (Iy38Bcl) ®hich was used in the next step
wi t Rout purification. Internedi ates mnethyl

3-(4-ethyl thiazol - 2 y1l)-2-(4-(triflud-d4&t hyl )-1H i m dazol -

20yl ) pr opanoate -36¢2), and net hyl

SPERUARbA %5[}3'8589%%%)“65'6 493 dNDBYS FO BN ip THF6.3 B hranner
to t hatwéi@ﬁ% Bbﬁl@) Wwag abbed ﬁt{'ﬂlﬁlﬂﬂ?‘?&oﬂﬂe |rrﬁﬁrﬁﬂ‘ﬂ?€?’étét 0. 2(5|2ng?€839‘) n‘frﬁ@lm

4- et hyl t hi azol e- 2- car bal dehyde ces Pharma, Inc., Brantord, CT) and

1- et hyﬂOfHCPP\M'SEﬁaBi(ﬁ@@T\Se&meb%IHﬁ%h@«ﬁ@r ryadditien, dhe miisire wes. stirmed fopPdwsisnt |
SC)1 253988151' t%%géra%dgmweﬁgt oleum 8’}% her i %g{}ﬂé . ?gln%?&tgcﬂfpe r%g&'?l ng

prepar using procedur es as descri n-ustng ropria

mat er i alvss pbmpleter Fhevsagtion mhxtureawas legllifted Witle 05 Ndaqmmlgarm“ theanhadturens
wel | -known to the skilled artisan, é Egred in a manner anal ogous to
out s WS X7 aRied Netherthy! aqRtted 26/ Dby OB QRN a¥QEWEEs 1- 24 of

gener aly EHd it biife Laridd Své RYISES el Q¥porated in vacuo to afford crude (I-34a)

(0.55 g, 91.7%) as an oil, which was used in the next step directly.

15 Intermediate: (S)-3-cyclopentyl-2-(4-(ethylsulfonyl)-1H-imidazol-1-yl)propanoyl
chloride (1-34b)

O C
Ol
S
-/ \-(N;l ')
(I-34b)

To a solution of intermediate (I-34a) (0.35 g, 1.17 mmol) in dichloromethane (10
20 mL) was added oxalyl chloride (0.443 g, 3.49 mmol) and N,N-dimethylformamide (1
drop) at room temperature. The mixture was stirred for 2 hours at room temperature.
TLC (petroleum ether/ethyl acetate = 1:1) indicated the reaction was complete. The
reaction mixture was concentrated in vacuo. The residue was chased with
dichloromethane two times and concentrated in vacuo to afford crude (I-34b) (0.35 g,

25 94.33%) as an oil, which was used in the next step directly.
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0=S ONO (1A-1) Exanpl e 1:
(S)-3-cyclopentyl-2-(4-(isopropylsulfonyl)-1H pyrazol-1-y1l)-N(5-

5nmet hyl pywOa@n /@946l ) pr opanani de, Fornula (1A-1) wher ei nPRTAB2®9/HBOT opy |
and R4 is. To a stirred solution of 2-am no-5-Tpi coline (57 , 0.531
nmol ) i n anHpt@reediate] (Brienzyko-43dyalopemy2¢(4-(ethwisufonyl)uldhénidazolsl- ni,

0. 567 I g S hrred at roomtenperature for 35 m nutes,
and th IJ] 58%%q-gl]ﬁlid§>1m%¢ﬂq%ﬁ¥@r%£é&i)ate (I-4al) 10 (83 ng, 0.25 mmol) in

di chl oroethane (2 nL) was added. Th
for 48 hours and then cooled to roo
potassium sodiumtartrate tetrahydratg’was added. The m xture was extracted
with CH2C 2. The conbi ned extracts were dried over MgJSO4 and eluted with

flash col umm chromat%grl phy (Si 04, _ 0-fj00%pMt hyl acetate/heptane) to afford

the title 15conpound. N MO0 Nz, - 0) 6 10. 94 N, 8.52 (1H),

8.15 (1H), 7.85- 7.89 H) ) %YE?-?. : 3.23-3.28 (1H),
, 2N

action m xture was heated at 8000
perat ure and saturated aqueous

2.22-2.29 (4H), 2.01-2.08 (M 1.43-1.6 _B12H), 1.20-1.29
(1H), 1.13-1.16 (6H), 1.02-1.10 (1H);
O
(I-34c1)
5 To a solution of intermediate (I-34b) (0.35 g, 1.09 mmol) in dichloromethane (10

mL) was added intermediate (I-28a) (0.25 g, 1.09 mmol) and triethylamine (0.47 mL,
3.29 mmol) at room temperature, and the mixture was stirred for 12 hours at room
temperature under nitrogen. TLC (petroleum ether/ethyl acetate = 1:1) indicated the
reaction was not complete. The reaction mixture was concentrated in vacuo, diluted
10  with 0.5 N aqg. HCI (10 mL), and extracted with ethyl acetate (20 mL x 3). The combined
organic layers were washed with brine, dried over Na>;SO4, and evaporated in vacuo.
The residue was purified by chromatography on silica to afford (I1-34c¢1) (100 mg,
17.82%) as an oil.
Intermediates (S)-benzyl 6-(3-cyclopentyl-2-(4-(isopropylsulfonyl)-1H-imidazol-1-
15  yl)propanamido)nicotinate (I-34c2) and (S)-benzyl 6-(2-(4-(cyclobutylsulfonyl)-1H-
imidazol-1-yl)-3-cyclopentylpropanamido)nicotinate (I-34c3) were prepared in an
analogous manner to that described for the synthesis of Intermediate 1-34c1, above,
using appropriate starting materials (e.g., I-7a1 or |-34e, respectively).
Intermediate: cyclobutanethiol (I-34d)
SH

u

(1-34d)
To a solution of magnesium (0.87 g, 36.2 mmol) in THF (20 mL) was added

20

cyclobutyl bromide (5.0 g, 37 mmol; Aldrich Chemical Company, Inc., Milwaukee, WI)
dropwise at 50 °C. After the addition, the mixture was refluxed for 2 hours, at which

25 point the magnesium appeared completely consumed. The mixture was cooled to 0 °C,
sulfur (0.95 g, 29.6 mmol) was added portionwise to the mixture, and the resulting
mixture was stirred at 50 °C for 2 hours. The mixture was cooled to 0 °C and lithium

aluminum hydride (0.76 g, 19.95 mmol) was added portionwise to the mixture. The
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mz 405.0 (MtH) +, 403.1 (MH. 20Exanple 2:
(S)-3-cyclopentyl-2-(4-(isopropylsulfonyl)-1H pyrazol-1-y1l)-N(pyrazin-2-
yl ) propamsioizde/o2bminul a (1A-1) wherein Ria is isopropyl PamdBRAHFBTI?% .
Exanpl e 2 was synthesized in an anal ogous nanner to that of Exanple 1 from
| nt er ne@pulting mixiire s refluxed fBH @iNsnd he rpiXiWR Warpouanghedamith 89- 6 9. 48 (1

, 9. .\ 8. . - 1 ,
4 11" yoni ¢fipieGo . 1 iy o ¥y ws igd, gna dxiilida Pipdedisly 7
1.8333( Edth?r (202r‘t\aL(1x2%)|.-|)l'2erdoan3|9éd alrgd‘v}@ayeiﬂ?ﬁMSBed Iwit{w brilne, Isll_rieg over
(O 1 N Rotissradiion e sTotie salkional ntgambdiets (-34d)%n it 43 diethy
201@/ 0 1A-1) wh in Rra is i | d
R4 i%s Cégeagxréip%gq‘%/e\aggziiﬂtéﬁe%?égﬁb?trll}('an a)nal ogz)ﬁlsnrranﬁelrstlosgﬁggpgf o
Exanpl e 1 f rloterinedeatertPedieycobidyidmuifafe 4k84@) 5-tri f |1 uor onet hyl pyri di ne. 1H

NVR (400 MHz, CDC13) 6 9.40 (1 H), 8.56 (1H), 5 8.30 (1H), 8.03(2 H), 7.94
H, 1.72 - 1.85 (1 H), 1.48 H; mz 459.1 H+ (1H, 4.98 - 1.71 (4H),
(1 H, 3.20(1 H), 2.32 1.30 - 1.38 (6 H),ﬁ? - 2,42 - 1.30 (1 H, 2.19 (2

H, 1.04 - 2.29 S—s

u

(I-34e)
To a crude solution of intermediate (I-34d) in THF and diethyl ether was added a
10  solution of sodium (0.562 g, 0.024 mol) in ethanol dropwise, followed by iodine (l2, 5.6
g, 0.022 mol). After the addition, the mixture was stirred for 1 hour at room
temperature. TLC (petroleum ether/ethyl acetate = 5:1) indicated the reaction was
complete. The mixture was quenched with aq. NaHSO3; (50 mL) and extracted with
diethyl ether (20 mL x 3). The combined organic layers were washed with brine, dried
15  over Na SOy, and evaporated in vacuo. The residue was purified by chromatography
on silica to afford (I-34e) (2.1 g, 32.6%) as an oil; "H NMR (400 MHz, CDCls): & 3.48 (2
H), 2.21 (4 H), 2.08 (4 H), 1.85 (4 H).
Intermediate: N,N-dimethyl-1H-imidazole-4-sulfonamide (I-35a)

0O

Oxll \{/\NH

— &

\

20 (I-35a)
To a solution of 1H-imidazole-4-sulfonyl chloride (0.5 g, 3.0 mmol; Matrix Scientific,
Columbia, SC) in dichloromethane (10 mL) was added dimethylamine hydrochloride
(0.245 g, 3.0 mmol) and triethylamine (1.3 mL, 9.0 mmol) at room temperature. The
mixture was stirred for 16 hours at room temperature. TLC (petroleum ether/ethyl

25 acetate = 0:1) indicated the reaction was complete. The reaction mixture was washed
with aq. ammonium chloride (30 mL) and extracted with dichloromethane: methanol =
4:1 (3 x 50 mL). The combined organic phases were concentrated and precipitated

from methanol to afford (I-35a) (0.36 g, 68.2%) as a white solid; 'H NMR (400 MHz,

CDsOD): 5 7.74 (1 H), 7.61 (1 H), 2.68 (6 H).
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- 1.16 (1 (2 Exanple 4:

(S)-3-cycl opentyl-2-(4-(isopropylsul fonyl)-1H pyrazol -1-y1)-N (pyrim din-4-

yl') propansigizd®/0246fFor nul a (1A-1) wherein R a is isopropPCTARZIORASITE N?%N.

Exanpl e 4 was synt hesized in an anal ogous manner to that of Exanple 1 from

| nt er medi at nteragdiaieid A-3-ayk! eIty #il &dmethylsummthmdml 1@Dcprgploelog. 39

(1H) 1H, 810(1H) 8.01 (1 H, 7.98 (1 H), 4.95 (1
2%?%%%{‘?%1?%%0 .20 (1 H, 1.76 (1H), 1.58 -170 (6H), 1.36

(6H) 1.18 (1 H, 102(1H) mz 392.1 (MH) 15 Exanpl e 5:

(S)-3-cycl opentyl-2-(4-(isopropylsulfonyl)-1 azol -1-y1)-N-(pyrimdin-2-

yl ) propanam de, N Formula (1A-1) wherein R 2 sopropyl and R4 i sExanpl es

was synt hesi zed in an anal ogous manner to fhat of Exanple 1 from

Internedi ate 1-4al and 2- 20am yrim di 1Icl) NVR (400 WMHz, CDC13) 6 9.91

(1H) 8.67 (1 H, 8.66 (1 H), §S|18 : §6 (1L H), 7.08 (1 H), 3.20 (1

H, 2.22 (2 H, 1.81 (1H), 1.58 ~16 (QH) 1130 - 132 (6H), 1.23 (2 H,

1.02 (1 H: mz 392.2 (MH+ N = Edfpl e 6°

(S)-3-cycl opentyl-2-(4-(isopropy sulfonyl) 1H pyrazol - 1-y1) - N- ( 5-

25nmet hyl pyr azi n- 2-yl ) propanam de, nglé ormula (1A-1) wherein Rla is

i sopropyl and R4 isExanple 6 was synt ed i n an anal ogous nmanner to that

of Bxanmple g é%@]dt.@h%frrméhaée.aie ga%a?rw K73 %nz 095 %rﬁbsrt) hyfrpnFr(nderE) wah!;I

(400 MHz, CDC13) 0 (1 H@ H), 94 (1
H), 5. GEded Irtmlunshqxamethybﬂ% Zide, 1284491L(3 %mmoltgrorlmsga rp

o

(S)-3- el mmrﬁiedlatéﬂ 4c) (05622 gp.088IrheY) Wasl btigyd.aTpé rdsuifidg MiktlrérRiBy| -
H 5pyrazol - 3-yl) propanani de,
stirred at room temperature for 12 hours. TLC (petroleum ether/ethyl acetate = 1:1)

z

10  indicated the reaction was complete. The mixture was quenched with aq. ammonium
chloride (30 mL) and the residue was extracted with ethyl acetate (20 mL x 3). The
combined organic layers were washed with brine, dried over Na,SO4, and evaporated
in vacuo. The residue was purified by chromatography on silica to afford (I-35b) (580
mg, 86.4%) as an oil; '"H NMR (400 MHz, CDsOD): § 7.96 (1 H), 7.90 (1 H), 5.17 (1 H),

15 3.78 (3H),2.76 (6 H), 2.20 (2 H), 1.72 (1 H), 1.68 (3 H), 1.55 (3 H), 1.23 (1 H), 1.10 (1

H).
Intermediate: (S)-3-cyclopentyl-2-(4-dimethylsulfamoyl-imidazol-1-yl)-propionic
acid (I-35¢)
0 OH
O\\g\‘(/\N
/
—N N§I O
\
20 (I-35c)

To a solution of intermediate (I-35b) (0.35 g, 1.06 mmol) in THF (3.5 mL) and
water (3.5 mL) was added lithium hydroxide monohydrate (133 mg, 3.18 mmol)
portionwise at room temperature. After the addition, the mixture was stirred for 2 hours

at room temperature. TLC (petroleum ether/ethyl acetate = 1:1) indicated the reaction
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N Fornmula (1A-1) wherein Rla is isopropyl and R4 is \-/ . Exanple 7 was
synt hesi zed in an anal ogous manner to that of Exanple 1 fromlInternedi ate

| -4al andw®-2amvmes6l- met hyl pyrazole. 1H NVR (400 MHz, d6PDWEB00%0B0706 (1H),
8.48 (1H), 7.83 (1%, 7.53 (1H), 6.37 (;l;TD, 5.20-5. 23 %H[) 3.71 (3H),

3. 22- 3.was camrplete. Tpezeadtiqmmjxturepyasacifpsl i, 5 N am - HClgand the)mixtures- 1. 44

(28 1y 200 I 2ol Wil yhyictarbob 5. Hie dorhBirkhidhoaribayiid wbrMeH) +

392. 1

(S I ;% cwa:éfmmaméry bfihb,(diﬁ'éda?w maﬁc)di,mﬂ-@vbpoaatéém lvebdr(yh tcfaﬁérgirt)rﬂl&ie 1By ?zol
1-yl) propanam de, 15Fornmul a (1A-1 erein ais nmethyl and R4 isExanple 8
was syr{Br?@sQ’z%%5?/ﬁ agrf MIy@ﬂéWssqlﬂﬂnner to that of Exanple 1 from

I nt @r medi at - ; =AM, 095 D3ty NRY gk Al 3 ; DVB0)
618, 67 ( 1hy ey BB SHEEL by PRy g irfUga 6 P i pjofr

5. 34- 5.c3or{deH)l-358) 20 (3H), 2.11-2.24 (4H), 2.01-2.08 (1H), 1.58-1.64 (2H),
1.44-1.58 (3H), 1.36-1.44 (2H), 1.20-1.30 (1H), 1.04-1.11 (1H); mz 20376.9
(MtH) +, 375.1(MH). Exanple 9:
(S)-3-cycl opentyl -N-(1-net hyl-1H pyrazol -3-y (4- (met hyl sul fonyl)-1

Hpyr azol - 1-yl ) pr opanam de , Formul a (¥A-1)Ywherein Rla is nethyl and
R4 is \-/ . Exanple 9 was synt hegized 25i nfan anal ogous manner to that of
Exanple 1 fromlInternediate | @a}? an - Ll et hyl pyrazol e. 1H NWR
(400 MHz, d6-DMS0) 6 10.98 (1H),\/S}.—-'3\%\(& , {90 (1H), 7.53(1H), 6.38 (1H),
5.18-5.22 (1H), 3.71 (3H), 3.-39(3H) NZ11-2019 (1H), 1.99-2.06 (1H),
1.60-1.68 \

(I-35d)

To a solution of intermediate (I-35¢) (0.33 g, 1.04 mmol) in dichloromethane (10
10 mL) was added oxalyl chloride (0.397 g, 3.13 mmol) and N,N-dimethylformamide (1
drop) at room temperature. The mixture was stirred for 2 hours at room temperature.
TLC (petroleum ether/ethyl acetate = 1:1) indicated the reaction was complete. The
reaction mixture was concentrated in vacuo, the residue was chased with
dichloromethane two times, and concentrated in vacuo to afford crude (I-35d) (0.35 g,
15 100%) as an oil, which was used in the next step directly.
Intermediate: 6-[(S)-3-cyclopentyl-2-(4-dimethylsulfamoyl-imidazol-1-yl)-

propionylamino]-nicotinic acid benzyl ester (I-35¢)

(1-35e)

20 To a solution of intermediate (I-35d) (0.35 g, 1.09 mmol) in dichloromethane (15
mL) was added intermediate (I-28a) (0.24 g, 1.04 mmol) and pyridine (0.25 mL, 3.13
mmol) at room temperature, and the mixture was stirred for 12 hours at room
temperature under nitrogen. TLC (petroleum ether/ethyl acetate = 1:1) indicated the

reaction was not complete. The reaction mixture was concentrated in vacuo, 0.5 N aq.
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(2H), 1.45-1.60 (3H), 1.17-1.45 (2H), 1.17-1.26 (1H), 1.03-1.10 (1H; mz
366.0 (M+rH)+, 364.1 (MH . 30 Exanple 10:

(S)-3- CyCWOFleIWQZQ.MI (4- (et hyl sul fonyl) - 1H pyr azol - 1- y 1 PCRIBEI09/053773
(trifluoronet h{ pyridi n-2-yl) propanam de, WD 2010/ 029461PCT/ 182009/ 053773
For mul €A m@seaddem and ex @Wlwﬁhatmhafp@@t% 20e0bnpBle Tie gambined

th t | t
Y hao” SrGEGc a3 IR MR IR BAGe. Biod Bt NS R G bR B "o a1
(1H), 8r tfére(sld'd)e wés &uﬂﬂe@b?&h(’drhl)atowépb'lby on sili@a 20 28oAPLd-3be)) ¥BBImg,8.408%$. 07
(2H), (1H. 1.44-1.85 7.90-7.97 (1H), (7H), 1.15-1.28 4.89-4.96 (1H),

5 Intermediate: methyl 2-(4-(trifluoromethyl)-1H-imidazol-1-yl)acetate (I-36a)

:
7Y

(I-3b6a)
To a solution of 4-(trifluromethyl)-1H-imidazole (10.0 g, 73.5 mmol) in THF (75
mL) at 0 °C was added sodium hydride (60% in mineral oil, 3.25 g, 80.8 mmol) under
10  nitrogen. The mixture was stirred at 0 °C for 30 min. Methyl bromoacetate (1.67 mL,
17.6 mmol) was added and the reaction was stirred for 3 h at room temperature. LC-
MS showed the reaction was complete. The solvent was removed under reduced
pressure. The crude material was redissolved in diethyl ether and washed with sat. aq.
ammonium chloride and 1N HCI aqueous solution. The combined aqueous layer was
15  reextracted with ethyl acetate three times. The combined organic layer was dried over
MgSOQ,, filtered, and evaporated to a mixture of solid and oil. The crude was filtered to
remove most of the oil, and the solid was washed with heptane. This yellow solid was
triturated in a minimum amount of diethyl ether to wash off the yellow impurities. The
material was filtered and the solid was retriturated with diethyl ether again. The filtrate
20 was concentrated and the previous trituration steps were repeated. This afforded (I-
36a) as a white solid (9.33g, 61%); "H NMR (400 MHz, CDCls): & 7.53 (1 H), 7.30 (1 H),
4.73 (2 H), 3.81 (3 H); m/z 209.0 (M+H)".
Intermediate: methyl 3-(1-methyl-1H-imidazol-4-yl)-2-(4-(trifluoromethyl)-1H-
imidazol-1-yl)acrylate (I-36b)

:/>
4\@0

(I-36b)

25
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(1H), 1.03-1.17 3.17 (3H), 2.30-2.40 (1H; mz 430.9 (MH +, Exanple 11:
(S)-3-cyclopentyl -N-(1-ethyl-1H pyrazol-3-yl)-2-(4-(nethylsulfonyl)-1

Hpyr azol -WO zpio)tp%manam’ de , 10Formula (1A-1) wherein RPaTiB2002033773 and R4
is\--/. le 11 was synthesized in an _anal ogous manner to that of

Exarrpl e 1 fr 102 & seldtian ef interazediale (338 ol hHiF vas agdediz dies. 1-methr (400

b o g ThierBie sbi e E Sadotit id) yit 'Biedsidt hie) “aRE s thiygon
G (T e e e e O T { oo POt
oy a7 U0 BFGH bRARIHIER 1 THE gl B (SAEEN Wi A KRB SO B ARG Re
i s s/ . Akt BN $elsdlh was acmﬁhﬂ gﬂ b?'l?\e"’Wé‘é 98¢, éﬂH‘@ﬁF?étfﬁgtth?éﬁ of

Exanple 1 frominternediate |-4a2 an am no- enzyl pyrazo
(400 MHimesOWth Bthy e@eite ( THe, re8uldiBg (olgar;lc Tay@Bs \A(eIeﬂheer@&bheBiﬁd(leﬁ-l)over

7.13-7. 6. 64 18-2.31
(2H), Oﬂﬂjni‘%fa q5d &ir%trft@)‘itc( ﬁﬁ%”d Clrugﬁ E@% é‘fé m%@i\é War aé§§H27N503$
Mz 442, QNéMdTQ,de_ 440 0 (MH). 25Exanple 13:

(S)-3-cycl opentyl-2-(4-(methyl sul fonyl)-1H pyrazol -1-y1)-N-(pyrimdin-4-

Intermediate: methyl 3-(1-methyl-1H-imidazol-4-yl)-2-(4-(trifluoromethyl)-1H-
10  imidazol-1-yl)propanoate (I-36¢1)

/
N
| )
N
F/N O\

(1-36¢1)
Crude intermediate (I-36b) was dissolved in THF. To this solution was then
added 30 equivalents of water, 10 equivalents of ammonium formate, and finally 0.1
15  equivalent of palladium on carbon (10%). This mixture was then heated to reflux. After
60 min the reaction was worked-up by filtering through a syringe filter, washing with
ethanol, drying over magnesium sulfate, and concentrating down to afford crude (I-
36¢1) which was used in the next step without purification.
Intermediates methyl 3-(4-ethylthiazol-2-yl)-2-(4-(trifluoromethyl)-1H-imidazol-1-
20 yl)propanoate, (I-36¢2), and methyl 3-(1-methyl-1H-pyrazol-3-yl)-2-(4-(trifluoromethyl)-
1H-imidazol-1-yl)propanoate (I-36¢3) were prepared in an analogous manner to that
described for the synthesis of Intermediate (I-36¢1) from 4-ethylthiazole-2-carbaldehyde
(Aces Pharma, Inc., Branford, CT) and 1-methyl-1H-pyrazole-3-carbaldehyde (Ryan
Scientific, Inc., Mt. Pleasant, SC), respectively.
25 EXAMPLES
The compounds provided below may be prepared using procedures as
described herein using appropriate starting materials which are commercially available,
prepared using preparations well-known to the skilled artisan, or prepared in a manner
analogous to routes described herein.
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yl ) propanam de, C Fornula (1A-1) wherein Rla is nethyl and R4 i sExanple 13
was synt hesized in an anal ogous manner to that of Exanple 1 from
| nt er rediwioeoioc/tadiand 4- am nopyrim dine. 1H NVR (400 REI/IBODEHBY736 9. 25
(1H), 8.88 (1H), 8.62-8.65 (1H), WD 2010/029461PCT/ 1B2009/053773 3. 15(3H),
2. 30- 2. EMPIPES 1524 of general Eegmuledipn-1)are edided glayy+, 362.0 (M H) . Exanple
14: (S)-3-cyclopentyl - N (5-net hyl pyyrazj n-2-y1)-2-(4-(nethyl sul fonyl)-1 H
Spyrazol - 1-yl) propanam de, .S (N) F la (1A-1) wherein Rla is nethyl and
R-a is. Exanple 14 was synt hesi zed aQ_anal ogous manner to that of
Exanple 1 fromlInternedi ate I-4%f2 and 2- gm no- ﬁ hvpyrazi ne. 1H NVR (400
MHz, CDCI3) 6 9.35 (1H), 90&_(31 N8. Q7 (1H), 8.02 (1H),
4.89-4.97 (1H), 3.12 (3H), 275 N 28740 ﬁl—l), 2.19-2.25 (1H),
101.75-1.82 (1H), 1.42-1.75 (6 dl 240(1H) 1.02-1.16 (1H); mz 378.0
(MFH +, 376.0 (MH). Exanmpl e 15:
(S)-3-cycl opentyl -(4- (i sopropyl sul fony(l)A 1_L)H- pyrazol -1-y1) - N- (i soxazol - 3-
yl') propanami de .5N so 15Formula (1A-1) wherein Rla is isopropyl and R4
is \--/ 1 hat of
Exanpl CRPReT é?BV*‘%@ e B DR S R ™ i
Exampl erne’(’mylpyrldln -2-yl)propanamide,
(S)-3-cycl opentyl-2-(4-(isopropylsul fonyl)- J:y Ryrazol -1-y1) - N-(pyridin-2-
20yl ) propanami de, )sc =

Formula (1A-1) wherein R is isopropyl and R* is #

To a stirred solution of 2-amino-5-picoline (57 mg, 0.531 mmol) in anhydrous
toluene was added AlMes; (2.0 M in toluene, 0.284 mL, 0.567 mmol). The mixture was
stirred at room temperature for 35 minutes, and then a solution of Intermediate (I-4a1)

10 (83 mg, 0.25 mmol) in dichloroethane (2 mL) was added. The reaction mixture was
heated at 80°C for 48 hours and then cooled to room temperature and saturated
aqueous potassium sodium tartrate tetrahydrate was added. The mixture was extracted
with CH,Cl,. The combined extracts were dried over MgSO4 and eluted with flash
column chromatography (SiO, 0-100% ethyl acetate/heptane) to afford the title

15 compound. 'H NMR (400 MHz, ds-DMSO) & 10.94 (1H), 8.52 (1H), 8.15 (1H), 7.85-
7.89 (2H), 7.57-7.60 (1H), 5.33-5.37 (1H), 3.23-3.28 (1H), 2.22-2.29 (4H), 2.01-2.08
(1H), 1.43-1.65 (5H), 1.32-1.43 (2H), 1.20-1.29 (1H), 1.13-1.16 (6H), 1.02-1.10 (1H);
m/z 405.0 (M+H)", 403.1 (M-H)".

20 Example 2: (S)-3-cyclopentyl-2-(4-(isopropylsulfonyl)-1H-pyrazol-1-yl)-N-(pyrazin-2-
yl)propanamide,
SN
Formula (1A-1) wherein R is isopropyl and R* is N\) Example 2 was synthesized
in an analogous manner to that of Example 1 from Intermediate |-4a1 and 2-
aminopyrazine. 'H NMR (400 MHz, CDCls) § 9.48 (1 H), 9.37 (1 H), 8.38 (1 H), 8.27 (1
25 H),8.09(1H),798((1H),503(1H),411(1H),3.14(1H),2.20-2.39 (2 H), 2.04 (2
H), 1.45 - 1.69 (4 H), 1.33 (6H), 1.25 (2 H); m/z 392.2 (M+H)".

Example 3: (S)-3-cyclopentyl-2-(4-(isopropylsulfonyl)-1H-pyrazol-1-yl)-N-(5-
(trifluoromethyl)pyridin-2-yl)propanamide,
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1 Formula (1A-1) wherein Rla is isopropyl and R4 is. Exanple 16 was
synt hesi zed in an anal ogous manner to that of Exanple 1 fromlInternedi ate
| -4al andwO-20mmi2euepyri di ne. mz 391 (MtH) +. 25Exanpl e 1PCT/IB2009/053773
(S)-3-cycl opentyl-2-(4-(isopropylsul fonyl)- 1H- pyrazol -1-y1)-N (qui nolin-2-

yl)propanani de, 1 Fornula (1A-1) wherein R ax Is\ sopropyl and R4 is.
Exanpl e 17 was synthesized _in an anal o to that of Exanple 1 from

ou
| nt er macRrEta (141 whedeip-Riis isgerony aﬁg Rnigz 4 1 (GfsHExampte Wwas

(5)- - & R AR Rhgads Rt AEP Iyl os Exaynele ¢ from Lygmaegiis #3515 11py
razol - Ip- amuadlsqmﬂur@mﬁtﬂhwﬁlﬁ@dmyl AH(NMIRLM00aHe CDRIA) § 8. 405(omp|8y56 e, R

is-/. Exanple 18 was esized in an anal o%ous manner to that of Exanpl e

1 fromd. 3@ éthnd.03 & I‘D,4694a(ﬂld'|) 5.98 Enihc-20 &t Y dprazot (1 tl)’. AR -(2289 (WHz

CDCI 3 1 1 6 59
) ) 3704 B b S7 Tl M3 ohS g Pz o410 Spleyy
14 - B); 2%z(@59H) (MiH§1 -1.74 (1H), 1.38 -1.55 (7H) 1.29- 131 (6H), 1. 12
-1. 17 (1H), 1.01 - 1.10 (1 H; mz 408.2 (M-H)+. 10Exanple 19:
(S)-N-(1-benzyl-1H pyrazol - 3-y1)-3-cycl opentyl - 2- (4- (i sopropyl sul fonyl)-1H

R - A A AR i R SN e R L A

Exanpl g/l}préopamanhideer nedi ate |-4al and 15 3-am no-1-benzyl pyrazole. 1H NWR
(400 MHz, CDCI3) 6 9.00(1 H), 8.00 H), 7.28\}7.79(4 H, 7.14 - 7.16 (2 H),
6.67 (1 H, 5.28 (2 H, 4.88 -4.92 ~

10 Formula (1A-1) wherein R is isopropyl and R*is N~#N. Example 4 was synthesized
in an analogous manner to that of Example 1 from Intermediate |-4a1 and 4-
aminopyrimidine. '"H NMR (400 MHz, CDCl3) & 9.39 (1 H), 8.88 (1 H), 8.65 (1 H), 8.10
(1 H), 8.01 (1H),7.98 (1H),4.95 (1 H),3.20 (1 H), 2.37 (1 H), 2.20 (1 H), 1.76 (1H),
1.58 -170 (6H), 1.36 (6H), 1.18 (1 H), 1.02 (1 H); m/z 392.1 (M+H)".

15
Example 5: (S)-3-cyclopentyl-2-(4-(isopropylsulfonyl)-1H-pyrazol-1-yl)-N-(pyrimidin-2-

yl)propanamide,

Rl
Formula (1A-1) wherein R is isopropyl and R* is ?"/) Example 5 was synthesized
in an analogous manner to that of Example 1 from Intermediate |-4a1 and 2-
20  aminopyrimidine. 'H NMR (400 MHz, CDCls3) § 9.91 (1 H), 8.67 (1 H), 8.66 (1 H), 8.18
(1 H),7.86 (1H),7.08 (1H),3.20 (1 H), 2.22 (2 H), 1.81 (1H), 1.58 -166 (6H), 1.30 -
132 (6H), 1.23 (2 H), 1.02 (1 H); m/z 392.2 (M+H)".

Example 6: (S)-3-cyclopentyl-2-(4-(isopropylsulfonyl)-1H-pyrazol-1-yl)-N-(5-
25 methylpyrazin-2-yl)propanamide,
SN
Formula (1A-1) wherein R is isopropyl and R* is )Sp‘{\)\. Example 6 was
synthesized in an analogous manner to that of Example 1 from Intermediate |-4a1 and
2-amino-5-methylpyridine. "H NMR (400 MHz, CDCls) 8 9.30 (1 H), 9.20 (1 H), 8.09 (1
H), 8.06 (1 H), 7.94 (1 H), 5.02 (1 H), 3.14 -3.19 (1 H), 249 (3 H), 2.21 — 2.35 (2 H),
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3.18 (1 H, 2.02 - 2.30 (2 H, 1.67 -1.76 (1H), 1.45-1.60 (6H), 1.30- 132

(1 H, 7.90(1 (1 H, 3.11 - (6H), 1.92 Exanpl e 20:

(S)-3- cyCWOp&IWQ,ZQ%I (4- (ethyl sul fonyl) - 1H pyrazol - 1- y1) PRI/(IB2002033773 1

H20pyrazo| bH% 165”0 anam de, N Fornmula (1A-1) wherein Rla is ethyl and R4
I

is \-/ 1.7 5o .GR46EYnt-Rsi1Bad6H, hit6ah@0ddblisT RBrméd4(d Hhaw/zof

Exanpl € 0%%8@ hht ermedi ate |1-4a3 and 3-am no-1- net hyl pyrazole. 1H NWVR
(400 ,' [nj))'G 9.37 (1 H, 811 (1 H, 7.90 (1 H, 7.22 (1 H, 6.59 (1
H) , 4.95-499(1H) 377(3H) 3.09 - 3.14 (2 H, 216- 223(2H)
1.40 - 251.75(7 20 - 1.3 2 (2 MEH) +.
Exanpl M 52 3- cyclopentyl -2~( |so|_8ropylsul§onyl) 1H—py(razo|_li)1 -yl)- INE (1- methyl(1H-H)

(S) =3- en hyl sulfonyl) 1H pyrazol -1-y1) - N-(5-nethyl pyrid
|n2-5yl %ﬁ%%g?;ﬁ%'oga@érg% N 1 Fornula (1A-1) wherein Rais ethyl and R4
Is. Exanple 21 was synthesized in 30 an anal N—enner to that of Exanple

1 from a th ri iy 400 VHz,
CDCl 3) %&ﬂ%q QfHeszéﬁQ ggl 'S%pﬁgﬂ%gnalRm 7.94 ( ?%lw P

2010/ ozsymémsazﬁdllezaro@m@ggqu%maﬁnev tarthat offExamples 1-from dae(medipte B4ab ands. 16

1200 Fagfidsheudipiazgié: 20 iR oo WAL, g ol § Jdoe (rify)sias i), 33

(S) - 3- quEih oP8BY( m)%e#}m fyt%'is)(lm)) 317I+@H)a3<223281()1HM 56@2®y1myram n-
52-yl)pro anam de orrruaéI wherein Rla is eth

Exafpl €l.9 ‘B‘?hﬂrﬂélﬂﬁéd(ﬂlﬂ 436ahéi4d§UQLs1 ARrIneg (th), tlh 16116 (@kﬁn@ﬁ& 1 from
| nt | 1H NMVR (400 MHz, CDCI3) 6
9n3irneplﬂ§t(ﬂ3 ﬁ&%fﬁw ﬁé’%%f”ﬂ%?%?ﬂ) ne4 97 -5. 0(() (1 H, 3.11 :

-317(2 ,250(3 H, 2.24 - 32(1H) 1.44 -1.77 (8 H, 101.28 - 1.32
(3 H), (2 H; mz 390.5 (MH)+
Examgle : (S)-3-cyc|opentyl-N—(5-methylpyr|d|n-2-yl)-2-(4-(methy|su|fony|)-1 H-pyrazol-

1-yl)propanamide,

K
15 Formula (1A-1) wherein R is methyl and R* is T\)\ Example 8 was synthesized
in an analogous manner to that of Example 1 from Intermediate |1-4a2 and 2-amino-5-
methylpyridine. 'H NMR (400 MHz, dg-DMSOQ) & 10.97 (1H), 8.55 (1H), 8.16 (1H), 7.88-
7.91 (2H), 7.57-7.60 (1H), 5.34-5.36 (1H), 3.20 (3H), 2.11-2.24 (4H), 2.01-2.08 (1H),
1.58-1.64 (2H), 1.44-1.58 (3H), 1.36-1.44 (2H), 1.20-1.30 (1H), 1.04-1.11 (1H); m/z
20 376.9 (M+H)", 375.1(M-H)".

Example 9: (S)-3-cyclopentyl-N-(1-methyl-1H-pyrazol-3-yl)-2-(4-(methylsulfonyl)-1 H-

pyrazol-1-yl)propanamide,

- _ o o SN |

ormula (1A-1) wherein R™ is methyl and R" is =/ . Example 9 was synthesized

25 in an analogous manner to that of Example 1 from Intermediate I-4a2 and 3-amino-1-
methylpyrazole. "H NMR (400 MHz, ds-DMSO) 8 10.98 (1H), 8.51 (1H), 7.90 (1H),
7.53(1H), 6.38 (1H), 5.18-5.22 (1H), 3.71 (3H), 3.19 (3H), 2.11-2.19 (1H), 1.99-2.06
(1H), 1.60-1.68 (2H), 1.45-1.60 (3H), 1.17-1.45 (2H), 1.17-1.26 (1H), 1.03-1.10 (1H);
m/z 366.0 (M+H)", 364.1 (M-H)".

30
Example 10: (S)-3-cyclopentyl-2-(4-(methylsulfonyl)-1H-pyrazol-1-yl)-N-(5-
(trifluoromethyl)pyridin-2-yl)propanamide,
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Exanpl e 23: (S)-benzyl 6-(3-cyclopentyl-2-(4-(nmethylsulfonyl)-1H pyrazol-1-
yl ) propanam do) ni coti nate, Formula (1A-1) wherein Rlais nethyl and R4 is
151 nt er newlO20®/02p4623a) (165nmg, 0.576mMmmol) was stirred i ®CUAB2009/053773

di chl oronet hane (6nl) at room tenperature unchar nitrogen. One drop of DW
was added foll owed by oxalyl chloride (0. 1.15mmol ). After bubbling
subsi ded, the reaction was left stirring f nut es and then

evapor dimula AT yheieinRs igmaiby\asg IRn'stwo suC ésﬁX@@%ﬂpr@ﬁ; of

1, 2- d

2ot hen G véé’?“ear?‘%ﬂa'gé@@%ﬁ%tn%‘ QU B ERalthe T Rkt Edtaf Liig BH0,
0. 46mmui- )arrﬁ!ﬁ‘td5lﬁtl91ﬂu<§¥bﬁ%thﬂpﬂtﬂdﬁhe IHZMIVIR)MX)OVMHQ SiD(Ilg)GEngﬂ dH)) 8.55 (1H),

di chl or onet hane and added to the acid chloride solution. The reaction

vas | ef&-248.23 (Tls)r §r821§ Holdr s, 7 80 (0841184 GHdhsr Wa(?é")aﬂcﬁol@ﬁpaqueous
pot SSI d n S {:ﬁdg‘

bri %e gl’l gzg’tl g\%?é 1'3?{}#4556%50{% :‘1|C]IEI’t 2?23&1\&@&6%@%@@5 eS| due
was purdZ9.@@vbi) silica gel chronatography, using a 12g pre-packed col um,
eluting with 10% et hyl acetate/ heptane, linear gradient to 70% et hyl
acetate. The product fractions were conbi ned, evaporated, and dried under

uhi Lo GrLBIE RO Pehd '“Eﬁc@“?”’”w’p%gﬁ' A &fﬁgﬁ“i‘%”@%?? 833

(1 H), pg/ra@omgsl)mpemamq)des 07 (1 H), 8.03 (1 30H), 7.34 -7.44 (5 H) 5. 36
(2 H, 4.90 - 4794 (1 H, 3.13 (s, 3 H, 2.31-2.35 (1 H), 221- 2.25 (1
M, 1.48 - 178 (7 H), 1.07 - 1.24 (2 H); P 40R2 (MH +. WO

2010/ OFHAHALIRCTI AB2 08RO 3Is eyl amd2R? is Example 11 was

(S)-6-(3-cycl opentyl-2-(4-(nethylsulfonyl
yl ) pr oﬁe\/ﬁﬁ?ﬁ%%'ﬁcaﬂ amlegfaleﬁ fnanoar [l pa)E(@mpig 1\i0m éntﬁrrmaalar%l a2 P and

cimyt AR AR SRR ML BT (P Pog gl '

Pal | adiup® QﬂHF@@@(ﬂ KI?(B 8\4})4 mdd@mA 88(2HNE3.NBXBHY, @ 182 3haken 18aler 50
psi hydr ogen T or ign _was filtered, evaporated, and

dri ed uh8@(10f4H %&tﬁﬂrﬁ% a”f/iFéBQ QM’f'ﬁ)tBé%d%bDnd (134.3 ny, 0.33 mol ,
90%.. 1HN|\/R(400M—IZ DVBO-d6) 6 11.44 (1 H), 8.83 (1 H), 8.57 (1 H), 8.23
- 108.26 (1 H), 8.09 - 8.11 (1 H, 7.93 (1 H, 5.38 - 5.42 (1 H), 3.20 (3

H) , 2. @eZI (($) N)-(1-Rert¥d/|-1 F2piraz6234))-3-ty@8pentil-B3&4{(hethylsulfoz@l)-1H31 (1
H), J] I—% Egﬁz 404.9 (MH). Exanples 25-27 of general Formul a
(1A 2) I%W%Z% Tovrrenaamie: Ra 11 0 N-O

— c SN
Formula (1A-1) wherein R™® is methyl and R™ is — . Example 12 was
synthesized in an analogous manner to that of Example 1 from Intermediate |-4a2 and
20  3-amino-1-benzylpyrazole. 'H NMR (400 MHz, CDCl3) 5 8.81 (1H), 8.03 (1H), 7.98
(1H), 7.28-7.36 (4H), 7.13-7.18 (1H), 6.64 (1H), 5.17 (2H), 4.83-4.88 (1H), 3.11 (3H),
2.18-2.31 (2H), 1.72-1.81 (1H), 1.42-1.71 (6H), 1.01-1.22 (2H); LCMS for C2,H27N503S4
m/z 442.0 (M+H)", 440.0 (M-H)".

25 Example 13: (S)-3-cyclopentyl-2-(4-(methylsulfonyl)-1H-pyrazol-1-yl)-N-(pyrimidin-4-
yl)propanamide,
SNy
Formula (1A-1) wherein R'"is methyl and R*is #N. Example 13 was synthesized
in an analogous manner to that of Example 1 from Intermediate |-4a2 and 4-
aminopyrimidine. "H NMR (400 MHz, CDCl3) & 9.25 (1H), 8.88 (1H), 8.62-8.65 (1H),

86



(1A-2) 15Exanpl e 25:

(S)-3-cyclopentyl -N-(5-net hyl pyridin-2-yl1)-2-(3-(nethylsulfonyl)-1H1, 2, 4-
triazol - Iwgl2pvapsmam de, N Forrml a (1A-2) wherein R a iP€Tﬂm(109'/D53am R4
isTo a stirred solution of 2- am no- 50£)|co||ne 0. 307 mmol

anhydr cu89t%! LiEH?), B3 Edttied- 8&3 ﬁ/@é ()03 Api(BH .2 @T?e?:rrg(ﬂ HB 2. 1-2.29. 217) mol ) .

added theoSator 1 oh T E LG0T PRSI e s (PRl e (s f e
di chl oroet hane (2 nL). The reaction mxture was heated at 80C for 18 hours

and then cooled to roomte rature and saturate ueou ot assji um sodi um
tartratm%&g}igé:yme& DS s iP v e et TRy e Crs. The

r§X31 1126 A ‘ijcfé ed over MgpSO4 and fl ash col utm chr omat ogr aphy
(S| eiﬂeptane &O% %rg acetate, 25 to 80% to afford the title conpound.

1H NNR(4OOM—|Z d6- DIVBO) 611 13(1H) ¥aNgH), 8.18 (1H), 7.85-7.92
(1H), 7.58-7.63 (1H) - 3, 28 10/029461PCT/ 1B2009/ 053773
(3H), foszia QhA(lmher@ani ﬁmtbn@nda is6- 1.8 (ﬁaeamqeéé wag gynthepized

1.21-1. 0 ( TSt a1l Eg(_arrpl e
26: (S)"E% S %”nﬁ@?p’ﬂéptfﬁ‘%ﬁf%%’iﬂﬁby@?o ’@%ﬂ‘)‘ 34’{%#% AN ohy 1) - 1
H 51, 24,44 tr)/@.iz}hel1H|NMRqﬁ®0a\WHdeCDO}!;)F809 GEl (@Hy, JSAE)?)(1M61€8'92(11+R} 8.0 net hyl
and R4 |s \ 26 was synt hesized in an anal ogous manner to that

of ExarfpHa 882 ﬂamngeér%mm@ 2 i )areP 130N A2812 ABH(AY 3 82622 (THH NVR

7o 73R Pap 4 Aeh, B854 (0 [ Tyt nd P, 0

1 15(2 Sif)ESOI(IIX/IzHBGS 4 (MH)+. Exarrple 27:
(S)-3-cycl opentyl - N- (5-net hyl pyrazi n-2-y1)-2-(3-(nethyl sul fonyl)-1H1, 2, 4-
triazol -1-yl)propanam de, N Forrmula (1A-2) wherein Rla is nmethyl and R4

islsr . | 465. el A ,r,rgﬂﬂ

Exanpl e%@f%ﬂﬂreﬁﬁ f%%zer C?ib%bgﬁ?-@b@%dﬁogggﬁli@ -S?H met o yraglgt#eazgla NVR
(400 MMd)prapagiaghnide, 9. 123 (1 H), 9.03 (1 H), 8.57 (1 H), 808 (1 H, 5. .44 -
5248(1H),333(3H) 2.49 (3 H, 2.27 - j@(ZH) 1.42 -1.81 (7 H),
1.08 - 1.24 (2 H; mz 377.4 (MH +. Exanpl 5@(_8/042 of general Fornul a
(1A53) Rareuh 6AddwheseipR"™ is isopropyl and R” is Example 15 was

synthesized in an analogous manner to that of Example 1 from Intermediate |-4a1 and

3-aminoisoxazole. m/z 381 (M+H)".

Example 16: (S)-3-cyclopentyl-2-(4-(isopropylsulfonyl)-1H-pyrazol-1-yl)-N-(pyridin-2-
20  yl)propanamide,
s
Formula (1A-1) wherein R is isopropyl and R* is ]l/\) Example 16 was synthesized
in an analogous manner to that of Example 1 from Intermediate |-4a1 and 2-

aminopyridine. m/z 391 (M+H)".

25 Example 17: (S)-3-cyclopentyl-2-(4-(isopropylsulfonyl)-1H-pyrazol-1-yl)-N-(quinolin-2-

yl)propanamide,

SN
Formula (1A-1) wherein R is isopropyl and R* is w Example 17 was
synthesized in an analogous manner to that of Example 1 from Intermediate |-4a1 and
2-aminoquinoline. m/z 441 (M+H)".
30
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R4 (1A-3) 20Exampl e 28:
(S)-3-cyclopentyl-2-(4-(isopropylsulfonyl)-1Himdazol-1-yl)-N(5-
met hyl pyrwaiznt@2946) pr opanani de, ?cs.s,r N 1 Forrmula (1APEY/IBA0es/eIN7TR a is

i sopropyl and R4 is CA. To a stirred solution of 2- am no-5-picoline (36
o P eramia 16 (). B lanens N LreH HAAap HaBOLE e 6 30D RN Toat .

0.177 5 e mxture was stirred at roomtenperature for 45

25m nut r?QOI?’I ﬁ?é?gﬁb%arsnl dtion of 52 ng (0.158 mmol) of Internediate |-7al

i n dichloroethane (2 nL) was added. The rea;{s‘ xture was heated at 80C
resan

Lg[ aggllﬂ% SOdI qu/\%ﬁ%(Sgl{g% &%%B%Egggeé%\g}:;tartrate etr ﬂ’ggfggz was

gddeg s'[flmﬁwefsmetdjlneanc/i\all;sr?Iegtﬁmsmltarﬂmevvtd;1 thaCld? EkampTehé fmnﬂmteardﬁéllmte béaﬂs andr e

Si 02
gi'e%at o G e h ey 50k %W“ﬂé@ﬁﬁ*“ﬁ@%ﬁ? ASkhENS A R0 ez,
6- p/ 7 89
(1h ”“5‘?%5%#@1% A 1 855 A, szt i g 4% (b5 4L g Gfprl
2.02-2.220 23118 (152211464 2(ZBHR, H),.1281 - ’&7321|('|JJ‘1) 38 11.56-(TH)51 .28 H)1,310681); 1. 07

gé)H) 3- n{/i?oggﬁt9/%/“%21‘(43@595&4(’?%!410%@ |§i)—l-l m dazol - 1-y1) - N- (1- et hyl 1H

pyrazol - 3-yl ) propanani de, )s.,N "N 10Fornula (1A-3) wherein Rais
i sopropyl and R4 is \-/ . Exa Ie 29 was synt hesi zed i n an anal ogous manner
t o tohatExgmplesighi(8)-28(1F bermwlﬁf-épyredobsed»?; zedlopernty32 dfri(isoptopyiautipnphridtol e.

1H NVR (400 CDCL3) .6 8.78 (1 7.90 (2 7.26 (2 6. 60( 1
6.52(1 %‘I\{Hi') rSprS‘?')”é"Geig(s H§ ;915(2 H)( 1H233 - 7(7 (|2_DH) 1. gg (H)zH),

1.47 (2 H), 1.34 - 1.40 (6 H), 1.04 - 1.20 (1 w /_@4 2 (MrH) +. 15
Formula (1A-1) wherein R'"is isopropyl and R*i |s h . Example 19 was
synthesized in an analogous manner to that of Example 1 from Intermediate |-4a1 and
3-amino-1-benzylpyrazole. 'H NMR (400 MHz, CDCI3) 6 9.00 (1 H), 8.00 (1 H), 7.90 (1

15 H),7.28-7.79(4H),7.14-7.16 (2 H), 6.67 (1 H), 5.28 (2 H), 4.88 -4.92 (1 H), 3.11 —
3.18 (1 H), 2.02 — 2.30 (2 H), 1.67 -1.76 (1H), 1.45 -1.60 (6H), 1.30 - 132 (6H), 1.92 -
{347 (1H), 1.06 — 1.18 (1 H); m/z 470.3 (M+H)".

Example 20: (S)-3-cyclopentyl-2-(4-(ethylsulfonyl)-1H-pyrazol-1-yl)-N-(1-methyl-1 H-
20 pyrazol-3-yl)propanamide,

Formula (1A-1) wherein R is ethyl and R* is L/N/. Example 20 was synthesized

in an analogous manner to that of Example 1 from Intermediate |1-4a3 and 3-amino-1-

methylpyrazole. "H NMR (400 MHz, CDCls) § 9.37 (1 H), 8.11 (1 H), 7.90 (1 H), 7.22 (1

H),6.59 (1 H),4.95-4.99 (1 H), 3.77 (3 H),3.09-3.14 (2 H), 2.16 - 2.23 (2 H), 1.40 -
25 1.75(7 H), 1.20 — 1.31(3 H), 0.98 - 1.12 (2 H); m/z 380.5 (M+H)".

Example 21: (S)-3-cyclopentyl-2-(4-(ethylsulfonyl)-1H-pyrazol-1-yl)-N-(5-methylpyridin-
2-yl)propanamide,

2
Formula (1A-1) wherein R is ethyl and R* is T\)\ Example 21 was synthesized in
30 an analogous manner to that of Example 1 from Intermediate 1-4a3 and 2-amino-5-
methylpyridine. 'H NMR (400 MHz, CDCl3) 8 9.42 (1 H), 8.13 (2 H), 8.03 (1 H), 7.94 (1

88



Exanmpl e 30:
(S)-3-cyclopentyl-2-(4-(isopropylsulfonyl)-1Himdazol-1-yl)-N(5-

et hyl pyrwnizmomzy%)propanam de, Formula (1A-3) wherei n RCa/IBYOY/833pTOpY| and
R4 is 1N Exanpl e was synt hesi zed in an anal o?ous manner to that of

Exanpl 12848 G, rﬂ 86 metiPH & H). 3dD add ©2@2Hhm-26{SHie? Ag- p%l?éﬂ he. 1.40-NVR

400 %)%1)3 9 +8.03(2 , 5.26 -

(5. 29 Mﬁ& %32@ 13'%(((5’1'_"—{01 %(95?5%(6%2—@ NQE# ég\ﬂl_%l)(z H)( 1.43 - 1.64 (5
H, 1.32 -1. 41(8H) 1.06 - 1.17 (2 H; mz 4062(|\/HrH)+ Exanpl e 31:
S)-3-cycl opentyl- et hyl sul fonyl)-1Him dazol (1-nethyl-1 H
by az%ﬁﬂg_ﬁl%%@iﬁﬁ%( Qe o RRY ROy P o - D e a7 S

et hyl az1g| E}ﬁ(a}ncﬁ Exanpl e 31 was synt hesi zed according to the procedure
described’Tn ¢ 28 fromInternediate |-7a2 and 3-

am no- 1- net hyl pyrazole 1H NWVR (400 MHz, ) 6 9.45 (1 H 7.92 (2 H
7.26 (1. H 6.56(1 H 4.96 499(1|3l 3.24 - 3.29 (2 H 2.13 -
2.19 (Foanula 40A-1) wigrein %ﬁuﬁ ethypgnd R ig1 (H Exemple 22 yas(ynthesizggd

(9> erhaled R Ren P DR CAob! RO e AT, 425 ang paminery o

i n2-yl )rﬁémgwme déq NMR8(4®0|-MHEUCE)CII3])/?}@B1MH)GBUZHH-I) 8.68 (YH)and7R1 A
npl e 32 was spnt hesi zed _according to the procedure described in

:E>S<arrpl d128.9% u®. 00 eFediil Are3 1743 H)ar D3 HE 2524 n8 32 ¢i bl -4t -1.71A Rk, (400
5.45 - 5.52 (1 3.23 (2

> 9 (3"5%@3268?")@@' 1151%"9 @%99 q\%ﬂ) ©1.38 - (1 9;0(7 H) (1 250-

1.34 (4 H), 100-115(1H) mz 391.5 (MH) Exanpl e 33:

ﬁﬁ’%&ﬁ%ﬁ&%&iﬁﬁ FhsnntBay ci%ée°”%§1%«f?n'(e&”w§ﬁf%mrwﬁmz Pis ethyl and

rRidaThidsth ynt hesi zed according to the procedure described in
Exanpl§l) romI n?helrme ate |-7a2 and 2- ami no-5- rrethyl pyrazi ne. 1H NWR

(400 MHz, CDCI3)69.31(1 H, 9.06 (1 H), 5:2 (1 5(1H) 7.92 (1
H, 5.11 (1 H), 3.30 (2 H, 2.52 (3 H, 20| 24( 1.38 - 151.79 (7
H, 1.32 (3 H, 1.04 - 1.20 (2 H; mz 390.
Formula (1A-1) wherein R is methyl and R* is
15  Intermediate (I-23a) (165mg, 0.576mmol) was stirred in dry dichloromethane (6mL) at
room temperature under nitrogen. One drop of DMF was added followed by oxalyl
chloride (0.10mL, 1.15mmol). After bubbling subsided, the reaction was left stirring for
90 minutes and then evaporated. The residue was dissolved in two successive
portions of 1,2-dichloroethane and evaporated to remove excess oxalyl chloride, and
20 then dissolved in dry dichloromethane (4mL). Intermediate (I-28a) (105mg, 0.46mmol)
and pyridine (0.10mL, 1.24mmol) were stirred in dry dichloromethane (6mL) and added
to the acid chloride solution. The reaction was left to stir for 18 hours, diluted with
dichloromethane and 10% aqueous potassium carbonate, and the organic layer was
separated, washed with brine, dried over sodium sulfate, filtered, and evaporated. The
25 residue was purified by silica gel chromatography, using a 12g pre-packed column,
eluting with 10% ethyl acetate/heptane, linear gradient to 70% ethyl acetate. The
product fractions were combined, evaporated, and dried under high vacuum to afford
the title compound (182.9 mg, 0.368 mmol, 80%) as a white glass. 'H NMR (400 MHz,
CDCI3) 3 9.28 (1 H),8.93 (1 H), 8.30-8.33 (1 H),8.19-8.21 (1 H), 8.07 (1 H), 8.03 (1
30 H),7.34-7.44(5H),5.36 (2H),4.90-4.94 (1 H),3.13(s,3H),2.31-2.35(1H), 221 -
2.25 (1 H),1.48-1.78 (7 H), 1.07 - 1.24 (2 H); m/z 497.2 (M+H)".
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Exanpl e 34:

(S)-3-cycl opentyl - N-(5-net hyl pyrazi n-2-yl)-2-(4-(nethyl sul fonyl)-1H m dazol
-1-yl) pr oparamvudessit Fornula (1A-3) wherein R a i s nmet hpCTARZORASITES,
Exanpl e 34 was synt hesi zed 20 according to the procedure described in
Exanple 28 fromInternediate |-7a3 and 2- am no-5-nethyl pyrazine. 1H NMR

(400 B 9. -8.07 (2 H, 5.27
(1 FDM%@@?%@? %5’:15’?5’(‘%{@'5 %ﬁ’q%th%%“ﬁ‘? H p’ﬁgzg' .16 (1 H), 1.38-
1. 73(7)11-))prop1ar%n|do)n|é’cﬁi|r(|dabi)j,, 1.00 - 1.15 (1 H); mz 376. 4 (MH). 25Exanpl e
35: (S)-3-cyclopentyl -N-(5-nethyl pyridi n-2- &-2 (4-(met hyl sul fonyl)-1 H

i mdazol -1 -yl)propanamde , 1 Fornula (1Ax erein Rla is nethyl and R4
i sExanpl e 35 was synthesized according to the procgdure described in

Exanpl e 28 from I nternedi ate |1-7a3 and 2- amo-5F pi coline. 1H NVR (400
Mz, D'm‘rﬁﬁécﬁ_ % eréin K" (lé-rﬂ@th%learf?ﬁ?‘(ﬂs H), 8.@ (1 ¥4 compound of

2010/ 029461PCT/ 1B 009/ 053773 , 7.60 - 7.65 (1 H), 5.23 (1 H),
3 13 ( Example. 285(1682 mm,026@5nm09 \Pas d@SB{)/edln sthyl agetate (Fmb) and. ethanol (635

(5% aeP B aRoo PR Batd J0% Patadii Srlcarbon 2B 38 B didert s ang the. 1
H5i i damlturéwés) SHANERNGTGHE0 FSMdfduchiLir 8D mietet MY redclioneidwfired, R4 i s

\-/ . Exanple 36 was synthesized according to the procedure descri bed in
Exanpl €V2gorateeh anf driag gngeehighnagugytozafiarm dbe titlensorpospe{d 8t S mgmﬁﬁR

03, TRmob g fI o RudetiBdo biElonistPabys T ab4R fuf Biéd brtia S e i

Exaqrmplea%’mm)slm@nzafm (1 H),7.93 (1 H),5.38 -5.42 ( 1H) 320 (3H),2.21-2.29 (1 H),

6- (3-cycl opent éneth | sul fonyl)-1Himd

yl)pr op%lﬂ&mZd‘té/h‘i Hé»ﬂ Adtd,830f Rkl 2 1)\36) 1vhl.)ar1e% ﬂ?ﬂé {1sH /g A04h M) i s
Internmediate (1-24a) (852ng, 2.98 mmol) was stirred in dry dichl oronethane
(50 nmL) at 15 roomtenperature under nitrogen. One drop of DVF was added,

f ol | oweEkayples @5y27 ohyeriérdbFofm@lanttA-Z). arsnpbyidediiesw bubbl i ng subsi ded, the
reaction was left stirring for 90 utes and then evaporated. The re5|due
was re-dissol ved and re-evapor at ed two successive portions of

1, 2-di chl oroet hane to renbve unrea dloxal yl chloride. The residue was
then dissolved in dry dichl ororpggehane (6 nL), and internmediate (1- 20 28a)
(816 ny, 3.58 mmol) and pyridinke (ONRS , 8. Onnnnl) wer e added. The
reaction was stirred at roorPTe at INE unger  niR*r ogen for 18 hours,
washed twice with water and on ngbrlne

dried over sodium sul fat e,
filtered, evaporated. The residue Was puri fPed by silica gel
chr omat ogr aphy, using a pre-packed 80g cdAi®h, and eluting with 10% et hyl

acefzat e aaRblans: (&5-8- @cldpréw M(@m&mlpym.ﬁﬁf/yltyizhoet(na@tﬂy@h%mmtafae;z 4the 25
product” fractirons weré conbi'ned, evaporated, and dried under 'high vacuum at
60 C t driazglor-y)prepanamice, corrpound (1.08 g, 2.17 nmol , 73% as a white
glass. 1H NWVR (400 MHz, CDC13) 6 8.92 (1 I-g_; N3.-88 (1 H), 8.31-8.34 (1 H),
8.19 -8.22 (1 H, 7.89(1 H) , =

Formula (1A-2) wherein R'"is methyl and R*is Z\. To a stirred solution of 2-

amino-5-picoline (33 mg, 0.307 mmol) in anhydrous toluene was added AlMe; (2.0 M in
toluene, 0.164 mL, 0.327 mmol). The mixture was stirred at room temperature for 45
20 minutes, and then added the solution of 44 mg (0.15 mmol) of Intermediate I-5b in
dichloroethane (2 mL). The reaction mixture was heated at 80°C for 18 hours and then
cooled to room temperature and saturated aqueous potassium sodium tartrate
tetrahydrate was added. The mixture was extracted with CH2Cl,. The combined
extracts were dried over MgSO4 and flash column chromatography (SiO», heptane/ethyl
25  acetate, 25 to 80%) to afford the title compound. 'H NMR (400 MHz, dg-DMSO) &
11.13 (1H), 9.08 (1H), 8.18 (1H), 7.85-7.92 (1H), 7.58-7.63 (1H), 5.41-5.50 (1H), 3.28
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7.83 (1 H, 7.33 - 7.44 (5 H), 536 (2 H, 4.92 -4.95 (1 H), 3.21 (s, 3 H,
2.15 - 2.19 (2 H, 1.45 - 1.76 (7 H, 1.09 - 1.18 (2 H); mz 496.9 (M+H) +.
30 Exanplwo2810/28)616- ( 3- cycl opent y1- 2- (4- (et hyl sul f ony PLTABRG0NDISAZ0I -1-

yl) pr opanam do)nicotinic acid, WO 2010/ 029461PCT/ 182009/ 053773 Nss?

_rOH . (Phd. 28Rpbahédil 2Kt G(1EY), ( #6868, (5b).1B 386 (2 1d2‘s~§o32/(e1d4)s n
ethyl t h ina Parr bottle. 10% Pal | adi um
on cargf)ﬁéa/agg g@éﬁ%%g%@,ﬁzﬁé,’?Eﬁthure was shaken under 30 psi
hydrogen for 90 minutes. The m xture was filtered, 5evaporated, and dried

under high vacuumtq a clear ass. The Iass was triturated W|th di et hyl
ot hor dRtEraIE ARSI roysiansan! MG ietayl TRy ave-aril e RSy sl Y ha
wth ether, igh vacuumat 60 Cto afford the title
corrgoungg(A'GtSrr%E?I ﬁg!)s%%@g%d% 739 as a white powder. 1H NMR (400 MHz,
DVMBO-d6) 6 11.45 (1 H), 8.83 (1 H), 8.26 -% Nle), 8.09 - 8.12 (1 H,
.00 - RorBiid 1 AR) vhodéin F5132§n{e1h)l’ﬂ)and3Rﬂ% 1 EZarihBIe-Z@wJag (2 H, 1.29
- 1.64 (8 H), (1 H; mz 406. (I\/H—|)+.

(S)-6- (syn&ngqﬁelma}maqalpgog%m%ﬂngmq #af of Expmple aéir(gm 1r1termed|atel5b and

ot ra T 8pimerd BB or AR Bonduil: BB @it 13 Ry B TogS kol

in 30 iy ®@6731%)15.08xt 5108 (PH)ES. hgmng))$3®x$ HBeeiat e %2 adesh Poy ki 20
(50 nmg) at roomtenperature, and the mxture was stirred for 12 hours under

50 18si 1002 H21. 15(2AH); W@ﬁﬂé%ﬂ)ﬂ et her/ et hyI acet ate) indicated the

wae. conodisa bR Tye AL bR 290 L B aitnl e 2475, o

the ti tthiaza0l-giypaepandmide’. 5 no, 21. 2% as a whlte solid. 1H NVR (400 VHz,
CD30D) 6 8.81 (1 H), 8.23(1 H), 810(1H) H) 5.11 (1 H), 3.13(2
H) , 211(2H) 1.71 (1 H, 1.58(4 H, Eg , 1.24(1 H, 1.12(3 H),
1.08(1 1e4

(S)-6-( rtﬂ}’é g]d%%&;‘f%e% (‘?mu'%}ﬁl%ﬁ M Gy )N Y ?%%89'8@71""33 synthesized
2%' )Rgruﬁgwh;h;a;@@l\luylﬁgghhat o that 8f ERampld 25 (rdAr Preridigien-38 and 2-arapie-spy |
15 methylpyrazine. 'H NMR (400 MHz, CDCls) § 9.123 (1 H), 9.03 (1 H), 8.57 (1 H), 8.08
(1 H), 544 — 5.248 (1 H), 3.33 (3 H), 2.49 (3 H), 2.27 — 2.32 (2 H), 1.42 -1.81 (7 H),
1.08 — 1.24 (2 H); m/z 377 .4 (M-H)".

Examples 28-42 of general Formula (1A-3) are provided below.

R H
O=ﬁ\(\N N—ps
(1A-3)

20 Example 28: (S)-3-cyclopentyl-2-(4-(isopropylsulfonyl)-1H-imidazol-1-yl)-N-(5-
methylpyridin-2-yl)propanamide,

>
Formula (1A-3) wherein R is isopropyl and R* is L)\ To a stirred solution of 2-
amino-5-picoline (36 mg, 0.332 mmol) in anhydrous toluene was added AlMe; (2.0 M in
toluene, 0.177 mL, 0.354 mmol). The mixture was stirred at room temperature for 45
25 minutes, and then a solution of 52 mg (0.158 mmol) of Intermediate I-7a1 in
dichloroethane (2 mL) was added. The reaction mixture was heated at 80°C for 16

hours and then cooled to room temperature and saturated aqueous potassium sodium
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0. To a solution of internediate (1-34c2) (80 ng, 0.153 mml) in 20 nL of
a 5:1 mxture of ethanol : ethyl acetate was added Pd(CH) 2/ C (40 ng) at
room t enpEoaouwedéand the m xture was WO 2010/ 029461 PCTPLCBABRDOS/0B3 737 3
stirred for 12 hours under 50 psi of H2. TLC (1:1 petrol eum et her/ et hyl

acet at dprtfaigitetsadrateevas addedn Thasnixbirp vaseextmasteq witbtGldzCled Jihare was

bur 11 SRt BtrpbtsnhaEEPAHaRHy, 2 dish ctTHA cpidfialabiashiialfe. o
whi te se:thylchcewendhdatér@@a\ﬂdnommﬁcﬁdah@ﬂtlébohi)pouaa 32 NMRH40BMH, dd- H) ,

8.0

1. 50(2 [PM Q)é‘aw 9(7+(|51 m,19 QQ((iHSM %}Hhﬁﬁ*é@(ﬁ%& 7l§>5a7n§9e(1hli-7-56-(7-61H)

S) +6- j & |l

CyePopdntin SRR bt garrar 1Ak B 24222, B ,32:1, 60 71434
wher ei n. B2 @1HE 1cyGl10tButaH), arey-RO7i (61); Mz 40401 (M-+HDYH, 4003.0r{MeHiredi at e
(1-34¢c3) (200 ng, 0.373 mol) in 30 nL of a 5:1 mxture of ethanol : ethyl
acetate was added Pd(OH) 2/ C (100 rrg) at roomtenperature, and the m xture

was sti .12 K ! LGy 4 I\ RUAL /et hyl
noot at GAA TR 19)-BRyclpenlf- LR SroB oy i Hhidade UL AT AL
filteredi-pychzohd-yl)propaiamit®, was concentrated in vacuo. The residue was
purified by prep-HPLC to afford the t|tIe co nd (66.5 ng, 39.9% as a

white solid. 1H NVR (400 MHz, CD30D) 6 8.89 /831(1I-& 820(1H)
8. 02 (Faamula(tA-3) wheyeinR G4s (sppH;pyl andR(is H\—=/>. 21Exampig, 2

a2 6. Es(@hisqz%opoag’ejﬂ_p@?&‘i&%w( G diedy Exable ?ﬁﬁ@i‘fﬁlfqtgqﬁé’qge - 739'5%%,8”13' e

propi OVBLbﬁff'ﬂcﬁlle@t yrézdle aéHCNMR5(40b MizFeDTM)® & ¥6- 3)H)weJoeemHRI7a26 $2
di met hyl am no and |so To a solution of internedi ate | -35

e
0. 152 rhhb|6)60 il B &b2 61 Hb: 2.38t(RebB- 79 6 Hy.l2.4242 &b)et xﬁés hddééd ng}d a9 2/ C (40

50 pei (e THREN 1 L APdp A T PR D Rl eis O o o the

reaetion was conplete. The reaction m xture was flltered and the filtrate
was concentrated in vacuo. The residue was purified by prep-HPLC to afford

t he ti t@nResilifg)-gsyslapgntyl-Z2-@ofisepsonylamifeny s bifiienidamql-nd)- Vado
CD30D) 8.08 (1 H, 7.85 (2 H), 511(1H) '2.65
(6 H), 'ﬁ %i’ﬁ’%éiﬁ%é')@?a%ﬂ&md@ 171 (1 H, 1.58 (4 H), 1.42
Formula (1A-3) wherein R'? is isopropyl and R* is [NJ\ Example 30 was
synthesized in an analogous manner to that of Example 28 from Intermediate |-7a1 and
20  2-amino-5-methylpyrazine. 'H NMR (400 MHz, CDCls) & 9.36 (1 H), 9.29 (1 H), 8.10 (1
H), 8.03 (2 H), 5.26 - 5.29 (1 H), 3.38 -3.45 (1 H), 2.50 (3 H), 2.08 — 2.19 (2 H), 1.43 -
1.64 (5 H), 1.32-1.41 (8 H), 1.06 — 1.17 (2 H); m/z 406.2 (M+H)".

Example 31: (S)-3-cyclopentyl-2-(4-(ethylsulfonyl)-1H-imidazol-1-yl)-N-(1-methyl-1H-
25  pyrazol-3-yl)propanamide,

Formula (1A-3) wherein R is ethyl and R* is L/N/. Example 31 was synthesized

according to the procedure described in Example 28 from Intermediate |-7a2 and 3-

amino-1-methylpyrazole. "H NMR (400 MHz, CDCls) § 9.45 (1 H) 7.92 (2 H) 7.26 (1 H)

6.56 (1 H)4.96-499(1H)3.75(3H)3.24 -3.29(2H)2.13-2.19 (1 H) 1.40 -1.69 (8
30 H)1.25-1.31 (3H) 1.04 - 1.12 (2 H); m/z 380.5 (M+H)".
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30(2 H, 1.21 (1 H, 1.08 (1 H; mz 436.4 (MH+. WO
2010/ 029461PCT/ 1B2009/ 053773 Exanpl es 43-67 of general Fornula (1A-4) are
provi ded Wel2ow/02p#6iNs- W 0 (1A-4) Exanpl e 43: PCT/IB2009/053773

(S)-3-cyclopentyl -N-(1-nethyl -1H pyrazol -3-y1)-2-(4-(trifluoronethyl)-1 H
5i mi daﬁﬁa_mp_ﬁlg% (Sparryslapentyl|-(4 é&mﬁlﬂ@wﬂ)ﬁl jlmW?épfa']W'FN (Pgmethylpyrigin-a
stirre 2-am no- N-rrethylpyrazole(491 ng, 0.506 mmol) in 3
anhydrgzug%r%?%g%ren?c\i/\%s added a solution of A Me3(0.270 nL, 2.00 Min

toluene, 0.54 mmol ). After stlrrlng for Wtes at roomterrperature a

sol ut| of 7 I nt di - a d| chl oroet hape 10
was ad Uﬁ]&%&&h%ﬁ'” 1%%&\3’@8 9%848600 or EX% W?ésryé‘é*&fiﬁ'
m xtur E‘ad&%?dlﬁ ® Bk sredlitd H&strbRl |ﬁ@k%h?dle @Bﬁkﬁrﬁﬁnfé&rﬁwﬁd%@é P—'?é? efd 2-

Rochell e's salt and extracted twice with ethyl acetate. The conbi ned
or gani caminer®pitolied. SMNMRYE00, MHk) @E]Oig)és&ﬁd (2, 718a + 404 (Bdd), Saricebiblat ed

B ot dgat i (5080 (44, ﬁi% $F hpaotn 120 H. 158y} O3 TADI 2™ "

15puri fiedafa tq@@sw@ 149} hoske (;Mqu ntrated, and residue was
titurated rgnglp)ethyl grq—po af? éi he title corrpound 1H NWVR (400 MHz,

DVSO) 61097(1 ,791(1H) 7.89 (1H), 7.54 (1 H) ,638(1H) 502-

C1'h  Ednn o (5Pt 2,8 Sy Ruidu M aiagpb T n: 1 20 122

( S)103- wgﬂw%yh%m@o@ﬁ%ﬁlo@yrl din-2-y1)-2-(4-(trifluoronethyl)-1 H

i mdazol -1 -yl)propanamde , ?,..ss,r NI Formula (1A-4) wherein R4 is CI.
Exanpl e 44 was synt hesized in an anal ogo ner to that of Exanple 43
froml di 8a and,2-a no- - id' ne. H VR (40

CDCl 3) fé%mjﬂfheée@g%{" y*za@g F%FE Gty W;ass syn gheﬁzezdl

25H), 280%%“{“3 ) the? r%%edarezé)eéc%b@li 1in JExﬂi?np‘le %8@70%1 ]nt@}meéhai@l 7adahg 42 H);
mz 367. %i) EF?(arrp I e :

(S)-3- camllnopfentqlhylpyr(aammth‘j/N]D)jRi(A(DO]NHﬂyI)DQh][ 393t (F H),0.06%1 )| B-121 (1

i m dagg) 7os v 5 PBETRTNIE 1 (IPYY AR LEETAHERBMY BT 34D 1.0 -

15 1.79 (7 H), 1.32 (3 H), 1.04 - 1.20 (2 H); m/z 390.4 (M-HY.

Example 34: (S)-3-cyclopentyl-N-(5-methylpyrazin-2-yl)-2-(4-(methylsulfonyl)-1H-

imidazol-1-yl)propanamide,

Bs[ j\
Formula (1A-3) wherein R is methyl and R* is N7\, Example 34 was synthesized
20  according to the procedure described in Example 28 from Intermediate I-7a3 and 2-
amino-5-methylpyrazine. "H NMR (400 MHz, DMSO-ds) 8 9.15 (1 H), 8.30 - 8.36 (1 H),
8.02-8.07 (2H),5.27 (1 H),3.13(3H),245 (3 H),2.17 -2.27 (1 H), 2.05- 2.16 (1 H),
1.38-1.73 (7 H),1.25-1.36 (1 H), 1.00 - 1.15 (1 H); m/z 376.4 (M-H)".

25 Example 35: (S)-3-cyclopentyl-N-(5-methylpyridin-2-yl)-2-(4-(methylsulfonyl)-1H-

imidazol-1-yl)propanamide,

Ky
Formula (1A-3) wherein R'™ is methyl and R* is T\)\ Example 35 was synthesized
according to the procedure described in Example 28 from Intermediate |-7a3 and 2-
amino-5-picoline. "H NMR (400 MHz, DMSO-ds) 8 8.17 - 8.19 (1 H), 8.03 (1 H), 8.00 (1
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Formula (1A-4) wherein R-a is. Exanple 45 was synthesized in an anal ogous
manner to that of Exanple 43 fromliInternediate |I-8a and

2- am' no- avoet)hymwnazi ne 1H NVR (400 M—Iz CDCl 3) 6 9. 32&C{aBp9/ 0B85 (1H),
8.11 (1 7.72 (1 H, SI—% -486(12 2.52(2%H) 2.21
- 2. 24 (F:_lr) 93 61, b, 1.80HY, 651 12|7| 2.2 (ﬁw)H§5131 ), 2125 8 B).2.06 - 2% (368 0

(2 oy cPomart b B kb T th by 1y A L R BARTT 5.0 )"

yl') propanani do) ni cot i nat e, Forrrul a (1A-4) wherein R4 isO. To a stirred

7 chl o/ ARSI (Sb T ICREN b LBIReN L PYT AR 8Ty T de A R Focal
chl %ri qﬁ] ‘?E%' Q‘Aﬁg)rﬁyarﬂarﬁfo%p of DMF. The reaction bubbled and then subsi ded.
e

It was t stiT 0 minutes and then evaporated under reduced
pressure. 1,2-dichloroethane was added andycehgentrated two tinmes. The

resi qu:d’ivﬂrﬁJlé trﬂmqlwémwan@nmwcyr@w @i chla OTTEERéﬂ@Ie(Q@WHs) 15Met hyl
6- am noni coti nate (221 ngy ) nmol ; Al drich Chem cal Conpany, Inc.

M | wau kse/@thaméed/@@oa@agdo thﬂ@pmﬁé@rwewvbeﬂ inExample 24 from, |6t6rﬁ’?@|d)ate'|'he

Cohyl | A a3 Sahhga B aRa R kP RRIR SRR i uRohan S R ogia Pd 1"

added. (Th¢)75y€(n$4)vs94¢(w965@9@1114)@rrﬂ4wel)@rma(sH szquwgiﬁhs'# (9iHHh
brine, dried over sodiumsulfate, filtered, and 20concentrated under
r ed@cedfFr ¥k h(M-HYhe residue was purified (Combi-flash, Redi- sep 40g, 45%

TH R b R ERRE &-6 %@'?aérll@ - @GW"&HQD% gl b, %54
(1 H, yT)W@pa(nbﬁﬁ)do)rﬁcditha(té H, 4.76 - 4.82 (1 H), 3.92 (3 H), 2.16 - 2.21
(2 H, 1.48 - 1.79 (7 H, 1.11 - 1.17 (2 H; mz 411.1 (MFH +. 25 Exanple

47: (S)- benzyl 6-(3- cycl openty1-2-(4-(trifhyeN t hyl) & i mdazol - 1-
yl ) propanani do) ni cotinate, Formula (1A-4) erei noR4 To Internedi ate
(I-8b) (16.28 g, 59.8 mml ) stirring in dry ai rorettrane (400nL) at room

t enper qi&ﬁﬁj|élﬂﬂﬁf3)WHé’rQia@1aM A/ 6 LPCT/ 1B2@09/ 053773 was added 2
drops of alyl chloride (11" m., 130 mmol) was added dropwi se. After

t he buUbtern@diaieﬂ 2¢a) (Bﬁémgeacﬂa omalhwasstirregtin dry d@hfcnsorrWanm(ﬁOGyL)aatj
th trated d d . t
1 3Bt AP e et A Rge e A ok THF B85 ERBRY B PRER GV Bl 41
Chl or i dloridte(0CEHHEE, AGNMBIG N AGter BebBRTy s@Sdedthk Re8btiIN WaS NEFt é’tﬂrﬂﬁ%&dﬁo )

and stirred ai roomtenperature I nt er medi at e (I-28a) (14.3 g,
and pyriGimirutes engithen svapereted. wkhe regidue wasira-disemyediagd ae-eNpperaited Wihe.

This Watv':ﬂ/oasqg‘agséi% tpgﬁio%%icgf 1?§Jd‘?({ﬂ|&%eﬁ%nléttjo%mo%i JHteacted oxalyl chloride.

The residue was then dissolved in dry dichloromethane (60 mL), and intermediate (I-

20 28a) (816 mg, 3.58 mmol) and pyridine (0.65 mL, 8.0 mmol) were added. The reaction
was stirred at room temperature under nitrogen for 18 hours, washed twice with water
and once with brine, dried over sodium sulfate, filtered, evaporated. The residue was
purified by silica gel chromatography, using a pre-packed 80g column, and eluting with
10% ethyl acetate/heptane with a linear gradient to 70% ethyl acetate/heptane. The

25 product fractions were combined, evaporated, and dried under high vacuum at 60 °C to
afford the title compound (1.08 g, 2.17 mmol, 73%) as a white glass. 'H NMR (400
MHz, CDCI3) 6 8.92 (1 H), 8.88 (1 H), 8.31 - 8.34 (1 H), 8.19-8.22 (1 H), 7.89 (1 H),
7.83(1H),7.33-7.44 (5H),5.36 (2H),4.92-4.95(1H),3.21(s,3H),2.15-2.19(2
H), 1.45-1.76 (7 H), 1.09 - 1.18 (2 H); m/z 496.9 (M+H)".

30
Example 38: (S)-6-(3-cyclopentyl-2-(4-(methylsulfonyl)-1H-imidazol-1-
yl)propanamido)nicotinic acid,
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anot her 50nL dry dichloronethane to conplete the transfer. The m xture was
| eft stirring at roomtenperature under nitrogen for 18 hours. The reaction
was di | utwo 2ei0td2940 di chl or onet hane and water, and 1M aqueaBzophi3Imhori c
acid was added. The organic |ayer was separated and washed sequentially

wi th dilute aqueous potassium carbonate, a ine. This was then dried
over sodiumsulfate, filtered, and concentrate ungelr reduced pressure to a
gl ass, which was taken up |n hot et hyI acet a a stirred at room

t enper F afou m nut re wa
stirrPr e?# q_glﬁg(z?\’shgé%l then ere &he pr eC| pi ?a{eg e/\ég%@g)uﬁggﬁu >
1et hy:c f dbeir?nr)lle Ci?n(fll @&gnZdBemh;dl) waﬂﬁ;]ss?h@dd? |egni/l @cdtate i @mmammh?nolaagﬁo
o affor e ti c u as a whi sol i 9% . e
ot her TEytcr PRESTIEID% Baldu sl bebed ags efdea BopmbhiesariiRy on a
1209 prﬁa@@ﬁéﬂ@#n Gr‘itﬁé%rm) pQ'Hg/H'ch’@erWdr'9049%1%&“Wh@ﬁﬁh@?@%§ﬁﬂt@ﬂ&i The product

fractions were conbi ned concentrated under reduced pressure, dried
undér rﬁ\/@lpovetedumd dried glhdeehlgan@cuurn/@a e¢anglgsseVinauglags weasdriiuseledt o

add' ti on% gg)thyg eiqer dsitﬁi%d fo§1g11}3011|r’ érjré?eﬂfﬁhg'm t'e%lgpwn’o §re(J_{V\fl\|§)s e 400
-8 14 (Withthef, & dnéd aﬂdéahltoqh vaZu@rﬁh at 60 45 td aﬁbbd thé. t&@ corﬁ’pcﬁino((sslm 5 32
(2 H, 5.21 - 5.25 6 192 26 - 3 (8 H, 01 - 1.06

(1 H; mozl ﬁQmmoﬁ?@v&)—gs—a VD \@dqrg NMR 400 MHz, DMSO -ds) 11 45 (1 H),

VD) oy oA ds PGS 3%%ﬁ&f‘gbté‘obkgézﬁhﬂymﬁ{éb?‘f%% 5 A 828 () 310 The

conpoung 1Y, 2BeRl1e @H) 4.2 - 9.6438 1), 320 1mI08 aalcee.® (IA+pIgOnL Par r
bottl e, fo)}clowed by et h§l acet at 3@(5)0 m.) and (\e‘?ﬁgnol (100(rrL)E@0The m xture

was warnmed until all of the solid dissol ved and then cooled to room

terrper o ( Wag, e was shaken under
a-érr)gygdrﬁ%l'g'err f(gfégg cﬁq@ﬁ:@{%}syl e(aeq@ﬂ ht'? 5.Eﬁgo‘rjgd t hrough a WO
2010/ O%QWrﬁlaaQﬁéétQﬁééaﬂ, m crof i ber f| I ter. The filtrate was
concentrated under reduced pressure and drjed under high vacuumat 50 Cto
afford product as a glassy solid (3.0 g, . mmol , 90.6% . The gl assy

solid was stirred overnight in diethyl ether. |[The;white solid precipitate
was filtered, washed with diethyl ether, suctio ried, and dried under

hi gh V%%Hmlég@-@f@fﬁ;rélﬁ I:@WlQ[eﬂwy‘I Bﬁdtl'\""tlée conpoand asl'cﬁ‘a‘é’ﬁllﬁl@hiﬁ' id. 1H NWR
(400 MHz, 11. 44 (1 H), 3(1H, 8.23 -

8. 26 ( inteymegiate ( 34;:13)21@ng,,0 w@mmcﬂ)m’aseznwfa% Zantlsezﬁe(cuarH)I ethyd6 -
2.17 (2 telwazsgadded % (Sﬁ)zll_& 5& rr?é‘) at roorcr)1 efn ekgt’ure anost%e r’fqilxgwwtmas

Exanpl ¢

(S)-3- camﬂe@lpr@ntmlholws( ané&&ms0 p2itbflHo. 2TISE (1 l1q@a+o1éum1éthé’détﬁyta¢étéu¢9r orret hyl -
H10i m dazol - | ) propanam de, / Fornula (1lA-4) wherein R4 is. e 49

was syrmweat eirpaglipawas cgBieten T reastiom slixigre wasriterediang rtfaﬁrflltrate

cor por dreSneeiRedfh, %%@?y FITRRAUE XS R fi PR iR e
H) ,207 &bnﬁdodrhd 17. 51&19( P1H%) 4s Bwlile Eblid. 41|$NMR l'rt»o I\/H—IQ‘CE)g(ZD% 8(81 H H),

H) m 28 ?,311 Q-I)E&Aﬂla)q(ﬂ H)E)ZaQ@(?eHyﬁg 1H)H) 3. 13 2 H), 2511 52 H|)_|)1 71 (10H) 158 (4 (2 (2

Etsh ?I uor’on@f? w {\?éﬁnq_@azgé %Fﬂ %ﬁ@xn%ﬁ?ﬁ%ﬁ%ﬁir )r/nljl) a2( (12\ 4)
wherein R4 isOH To a solution of Internediate (1-14a)
Example 40: (S)-6-(3-cyclopentyl-2-(4-(isopropylsulfonyl)-1H-imidazol-1-
25  yl)propanamido)nicotinic acid,
NS
| = OH
Formula (1A-3) wherein R'? is isopropyl and R* is O . To a solution of
intermediate (I-34c2) (80 mg, 0.153 mmol) in 20 mL of a 5:1 mixture of ethanol : ethyl

acetate was added Pd(OH)./C (40 mg) at room temperature, and the mixture was

95



(75 mg, 0.16 mmol) in THF (2.5 nm.) was added 1IN HCl (2.4nlL) and this was
stirred at roomtenperature for 18h. After 1 day, the reaction was

extract edwoi2otv/ebdsyl acetate twi ce. The conbi ned organi ®STHB209/MEST8ed Wit h
aqueous saturated NaHCO3 and dried over 504. Purification by silica gel

chr omatsdiiedpny 12 hoyrsHagehdpaigy, H2 3 Leet G étrple@nwthea@m;éta@?éé ¥ or ded 30

"9 of EXARRIeR 78 8ot bk cob MR OBty GERADAS hohdh bty the R0 (1

\/Ba566er$ce?ffra¢éd i vaclicl OThe ﬂes’ife{Ue( Watl)gurlileé(by prép3PUC tdipffodd P2 titlel. 36
( H); mz 414.1 (M FHt 30Exanp
(S) - 3- SPEMRRIEI (A2 NG5 Seshh s @dN'T“@ﬁ]?‘P')dpyrH HMR 249Q Mbhz L£PQP) ﬁ@cﬁQ)ﬁfeHW ) -

1H-| m vk her S

For ful & 02A1 50" S B QR BPS R 2P RHI TG LB Codo R P51 85 G

2-  br orid), 3-30v¢2 AY,| 580 (D M) )m’Zr(nd-H):l@v/t@I%&@ M®@HY9 mmol ), cesium carbonat e
(144 ng,.0 44 mmol), Xantphos (26.2 ng, 0.04 mol),

tris(di benzylideneacetone) palladium (14 ng, 0.015 mmol) were conbined in
anhydr q S irred at 10000 for 12
hrs. Tl‘%rﬂ S Egemaqbga%yéléb Sﬁjlfgh )ml_g{é@pg%e @%trrL) and washed with
H20 ( 1CcyelopenNapicpanaanido)sebtinatami, 10 nlL), and br| ne (10 nlL), and dried
(Na2Ss™4), filtered and concentrated. The crud oduct was purified by
chromat ography (silica gel, 0 t0l100°)/0 Et0AC ient in heptane) to give
a gummy residue, which was precipitated using OH

(Et 20/ Hept ane/ Di chl oronet hane) to afford the 10~titJe conpound as white
sol4ipd (F&ﬁrﬁmla &144%) whjelrélNW (|§@chMflltyl MR3)|36 8 80 @1 H) To% 48lufidnbf, 8.35
(1 H, 6 (1 (1L H, 2.16 - 2.25 (2 H,
1.68 - ||1te3r@eg@t¢.|jl 341039@2 Oj[ngg,f) ’(3@3 Fq)molilmgoml_10f5@5(‘3rr|q;turqof)@thanql gghyl5 H) ;

mz 43

o [ (9) g SOHECI08 ma)atpoamtempralurs, enl Pymixure was

pr opi orgtirraa f00]12rh10¢121€§ unden 5 psi, sfd$s TNO( 1 NNH&olémrnfratrmr(eerfl dcetatey el n R4
i sO. | nt&lr rredl

-2 57y, 378mmpl) was taken in THF
and codl Gaie‘ﬁ' ﬁ rP @'Qﬁa‘{‘)éﬁ CBHth\geT%h?ﬁ?%CtWQ@BMédNM@W%F@@ tl'?f?)f t&ﬂ& th| S
was, al | r i on
v SIS b U, 0TSO WL P BREE LG o el
compound (66.5 mg, 39.9%) as a white solid. 'H NMR (400 MHz, CDgoD) 0 8.89 (1 H),
8.31 (1 H), 8.20 (1 H), 8.02 (2 H), 5.21 (1 H), 4.04 (1 H), 2.49 (2 H), 2.21 (4 H), 1.98 (2

H), 1.80 (1 H), 1.60 (6 H), 1.30 (1 H), 1.11 (1 H); m/z 447.5 (M+H)".

20 Example 42: 6-[(S)-3-cyclopentyl-2-(4-dimethylsulfamoyl-imidazol-1-yl)-
propionylamino]-nicotinic acid,
\e”| NS
= OH
Formula (1A-3) wherein R'"is dimethylamino and R*is O . To a solution of
intermediate (I-35e) (80 mg, 0.152 mmol) in 20 mL of 5:1 ethanol : ethyl acetate was
added Pd(OH),/C (40 mg) at room temperature, and the mixture was stirred for 12
25  hours under 50 psi of Hz. TLC (1:1 petroleum ether/ethyl acetate) indicated the reaction
was complete. The reaction mixture was filtered and the filtrate was concentrated in
vacuo. The residue was purified by prep-HPLC to afford the title compound (5.3 mg,
14.6%) as a white solid. "H NMR (400 MHz, CDsOD) & 8.80 (1 H), 8.22 (1 H), 8.08 (1
H), 7.85(2 H),5.11 (1 H),2.65(6 H), 2.11 (2 H), 2.21 (4 H),1.71 (1 H), 1.58 (4 H), 1.42
30 (2 H),1.21 (1 H), 1.08 (1 H); m/z 436.4 (M+H)".
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aqueous | ayer was extracted with a second portion of ethyl acetate and the
conbi ned organi cs were washed with brine, dried over MgSH, filtered, and
evapor at esototogizessicrude nmaterial. This material was puPCTilBzo®Ys3ffash
chromat ography (Si 02, dichloronethane / methanol, 4 to 10%9 to afford 67.7
ng (45.3% of Exanple 52 as a 25tan solid. 1H NWR (400 MHz, CDCI3) 6 8.70 -

8.73 ( ) - 496(1H),330-
3.33 (iEﬁ”?plg?'g@ %gﬁé‘?”é.%b@fr%.&?g%(fﬁ% p{@\@g?ﬁ%ﬂml 40 - 1.62 (4 H),
1.02 - 1.26 (4 H; mz 396.0 (MFH Exanpl e 53: (S)-benzyl

5- (3-cycl opentyl-2-(4-(trifluorong )-1H i m dazol -

30yl ) pr opanam do) pyr azi ne- 2- car boxy-at e\, WO 2010/ 029461PCT/ 1B2009/ 053773
Formula (1A-4) wherein R4 is . Internedfate ({-8b) (157.5 ng, 0.57 nmol)

was dissolved in dry dichlorppeth GrA)__and \qkurred at room tenperature
under One drop of DVF Was afided

ni t rogen. ol | owed by oxalyl chloride
(0.10 nm., 1.18 mmol ). After bubbli ad supsided, the mxture was |eft
stirring for 90 5 mnutes and then evapglgq,d The residue was dissolved in
two successive portions of 1,2-dichloroethane and evaporated to renpve

excess 1 S)-Beyclopeatil i (-ewatayle Mayrarok3arl )y éd4i(tifgieyomethyl)-1H-

dIC|OI’ .)€ termediate (1-22a) (161 ng, 0.70 mol) and
pyr:%dl ner?#z’me}ﬂ{p%w*ﬁ%bl ) were dissolved in dry dichl oronethane (5 ni)
and added to the solution of iNd chl oride. The reaction was stirred at

r oom L0tRRS pf Ay wdleh R froden 't or T3 &k iod BHRGPEFSRIndIridify- di | ut ed

wat er, and t e organic layer was separated, washed
Wi th brpymezolelr(#@d roge0. 5@6dhnmmi)sul3fmLeanthralsrtemenanMasaadpem atsetutionhef

cor umn AR5 Eraf0 W ity AARETE) ACEP il Br doruReGoviapny)
acet at @emplPatBFd$olutiohasrtam dﬁﬁt%rr%@ﬂ%‘té‘ﬁ@a |4§%E%h%%s cﬁ&qoﬂfét%@nder

hi gh vacuumto afford the title conpound (145 ny, mol , 52% as a
yeI1I00WVg¢%1§@deCiHTNR/RGQGt@1D1WheMI®)8(BCQOBY8@QUF$ TI8e oEaction, rixtyre w§s 8. 30

4 80%014\@ 'a_le stlrre§ Tgrzsev%raq ﬂﬂlté_sb Wltfz sgﬁlrgljedF&OChzeII%% salt and extracted twice
with ethyl acetate. The combined organics were dried over MgSQy, filtered, and the
filtrate was concentrated under reduced pressure. The residue was purified by flash
chromatography on a Biotage column (SiO., ethyl acetate/hepatane, 50 to 100%)). The

15  purified fractions were collected, concentrated, and residue was titurated in diethyl
ether to afford the title compound. 'H NMR (400 MHz, DMSO) 10.97 (1 H), 7.91 (1H),
7.89 (1H), 7.54 (1 H), 6.38 (1 H), 5.02 - 5.05 (1 H), 3.71 (3 H), 2.01 - 2.08 (2 H), 1.40 -
1.62 (7 H), 1.20 - 1.22 (1 H), 1.04 - 1.07 (1 H); m/z 356.2 (M+H)".

20 Example 44: (S)-3-cyclopentyl-N-(5-methylpyridin-2-yl)-2-(4-(trifluoromethyl)-1H-
imidazol-1-yl)propanamide,

>
Formula (1A-4) wherein R* is Q\ Example 44 was synthesized in an analogous
manner to that of Example 43 from Intermediate 1-8a and 2-amino-5-methylpyridine. 'H
NMR (400 MHz, CDCls) 6 9.02 (1 H), 8.07 (2H), 7.69 (1 H), 7.54 (2H), 4.73 - 4.77 (1
25 H),2.28(3H),2.13-2.20 (2 H), 1.45-1.67 (7 H), 1.10 - 1.12 (2 H); m/z 367.0 (M+H)".

Example 45: (S)-3-cyclopentyl-N-(5-methylpyrazin-2-yl)-2-(4-(trifluoromethyl)-1H-

imidazol-1-yl)propanamide,
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(1 H, 7.50 (1 H, 7.39 - 7.47 (2 H), 7.32 - 7.38 (3 H, 5.45 - 2.25 (2 H),
1.49 - 1.81 (7 H, 1.11 - 1.18 (2 H; mz 487.9 (2 20 Exanple 54:
(S)-5-(3-wochmpenteyl- 2- (4- (trifluoronet hyl)-1H i m dazol PCT/IB2009/053773

yl ) pr opanam do) pyr azi ne- 2- ca oxylic acid, Fornula (1A-4) wherein R4 isO.
The corrpound of Exanpl e 53 ( N&g 0.3 rrrml) was di ssol ved in ethanol (6

nmL th t n1_ P 25 bot 0% I | adi
T, bon RSty T4 a) Y '£g—')ﬁd e BB Hh v Sthesned it 46 2pelaar ooen

for 90 rﬂbﬁh@ﬁ% that6F E&a?ﬁb'l'e@fsf\ﬁémflh érﬁfe%‘i’ateqi%péﬁcﬁ?%mé}@rr@th Byraggy hi gh
vacuumto afford the title conpound (10 ny, mol , 929 1H NMR (400

MHz, DNBONNGY (4DQLMHEG QOICI) § 9B4BE K, a% 134)95 m 1—I9-I) 779711 (D, F53 B.15 -

o o8 (Bb - 488 (abn 2 5o g T VRrhh b ca kit AuhsPuB N g s

55! 5( S)28d vh/z 268D (M+AYC! openty1l-2- (4-(trifluoronmethyl)-1Him dazol -1-
yI)propanam do) - 1H pyrazol -1-yl )acetate, ssss O . Internmediate (I1-8b) (145

ng, 0.525 5 mmol) was dissolved in dry dichloronmethane (5 m) and stirred

at roomp i enperat under 'tr en. rap_of . added, , fol | owed by
oxal y1 EAAREAD: 16 F pl e B iy 2R TR Ol by PR 08E ea, Che
mxturq/|)w§pérf§‘rﬁ|d§§n|éd5tqmefor 90 m nutes and then evapor at ed. The resi due
was di ssolved in two successive portions of 1,2- dichloroethane and
evaporated to renpve excess O Nd, chloride, and the residue was

10di ssol ved in dry dichl oronet an (45nL) . Ethyl

2- (3-am no- 1H pyrazol - 1-yl )acet %‘r\ochl ori de (OGakwood Products, Inc.

Vest qud’rH'FJ\I/ 182%) Wihk3Qnt 0. 630 nm)l) aﬁga@ﬁn‘ é%ﬁ%tg&[éﬁﬁ%téﬁmeq}at@](l ol )

were diss in‘dry dlchlororrethane (5 o the solution of
aciig crﬂb)r(Bﬂ&5 mpe1 neacmmn mmhsdmuse:ﬂchibromeﬂmherﬂ)%mii)m‘teounmder ni trogen

f 1 th i ] ut it h di ¢chl 1 t ,
and ¢ ndetipgRAinE Fager RGeS uih ad Ll ieblerie RTow RS LB IF B um
sul f at geattidr Blilsled %’h@ tﬁéﬁ%@b@fﬁ@g S Té?ﬁétﬁHﬁg\f@\'SQ@HTnut%%nGMhéh' ica geI

chromat ography on a 12g pre-packed colum, using 50% et hyl acetate /
hept anegvappraiad updedremicedressyret Hy2- da&é@rae&anenea@addadtanﬂ reetceoinateder e

comourttoF8ErTAE Esia08 e hES AeRed AV ARUSUER By BN dRr ) € 6 a6
(114), Metﬁél Gibrﬂﬂhonléoﬁ@atéJ(ZEﬂ ,m§ 1355 Gﬁmb‘) ,Al@ncHChérrirbal C‘brﬁ@arg/ hdp (3 H),

4.20 - 2.06 - 43 7 H) - 1.29 (3 H),
1.07 - I\gﬂll\qgul(ep :ER/() wﬁszadge;l (joltcmq,q; by pyrldlneEQa?ﬁmné & mmol). The reaction

e
wher ei n I\R@queou@pdﬁysswmldihwgﬁg‘eraph@@mme evas added. The layers were separated
and the organic layer was washed with brine, dried over sodium sulfate, filtered, and
20  concentrated under reduced pressure. The residue was purified (Combi-flash, Redi-
sep 40g, 45% ethyl acetate/heptane) to afford the title compound as an off-white glass.
'H NMR (400 MHz, CDCls) 5 8.89 (1 H), 8.57 (1 H), 8.31 - 8.33 (1 H), 8.24 (1 H), 7.70
(1H), 751 (1H),476-4.82(1H),3.92(3H),2.16-2.21 (2 H),1.48-1.79 (7 H), 1.11
-1.17 (2 H); m/z 411.1 (M+H)".
25
Example 47: (S)-benzyl 6-(3-cyclopentyl-2-(4-(trifluoromethyl)-1H-imidazol-1-

N
| N
%O
Formula (1A-4) wherein R* is O . To Intermediate (I-8b) (16.28 g,

59.8 mmol) stirring in dry dichloromethane (400mL) at room temperature under nitrogen

yl)propanamido)nicotinate,

~
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internediate (I-27d) was dissolved in anhydrous toluene (4nl).

Trimethylal umnum (2.00 Min toluene, 0.488 nL) was added dropw se. This
m xture vwezstwuwmﬂ at roomtenperature for 30 m n bef oPeTaBXOY/ 037N Of
intermediate (1-8a) in 4 nL 2- 30di chl oroet hane was added. The reaction

was t hetasaddedd diepsof BMmf Qéﬁ'inSEh|ﬁ“d@Né1 rréach?aodnm&&)swqa@ddﬁ@@rWWIﬁe

2010/ 028 IR T P RUED O oS g eetof Uk BRSPHIY A Rmifes and then o

or gani qs:nwenteawdumﬂaweﬁquaum chnosnteadsivk pat@hfs@f d,2vdichioreéthibhat was
nost |ikely %dsl i Xtci'”e of the hydroxy product aﬂyﬂ silyl- rot ect ed Pr oduct .
Thi s nV¥Ei SRRANG R¥FPYRtecioyEqVE &l 8 PXatpye 'Pi'ée ea‘P{H e acid

tet %abgy%rﬁmag YR Yo' & Q%hﬁorﬂ@t%dg"/gbﬂ:eﬁaﬂ stirdd ‘é(t?‘?oo’i‘ﬁgé‘rgge@?ur% was S

stirre t roomtenperature for t ore partitionin tween et hyl
acet at dntemohedite(l- 28’31)e(1éq31906&5lrmy19t) amaispgidinea ¢t oh Lwi18A remiol)l weresttiates iand
er SA Pur f| C

chr ona BT anAY ERbleorekianse o dkisd 1 the goneores FPMEE. B5791 |  er i ng

thr Ougfbrﬁ)tﬁél%@rﬁLde chh%rbﬁl@ﬁYﬁw@ﬂayc&ﬁblbﬁtheﬁ%éféﬂ tmahiiarsfegnat tines
W|th di chl or onet hane/ et her and then with ether afforded the 10title

npourslirarg at weint tergpératureainoee Bitepgentfar NERQUas0 Thereatiodyas dduies with H)

155 ol 8fohd sy landiold et B 95 &a%gg%cog

1 21 ( 8aydr,wak gegdratdd éMWashEd%@ab@nt@[y with dllute aqueous potassium
(S)-2-(3-(3- cyclopentyl -(4-(trifluoronethyl)-1H1 m dazol - 1-

15yl ) pragpberaiedeyd rppy Maicowas ier died pz«fe@%@djums%é ate cthemsi Ada (1A-4)

wher ei n, ﬁ%ﬁ@@gtbed-ruh?dei?%@én}%;ﬁ fsaegﬁégt%p% §Ia§§ \fvp'@ﬁr Vs ta qgar ARetdpd 11 thium

hydr oxi rred a ature in
THF/ metdvatate/amalt stirrddlatirobm @&npgrafure. A pregistatel hppemdtat@bovmso minutes.

trat ed, d HC ded t hi H of
e Tl GutE Wap irer oG Pl At en e sy Themus i fale B Washed Hilb,
dth t
The mielt;'%@t&efdi?dt@?ﬁgem?’%jggéf%griim gg/@;ﬂﬁgf%”ﬁb liggﬁﬁﬁq%f‘gmﬁ for d
t he ti ttltle coonpountdag 8 whit i g ) e eRg |cﬁJo‘1‘v@als 1
7.78 (1 H. feg? %fl%., %.;%%.él%kp 5. 01 e ) oy N G
515 U pporgied ant oursieatsy Rice glhrBidtogsaghy pn'a 138 pre-Raaked i

398. 0 25(tdNith EPO%fEt 58eta€§he§ﬂaﬁ’éhy{fhe product fractions were combined,
(6-(3-cycl openty dﬁ éﬁrlfluoronethyl)-ll—l-lmdazol-l-
rie

yl )20r omﬁﬂtﬂat)eplwn Gad presayie Resghmder 8ighemwinnia gglassoendl a ( 1A- 4)
it o orShieHEn et brBvREs Yt Bha P AP B ebe B gt 2o e 2 B e )
and pyryigdso - QBN@AR@@@MH@IDMQD HOXM 1 8OREHAL BIeT. - §i88 (MK 8ra® M@32104
(1H),8.12-8.14 (1 H), 7.93-7.94 (2 H), 7.39-7.46 (2 H), 7.30 - 7.37 (3 H), 5.32 (2
H), 5.21 - 5.25 (1 H), 2.06 - 2.19 (2 H), 1.26 - 1.63 (8 H), 1.01 - 1.06 (1 H); m/z 487.5
25 (M+H)".

Example 48: (S)-6-(3-cyclopentyl-2-(4-(trifluoromethyl)-1H-imidazol-1-
yl)propanamido)nicotinic acid,
\;’| Na
Z OH

Formula (1A-4) wherein R* is O . The compound of Example 47 (4.07 g,
30 8.35 mmol) was added to a 500mL Parr bottle, followed by ethyl acetate (50 mL) and

ethanol (100 mL). The mixture was warmed until all of the solid dissolved, and then

cooled to room temperature. 10% Pd/C (450 mg) was added, and the mixture was

shaken under 50 psi hydrogen for 90 minutes. The reaction was filtered through a
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WO 2010/ 029461PCT/ 1B2009/ 053773 stirred for 12 hours at roomtenperature
under nitrogen. TLC (petroleumether/ethyl acetate = 1:1) indicated the

reacti on wa0nopiéet e. The reacti on m xture was concent PaTAB2009038aT3u0 and
the residue was purified by chromatoggfraphy on silica to afford the title

conpourfaic{gfigr fifer. 5§he%trai@ was| gagigeniyatedovndss|reduced-prasRuieand Bred usdec 3)

2. 73" 11 Vequiiy & ol Vst inbdyas dgRsh Boll 3670 gl S04t 1) 1)

18)48d|( gm@ ?Iaés%Q?l((:cﬁ\éllb% ,s(talii]rtedi(lbv(eazlg?]t |{1;d|éth506tgr3;; ( lrlzhéi)w'h lltl-61- ?Oruddfggllmlhe \Eés

(10yl ) pribg itfaﬁi?tbﬁ;ﬂﬂwfo§5§teﬂﬂa%e A0 909 g Gh AP BT $4.59)°C
uheree! o Biohd e i BapBBhL e BT EAL '333‘)?“@% SRsE5els 1347 o)

nmol ) aijW(T H)j ne44Q12658@83 3. Bﬁ 8]Z®L B.28 (1rdpra. ogmemnuﬁg 7.9%he 7r95<(2Jr e
was stirred for 12 hours_at roomterrperature under nla@g TLCeé etrol eum
oy

15 et hd) 4t Odbelildt b 2-00: 2y17i Kb dred- { 18 Bdbtli-&h "BZe29 e

reacti QM )xture was concentrated in vacuo, the residue was purified by
chromat'ogr aphy on silica to afford the title conpound (360 ngy, 66.2% as a

Ilght yEldroplestd: i(8)- 3-:1dy|cl‘dﬂén()4%(72v‘blﬁ]44 y(IQBG.Hl H)133 239?2(?414 %1 2|-(£4 tgggiﬂnkrlgdihg{ﬂllg?éw
101 7@6&?@}1'@%@@%%‘%% 48(3 H), 1.28(6 H), 1.10(2 H): nlz 20489.5

M+H) +. EX | e 60:

§S)H%6 (3- 23& gpentyl 2- (4- (thyHWomet hyl)-1Hi mi dazol - 1-

>Iéloz %Fﬁ%ﬁ] %f’?%@&\&e elﬁﬁ“ HO. Topgoggpﬁgb n&‘%w%{ Sﬁ@i‘?ﬁ)%%ﬂglaodl 25 Exanpl e

58 ( 13&naegdusZhanmet t)o that di Ekérﬂpl@rm fraﬁelnwrméduamaseaaahd@q -ethyl-2H-1 2 3
brormtrlmetg/lswane roomtenperature, xture was st

for 12 traes! amlm%tﬁmr@hﬁég%ﬁwréoraﬁae*sanﬂ*erA)_cMsNM&fé%%/lﬁ% rCeDCIs)
reactl I ur,e S

e R T R AL e SRRy B e A B S L P o Z R ey
pr en@- H PEL-tig4a{d |t 5he 1163 (£H301 48BN M 541871012272 #)) mAs3al ghi te
solid. 1H NVR (400 MHz, CD30D): 6 8.23 (1 WO 2010/ 029461PCT/ 1B2009/ 053773
H, 8.dbBy, 7.98(1 H), 7.81 (1 H), 7.73(1 H), 5.12(1 H), 3.06(2 H),
2.18(2 H), 1.75 (1 H, 1.70(1 H, 1.61 (3 H, 1.51 (2 H), 1.30(1 H), 1.18(1
H,; mz 445.5 (M H. Exanple 61:

(S) - 6- (Bxarypledife 18y 3-Fclopehtyl iN-(3+(S)eRajyardxyating iratini2-yl)-2-(4-
Syl pr OR&H&%%%Q}P% Igllmldazoﬁ”yfl)%rr]c!)pcane}:—lcrhl e,

™ N
1§ A~
N OH

20  Formula (1A-4) wherein R* is OH . To a solution of Intermediate (I-14a)
(75 mg, 0.16 mmol) in THF (2.5 mL) was added 1N HCI (2.4mL) and this was stirred at
room temperature for 18h. After 1 day, the reaction was extracted with ethyl acetate
twice. The combined organics were washed with agqueous saturated NaHCOs and
dried over MgSQ4. Purification by silica gel chromatography (12g-Snap Biotage,

25  heptane / ethyl acetate) afforded 30 mg of Example 50 as an oil. 'H NMR (400 MHz,
CDsOD) 3 9.28 (1 H),850(1H), 794 (1 H),7.82(1H),516 (1 H),4.83(2H),4.77 (1
H), 3.77 - 3.94 (1 H), 3.66-3.77 (1 H), 2.10-2.34 (2 H), 1.40-1.89 (7 H), 1.22 - 1.36
(2 H); m/z 414.1 (M+H").

30 Example 51: (S)-3-cyclopentyl-N-[5-(methylsulfonyl)pyridin-2-yl]-2-[4-(trifluoromethyl)-

1H-imidazol-1-yl]propanamide,
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,8ss' N1 ,OHIS Formula (1A-4) wherein R4 isO' NO. To a solution of

i nternmediate (1-8c) (0.40 g, 1.35 mmol) in dichloronethane (10 nL) was
added 6- awDrropymdgit nesul fonic acid (0.236 g, 1.35 mol ; PConBrvYIREBear ch
Chem cals, North York, Ontario, Canada) and pyridine (0 32 m., 4.1 mol) at

room tenperature. The m xtur ey refluxed for 12 10hours under nitrogen.
LCMVS i ndicated the starting natlerilal _Was not consuned conpletely. The
reaction m xture was concentr at ,B vacuo, the residue was purified by

chr omatmghapaYi ‘isaf f or dof be, s a
i e B R o™ o ) | Lot flediarnauss) (40, T gmg . 2 3

7. 0Bo(p- wme@wa(lfpnmwpyrzdlme(@ Ag; 012%0“(rnoll)1)ce81um£c@ﬂoqn)ate 1@41rr(91 Org4

AT
(S)- 6(%5#?%?2‘8 eoﬁ%%lég(%*@'d) Prqh?mlﬁ%ﬁgwmf(g%nzxweneagg one) palladium (14 mg,
yl) pr Oﬂhoamrdﬁblpwerélcoﬁanryédnhﬂ@rmmo@s deg@bsdbl tbQJdnle R rﬁl:l) OFhe niigtude Slsut i on

of the conpound of l e 59 chloronethane (2
) SwasStEgderl B rcbfﬁft&pfﬂfét rﬂhesrqaél%%n (A@Snewﬂ%ﬁ WFB&WX' é?ﬁ&artat(@Q I t he

t ETPRY
imn)o(li g;ﬁ\é% hos\klt[r(igl_%tel)l @?rml% %q, lgﬂatrteactllg’ﬂl'l)l;n;nxotjﬁr ﬂjsﬁ.'(r‘!]'genc ed W|th

met han(ﬂrle(dZ(NagSQimdllterm andt:uneewtmiedoﬁ'dnerﬂrude @doduct wasynurifiekdeoyr esi due was

Phi 1o Soronetodbrmeisoosp o ldhEOAs Geaent 1 hspiosg) Exg5e q oumal 5 H)a
(7 8%& 1 rb‘%udéel%ﬂeh'ﬂ/aﬂaﬂ&ﬁéftalf&d ﬂjsﬁg( (EtJd/HeplEHIDIhIdroRrRbHard) té -a¥8rd hdd) 1. 25
6- (10S) -tBlecsorhppent g wlite 40(it (55 mmrédive). hiH NMRH400 MinIGOCIs) § 8.80 (1 H),

L0167 03638 1het) §8sd ot i bR e 0 PARr P Gudl arap BHy.216 -225 2 ),
1.68 - 1.86 (2 H), 1.80 - 1.67 (2 H), 1.45 - 1.56 (3 H), 1.08 - 1.28 (5 H); m/z 430.9
(M+H)*.

15 Example 52: 6-[(S)-3-cyclopentyl-2-(4-trifluoromethyl-1H-imidazol-1-yl)-

propionylamino]-nicotinamide,

NOLN
EN%(NHZ

Formula (1A-4) wherein R* is O . Intermediate (I-21a) (157mg,
0.378mmol) was taken up in THF (1.2 mL) and cooled in an ice water bath. To this was
added NH4OH (0.8 mL) and this was allowed to slowly warm to room temperature

20 overnight. The reaction mixture was partitioned between water and ethyl acetate. The
aqueous layer was extracted with a second portion of ethyl acetate and the combined
organics were washed with brine, dried over MgSOQy, filtered, and evaporated to give
crude material. This material was purified by flash chromatography (SiO,
dichloromethane / methanol, 4 to 10%) to afford 67.7 mg (45.3%) of Example 52 as a

25  tan solid. '"H NMR (400 MHz, CDClI3) & 8.70 - 8.73 (1 H), 8.09 - 8.19 (2 H), 7.68 (1 H),
7.53 (1 H),4.96 (1 H),3.30-3.33(1H),298 (2H),2.01-217 (1 H), 1.69 (1 H), 1.40 -
1.62 (4 H), 1.02 - 1.26 (4 H); m/z 396.0 (M+H").

Example 53: (S)-benzyl 5-(3-cyclopentyl-2-(4-(trifluoromethyl)-1H-imidazol-1-

30 yl)propanamido)pyrazine-2-carboxylate,
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sss',N 10 P-O HI To a solution of internediate (1-29f) (300 ngy, 0.655
nmmol ) in dichloronmethane (4 n) was added bronotrinethylsilane (2 nL) at
room t enpEoavuweeand the mxture was stirred for 12 ho®CI/IB2009/0S3IT3

t enper at ure under ni trogen LC di chl or onet hane/ net hanol = 10: 1) indicated
t he reaction was conpl ete. eactio ture was concentrated in
vacuo, the residue was vvashed th vva er and extracted with

di chl ororret hane (20 nL x 3). Th ganl c layers were washed with

brine, gy/erdr)on fQﬁ d evapooat ed in Vaﬂt@me%ﬁf??ggﬁ?@?ﬂdw“ fied

by chromatogr |cato afford the title conpou 46. 9%
as a wo.bé mbi)dv&smﬂsaslvedm dltytdlehlofordeﬂmaher 6oy and stirked\R rod®0 MHz,

(1 ?C%so%m@gr%y@w%ﬂrk%w&n 59?9 %ﬁﬁ&(\NaS%?qupﬁowq 660@%%%65(?1

, 1.28.10lmt) 1. 1@ fnfotlL- A’Ftér'\’ﬂjﬂ'ﬂ)b*ﬂn had sUBSHE, ehdixture was left stirring for 90
(S) 2- (6- (3-cyci opent y1- 2-( tri uorometh I)-1H-|mdazol-1-

15y15) prmmmdwwrﬁe\cﬁwatedl) reisidugcwes diasgivedl\uo tworswgrasgivepaitionsafei n

i thy oo e el 8GR enad RocsekalR opBrine) =0 elflieeg 1or

24 houngas Higkbiveath gt @idhloiemettaire (@gmopt Biterahe @R mqtzaymumgdowml etely.
The reaction m xture was concentrated in vacuo and the resi due was 20

puri fi e8mey) Fickpynigine(@.d04nk ot - d4 trwmot)iwere dissaderrhtn ¢r3alichlaipmetbangdy nls a

770 (219 Sodettig MR of el e BitSRle 7 fichidn s sfrigd dcdodlly | T §Te3ts
H) ,101. Béﬁiﬁ)el‘ﬂtureluﬂﬁér%lhbgedfé}ﬂ Gaysd Théré&(ﬂbnhﬁlas thlen dlmJledl\A(th) +.

25Ex | 65: S) - 2- ( 3- | tyl-2- trifl thyl)-1H d |
yl) p?gppﬂaﬁaﬁm&?(tb)ﬁpﬁ @ v(satﬁﬁglacrnio tnq{)éﬁB'Fd EW%SI' 5%5%50%55 é/vglsmeﬁ Vdiﬁ ?Bfﬁ%ﬁ?a

1A-4 6
o ) SRR Sk Bilrt sutafeClitiérieBnanl oVBbGIEREA!) The residid Wacliffieliy ids
hour s. deCeBramalioged@ty drha @gaprermkedtcmiurah vEisg 2606 ethys acetdtelbepiceeel v.
The WD 2010/ 02 P 2009/ 05377 t t ; trated i
Tacus. 1ERE DRI L0V R EA PR ThE Bramied rRstant el Bofi 65 ( 45. 6 g,
21.13% é‘w/%péré/ﬂ@dt@n&@héd’unélb? \[aﬁggrd*'ﬂdzaﬁ&@?tl@@)tltle@oﬁlp%@hdéhﬁﬁ nig, gl H),
7.85(1 1, 73(2 H), 5.04(1 H), 2.10(2 H, 1.73(1 ,155(3

H), 1.50meb 5%%) as ageflowtglassl. 23 NMRHKH00 Mg GRCH) 5 Kz ( 1439 A 96ME-P# (1
H),8.30-8.32 (1 H),7.69 (1 H),7.50(1H),7.39-747 (2H),7.32-7.38 (3H), 5.45 (2
H),4.80-4.85(1H),2.04-225(2H),1.49-1.81(7 H),1.11-1.18 (2 H); m/z487.9
(M+H)".

20
Example 54: (S)-5-(3-cyclopentyl-2-(4-(trifluoromethyl)-1H-imidazol-1-
yl)propanamido)pyrazine-2-carboxylic acid,
N\
Qo
Formula (1A-4) wherein R* is O . The compound of Example 53 (145 mg,

~

0.3 mmol) was dissolved in ethanol (6 mL) and ethyl acetate (3 mL) in a 250 mL Parr
25  bottle. 10% palladium on carbon (20 mg) was added, and the reaction was shaken
under 50 psi hydrogen for 90 minutes. The mixture was filtered, evaporated, and dried
under high vacuum to afford the title compound (109.2 mg, 0.27 mmol, 92%). 'H NMR
(400 MHz, DMSO-dg) 6 11.76 (1 H), 9.33 (1 H), 8.95 (1 H), 7.97 (2 H), 5.25 - 5.29 (1 H),
217 -225(1H),2.05-215(1H),1.28-1.64 (8 H), 1.01 -1.08 (1 H); m/z 398.3
30 (M+H)".
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5 Exanple 66: (S)-2-(6-(3-cyclopentyl-2-(4-(trifluoromethyl)-1Him dazol -

yl ) propanam do) pyri di n- 3-yl am no) - 2- oxoaceti ¢ acid, NAT{OH Fornul a (1A-4)
wher ei n REOi280/0286m1 xt ure of intermediate (1-32c) (280 mgI/1820090853nT80l ) and
lithiumiodide (796 ng, 5.99 mmol) in ethyl acetate (14 nL) 10 was refl uxed
for 24 hours LCMVS indicated the reaction was conplete. The reaction

m xt ur | 4 heqLesl by prep-HPLC
o af f SRS S TP LR FRED R (G SRl PR Y Ko
(400 M) rmldoﬁwl ﬁ%iolH) yh8cdtaleg H), 7.97(1 H), 7.85(1 H), 5.17(1 H),
2.21 (2 H), 1.84(1 H), 1.75(1 H), 1.70(3 H), 1.60(2 H), 1.32(1 H), 1.18(1
H: mz 440.2 (MrH) +. 15 ExanpleN67:

(S)-3-Cycl opentyl - N-[ 5-(2- hydr N fhy! - propi onyI am no) - pyridin-2-yl1]-

R+ s OFrHA DA HesAngR Bt or ﬁéi.}fgb‘ﬁ” et RpbgT46 ot 5280 © "
et Bangh i), \/353 [‘ﬂs)so@@g |M"@P}¢B|cﬁ§)r3§em9né’@mﬁ§'gﬁé sﬂﬂbasaff M A8RREPRNA €

(146.4 ng, '1.05 nmol) at room tenperature, he m xture was stirred for
12 hourundsr nurtmgﬁnt e@pe daop o DM @ag melded| ‘@Hnmedrm/r@alwwhlqm @Q9&ml;, 1)

nd ca t he t S ete. Jhe reaction tu ed th
na e URERNrSeY RBpBES hEG SRS LB M phiRE AT R StHES I ISR A
acet at ehéd @vaporated.- THB@eﬁQU@Wh%Cﬂl%cﬂ@édmﬂ\mﬁﬁ@e‘é@iv@ pEasdeto ph brine,
dried over Na2SO4, and evaporated in vacuo. 25The residue was purlfled by

chr ormtdighlamefhane and exvaperated foiamaeveexsassoxebisblanide( and the rpiduswesy as

54500 L AR TS0 B8k oot Gy 7.
1 58 ( hyidrocHlorde (Gakivood P8&dycts, Hine., Wexd CCdluerJa 18Q) A340.rag (068D +nmol)
S e JEOrr

(S)-3- e?ipcﬁ%él lsolNtibh: dg%kt&/&mé#bé’y TREFLadiohlhad slifed H FddHAE PR - 1

Hpyrazol - 1-yl') pr opanam
under nitrogen for 1 day. The reaction was then diluted with dichloromethane and

15  water, and the organic layer was separated, washed with brine, dried over sodium
sulfate, filtered, and evaporated. The residue was purified by silica gel chromatography
on a 12g pre-packed column, using 50% ethyl acetate / heptane, linear gradient to 75%
ethyl acetate. The product fractions were combined, evaporated, and dried under high
vacuum to afford the title compound (153 mg, 68%) as a white glass. 'H NMR (400

20 MHz, CDCl3) 6 8.36 (1 H),7.71 (1 H),7.50 (1 H), 7.36 (1 H),6.74 (1 H), 4.70- 4.75 (3
H),4.20-4.25(2H),2.06 -2.20 (2H),1.43-1.77 (7 H),1.25-1.29 (3 H), 1.07 - 1.15
(2 H); m/z 428.0 (M+H)".

Example 56: (S)-3-cyclopentyl-N-(1-(2-hydroxy-2-methylpropyl)-1H-pyrazol-3-yl)-2-(4-
25  (trifluoromethyl)-1H-imidazol-1-yl)propanamide,

Formula (1A-4) wherein R* is L }OH . Under a nitrogen atmosphere
intermediate (I-27d) was dissolved in anhydrous toluene (4mL). Trimethylaluminum
(2.00 M in toluene, 0.488 mL) was added dropwise. This mixture was stirred at room
temperature for 30 min before a solution of intermediate (I-8a) in 4 mL 1,2-

30 dichloroethane was added. The reaction was then stirred at 80 °C. After 21 h, the

reaction was quenched with saturated aqueous Rochelle's salt. This was extracted
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Formula (1A-5) wherein R4 is \ -/ . To a stirred solution of of 1-nethyl-3-
5am nopyrazole (1.219 g, 1.25 mmol) in dichloroethane (2 nL) at 000 was
added Al (wbi2pa@eofel. O 1.25 m., 1. 25 nmol ) and stirredPCONBABI/NIINMH es. A
sol ution of Interrredlate19a1(50 , 0.16 mmol) in 0.5 nL of

1, 2- di dWiGsr With HightoreaetnaRe &ha@arrmaed pranicscvendigd overdVgesand red at

t
Sodi um (e At ool b nalFal wioet el 35 PR QR g B KPR G er
(30 M)amly&ptmectbelcbrmdmdft O thetehalmas th'éhedlggcg%d M ér&)@&frou@?{H(Fr(md over
Na2SO4 and concentrated. The resj due was purified_on Biota Si 02,

AT or o BT H AR amBom g T osite (SN B 1S 77 Tk Bves a8desd Th
40 , 1
( % BMB%wr(a%r%gﬁt%gwp(%z l(lgb?'e 'Far tglé(cfliéklfét;é’ﬂéjredféar%goﬁ|5gp§=t\f_/§eﬁ%tﬁf% a&tftélgﬁ? (

02 Jwa'tér ( Thelaquebus B5@r ﬂvals&émaoterd With Btlayh@iceta®88 :and the combined organics
S)-3- tyl s | f H
5 o RIS, BLIRLNAPYY L 2l 2 S GRS BE R ot F
Exanpl %t@ﬂ\d"ﬁ%e’iﬂé‘rﬁé}eﬁil%%d' B} gﬁrm%ﬁa L80RRRE td ﬁénﬁé\ﬁi arﬁ’} sﬁmhé 68

fromlInternediate 1-9al and pyridine. 1H (400 MHz,
CDCI 3) tetwatiy §qveﬂyal tlreeszmnmmh|os>rmeth@mefeather7ar&8t hen with emeﬁzﬁpnde@tha 95 -

1 10, g copfgiind, s fhinife Sigiogr 8y i fog whgcoich) B oob (Hhy, - 4 (4
( S)- 3- C?sfed) Qpﬂ)t ¥ 156N (1, '78331(5'1| Hér@u it 2+)>’4)832(1 (+$y (3t99 (d HS’@QQ"(’NLI)) 2 120'3L

pyrazol - éé pr opanam de |, ﬁr@ Exanpl e
70 was %?Qt(h 12@@ ih1a41 &hall dGout 8B A r1tQ9-thaﬂ 8ﬂ‘|)Em(m§I1§ %@Mﬂﬂbm

I nternedi ate 1-9al and 2-am no-5-net hyl pyrazine. 1H NVR (400 MHz, CDCI3) 6
9.31 (1 H, 8.94 (1H), 8.12 (1 H), 763(1H) 6.62 (1 H, W

2010/ 029463R 2.21 - 2.38 (2
H, 1.68 - 1@51171 I@SSIQ%QS@E&){)% ?iﬁ %2 F?midrgﬁh%gggﬂ(nﬂ&kﬁl 1rr12 368. 0 (

(M%H)y)psz@amr@@ohbh@yr@iolﬁbwﬁac%thqm 6) are provided below. 5 0

LN}OH
Formula (1A-4) wherein R* is O . The compound of Example 55 (153
mg, 0.358 mmol) and lithium hydroxide (50.6 mg, 1.18 mmol) were stirred at room
temperature in THF/methanol/water (1:1:1, 3 mL) for 2 hours. The reaction was
concentrated, and water and 1N HCI were added to achieve a pH of approximately 4.
20  Athick precipitate settled. Ethyl acetate was added, and the organic layer was washed
with brine and dried over sodium sulfate. The mixture was filtered, evaporated, and
dried under high vacuum to afford the titte compound (31.5 mg, 22%). "H NMR (400
MHz, CDsOD) 8 7.91 (1 H), 7.78 (1 H), 7.52 (1 H), 6.56 (1 H), 5.01 - 5.05 (1 H), 4.81 (2
H),2.13-217 (2H),1.50-1.81 (7 H),1.21-1.28 (1 H), 1.11-1.18 (1 H); m/z 398.0
25 (M-H).

Example 58: (S)-diethyl (6-(3-cyclopentyl-2-(4-(trifluoromethyl)-1H-imidazol-1-
yl)propanamido)pyridin-3-yl)methylphosphonate,

~

Formula (1A-4) wherein R* is N—" . To a solution of intermediate (I-8c)
30 (0.27 g, 0.9 mmol) in dichloromethane (10 mL) was added intermediate (I-26d) (0.223

g, 0.9 mmol) and pyridine (0.22 g, 2.74 mmol) at room temperature. The mixture was
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(1A-6) Exanple 71:

(S)-1-(3-cyclopentyl-1-(1-nethyl-1H pyrazol -3-ylam no)-1-oxopropan-2-yl)-
N, N- di nretwol20tl42pa6n azol e- 4- car boxam de, A ?s, N, For nul aPCTABB)IM43eTRI n R4
is-/ . Exanple 71 was synthesized in an anal ogous_10manner to that of
Exanpl stiegdifpoi? heues aboat temperaturgrinder alreaen - he Kpetpgiearcttber/etiyhivr

457 - AesitEr by beeABingdeacfiollivsthmolesCThe baptoniudidwagy 5t )
1. 38- IcomBehffatdd, in(Vack) antl.thé res@uéYA/e(slpl}ﬁ)fl,edO))BGhrﬂrrﬂat@é’rabﬂnyIdh silidazto359. 2

M+ 15Ex | 72 S 3- | tyl-1-(5- th d 2-vl
o aSloRd matle SOMPPURIIET & g aBiiie) Sriadiahhyailan sold: TR Ge0 MZL ¢ <. o

| Fqr e { |4
ana?%o%@%iﬁéﬁ?gmh%tﬁgﬁmah&Q LG [, LBRH) 1B 6 st

2-am ncH)54r03’t (yHpY3.06i(2¢d), 2]68NIZFHX,4OKD (2#), COE(3H)61 43.(@H), 1.29) (6 B),48101H) ,
8.17(2 H 803%§ 779(1 , 205.28 (1 H), 3.24 (3 H, 3.08 (3 H, 2.43
(3 H), @Hpm/z 2°>H%'\é 1.44 - 1.77 (6 H), 1.26 (2 H), 1.08 - 1.14 (1 H;
mz 370.1 (M+H) +. Exa Ie 73:

(S)-1-(3- c§/cl Ic_)?)entyl rlrp(S met hyl pyrazi n- 2-yl am no) - 1- oxopr opan- 2-y1) - N, Ndi m
et hyl ]Eelemplez&ﬂ eéS%dmm;b@x(éimymopém)‘B N(4&(triflabfeomettylx- 1(HEmiBazolkerein IR A

i slsr e .73, was sgé@&em an n an anal ogous manner to that of

Exafipl é’l)@éoég?) ORIy d 2-ani no-5-net hyl pyrazi ne. 1H NMVR
(400 Mz, CDCI3) 6 9.61 (1 Hus %32(1H), 8.08 (1 H), 7.95 (1 H. 7.88 (1
H, W 2010/ 029461PCT/ 1B2009/ 5 73

= II:II>—O

Formula (1A-4) wherein R* is O~~~ . To a solution of intermediate (1-8¢)
(0.329 g, 1.12 mmol) in dichloromethane (8 mL) was added intermediate (I-25a) (0.257
g, 1.12 mmol) and pyridine (0.265 g, 3.36 mmol) at room temperature. The mixture
was stirred for 12 hours at room temperature under nitrogen. TLC (petroleum

15  ether/ethyl acetate = 0:1) indicated the reaction was complete. The reaction mixture
was concentrated in vacuo, the residue was purified by chromatography on silica to
afford the title compound (360 mg, 66.2%) as a light yellow solid. "H NMR (400 MHz,
CDCI3) 5 8.61 (1 H),839(1H),815(1H),810(1H),7.63(1H),7.44 (1 H),4.71 (1
H), 4.07 (4 H), 2.10 (2 H), 1.70 (2 H), 1.58 (2 H), 1.48 (3 H), 1.28 (6 H), 1.10 (2 H); m/z

20 489.5 (M+H)".

Example 60: (S)-(6-(3-cyclopentyl-2-(4-(trifluoromethyl)-1H-imidazol-1-
yl)propanamido)pyridin-3-yl)methylphosphonic acid,
Z~~P~0H
Formula (1A-4) wherein R* is HO . To a solution of the compound of
25 Example 58 (138 mg, 0.27 mmol) in dichloromethane (2 mL) was added
bromotrimethylsilane (2 mL) at room temperature. The mixture was stirred for 12 hours
at room temperature under nitrogen. LCMS indicated the reaction was complete. The
reaction mixture was quenched with methanol (2 mL), and the mixture was

concentrated in vacuo, the residue was purified by prep-HPLC to afford the title
30 compound (54.3 mg, 47.4%) as a white solid. "H NMR (400 MHz, CDsOD): & 8.23 (1
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4.94 - 4.98 (1 H), 3.19 (3 H, 3.07 (3 H, 2.49 (3 H, 2.29 - 2.37 (2 H,
1.40- 1.76 (7 H, 1.05 - 1.19 (2 H; mz 371.1 (MH) +. Exanples 74-78 of
Fornmul a (We-2#)0/@pss1provi ded bel ow. FSCN TNR4 I\FJ O 5(PENIF)00EK$MI!I e 74:
S)- N (5- rrethéy'r_)l ra2|n 2-yl) - 3-(tetrahydro- 2H-p¥ran 4-y1)-2-(4-

(S

(trifl dﬂ))r SRAQ -8B i(hibaz &1-(1-N), Ypfoplabark- 42 (1 K8, 3106d2ri), 8 ‘(81(&- ) W@r ein

R4 i sl n py

(48. 2 ,H)O. AW)’VS\I%?&EH(}TIE i n[@’ gﬁ‘%{}&dr m'k&&hf_{\bwg?&g%(](mlgétl rred in

anhydrous toluene (0.5 niL). Trimethylal um num solution (0.23 nL, 2.0Min

t ol uene) was added, and the reac n was sealed and stirred at room

terrperm&l 46)rR-trrpwdopeqtyl- iﬁL‘?éViﬂHBERm%thy i 1hiBidgéehlne was added to
Egae%qg}h @l‘ﬁb 10h, the reaction was seal ed and

stl rrec}% l%jﬁg;yrrIlgfa}ﬁcete|Bon V\gfsceacdcl)%l ed, and the residue was diluted with

di chl oronet hane and 0.5 M Roopﬁsimj;alt 15shaken, and allowed to stand for

90 minutes. The m xture was filterled through an Autovial filter to renove
i nsol uble material. The organic rOlas filtered through an Alltech

filt t

() o d Ol PRk RTiegen, O brR: of SR e BRI AT A2,
and 0. 3o 1.8 mroold dlchh)rametkmmet (110l raL ) wat @dese)6- amndpwldtnesulforhlctdm crude
prf)duct ' aff1ogg the ogﬁrﬁtlot gee‘daca(?(i &%em;c%@ I%‘Nl%o(\(orlgf (gl_‘za(r@c%naéahgr?%sgdf(l
(2 H) p%fﬂ%?rfe?‘ 033 Ha_E)@élrp mﬁgé@ g( fodh terpBfitdrel 8TRE midturd wdd rdflBded for Hp; N z

38 ;
( S)10N- (Fﬁauﬁeuhsielppltmgen 2 CMP-imdicatedrtha pthrting Fngigrialnwas no) canguned

wher oi 1PORMERTL 1ol ehte™7ENde o pobeaTDRHET I G St AR L el
o lh aEn s ke
5.22 (1 H),2.18 (2H), 1.60 (4 H), 1.48 (3H),1.31 (1 H),1.11 (1 H); m/z431.4 (M-H).
15
Example 62: (S)-6-(3-cyclopentyl-2-(4-(trifluoromethyl)-1H-imidazol-1-
yl)propanamido)pyridin-3-ylphosphonic acid,
\’;‘ N\
P
P—OH
Formula (1A-4) wherein R* is OH . To a solution of the compound of
Example 59 (170 mg, 0.348 mmol) in dichloromethane (2 mL) was added
20  bromotrimethylsilane (2 mL) at room temperature, and the mixture was stirred for 12
hours at room temperature under nitrogen. LCMS indicated the reaction was complete.
The reaction mixture was quenched with methanol (2 mL) and the mixture was
concentrated in vacuo. The residue was purified by prep-HPLC to afford the title
compound (47.1 mg, 30.0%) as a white solid. 'H NMR (400 MHz, CDsOD): § 8.64 (1 H)
25 815(2H)7.93(1H)7.81(1H)5.12 (1 H)2.18 (2H)1.80 (1 H)1.70 (4 H) 1.55 (2 H)

1.30 (1 H) 1.25 (1 H); m/z 431.4 (M-H)..

Example 63: 6-((S)-3-cyclopentyl-2-(4-(trifluoromethyl)-1H-imidazol-1-
yl)propanamido)pyridin-3-yl(methyl)phosphinic acid,
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WO 2010/ 029461PCT/ 1B2009/ 053773 7.60 (1 H), 7.51 (1 H), 4.87-4.91 (1 H),
3.89-3.95 (2 H), 3.26-3.33 (2 H, 2.31 (3 H, 2.02-2.17(2 H), 1.34-1.64(5
H); nlz 3806.2810(0b4d) +. Exanpl e 76: PCT/IB2009/053773
(S)-N-(1-nethyl-1H pyrazol -3-yl)-3-(tetrahydro-2H pyran-4-y1l)-2-(4-
S(trifluoromethyl)-1Him dazo‘}f- N | ) propanani de, N Fornula (1A-7) wherein
R4 is \-/ . Exanple 76 was syn hgl ged in an anal ogous manner to that of
Example 74 fromInternediate |- Paoél 3- ami no- 1- net hyl pyrazol e. 1H NWR
(400 MHEOrmORBQTA-46 wheddin(R* i) , 7. 78 1(1 H) To & gHlutidn of intehredidtéd (H29f) (300
5.10-5.14

H, 1.319; (Sé@?gnr;qpl)%%ﬂfc@qg%@tggqqﬁ]ﬁ() M@zb@motrl&ethylsna%e 2 mL}O( 2
(S) - 3- (bght @Wﬁ gu?réh% ey A\ll)(}fl;]l_fze;/\b?é Sitiréd %roidéhéue]awpw ten?péfé%@uﬁéer

(trifluoronet H-1m dazo pr opanam Formula (1A- ereln
i SN Exan’qndngerWTlAﬁs(ds)}Atnrbmtfzanb/metano&Samnb@dmt@rhthﬁeneatcbom mas aﬂmmhaml e

TG e L P B T DN W 5 1
7.89 - rﬁLPJanG]e%ﬂ)actJd Wih 610H1ﬂrorr7etl5§né @20‘%L >?3g5The Eoﬁ%lr(éd bi)ganﬁ: iB¥ers 5. 17

(1H) 3.9 4 (2 H, H, 2.06 - 2.11
(1 H, wersMasfnemntfofsrmse;dmctomersNaz @m e\@@omt@dpnefamo The residue

>~ (e PR RY RO deerabrRidtblice B Frvd g bR RUHE R Sen 7)Y

wher ei M%) sh.a WhhepbRd 4BdwWRse ﬁrmufeeéi dlaétdrébmér§H1H NOAR$4O®NIEL, to t hat
of Exanple 74 fromInternediate |-1

2518t h Ds(ﬂphﬁapwdﬂbﬁg%&ﬁdlﬂh 821@u64 ||'rlé %99%6#{')51@688 (fel).13.21 (1 Hao? RAdPI

U0 o YL (OB s 5957 nolstay o0 & BE el 15 B (it (3 B
3.35 (IMDH)*2.21 - 2.28 (1 H), 2.06 - 2.12 (1 H), 1.31 - 162(5H) m z

456.1 (M+H) +. 30Exanples 79-81 of Fornmula (1A-8) are provided bel ow. WO
2010/ 029461PCT/ 1B2009/ 053773 0 NNO

Example 64: (S)-2-(6-(3-cyclopentyl-2-(4-(trifluoromethyl)-1H-imidazol-1-
15  yl)propanamido)pyridin-3-yl)acetic acid,

\f’lN\ o

Formula (1A-4) wherein R* is # OH A solution of intermediate (I-30g) (207
mg, 0.488 mmol) and lithium iodide (649 mg, 4.88 mmol) in ethyl acetate (5 mL) was
refluxed for 24 hours. LCMS indicated the starting material was not consumed
completely. The reaction mixture was concentrated in vacuo and the residue was

20 purified by prep-HPLC to afford the title compound (36.9 mg, 18.45%) as a white solid.
'H NMR (400 MHz, CDsOD): § 8.14 (1 H), 7.99 (1 H), 7.85 (1 H), 7.73 (1 H), 7.68 (1 H),
510 (1 H),3.54 (2H),211(2H),1.75 (1 H),1.63 (1 H), 1.55 (3 H),1.48 (2H), 1.21 (1
H), 1.18 (1 H); m/z 441.4 (M+H)".

25 Example 65: (S)-2-(6-(3-cyclopentyl-2-(4-(trifluoromethyl)-1H-imidazol-1-
yl)propanamido)pyridin-3-yl)-2-methylpropanoic acid,

b | Ny o
Z OH
Formula (1A-4) wherein R* is . A solution of intermediate (I-31e) (220
mg, 0.486 mmol) and Lil (647 mg, 4.86 mmol) in EtOAc (11 mL) was refluxed for 72

hours. LCMS indicated the starting material was not consumed completely. The
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(1A-8) Exanple 79:

(S)-3-cyclopentyl -N-(1-nethyl-1H pyrazol -3-y1)-2-(5-(nethyl sul fonyl)-2Htetr
azol - 2- yMWwpnropanesside, , N Forrmula (1A-8) wherein R4 i sPCT/IB2009/053773

3- Ami no-| - et hyl pyrazole (38.9 ng, 0.40 5nmmol) was stirred in anhydrous

t ol uene“e(agtlcmmxtqrfq wes spnegnimtadm ¥acur.itba regdoee was purifiem bynprte@rldéh(é)to\mas

L al | GUBEO GPEaR S @B TRe 2 i B B R PO e P o ittdh R 2 e

1-11 b.g.3bi(s momw(omwsseaphdﬁgi ang (2 Ik, 5iol4r (a4, ezt103@04?]01r73@hH)T4n@5(
reaction was cool ed and stirred for several ninutes wit aqueous sat ur at ed
Rochel 1), d.506RH).. 1.78i(6 Hiad - 48xRrik et (WHel .OR (h Hii 6¥ 6834eMitik. and t he
COfﬂ%l ned organics were dried over MgSO4 and concentrat ed under reduced
pressure. Chromatographic purification of the crude product afforded 13.5

my of tw C@@(B?@B cydtopdMy(-2Q4-(vizordeheihg))- BH-InkiazoL1+H) , 7.26 (1 H),
6.60 (1 H) 42 (3 2.54 - 2.64 (1 H), 2.38 -

(1
2. 48 (1y')ﬂfopélnam'd0)myr@6“ (”513/'@4)1'”01'%%030?“?@0{(’4 H, 1.44 - 1.54 (2 H), 151.02
- 1.27 (2 H; mz 366.4 (MH_¢ Banpl e 80:
(S)-3-cycl opentyl - N-(5- rrethylffn I n-Q-y1)-2-(5-(nethyl sul fonyl)-2H etrazol
- 2-yl) propanam de, -css rso | aﬁé%@kﬂ) wherein R-. Exanple 80 was
synt hesi zed in an anal ogous 20manne that of Exanple 79 from
| nt er neciratde (1A whedeip-Rivisno- 5- met hylQyr i dA®ixture alimetmediate-320)C 3) 6

2. 9350 594 Mgl shadtid Biaeirp hg, Sho i) in i dbbag ) ¢
1 05 - waRefRetor 24 RodR. @M@hhﬁrbatélﬁﬁé&@ﬁbﬁorﬁﬂvas complete The reaction

(S)-3- cyclopentyl N (5- et hyl pyrazin-2-y1)-2-(5-(net dv)lsulfo 1)-2H
t et r azdNDUre|Wasr epaeaiaded /17 YeoURCAD heoss tiieTwaspuiitedby prep- rLrﬁltcaaf(fqrA 8)

e ot TSN bon XA a8 VS (S A SR Al B PTMERI WP SO R

400 33.16 (2. H),%. H)H A 1JHI RH2 H 1754 1 HYD 1 345 3
(H), 2%7?@99 3. @&@)17(97&1)(2) 63&( 3% 78( )Q HK:Q ;3 ( kgi) 7 (
1.07 - H),47Qe8 $2 H), 1.3 1H) 1.18 (1 H); m/z4402 H

15
Example 67: (S)-3-Cyclopentyl-N-[5-(2-hydroxy-2-methyl-propionylamino)-pyridin-2-yl]-

2-(4-trifluoromethyl-imidazol-1-yl)-propionamide,
y N)%
H

(350 mg, 0.70 mmol) in methanol (8.75 mL) and water (8.75 mL) was added potassium

Formula (1A-4) wherein R* is OH | To a solution of intermediate (I-33a)

20 carbonate (146.4 mg, 1.05 mmol) at room temperature, and the mixture was stirred for
12 hours at room temperature. TLC (petroleum ether/ethyl acetate = 1:1) indicated the
reaction was complete. The reaction mixture was washed with ag. ammonium chloride
(20 mL) and the mixture was extracted with ethyl acetate (10 mL x 3). The combined
organic layers were washed with brine, dried over Na>;SO4, and evaporated in vacuo.

25 The residue was purified by chromatography on silica to afford the title compound
(177.9 mg, 55.6%) as a white solid. 'H NMR (400 MHz, CDsOD): § 8.63 (1 H), 8.10 (2
H), 7.97 (1 H), 7.86 (1 H), 5.14 (1 H), 2.04 (2 H), 1.85 (1 H), 1.80 (1 H), 1.70 (3 H), 1.58
(2 H), 1.47 (6 H), 1.35 (1 H), 1.20 (1 H); m/z 454.2 (M+H)".

30 Examples 68-70 of Formula (1A-5) are provided below.
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5378.4 (MH). Exanple 82:

(2S)-N-(5-net hyl pyridin-2-yl)-3-(tetrahydrofuran-2-yl)-2-(4-
(trifluorwoentwd2y46iH-i m dazol - 1-yl ) propanani de, of For meCa/Ig29/833773 101A- 9
To a solution of 5-nethylpyridin-2-anmne (205 ng, 1.9 mml) in 4nL of

di mret hoxyet hane was added di net hyl a num chloride (1.0 Min hexanes, 3.8
m., 1.8 mmol). After the Iight yel | 0 ution vvas stirred for 0.5 hours, a
solution of internmediate (I- 2'__e) (1|£15 0..63 in 2.3 nL of

di met hoxyet hane was added 15i nt'c e reactl on was heated as a
m xture at 90 C overni ght before co ng roomterrperature The crude
reaction nmixture was taken up in ethyl &btAtAte and washed with 0.5M aqueous

A= s T G R e MRS e L

and corp;eazdlaﬂtgak)bmpdaamncmjuced pressure. The crude residue was purified by
20silica gel chromatography (I SEP 12g, 30-60% et hyl acetate/ heptane) to
% N

il xt

afford the title conpound As eNtow solid and as a m xture of
d| ast erfemada (18%5) mergindR tis36 1H NVR il deriatiorDvBD) tie)etidyld®. 93(1 H),

3,79 - anBerypape (210 138gghidy yaidadginans (k) 5l Cyasaggaly’ (3 1)

-2.22 (A d:l)ig)zdl @ISOM H..99 161 l2)5 mfﬁol) &Qﬂstlrrédvrdﬁ)% m%t@%amwtﬁfm of
(S)- N-(5 met hyl p in-2-y yrazol - %1 - 2- 4$tr|fluororrethyl)

Hi mi daz'Btefmediﬁlt?ﬂrrg@ a(ﬁarmd,ea 166\ﬁmPBﬂrﬁrﬂl%”ﬂ—1¢f gydichjgyoethane was then added
2010/ 0 R 3
nmol ) V\%Asbﬁt\%\’e% &@%99} (;[Bgen\né_éé’ruérﬁ‘]dk u?rgqé%Fp%{[Hoéj+c{Pl1r%rﬁ%urlgﬁT&%y 0 uene

(1.0 mMyas quemaHdayith QOP/mpma(seluMsmmuerta@trMeltetrtabj/dretea 5 Ly 8ldwlymmd)thaas
added, and the reaction was seal ed and stlrred at rogm tenperature for 45

m gt edilufed withweAtak @0( rlnl—iﬁfﬂ eeqr@eted W G ( $9r61|-)) |Tr'?elorgaﬂ'icdﬁ}’<?fr‘%%‘i hane
2.0 16

hour s, St E HEEOLD Sferfaid, OTndfesiate W ARt TB AdE BORR L i
sol uti d®i@4, dnblorolbneiham/m&tharamieO(tdﬁ%) tme&ﬁoadldmitltlandmtpbanm ﬁHlNMR/\(:ﬂ@O

stirre n S he 10 r u n ani c
hase MHEREOR G087 Citbodg A b 60 6 4 08iTh Eso B Rt “The
mat er i ( I &fHR | macst@bel hept ane
gr adi efl(tb Pt“%{szgg |_ie?f EFCM acggtgat eIJI)) ﬁgr?de%b éﬁlq%/be érégdﬁ] Ih)(f ract |6cj)l?1$ wer e
conisi ned1-eh). evapor at ed TLC (5% net hanol /d| chl or onet hane) showed that the
resi due contai ned two conponents. The material was purified by silica
15prep TLC, devel oping with 6% net hanol / di chl or onet hane. Three narrow,

cl ose Example 69: (S)-3-cyclopentyl-N-(5-methylpyridin-2-y1)-2-(3-(trifluoromethyl)-1H-

pyrazol-1-yl)propanamide,

kg
Formula (1A-5) wherein R* is K)\ Example 69 was synthesized in an analogous
20 manner to that of Example 68 from Intermediate 1-9a1 and 2-amino-5-methylpyridine.
'H NMR (400 MHz, CDCls) § 9.31 (1 H), 8.94 (1H), 8.12 (1 H), 7.63 (1 H), 6.62 (1 H),
495-499 (1H),250(3H),221-238(2H),1.68-1.81(1H), 1.44-1.64 (4 H), 1.07
- 1.30 (4 H); m/z 367.0 (M+H)".

25 Example 70: (S)-3-cyclopentyl-N-(5-methylpyrazin-2-yl)-2-(3-(trifluoromethyl)-1H-

pyrazol-1-yl)propanamide,

T
Formula (1A-5) wherein R* is N Example 70 was synthesized in an analogous
manner to that of Example 68 from Intermediate I-9a1 and 2-amino-5-methylpyrazine.

"H NMR (400 MHz, CDCl3) 5 9.31 (1 H), 8.94 (1H), 8.12 (1 H), 7.63 (1 H), 6.62 (1 H),
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t oget her bands were scraped off and crushed, and the conpounds were | eached
off wwth 1:1 ethyl acetate/nethanol and filtered. The sol vent was renoved
under a rwonopanIstiream The residues were checked by LECWEB09bIBCE e t he
desired groduct mass. The material containing the product was purified by

LC ( PhehdderfeR9Eki)n2. 9018 12b 2221 22139 (i) SLAP -rio@ {1 &, 1044.9%.68ntb M )uia07 -

hydr oxi 0 tonitrile linear gradient to 5% water/95/0
acetonlfg?l ﬁt%??%‘?ﬂﬂiﬂme conmpound (19.2 ng, 0.053 nmol, 13% . 1H

NVR (400 |sz CDCI3) 6 8.06 -8.08 (2 H, 7.55 - 7.60 (2 H), 7.42 -7.45 (2

H),71 3616 6,17 7 -5.51 (1 H), 4.86 - 4.91 (1
H) amwe§971c713 Fopnugla éé %areWQV'§G@%@|Wm+ 25 Exanpl es 84- 89
repr, esent ed of Formula (1A-11) are provided below. WO

2010/ 029461PCT/ 1B2009/ 053773 N-s-R4 111 0 (1A-11) Exanple 84:

(S)-3-cyclopentyl -N-(pyrazin-2-yl)-2
1- yl)propanam de, AN) Fornula (1A- erein R4 isN Trinmethylal um num (2
Min heptane, 0.510 ni, 51.02 mol) was added to a sol ution of

2-am nopyrazine (97 ng, 1.02 mm@l) in dry §oluene (4 nL) under argon at O
C, and the resulting react‘i\on ni|xt ur : H.n\bl ent tenperature and
stirred for 30 minutes. After thi ime/ uti onRof internmediate (I-15b)
(99 mg, 0.34 mmol) in tetrahydrofur as added dropwi se to the
reaction mixture and the reaction heated to reflux overni ght. After cooling
to 10 anbi ent terrperature the reacti on wd¥®uenched with the addition of

amoni LE&é?HbI@Wd? 3)cy6fi)d§a}yl 1agdmfe|ﬂf’ylﬂW—Pﬁgt%tzoﬁﬁlyl&ﬁ%§|4%£d%bréééw D-yl)-

(trifluoronmethyl)-1H1,2,4-triazol -

acetate d with brine dri"ed over 't ered
and thdV, dmﬁhyk éaiijméetrarba&amlde Pur| fication was then achl eved by

flash chromatography (2:1 hexgng et hyl acetate) to afford the title
conpound as a, col orless vigs %1’ (81 )/0y Ielqd) 1H NVR (400
hin

15M—Iz F@D@]Lﬁﬁ (A )M@e(@nl-'ﬁ isg 1 I—’;‘:-XE"QP[@lW( Waﬁ)syngw@gz N 3'83|99°‘€9:L
g (imé_%me n?etﬁg»% fz@?%rﬂélé)d@ fr Iﬁ%rme@g&g I£9]a2|'gnd 3:afino- 11m%%nyflg§yr|é%ole 27 )
(S) 3- cy-bIvarRe(nQO NNZ(S)D@I%h&'OpwﬁdHn-?ZQ&l‘)H)Z 7(8{2(1 H)f'[ UWG)HI)HGI%XH:I-)Fl 2 4-
triazol - yl)i 1pa amd 6 YTP
was syrt-fésidzeh( H)é’n7ar€3ﬂ'ﬁg§J§ ﬁdﬁ.}a@r 363H9»a'%181— %ﬁar@w é@&varﬁ8 7H)
| nt 1 HNNR 400 MHz, CDCI 3) 6
8r]5£elr ?ﬁq quﬂ%?za(qq_n@agv?’n?l ,HK Hgy%l?zy%ﬁéia;(m #53(1 (, 5.04 (1 H) , )2 31
-227 2 H, 2.30 (3 H, 1.83- 1.77 (1 H, 1.75 - 1.58 (4 H, 1.54 - 1.47
I%xam le 7]2 0(BS) 12- (ﬁ:yclopentyl]— g rrg(!:‘vml)pyrldln 2-ylamino)-1-oxopropan-2-yl)-N,N-

dimethyl-1H-pyrazole-4-carboxamide,

2
Formula (1A-6) wherein R* is T\)\ Example 72 was synthesized in an analogous
manner to that of Example 68 from Intermediate 1-9a2 and 2-amino-5-methylpyridine.
'H NMR (400 MHz, CDCls) 5 12.61 (1 H), 8.48 (1H), 8.17 (2 H), 8.03 (1 H), 7.79 (1 H),
20 5.28(1H),3.24(3H),3.08(3H),243(3H),216-2.32(2H),1.44-1.77 (6 H), 1.26
(2 H), 1.08 —1.14 (1 H); m/z 370.1 (M+H)".

Example 73: (S)-1-(3-cyclopentyl-1-(5-methylpyrazin-2-ylamino)-1-oxopropan-2-yl)-N,N-

dimethyl-1H-pyrazole-4-carboxamide,

?55[ ]\
25  Formula (1A-6) wherein R* is NN Example 73 was synthesized in an analogous
manner to that of Example 68 from Intermediate 1-9a2 and 2-amino-5-methylpyrazine.
'H NMR (400 MHz, CDCl3) § 9.61 (1 H), 9.32(1H), 8.08 (1 H), 7.95 (1 H), 7.88 (1 H),
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25 Exanple 86: (S)-benzyl
6- (3-cyclopentyl-2-(3-(trifluoronethyl)-1H1,2,4-triazol-1-
yl ) pr opamsioizdyndwet i nate, WO 2010/ 029461PCT/ 1B2009/ 053TTAB2009/6%3r718Ul a
(1A-11) wherein R4 is . Internedi ateél-lad:r?-h&l% rrgi 0. 65 mmol ) was
stirred-Ph-dt-§8dil Ehi 3r18nBt a0 6htd). 46943 @%ePat/uZeH et - A 46 dgidh.
One dr f i bl 14d added, followed by oxalyl chloride (0.12
m., 1?%I€Hg2?t%r%ﬁ%§zm1n®ﬂﬁ@ "subsided, the reaction was left stirring
for 90 5m nutes and then evaporated. The residue was re-dissolved in
1, 2-di chl oroet hane_ and re-evapaorated twice to renove unreacted oxal yl
chl ori dex@maplgs /el phgomglpdag—medqrgygﬁ 8! dry di chl or omet hane (5 nl).
Internmediate (1-28a) (180 ngy, 0.789
were added to the acid chloride sol{uti
18 hours. The reaction was diluted W
organi c | ayer was washed with brine, drikd ﬁver sodiumsul fate, filtered,
evapor ated, and the residue was ppyrif I8d SRJ i ca gel chronatography,
using a 12g pre-packed colum, eluti wi tth 25% et hyl acet at e/ heptane. The
product fractions were conbined, evapg,gg% d, and dried under high vacuumto
afférd the title conmpound (262 ng, O. |, 83% as a white glass. 1H
NWVR (4 6. 2. . Ao (8. 32 -8.34 (1
RN e R R A UM S A R el S S O PR PP
- 2. 33 (trflueyomethyd-1H-im@azelr 18l )prapad@mide, 21 (2 H); miz 488.0 (MtH) +.
Exanpl e 87: (S)-ethyl N
2-(3-(3-cycl opentyl- 2-(3-(tri\'f5[u6 onethyl)-1H 1, 2, 4-tri azol - 1-
YL) P ORI Pl A Fiueramay: B Y ONOS! algninds SeROBORIHA A e el n Ra
is mmol) was stirfed 1n dry dichl oronethane at room tenperature
under mMilontldranswiokeNdy ¢48.2mgali 04 iy aaseveigieechvardo adddranh Arfulesdallandoxal yl

hl oride (0..12 nm, 1.3 | f ubbl i bsi ded, t t] .
e siFIERE By ssis o EsOhaLon Ay Lar Bam seaiont 8 as Tt B ine
- i S3phead) s el S O ORLAIAHR e UABCALEE RO Bihdcha L RAERYS

) and pyridine (0.11nmL, 1.36 mmol)
n, and the reaction was stirred for
i chl oronet hane and 10water. The

unreacted oxalyl chloride, and then taken up y di chl oromet hane (5.0

). Et4dmirites- Anl md- dliquey ohdishlorogthpaeavas addsdiicohnmg (W21 (Takvebdd
Pr oducts, .l nc,. | unbj.a, . SO 6 0. 78 ) -and ridine (0.16
2 0 e FaPha B 38l 1R el o suidad & BPReL TRTRIEHRE. (The
react i agpolds ahdl theedsidlie v gillted amdtdiemeranethepe eihd BB Rerhengaaitc | ayer
was washed with brine, dried over . .
15  shaken, and allowed to stand for 90 minutes. The mixture was filtered through an
Autovial filter to remove insoluble material. The organic layer was filtered through an
Alltech filter and dried under nitrogen. Chromatographic (column: Phenomenex Luna
(2) C18, 150x4.6mm, 5u (21.2x150mm 5u), gradient 0.1% formic acid in water and
0.1% formic acid in acetonitrile (5 to 95%) purification of the crude product to afford the
20  title compound. 'H NMR (400 MHz, CDCls) 8 9.38 (1 H), 9.05 (1 H), 8.06 (1 H), 7.70 (1
H), 7.50 (1 H), 4.92 (1 H), 3.89-3.94 (2 H), 3.27-3.33 (2 H), 2.53 (3 H), 2.04-2.18 (2 H),

1.33-1.62 (5 H); m/z 384.2 (M+H)".

Example 75: (S)-N-(5-methylpyridin-2-yl)-3-(tetrahydro-2H-pyran-4-yl)-2-(4-
25  (trifluoromethyl)-1H-imidazol-1-yl)propanamide,

s
I
Formula (1A-7) wherein R* is T\)\ Example 75 was synthesized in an analogous
manner to that of Example 74 from Intermediate I-10h and 2-amino-5-methylpyridine.
'H NMR (400 MHz, CDCls) 5 9.62 (1 H), 8.09-8.11 (1 H), 8.02 (1 H), 7.70 (1 H), 7.58-
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30sodi um sul fate, and evaporated. The residue was purified by silica gel
chromat ography, using a 12g pre-packed colum, eluting with 25% et hyl 117
WO 2010/ OB04610RCT461B2009/ 053773 acet at e/ hept ane wi th a PCmaBzoognsdient to
50% et ?}/Ia@acet ate. The product fractions were conbi ned, evaporated, and

dried (1 W) gh-S dd Ut & -4 dH) Fe89-3t9%(Zld o 2hrd- Q3.LV24H9@2 30.(AdB. mol
620 1 43) 6 8.48 (1 8.37 (1
52 (P ﬁ@%y%% ai‘ 1 %g%/ﬁ)(’é%%% 1 (2 H),(4.|i% Y 25((2H)H),

220-2305(2H) 46-181(7 L 1.25- 1.29 (3 H), 1.04 - 1.22 (2
Z

e e & B8 ohauh{ s abiche- Aasrandry -

yI) ro | OH Formul a (1A-11) wherein R4
0 Tﬁﬁ‘*@?fnﬁﬁéﬂw”’%Sdr?%ﬁ‘e“’g&%?@%aznéﬁng'f’%oo 537 mol ) was di ssol ved in

ethyl acetate (4 nL) and eth (;6-nL) in a small Parr bottle. 10%
Pal | adlﬁawvag 2Wk(e4é)in®‘5ls dedexanfgle 7@ watayhtHusixaBsingrkedlogoger S0

psi hydrogen hours. The m xture was filtered, evaporated, and dried
under Hﬂg'hn@rat@dbﬁﬁ et Exsgoplet ﬁomdﬂtﬁrme@mtetlﬂ@h %@ﬁmnpﬂme@wmyra@om

5 90 - B R A E BTy o TN P . PRI 60 15 105

H, 1. ”(9 H) 3%13(93 DH), B.28(3 HI, 88813412 HY; A47-2.1017 H)11 111 692(5396,792
(MH. Exanple

( S)102- (37—2(23(Mybl)opentyl 2-(3-(trifluoronethyl)-1H1, 2, 4-triazol -

yl ) propanam do) - 1H pyrazol -1-yl)acetic acid, so' . N CH 20 Forrml a
(1A-11) wherein R4 is0O. The conpound of Exanpl e 87 (174 ng, 0.406 mmol) and

1§t hi urgm@exﬁms; sztectrmydrd 2BApyrant)-yeN-¢hiizolo]8d-klbyridinm-yPpe-at ure in
tetrahydrofuran met hanol (2 nL) and water (2 nL) for 2 hours. The
i xturérﬁ}é\‘@r%ﬁﬁ‘éﬁﬂ/ﬁt"@dﬂazﬁha M%‘?a%ﬂ' €N HCl were added to reach
approximately pH 4. A dense sol |Sd cgashed out. Ethyl acetate was added, and
the 25 organic | ayer was washed/ Wi h~pri ne and dried over sodium sul f at e.

The m I apo ,@(\t—[{g} mto afford
the ti ﬁogm%ﬁ;@%%w{%é%ﬂr% 80y 40" o a‘gg%qu?gﬁa‘[’{@% Stg’”thgei%%seéﬂﬁ NVR (400
MHz150 DA rdlodoukOmamnértoHhat 8f Eﬁarﬁéle“% frﬁnﬁﬁltérhétﬂlatea 10h 4dd Hﬁlazcﬁ@@% - 5.07
(1 H, 475 (2 H, 2.03 - 24 ZEI) 1.41 - 1.75 (7 H, 1.01 - 1.26 (2 H);
m z 39]pyridipes2-ylamine (AstaTech Inc., Bristol, PA). 'H NMR (400 MHz, CDCI3) '8.49 -

851 (1H), 789-791(1H), 771 (1 H),7.55 (1 H),7.35-7.38 (1 H), 5.12-5.17 (1 H),

3.91-394(2H),3.28-3.53(2H),2.24-231(1H),2.06-2.11(1H),1.34-1.62 (5

H); m/z 426.1 (M+H)".

20
Example 78: (S)-N-(5-methoxythiazolo[5,4-b]pyridin-2-yl)-3-(tetrahydro-2H-pyran-4-yl)-
2-(4-(trifluoromethyl)-1H-imidazol-1-yl)propanamide,
N._ O

KA

Formula (1A-7) wherein R* is \NU . Example 78 was synthesized in an
analogous manner to that of Example 74 from Intermediate |1-10h and 5-

25 methoxythiazolo[5,4-b]pyridin-2-amine (Maybridge, Tevillett, Cornwall, UK). 'H NMR
(400 MHz, CDCI3) 6 7.79-7.81 (1 H), 7.78 (1 H), 7.54 (1 H), 6.79 - 6.81 (1 H), 5.06 -
5.11 (1 H), 3.98 (3H), 3.91-3.97 (2H), 3.28 -3.35 (2 H), 2.21-2.28 (1 H), 2.06 - 2.12
(1 H), 1.31 - 1.62 (5 H); m/z 456.1 (M+H)".

30 Examples 79-81 of Formula (1A-8) are provided below.
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30 WO 2010/ 029461PCT/ 1B2009/ 053773 Exanpl e 90:

(S)-6-(3-cycl ohexyl-2-(4-(trifluoronethyl)-1Him dazol-1-

y1) pr opamsioizdmymdwmet i ni c acid, of Fornula (1A-12). 0 (P&TAB00%D3UEr nedi at e
(1-16e) (0.145 ng, 290 nmol) was taken up in 30 nL of nethanol and was
injected onto an H Cube TM. Hydro i on occurred under a continuous flow
of H2 on a 10% Pd/ C cartridge at rate of 1nL per mn. The filtrate
was col |l ected and concentrated to ak#ortNthe title conpound. 1H NWVR (400
MHz, CD30D) 6 8.90 - 8.89 (1 : , 8.20 - 8.17 (1 H), 7.93
(1 H, 7.81 (1 H, 528 -5.344l 3 ‘ 42 H, 1.84 - 1.81 (1
H, 1.73 - 1.63 (4 H), 1.18- . , 1.Ip7- 0.99(3 H); mz 411 (MH) +.
Exanpl es 91-92 of Fornula (1A-@3) geeNprovi ggd below. H N--R4 0 (1A-13)
15Exanpl e 91:

(S)-3-cycl opent y1-2- (2-net hyl - 4- (trifl uok@& hyl ) - 1Hi ni dazol - 1-y1) - N- (5-

Chvl e . el : Co)
o e AT T )R QRASBR N - R - iy Py e ey o R 1

di net hdagetretdidhel)sropacaolidel to O C. Di net hyal unmi ni um chl oride (1.48 mmol, 1M
I n hexane) was added dropw se. me resulting mxture was 20warnmed up to

anbi ent tenperature and stirr Nr~ 30 min. A solution of internediate (I-

Formula (1A-8) wherein R" is =/ . 3-Amino-1-methylpyrazole (38.9 mg, 0.40

5 mmol) was stirred in anhydrous toluene (2 mL). Trimethylaluminum solution (0.21 mL,
2.0M in toluene) was added, and the reaction was stirred at room temperature for 35
minutes. A 2 mL aliquot of dichloroethane was added to 60 mg (0.20 mmol) of
Intermediate I-11b. This solution was added and the stirred at 80°C for 16h. The
reaction was cooled and stirred for several minutes with aqueous saturated Rochelle’s

10  salt. This was extracted twice with dichloromethane and the combined organics were
dried over MgSO4 and concentrated under reduced pressure. Chromatographic
purification of the crude product afforded 13.5 mg of the title compound. "H NMR (400
MHz, CDCI3) 8 8.67 (1 H), 7.26 (1 H), 6.60 (1 H), 5.67 (1 H), 3.80 (3 H), 3.42 (3 H), 2.54
-2.64(1H),2.38-248(1H),1.76-1.86 (1 H), 1.55-1.76 (4 H), 1.44 - 1.54 (2 H),

15  1.02 -1.27 (2 H); m/z 366.4 (M-H)".

Example 80: (S)-3-cyclopentyl-N-(5-methylpyridin-2-yl)-2-(5-(methylsulfonyl)-2H-

tetrazol-2-yl)propanamide,

3 Ns
Formula (1A-8) wherein R* ]l/\)\ Example 80 was synthesized in an analogous
20 manner to that of Example 79 from Intermediate I-11b and 2-amino-5-methylpyridine.
'H NMR (400 MHz, CDCl3) § 9.02 (1 H), 8.17 (1 H), 7.97 (1 H), 6.96 (1 H), 5.62 - 5.74
(1H),3.43(3H),2.58-2.71(1H),2.39-248 (1 H),2.37 (3H), 1.45-1.85 (7 H), 1.05
- 1.25 (2 H); m/z 379.5 (M+H)".

25 Example 81: (S)-3-cyclopentyl-N-(5-methylpyrazin-2-yl)-2-(5-(methylsulfonyl)-2H-

tetrazol-2-yl)propanamide,
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17a) (90 ng, 0.3 mmol) in di nethoxyethane (2 nL) was then added to the

activated am ne solution via canula. The conbi ned sol ution was heated to

refl ux owsonhghr46The reacti on was cool ed to room t enpePa@raBHOANTE7H oW y

guenched by the dropw se WD 2Q10/ 029461PCT/ 1B2009/ 053773 addi ti on of

aqueous Rochelle's salt (coﬁE rated, 10 nmL). The m xture was stirred for
t

20 m nyt es bef separ.ating | ayers. e organic | ayer was shed with

aqueoud FouEl TR SERFER R O N avd BoReDIB Akt S5TRERZot i 8l AAMHEgnesi um
sul f at naffet tBQARSES EadrBfle! 70 HEFURtertiRlifRE YOe bPARANGM N S-Ridth fiHREzRg.

col um chr omat ography 5(silica gel, gradient of ethyl acetate Trom 20-100%

in hept'khMR (4G Kbtz QD@1 5 013 (ol @l (1 H)18 Jeby(il el )i 5. 78H INNR X 4D (3 iz,

>-a (208 2rbb B2 85T3am by 401 0 ynga ¥, B i 07T a3

1.78 (Rfd4 (-9, - 1.30 (2 H; mz 381.4 (MrH) +. 10Exanple 92:
(S)-6-(3-cyclopentyl-2-(2-nmethyl-4-(trifluoronmethyl)-1H i m dazol -1-
yl ) propananmi do)ni cotinic acid, N OH Fornula (1A-13) wherein R4 isO.

I nter iate (d~ di,ssol ved i hanol, (-2 ni. hen hydr ogenat ed
wth arteled SN B S 2 Tt R el 2P drge. TG (So%6
met hanqtrifioedthetyiet Aant)azehowepbromstansitie! bchsrfnmégm-gl).Srmt erial had
reacted. The reaction solution was concentrated and the crude material was
purified by silica gel chromatography (4gT® um, 0-15% nethanol in

di chl oronet hane) to afford the title co 1H NMR (400 MHz, CDCI3) 6

11.73 (1 H), 9.01 (1 H), 8.54 (2 H), H, 5.04 (1 H, 2.54 (3 H),

2.17 -2.31 (1 H, 2.03 - 2.17 (1 H, 1. H 191 (2 H, 1.45 - 1.74 (6 H),
1.27 - 1.44 (1 H, 1.07 - 1.24 ( ; Mz .4 (MtH) +. Exanpl es 93-95
of Fornula (1A-14) are pr EVJ—Fed{ﬁEE%MS) N | 0 (J1A-14) Exampl e 93:

(S)-3-cycl opentyl-2-(4-net hyF-3-'(I flu

onetlyyl )A1H pyrazol - 1-y1) - N- (5-

10 1A-9
To a solution of 5-methylpyridin-2-amine (205 mg, 1.9 mmol) in 4mL of
dimethoxyethane was added dimethylaluminum chloride (1.0 M in hexanes, 3.8 mL, 1.8
mmol). After the light yellow solution was stirred for 0.5 hours, a solution
of intermediate (I-12e) (185mg, 0.63mmol) in 2.3 mL of dimethoxyethane was added
15  into the mixture. The reaction was heated as a mixture at 90 °C overnight before
cooling to room temperature. The crude reaction mixture was taken up in ethyl acetate
and washed with 0.5M aqueous Rochelle’s salt. The aqueous layer was re-extracted
with ethyl acetate twice. The combined organic layers were dried over sodium sulfate,
filtered and concentrated under reduced pressure. The crude residue was purified by
20 silica gel chromatography (ISCO 12g, 30-60% ethyl acetate/heptane) to afford the title
compound as a yellow solid and as a mixture of diastereomers (85 mg, yield 36%). 'H
NMR (400 MHz, DMSO-dg) 6 10.93 (1 H), 8.16 - 8.20 (1 H), 7.88 - 7.97 (3 H), 7.59 -
7.65(1H),529-540(1H),3.71-3.80 (1 H),3.44-3.66 (2H),2.28-2.46 (1 H),2.25
(3H), 2.12-2.22 (1 H), 1.38 - 1.99 (6 H); m/z 369.1 (M+H)".
25
Example 83: (S)-N-(5-methylpyridin-2-yl)-3-(1H-pyrazol-1-yl)-2-(4-(trifluoromethyl)-1H-

imidazol-1-yl)propanamide, of Formula (1A-10).
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25met hyl pyridi n-2-yl ) propanam de, -es.s | Formula (1A-14) wherein RA is/
5-net hyl pyridin-2-amne (144 ny, 1.33 mmol) was taken up in 4 nlL of

di met hoxywohama2e4sst cooled to 0 C. D nmet hyal um ni um WO PCT/IB2009/053773

2010/ 029461PCT/ 1B2009/ 053773 chloride (2.22 nmmol, 1Min hexane) was added

dropwi se. The resulting m xture was war p to anbient tenperature and

stirred for 30 mn. A solution of inter e (11 8a)(135 ny, 0.44 mol)

i n di net hoxyethane (2 nL) was then ad f the activated am ne solution

via canul a. The conbi ned sol ution was fheatgd to refl ux overnight. The 5

reacti on was cool ed to room}enperat M4

addi ti on of aqueous RocheF ItN(co te?f 10 m.). The m xture was
stirred for 20 m nutes befor Iﬁ tin The organic | ayer was
washed wi th aqueous Rochel | eF s shli't (10 brine (30 m.), dried
over magnesium sul fate, and concentr in vacuo. The crude product was

purified by colum chromatography 10( I'ca gel, gradient of ethyl acetate

from 2@5- %ﬁ)w.mﬁmmﬁe o3 n’nbf grgimmﬂ) \Wbé e mdnlmdfbh"/wq@bdnaudﬁdNNR
(400 MHz 8.56 FRB 06 - 8.11 (1 , 7.45 - 7.50 (1
m

H, 7.38imed Im)dry olgang 11 Py B@nemwatur(nlnuqy (0 ﬂ4mL 2 9. l\ésn (duepe, 2843 -
2. 1% ( ?’rFWOQAfVQIa? ésjd%oéna%q t(h% r'é'%ctlc}n Was sjea?e]d :Sr%d L:%rrec'iﬁalz rgb%télmf)y#emre for 45

15Exa

6- ( 3- cyninopENt Werdrddateg1-hgt)y 316t3 ird, M@n‘t&rhchylnﬂ 2I=di|0|ylbamhar3e (2.0 mL)
y1) pr opanam do) ni cot i nat e, Formul a (1A-14) in R4 is . Internediate
(| 18b)Wa%8d %3 angl the rﬁﬁﬁﬁlgn Was S§@Ie\dr@aﬂ WﬁFFB?Q t‘éh89 HColob it kit (BRL) at

t ] dded,
f o1 owd SEH, el ddBRET ) ShARET i DI R el MAURLIN saRiSBRITAR 1 ). adde
subsi dddichlohemeteciei ( dmh/)/amsaddecb@nhdhegﬂlxmreMasstarmﬂ fondp remro&s allegl. The
resi due ) s re-di cé di chl oro han g evaporght2 bvm ceto
rendve T L&Sé’i’%ﬁj%@i@”ﬁte&‘ﬁ FGile oganic @l WRgdUPAROYIREN n dry
di chl orQpethans a(nr1?_cl é\/éﬁérate'd”t'ﬂ{é“ﬁ%'té}"ieﬁ wds &ﬁﬁ)ed((@%rﬁbu%sho R%@Qs@ﬁrﬂb%;, ?:gd

pyridine (0.048 , 0. mmol ) were added, and the reaction was
stir f @thﬁl&cetate/heptane gradlent to 100% ethyl acetate) and the putative product

fractions were combined and evaporated. TLC (5% methanol/dichloromethane)
showed that the residue contained two components. The material was purified by silica

15  prep TLC, developing with 6% methanol/dichloromethane. Three narrow, close
together bands were scraped off and crushed, and the compounds were leached off
with 1:1 ethyl acetate/methanol and filtered. The solvent was removed under a nitrogen
stream. The residues were checked by LC-MS to locate the desired product mass.
The material containing the product was purified by LC (Phenomenex Gemini C18

20 21.2x150mm, 5um, modifier 0.1% ammonium hydroxide, 95% water/5% acetonitrile
linear gradient to 5% water/95% acetonitrile) to afford the title compound (19.2 mg,
0.053 mmol, 13%). "H NMR (400 MHz, CDCIs) & 8.06 - 8.08 (2 H), 7.55 - 7.60 (2 H),
742-745(2H),713-714 (1 H),6.16-6.17 (1 H), 547 -5.51 (1 H), 4.86 - 4.91 (1
H), 4.54 - 4.59 (1 H), 2.31 (3 H); m/z 365.0 (M+H)".

25

Examples 84-89 represented of Formula (1A-11) are provided below.
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25hours. The sol vent was evaporated and the residue was purified by silica
gel chromat ography, using a pre-packed 12g colum, eluting with 10% et hyl
acet at e/ heptarve2deth a | i near gradi ent to 50% et hyl acetraraB200fves3product
fracti ons were conbi ned, evaporated, and dried under high vacuumto afford
the title conmpound (68.4 ng, 0.14 , 629% as a white glass. 1H NWR (400
MHz, CDCI3) 6 9.10 (1 H), 8.93 (1 8.28-8.31 (1 H), 8.18 - 8.20 (1 H),
7.33 - 7.43 (6 H, 5.33 (2 H), 4. 8F 1 (1 H, 2.16 - 2.35 (5 H, 1.46 -
1.79 (7 H, 1.05 - 1.20 (2 H ; m z 500 9 (I\/H—I)Fr WD 2010/ 029461PC

T/ 1B2009/ 053773 Exanpl e 95:
(S)-6-(3-cyclopentyl-2-(4- rre (t |quoometH§/I) 1H pyrazol - 1-

yl ) propanani do) ni coti ni c aci d Foggguﬂa (1A-34) wherein R4 is 7?ssss, I1\1 10
H 0. The conpound of Exanple 94 ( ny, 1}81]14} mol ) was di ssol ved in et hyl
acetate (2 nL) and ethanol (4 nlL) in a & parr 5 bottle. 10% Pal | adi um

Py ogar SR ST S Ry A BN 2362 (oA AR ARl 1
under hilyphoparaunidet o af ford the title conpound (47 ng, 0.11 mmol, 82% as a
clear glass. 1H NWR (400 MHz, CD30D) 6 8.88 (1 H), 8.28 -8.30 (1 H), 8.16 -
818(1H) 777(1H) 519-E (1H) 215-229(5H) 1.45 - 1.83
7 08 - 1.30 H) +

ES)Hé Eﬁﬂbﬁ%ﬁwﬂiw(*@r%ﬁy? 4- (‘m FT'G@FWPHWl)'ml?I-'\ﬂW hspiane. 0H10NNE5-

I f (oY%
gglt lh]%%/l %b%ﬂrgoﬁevyis)%y“ @l n-gﬁg%ﬁﬁéa%ﬁwgﬁ%%bé@ n#oﬁ) | n%l@l)élmcrﬁ_r?of
di net hd&&ehbe(éenh\)am(m#cmgordlahﬁt By kadding msulimrg eaction (Mixuve iwartneddpnes, 1.2
Tt G bl SRS ob b lesS o e SRR  °
conbi nQHi)err'n'édﬂatél('IM ) égrm@ heBY @kMBNEn tdthsh Ké#(@m‘l‘.’*?%vd&%cﬁé@i dop Wé ux

for 3 bef ore cool I ng and concentratl ng. he resi due was taken up 1
di chl ortortbe reaatioandixsureransidthei reactiert h&@teddoaqfuebmerR@@heNter soglirig for 1

h | d th | xtracted wth
i o o ERL R R e "RTER5 0 RBS dRahr S M AR o uim
sul f at eshidridg @fed(5and), Cemcmet;fraﬁ@@t exifzete wille et @cbiite (RS 10UNHLT,IveskHad
silica gel chromatograp (1 SCO 12g, 30-60% et hyl acetate/ hept ane) to
af f or d VEuRpNE ( ‘tﬂsn&ﬁdd@@g rel\/l9$O4;LNt¢uma(naidbemqi:ven@mn9ye<dsug @IBVICLUA).,

8.10 - Iﬁ.lrilf%a{ dn lV@as tﬁeﬂ%cﬁgev@b by7ﬁa7$‘fr)‘1 éﬁro@a’tog]raéﬁy @'1 hexane/ethyl acetate) to
afford the title compound as a colorless viscous oil (81 mg, 67 % yield). 'H NMR (400
15 MHz, CDCI3) 6 9.46 (1 H), 8.63 (1 H), 8.41 (1 H), 8.38 (1 H), 8.29 (1 H), 5.10 (1 H), 2.39
-2.27 (2 H),1.66-1.79 (1 H), 1.75-1.49 (6 H), 1.27 - 1.10 (2 H); m/z 354.9 (M+H)".

Example 85: (S)-3-cyclopentyl-N-(5-methylpyridin-2-yl)-2-(3-(trifluoromethyl)-1H-1,2 ,4-
triazol-1-yl)propanamide,
s

20  Formula (1A-11) wherein R*is T\)\ Example 85 was synthesized in an analogous
manner to that of Example 84 from Intermediate I-15b and 2-amino-5-methylpyridine.
'H NMR (400 MHz, CDCl3) & 8.54 (1 H), 8.41 (1 H), 8.13 (1 H), 8.01 (1 H), 7.53 (1 H),
5.04 (1H),2.31-2.27 (2H),2.30(3H),1.83-1.77 (1 H),1.75-1.58 (4 H), 1.54 - 1.47
(2 H), 1.23 -1.08 (2 H); m/z 367.9 (M+H)".

25
Example 86: (S)-benzyl 6-(3-cyclopentyl-2-(3-(trifluoromethyl)-1H-1,2,4-triazol-1-

yl)propanamido)nicotinate,
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WD 2010/ 029461PCT/ 1B2009/ 053773 H), 4.73 -4.82 (1 H), 2.40 (3 H), 2.27 (3
H, 2.24 - 2.27 (1 H, 2.13 - 2.22 (1 H, 1.37 - 1.81 (5 H, 1.01 - 1.29 (4

H); nlz 380.2010(0b46H) +. Exanpl e 97: PCT/IB2009/053773
(S)-3-cyclopentyl-2-(5-nmethyl-4-(trifluoronethyl)-1H pyrazol-1-yl)-N(5-
S5nmet hyl pyri di n- 2-yl ) propanam '~ For mul g A- 16) . (1A-16) Prepared by
the reaction described above fof > arrp provi de the title conpound.
1H NWVR (400 MHz, CDCI3) 6 9.24 ( 8 H, 801 (1 H, 7.84 (1 H),

107. 48 ; 42 -2.51p(1 2.14 -
2. 24 (1'“‘%5','5'%%'%9)%“7?'?&6 0.97 (-)(1 502 (4 @te(rﬁ]femaéﬁghgé?)&uﬁ?ﬁmg’

Bl OLOJ@BE nxB88I\Was stirred iﬁLdrydi@‘rigblmejhan@I(@mh)sat (coet eropédatursafraem) was
His-t d at fi ] f

ol Uai BFORFH-o AL SRS MR BE MR Wi 208oda0 BHER Y PR GHEERPr
Super dexi’ 51 Gﬁ'ﬂﬁfdﬂh%ﬂéprmﬁ? #adG@bsihad th&@acﬂbﬁ%salbft%'ﬁrrﬂ{gaﬂ# gpesi n.

d ucose was obtained from Cal bi ochem (San d) ot her reagents

ver @ punichiégseand tfmn @ra;:rmabaldd rThenre(sstue Vas r%dlseg)ve in 1 2 -dighloraswane ang e

Pt JErvebelatel sk te e B Padbd B NEREE. SaT M e T esicus %t ur e.
The 11 natsclfamsdry diehommenand 45 il Iermedidie - 28yl B0GNS. 01789 mirohhi s
assay were as follows: 50 mM HEPES, 5 nM gl ucose, nmv MgCl12,

0.7 mMVaosoRyridine{®.dil ki 4136 BiMal) werqiagde omm@pblqzldﬁwtloab@aﬂéhe

dehydr Egﬁa{a H?E!)f

buffer p \/vasW%g¥4 e tﬁ;%f'og}ggrrpp@g%dégﬁgg %ﬁmﬁsul I%)T(ﬂ qe s%[l[ﬁlghﬁ a\-/@g
added twatehe Thefdrgainia el emvwetwbghed wlltatbelnehdked oler sadibmutfateltittered,he
final concentration of dimethylsulfoxide jntr ced into the assa

0. 250 ‘SVAPOAtef, kIS HRSAHAGEINE% bY REICBLS EPTGHFOGHEPI U RS 328 Prére
t d.
reacti gy kgd%@sr@ﬂrieésn@mndzga AV ScelateAEBRIR] THOGIRRF A MERere

noni toreéﬂ bance” at 340 nm-due depl e
reacti monvtehedle\;apmatedeasdudeldd mmdemmmmmztﬁama/tmmmemnm (2pe

sl ope of a_linpear course of 0-30 t

Sor v area0-2ad Famob (e Les Byhikolrs SANIRddda e, EEiaN s Ak BEz on -

(ValsVo (1 1y, 89L00H), 8.32 - 8.34 (1 H), 8.17 - 8.19 (1 H), 7.34 - 7.44 (5 H), 5.36 (2 H), 5.08
-5.11 (1 H), 2.28 - 2.33 (2 H), 1.49 - 1.81 (7 H), 1.08 - 1.21 (2 H); m/z 488.0 (M+H)".

Example 87: (S)-ethyl 2-(3-(3-cyclopentyl-2-(3-(trifluoromethyl)-1H-1,2,4-triazol-1-
yl)propanamido)-1H-pyrazol-1-yl)acetate,

N
= \N
L/ ’>//O\,__
20  Formula (1A-11) wherein R*is O . Intermediate (I-15¢) (180 mg, 0.65

mmol) was stirred in dry dichloromethane (5 mL) at room temperature under nitrogen.

~

One drop of dimethylformamide was added, followed by oxalyl chloride (0.12 mL, 1.3
mmol). After bubbling subsided, the reaction was left stirring for 90 minutes and then
evaporated. The residue was re-dissolved in 1,2-dichloroethane and re-evaporated
25 twice to remove unreacted oxalyl chloride, and then taken up in dry dichloromethane
(5.0 mL). Ethyl 2-(3-amino-1H-pyrazol-1-yl)acetate hydrochloride (Oakwood Products,
Inc., West Columbia, SC) (160 mg, 0.78 mmol) and pyridine (0.16 mL, 2.0 mmol) were
added, and the reaction was stirred for 18 hours. The reaction was diluted with
dichloromethane and water, and the organic layer was washed with brine, dried over
30 sodium sulfate, and evaporated. The residue was purified by silica gel
chromatography, using a 12g pre-packed column, eluting with 25% ethyl
117



wherein each of Va and Vo is defined as the initial reaction velocity in
the presence and 5 absence of the tested conpound, respectively. To
det er m newOhle10BC3®1( hal f nmaxi mal effective concentrati oRCTARZOIHEBATITUM

activation, compounds were seri al lé diluted in di nethyl suI f oxi de by 3-fold.
The gl asskatalestane mithw lineaisradinabio fQS4 elkylacetaiet iThe wpduehipaiiens were

td I h
EC50 oD DpEe e HHprRHn a8 el BNl ety RS B Y ot 1781,
EC50/ caigo0.ad6 ¢amoe 2% 498wkt glasel FH(NMRC{KOOEMIQZ HCBCTAG &48i(f iHagiagn
G owt h and I nduction Conditions: BL21§\IDE3) cells (Invi trogen Cor oration,

Car | sbdd,H)CA)3&Enidhiti 24! PBCERI(-.088 (NH) 4y /eddhrt- 1Rr €.25r(@vin), 2:2872 30 n
2X tyi 4t t d by
adgl]‘;%l (L)tg I_Itl))'f 1#5%0?@33@% gél‘fa\({:\??gl 3_')6t1(1)0£ %%gzﬁ}e%ﬁ | onplg?cg. 1-0.2 nmM

to the cells which were then incubated overni ght at 23C. The next day,
cells were harvested via centrifugation at 500 Ir_lpmfor 15 m nutes at 4C.

The ceIEr_aéBlP-Eé_' Wak o Burvslerenty) #oG-fafuaramety! sl T.24atriagR-1Puri f i cat i on:
20A Ni ))}%Abé n%IB g&[r{@g&gwn MD) colum (15-50 nL) was used for

separ at’l WO bu ers were prepared, 1) a lysis/nickel equilibration and
wash buffer and 2) a nickel el buffer. The lysis/equilibration/wash

buffer was prepared as such: 2 |r’r1\7 HEPES buffer at pH 7.5, 250 mM NaCl, 20
mM i m dazol e, and 14 nM [3 - nme thanol as final concentrations. The

200 mrat S HATARGRRGNEIES S, Qap ot Rasmaniaud prErerpR et e Tohe.

Thepbufd 633 rrwabry wRRCdisédlé@ Ireethyd ddetated42AL) ahdetthdrid? (6 Bili)ah atgmalsParrThe
cell pellet &9 cul ture) was resuspended in 300 nL of the

| ysi s/ &xfiile.i BP%: Palipdiumien carbﬁe (eng) wes adde@rand fiedepstion was)shaken a
M cr of | Newt
s T SR A Gt Yo Py UL R U PSR AN Blege O

ul t r acamiderr higrevd deck at 60 e@ubtﬁfo,rd e tike compoCAY (8T6 é’oGn@Qﬁ) 44 m‘frmeFSZ%)
m nutes at 4C. The s pernatant was transferred to a chilled flask. A volune

of 20 [AS MG LHIR%P-f i NMR (40@MHz. CDOPhaSRE T 8- 9&@&'1 &9 - B2 (1 lRthnsey,

our'gea 4 r & VETL Pt F7-SP FER 2,20 o 2SR IER TR A Gl £ PR L2BE P 1B, ot e

wi th 2049), M1850f17t(HeH); ysIosqu(Mily.ati on buffer at a flow rate of 5

m./ m nute. The supernantant was WO 2010/ 029461PCT/ 1B2009/ 053773 | oaded over
the colum at 4 nL/mnute and the flowthrough was collected in a flask.
The un 1816 £5715- (4R By RTINS H B Rl er at a flow
rate oﬁﬁﬂ#ﬁ;‘y’hg L}WE( uﬂ{rag]gl reacl?ll}(/ag aseffn{a The protein was
t hen elyh)pembeirramdbhél-bp)yrazml Wyt)hcetiteamld] dazol e elution buffer via imdazol e

gradient 20 nMto 400 mM over 0 m.. The colum was then stripped of any
additional protein with 80 rrL eelutlon buffer. The elution fractions
were each 8 nL, for a total e Oﬁarrpl es. Fractions were anal yzed by

dode 4acryl am d (SDS-PAGE) _and th
%ID UE%&VS%H eir‘ﬁ géit wer e pooI ed ﬁﬁ%cé'@ﬁggﬂg PitEfé‘a i %giﬂr@um ng
ul tr af Imgr@uoemnmgl)lan@ |tth|uan A?d@&(éjelwecmgaﬁ IRhphdl) Gete Sfifred MNSIM
M I 1ipore 10nmenbrane % drich, St. Louis, MJ) under ni tro% n gas (60
psi). HEBPSTauiRin tetra ydrofuran (2 mL), methanol (2 mI’.) and water (2 mL) for 2 hours.
The mixture was concentrated, and water and 1N HCI were added to reach
approximately pH 4. A dense solid crashed out. Ethyl acetate was added, and the
25 organic layer was washed with brine and dried over sodium sulfate. The mixture was
filtered, evaporated, and dried under high vacuum to afford the title compound (160 mg,
0.40 mmol, 99%) as a white glass. 'H NMR (400 MHz,CDCls) & 10.21 (1 H), 8.40 (1 H),
7.35(1H),6.78 (1 H),5.03-5.07 (1 H),4.75 (2 H), 2.03-2.24 (2 H), 1.41-1.75 (7 H),
1.01 - 1.26 (2 H); m/z 399.0 (M-H)".
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further purified by size exclusion chromatography (SEC) using a Sedex 75
evaporative light scattering detector (320 nL) (Amersham Phar naci a,

Uppsal a, woedan46SEC was equilibrated with 450 nL si zi mgThBIODS3CTNt ai ni ng
25mM HEPES pH 7.0, 50 MM NaCl, and 5 nMdithiothreitol. Concentrated

pr ot ei rEXgRPIEIRY: (DRt icywehente-Endrituaremetyls 1 kiietdamsd-Tnl si zi ng buf f er
was perfiQr [ : : ' .4ohhe elution fractions were 5 nL
each. T§{|1 r r%c%q?{@[ﬁg{lgvéﬁne'@gﬁ@r §EE§(’I€9’Q@E§B GE and protein containing

fracti ons were pool ed. Concentration wa asured using Bradford Assay/ BSA
Standard. Purified protein was stored al | aliquots at -80C. Biol ogical
Data 20The EC50 (i.tM and percent nm ) activation data for Exanples
1-97 obtained fromthe biol ogical prgcedwres as defined above are presented
in the table below as a sipgle valug or nge, where the sanple size (N) is
>1. Biological Data Tabl e: |[EC5 et Ve j Meivation Percent as

Det er mi ned by the Met hodf I b ove. |l e EC50 (PM) Maxi num
Activation (%9 N1 0.3 - Og6 3= 50 202 9. 58H- 90430.7- 1.9
15 - 23 3 4

(1A-12)
5 Intermediate (I-16¢e) (0.145 mg, 290 mmol) was taken up in 30 mL of methanol and was

injected onto an H-Cube™. Hydrogenation occurred under a continuous flow of H, on
a 10% Pd/C cartridge at a flow rate of 1mL per min. The filtrate was collected and
concentrated to afford the title compound. 'H NMR (400 MHz, CDs0D) & 8.90 - 8.89 (1
H), 8.32-8.29 (1 H), 8.20-8.17 (1 H), 7.93 (1 H), 7.81 (1 H), 5.28 - 5.24 (1 H), 2.08 -

10 2.04(2H),1.84-181(1H),1.73-163(4H),1.18-1.16 (3H), 1.07 -0.99 (3 H); m/z
411 (M+H)".

Examples 91-92 of Formula (1A-13) are provided below.

H

F3C\(\N N\R4
g
(1A-13)

15  Example 91: (S)-3-cyclopentyl-2-(2-methyl-4-(trifluoromethyl)-1H-imidazol-1-yl)-N-(5-
methylpyridin-2-yl)propanamide,

3 Ns
Formula (1A-13) wherein R*is E)\ 5-methylpyridin-2-amine (96 mg, 0.88 mmol)
was taken up in 4 mL of dimethoxyethane and cooled to 0 °C. Dimethyaluminium
chloride (1.48 mmol, 1M in hexane) was added dropwise. The resulting mixture was
20 warmed up to ambient temperature and stirred for 30 min. A solution of intermediate (I-
17a) (90 mg, 0.3 mmol) in dimethoxyethane (2 mL) was then added to the activated
amine solution via canula. The combined solution was heated to reflux overnight. The

reaction was cooled to room temperature and slowly quenched by the dropwise
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addition of aqueous Rochelle's salt (concentrated, 10 mL). The mixture was stirred for
20 minutes before separating the layers. The organic layer was washed with aqueous
Rochelle’s salt (10mL) and then brine (30 mL), dried over magnesium sulfate, and
concentrated in vacuo. The crude product was purified by column chromatography
(silica gel, gradient of ethyl acetate from 20-100% in heptane) to afford the title
compound in 11% vyield. "H NMR (400 MHz, CDCl3) § 8.19 (1 H), 7.96 - 8.10 (2 H),
7.53 (1 H),7.46 (1 H),4.64 (1 H),2.42 (3 H),2.25-2.32 (3 H),2.14 -2.25 (1 H), 2.00 -
2.13 (1 H), 1.43-1.78 (7 H), 1.04 - 1.30 (2 H); m/z 381.4 (M+H)".

Example 92: (S)-6-(3-cyclopentyl-2-(2-methyl-4-(trifluoromethyl)-1H-imidazol-1-
yl)propanamido)nicotinic acid,

\§| AN

P OH

Formula (1A-13) wherein R*is O . Intermediate (I-17b) was dissolved in
methanol (2 mL) and then hydrogenated with an H-Cube ™at full H, and 1 mL/min on a
Pd-C cartridge. TLC (10% methanol/dichloromethane) showed most of the starting
material had reacted. The reaction solution was concentrated and the crude material
was purified by silica gel chromatography (4g column, 0-15% methanol in
dichloromethane) to afford the title compound. 'H NMR (400 MHz, CDCl3) & 11.73 (1
H), 9.01 (1 H), 8.54 (2 H), 7.58 (1 H), 5.04 (1 H), 2.54 (3 H), 2.17 - 2.31 (1 H), 2.03 -
217 (1 H),1.76 =191 (2H),1.45-1.74 (6 H), 1.27 —1.44 (1 H), 1.07 = 1.24 (1 H);
m/z 411.4 (M+H)".

Examples 93-95 of Formula (1A-14) are provided below.

N H
FsC— 7 N N—pg4
= ol

(1A-14)

Example 93: (S)-3-cyclopentyl-2-(4-methyl-3-(trifluoromethyl)-1H-pyrazol-1-yl)-N-(5-
methylpyridin-2-yl)propanamide,

s
Formula (1A-14) wherein R*is T\)\ 5-methylpyridin-2-amine (144 mg, 1.33 mmol)

was taken up in 4 mL of dimethoxyethane and cooled to 0 °C. Dimethyaluminium
120
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chloride (2.22 mmol, 1M in hexane) was added dropwise. The resulting mixture was
warmed up to ambient temperature and stirred for 30 min. A solution of intermediate (I-
18a) (135 mg, 0.44 mmol) in dimethoxyethane (2 mL) was then added to the activated
amine solution via canula. The combined solution was heated to reflux overnight. The
reaction was cooled to room temperature and slowly quenched by the dropwise
addition of aqueous Rochelle's salt (concentrated, 10 mL). The mixture was stirred for
20 minutes before separating the layers. The organic layer was washed with aqueous
Rochelle’s salt (10mL), and then brine (30 mL), dried over magnesium sulfate, and
concentrated in vacuo. The crude product was purified by column chromatography
(silica gel, gradient of ethyl acetate from 20-100% in heptane) to afford the title
compound in 41% vyield. "H NMR (400 MHz, CDCls) & 8.56 (1 H), 8.06 - 8.11 (1 H),
7.99 (1 H),745-7.50 (1 H),7.39 (1 H),4.84 (1 H), 3.66 - 3.74 (1 H), 2.16 - 2.33 (5 H),
2.13-2.16 (3 H), 1.42 -1.84 (6 H), 1.01 - 1.21 (2 H); m/z 381.4 (M+H)".

Example 94: (S)-benzyl 6-(3-cyclopentyl-2-(4-methyl-3-(trifluoromethyl)-1H-pyrazol-1-
\,f’| AN
L.

Formula (1A-14) wherein R*is O . Intermediate (I-18b) (65 mg,

0.22 mmol) was stirred in dry dichloromethane (5mL) at room temperature under

yl)propanamido)nicotinate,

nitrogen. One drop of dimethylformamide was added, followed by oxalyl chloride (0.04
mL, 0.46 mmol). After bubbling subsided, the reaction was stirred for 90 minutes and
then evaporated. The residue was re-dissolved in 1,2-dichloroethane and re-
evaporated twice to remove unreacted oxalyl chloride, and then the residue was taken
up in dry dichloromethane (2.5 mL). Intermediate (I-28a) (61.4 mg, 0.269 mmol) and
pyridine (0.048 mL, 0.48 mmol) were added, and the reaction was left to stir for 18
hours. The solvent was evaporated and the residue was purified by silica gel
chromatography, using a pre-packed 12g column, eluting with 10% ethyl
acetate/heptane with a linear gradient to 50% ethyl acetate. The product fractions were
combined, evaporated, and dried under high vacuum to afford the title compound (68.4
mg, 0.14 mmol, 62%) as a white glass. 'H NMR (400 MHz, CDCls) & 9.10 (1 H), 8.93 (1
H), 8.28-8.31 (1 H), 8.18 -8.20 (1 H), 7.33-7.43 (6 H), 5.33 (2 H), 4.87 - 4.91 (1 H),
2.16 - 2.35 (5 H), 1.46 - 1.79 (7 H), 1.05 - 1.20 (2 H); m/z 500.9 (M+H)".
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Example 95: (S)-6-(3-cyclopentyl-2-(4-methyl-3-(trifluoromethyl)-1H-pyrazol-1-
yl)propanamido)nicotinic acid,

L | Ns

= OH

Formula (1A-14) wherein R*is O . The compound of Example 94 (68 mgq,
0.14 mmol) was dissolved in ethyl acetate (2 mL) and ethanol (4 mL) in a small Parr
bottle. 10% Palladium on carbon (20 mg) was added, and the reaction was shaken
under 30 psi hydrogen for 90 minutes. The mixture was filtered, evaporated, and dried
under high vacuum to afford the title compound (47 mg, 0.11 mmol, 82%) as a clear
glass. "H NMR (400 MHz, CDs0D) & 8.88 (1 H), 8.28 - 8.30 (1 H), 8.16 - 8.18 (1 H),
7.77 (1 H),5.19-523 (1 H),2.15-2.29 (5 H),1.45-1.83 (7 H), 1.08 - 1.30 (2 H); m/z
410.9 (M+H)".

Example 96: (S)-3-cyclopentyl-2-(3-methyl-4-(trifluoromethyl)-1H-pyrazol-1-yl)-N-(5-
methylpyridin-2-yl)propanamide, of Formula (1A-15).

. H
y NNy,
F 7 |
£ V=N O _
(1A-15)

To a solution of 5-methylpyridin-2-amine (63.6 mg, 0.59 mmol) in 1.4 mL of
dimethoxyethane was added dimethylaluminum chloride (1.0M in hexanes, 1.2 mL, 1.2
mmol). After stirring for 1 hour at 0°C, it was poured into a solution of intermediates (I-
20b) and (1-20c) (89.4 mg, 0.29 mmol, combined) in 1.5mL of dimethoxyethane. The
mixture was heated at reflux for 3 h before cooling and concentrating. The residue was
taken up in dichloromethane and stirred with saturated aqueous Rochelle’s salts for 1
hour. The layers were separated and the aqueous layer was reextracted with
dichloromethane twice. The combined organic layer was dried over sodium sulfate,
filtered and concentrated. The crude material was purified by silica gel chromatography
(ISCO 12g, 30-60% ethyl acetate/heptane) to afford Example 96 and Example 97. 'H
NMR (400 MHz, CDCl3) 6 9.18 (1 H), 8.10 - 8.14 (1 H), 8.02 (1 H), 7.73 (1 H), 7.49 (1
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H), 4.73 —4.82 (1 H), 2.40 (3 H), 2.27 (3 H), 2.24 — 2.27 (1 H), 2.13 - 2.22 (1 H), 1.37 —
1.81 (5H), 1.01 — 1.29 (4 H); m/z 381.0 (M+H)".

Example 97: (S)-3-cyclopentyl-2-(5-methyl-4-(trifluoromethyl)-1H-pyrazol-1-yl)-N-(5-
5 methylpyridin-2-yl)propanamide of Formula (1A-16).

. H
y NNy,
F 7 |
£ =N O _
(1A-16)

Prepared by the reaction described above for Example 96 to provide the title
compound. 'H NMR (400 MHz, CDCls) & 9.24 (1 H), 8.08 (1 H), 8.01 (1 H), 7.84 (1 H),
10 7.48(1H),480(1H),242-251(1H),241(3H),2.26(3H),214-2.24(1H),1.42 -
1.76 (5 H), 0.97 — 1.32 (4 H); m/z 380.9 (M+H)".
BIOLOGICAL ASSAY
Full-length glucokinase (beta cell isoform) was His-tagged at N-terminus and
purified by a Ni column followed by size exclusion chromatography. A 320 mL column
15  was packed in house using Superdex75 (Amersham Pharmacia, Carlsbad, CA)
preparation grade resin. Glucose was obtained from Calbiochem (San Diego, CA) and
other reagents were purchased from Sigma-Aldrich (St. Louis, MO).
All assays were performed in a Corning 384-well plate using Spectramax PLUS
spectrophotometer (Molecular Devices, Sunnyvale, CA) at room temperature. The final
20 assay volume was 40 uL. The buffer conditions used in this assay were as follows: 50
mM HEPES, 5 mM glucose, 2.5 mM ATP, 3.5 mM MgCl,, 0.7 mM NADH, 2 mM
dithiothreitol, 1unit/mL pyruvate kinase/lactate dehydrogenase (PK/LDH), 0.2 mM
phosphoenolpyruvate, and 25 mM KCI. The buffer pH was 7.1. The test compound in
dimethylsulfoxide solution was added to the buffer and mixed by a plate shaker for 7.5
25 minutes. The final concentration of dimethylsulfoxide introduced into the assay was
0.25%.
Glucokinase was added to the buffer mixture to initiate the reaction in the
presence and absence of compound. The reaction was monitored by absorbance at

340 nm due to the depletion of NADH. The initial reaction velocity was measured by
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the slope of a linear time course of 0-300 seconds. The percentage of maximum
activation was calculated by the following equation:
% Maximum Activation = (Va/Vo — 1) x 100;
wherein each of Va and Vo is defined as the initial reaction velocity in the presence and
5 absence of the tested compound, respectively.

To determine the ECsq (half maximal effective concentration) and %maximum
activation, compounds were serially diluted in dimethylsulfoxide by 3-fold. The
glucokinase activities were measured as a function of compound concentrations. The
data were fitted to the equation below to obtain the EC5y and %max activation values:

10 Va/Vo = 1 + (%max activation/100)/(1 + ECso/compound concentration)

Beta Cell Glucokinase His-Tag Purification

Growth and Induction Conditions:
BL21(DE3) cells (Invitrogen Corporation, Carlsbad, CA) containing pBCGK (C or
N His) vector were grown at 37°C (in 2XYT) until the OD600 was between 0.6-1.0.

15  Expression was induced by addition of isopropylthiogalactoside to a final concentration
of 0.1-0.2 mM to the cells which were then incubated overnight at 23°C. The next day,
cells were harvested via centrifugation at 5000 rpm for 15 minutes at 4°C. The cell
pellet was stored at -80°C for future purification.

Purification:

20 A Ni-NTA (Quigan, Germantown, MD) column (15-50 mL) was used for
separation. Two buffers were prepared, 1) a lysis/nickel equilibration and wash buffer
and 2) a nickel elution buffer. The lysis/equilibration/wash buffer was prepared as such:
25 mM HEPES buffer at pH 7.5, 250 mM NaCl, 20 mM imidazole, and 14 mM [3-
mercaptoethanol as final concentrations. The elution buffer was prepared as such: 25

25 mM HEPES at pH 7.5, 250 mM NaCl, 400 mM imidazole, and 14 mM [3-
mercaptoethanol as final concentrations. The buffers were each filtered with a 0.22 um
filter prior to use. The cell pellet (1 L culture) was resuspended in 300 mL of the
lysis/equilibration buffer. The cells were then lysed (3 times) with a Microfluidics Model
110Y microfluidizer (Microfluidics Corporation, Newton, MA). The slurry was

30 centrifuged with a Beckman Coulter Model LE-80K ultracentrifuge (Beckman Coulter,
Fullerton, CA) at 40,000 rpm for 45 minutes at 4°C. The supernatant was transferred to
a chilled flask. A volume of 20 ul was saved for gel analysis. A Pharmacia AKTA (GMI,
Inc., Ramsey, MN) purification system was used for separation. The prime lines were
purged with lysis/equilibration buffer. The Ni-NTA column was equilibrated with 200 mL

35 of the lysis/equilibration buffer at a flow rate of 5 mL/minute. The supernantant was
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loaded over the column at 4 mL/minute and the flow-through was collected in a flask.
The unbound proteins were washed with lysis/equilibration buffer at a flow rate of 5
mL/minute until the ultraviolet reaches baseline. The protein was then eluted from the
column with the imidazole elution buffer via imidazole gradient 20 mM to 400 mM over
5 320 mL. The column was then stripped of any additional protein with 80 mL of the

elution buffer. The elution fractions were each 8 mL, for a total yield of 50 samples.
Fractions were analyzed by sodium dodecyl sulfate polyacrylamide (SDS-PAGE) and
the fractions containing protein of interest were pooled and concentrated to 10 mL
using ultrafiltration cell with a 10,000 molecular weight cut-off (MWCO) Millipore

10  membrane (Sigma-Aldrich, St. Louis, MO) under nitrogen gas (60 psi). Protein was
further purified by size exclusion chromatography (SEC) using a Sedex 75 evaporative
light scattering detector (320 mL) (Amersham Pharmacia, Uppsala, Sweden). SEC was
equilibrated with 450 mL sizing buffer containing 25mM HEPES pH 7.0, 50 mM NacCl,
and 5 mM dithiothreitol. Concentrated protein was then loaded over SEC and elution

15  with 400 mL sizing buffer was performed overnight at 0.5 mL/minute. The elution
fractions were 5 mL each. The fractions were analyzed by SDS-PAGE and protein
containing fractions were pooled. Concentration was measured using Bradford
Assay/BSA Standard. Purified protein was stored in small aliquots at -80°C.

Biological Data

20 The ECso (uM) and percent maximum activation data for Examples 1-97
obtained from the biological procedures as defined above are presented in the table
below as a single value or range where the sample size (N) is >1.

Biological Data Table: ECso and Maximum Activation Percent as Determined by the

Methods described above.

Example ECso (uM) Maximum Activation N
(%)
1 0.3-0.6 38 - 50 2
2 9.0-16.5 84 - 90 4
3 0.7-1.9 15-23 3
4 09-22 57 - 90 4
5 >100 na 2
6 4.8-5.6 70-76 2
7 3.5-6.0 39 -40 2
8 3.8 100 1
9 55 174 1
10 4.8 56 1
11 32 110 1
12 >100 na 1
13 32 100 1
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with dne B39 thiee hydy{pxy, orf a pharngogutically|acceptable salt thereof.
30 2.1 ne %Sbrrpound of fairm 1 erein _1}3@ AUJ.U/ U£ﬁ4bJ.I-’L,I/'1J.I:5£UU_3/ 53773
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48 0.2-0.7 144 - 223 6

49 2.2 168 1

50 26—-4.2 121 — 140 2

51 6.7 -8.8 90 — 113 2

52 0.4 110 1

54 28 123 1

56 5.2 167 1

57 8.2 138 1

58 3.4 129 1

59 14 81 1

60 4.6 112 1

61 5.1 123 1

62 >50 na 1

64 4.2 163 1

65 17 84 1

66 1.6 131 1

67 2.8 104 1

68 >100 na 1

69 5.5 90 1

70 24 124 1

71 >30 na 1

72 >100 na 1

73 >100 na 1

74 8.7 115 1
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10each optionally substituted with halo, (G -06)al kyl, (G -06)al koxy, -CF3,

or cyano; and R4 is pyrrolyl, pyrazolyl, imdazolyl, isoxazolyl,
oxazol yl ,wozetwzeswol yl , thiazolyl, pyridinyl, pyridazinpCr/ipsop/nsdinyl,
pyrazinyl ___or quinoli nvI each optionally substituted with one o two Rda,

wher e leaclf5R4a i s i dephBdent|y (G - 66y dBkyl . - OF3, cyado. (Gi0B)al koxy,
hal o, {am @6, (¢ -03)al&yl am no, di-(C1383)al kyl ajm no, - CR2R4b, (G -
1506) 4T KyF&CPRAD, - C(Pg N( RO 2] - P(0) (AB402, - (C F CB) al kyil P(0) (OR402,

- P(0) ([ORARE(C{ C3a B 4.4 (O F O3y al KyhSurany, - SO3H, ~BHRC(O) RaL or

aryl (G -u9 at K)l T WTERE thre—aryt—of bqé arytatkyt—Ts UHLI omatty

SUbStI h (.} Y al devsl 2 o ane { Y X alleasna hal am no
. LII \\Jl gz.} Al r\.yl y ol I, \ 7 "y, \\Jl }al nNJU _y, Tl U y

(G - CHalyaming,—or2di-(C--C3)al-kyl-amno—or—a-pharmaceuticall y

accept abl 81sal i ther &®0_ 20 4| The condtdind _of C him 3_wHer ein i's

cycl opent $2, cycl ohexyD, tetriahydrofurdbyl, or tetrahydropyrany|; R3 is H,
met hyl{, oB3ethyl; and1@@ is pyrazolyl nasoxazoly|, pyridinyl, pyrazinyl,
pyrim d| ngl, onf qui nofgnyl, each 25opyrenal ly supstitutqd wth Rd4a where
Rda i g Tnggpengent '0’8L pCo) A Ky, +5E3,1,4§yano, Ci= C6) 3l KOXY, al o, am no,

(Ci-O...)ai' gi ammo;—drz ¢ Cr=03atkytanr CRR4D -(G pq)ai kyt-€O2R4Db,
- C(O) M( |\—r:81 l_, P( 0)(u| —r02, ( } M\ "I Ij‘sle n\(OR4 7 l_,

- P(0) (loR4 ;31 (Ci-C3al kyl 5 (Ci-03)al l(\/l cﬂé;’im/l -S0RH, - I\II—I(1‘1 0)-R4c_Dbr
aryl (Qi-O8Pal kyl . hareO8he aryvl of 128ird3Bryialkyl is omtionalll

subst i tut@d witth (G -@8)al kyl, -CF3, dg8no, (G -[6)al kody, 30halo, car boxy,
am no,| (Co203) al kyl@aanp2 or di-(C 188)addgyl am np; or a2pharmaceutically
acceptiabl @3sal § thefgais45. The conpogpd gy Claim 4 wherein RisjH F, d,

- CF3, rretrjgy?i grhyt ¢§opropy et noaéﬁ or—ethogy; d5r<iJ 5 H; t hyl ,

r\/ faNWRaVaV| QL O fa W\ WRaYaY W74 QA0 a Q. A

et hyl = PN =0 thLUI_D, (S yavp PAPEE WA \'A 9

201%/ 2 ;@%Df"r 1 Q’)ﬂﬂ?ﬁﬂ’)7\7’2) CL0O) l\ll-l("lllgg\ L/ o) }\I . CHR ﬁnr CL.O N( C'_B) 2 R2
— T Ty L LJe VU JL \J\\JII‘II\JI \J\\JII‘I IL\JI”, U \J\\J ]

is cydl 458 1
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R4 is pyrazolyl, isoxazolyl, pyridinyl, pyrazinyl, pyrimdinyl, quinolinyl,
or a Fornmula of (a), (b), (c), (d), or (e), Ils.ssN1ISNI N...,...... 7.---;
R RASO.2010/029461 - - - - R4aN. - - - - - .Rda N (c), (d), or(e), pemaBmoRITI7T3
methyl, ethyl, F, d, -CF3, nethoxy, ethoxy, cyano, am no, -CO2H,

- (G Ce)WRKylpOIR2H, - P(0) (OH) 2, -(C1-C8)al kyl P(0) (OH) 2, -SMBH or benzyl: or a
phar maceutically acceptable salt thereof. 10 6. The conmpound of Caimb5
wherein Ris H -CF3, nethyl, ethyl, or nmethoxy; RL is H, nethyl, -CF3,

- S(0) 2013, -AcOMPRLIAAKS ForBuR) AR OH3) 2, - C(0) NHCH3, - C(0) NHCH2CH3, or
-C(O)N(01-13)2; R3 is H and 15R4a is, nmethyl, ethyl, -CF3, -CO2H, -CH2002H,
-P(0)(OH) 23 -Cl-12P(0) (0OF)2, - SO3H enzyl; or a pharmaceutically
acceptabl e salt thereof. 7.The conpound |oR3C ﬁi m 6 wherein 20Ris H or
-CF3; and RlL is -CF3, -5(0) 2&!113 2MP20H3N_- S( 0) 20H( OH3) 2, or

. 80
-C(O)N(OH3) 2; or a pharnmaceuth y e sBIt thereof. 8.The
conpound of claim1 of Fornula (

5 wherein

X, Y, and Z are each independently C(R) or N, where R is H, halo, halo-
substituted (C1-Cs)alkyl, (C1-Cs)alkyl, or (C4-Ce)alkoxy, and X, Y, and Z are not all N;
R'is H, (C1-Ce)alkyl, halo-substituted (C1-Cs)alkyl, -S(0)2(R'?), or C(O)R™®,
where R'? is (C-Cg)alkyl, (Cs-Cs)cycloalkyl, (C-Cs)alkylamino, or di-(C+-Cs)alkylamino;
10 R?is (Cs-Cg)cycloalkyl or 5- to 6-membered heterocycle containing one N, O, or
S heteroatom, where said cycloalkyl and said heterocycle are optionally substituted with
one to two substituents each independently halo, (C1-Ce)alkyl, (C4-Cs)alkoxy, -CF3, or
cyano;
R?is H or (C4-Cg)alkyl; and
15 R* is quinolinyl, thiazolo[5,4-b]pyridinyl or 5- to 6-membered heteroaryl
containing one to two N heteroatoms and optionally one O or S heteroatom, where said
heteroaryl, quinolinyl and thiazolo[5,4-b]pyridinyl are optionally substituted with one to
two R*, where each R* is independently (C-Cg)alkyl optionally substituted with one to
three hydroxy, -CF3, cyano, (C4-Cg)alkoxy, halo, amino, (C1-Cs)alkylamino, di-(C;-
20 Cs)alkylamino, -CO,R*, -(C4-Cg)alkylCO,R*, -C(O)N(R*),, -P(O)(OR4)2, -(C1-
Ce)alkylP(O)(ORup)2, -P(O)(OR*)(C4-Csalkyl), (Ci-Cs)alkylsufonyl, -SOsH, -NHC(O)R*
or aryl(C4-Cs)alkyl, where the aryl of said arylalkyl is optionally substituted with (C;-
Ce)alkyl, -CF3, cyano, (C1-Cg)alkoxy, halo, amino, (C4-Cs)alkylamino, or di-(C1-
Cs)alkylamino;
25 R at each occurrence is independently hydrogen, (C4-Cg)alkyl or benzyl; and
R* at each occurrence is independently CO,H or (C4-Cs)alkyl optionally substituted
with one to three hydroxy;
or a pharmaceutically acceptable salt thereof.

30 2. The compound of Claim 1 wherein

128



wherein R1 is H, (G -06)al kyl, halo-substituted (OLl-03)al kyl, -S(0)2(R a),
or C(O)R a, where Rais (C-06)al kyl, (03-06)cycloal kyl,

(G - 03) alwplarmestor di - (G -03)al kyl ami no; WO PCT/IB2009/053773

2010/ 029461PCI/ 1B2009/ 053773 R2 is (03-06)cycloal kyl or 5- to

6- menber ed H%t'ér(@@ﬁﬁb@c&ﬂh‘ﬂépﬁﬁng) grisembered betepdystecedbting apeNs Cé,aqrd

cycl oal ter

subst | LRI EoRenE ThelEsEiaEIFRa A S ety et bbb GRS e vty o,
cyano, ra;rl\d,(mét:d)alkgul(@pbsmnko@r 6F3,t03 dyanenber ed heteroaryl containing one
to two N heteroatonms and o tlonally one 0 or S heteroatom where said

het er o"\A PR m%%uaca@ ﬁ‘éﬁqprmleéﬁg teerethnal |y substituted with one to two
Rdas where each Rda is independently (01-06)al kyl optionally substituted
W|th one to three hydroxy, -CF3, cyano, (01-06)al koxy, hal o, am no,

(01- 03)&l kyl e campdund 01 CEBina? knleaginno, C02R4b - 10(01-06) al ky1002R4b,

RGP R LY e ———

aryl (Oms&&bawktkdognﬂgg t:h@3 IWIaﬁ‘fné%rfbl%}’JC%zéﬂ( latnfndPt i onal ly

substituted , cyano 6) al koxy, hal o, ami no,
(01 03) al ky|%msmyclo@ut>d4 cxcﬂnpamylac Myhdetramﬂrafuramdhorote(tr@hydmyrawl

ocalitr ared 9rS Bl SRR e B0 b tC BB ey TBfserdattey on Dy e

with one to rhisggr yydrpwzm?r |m|d32@rwﬁﬁﬁ%§ﬁzb$|?xNezgﬁwﬁ%tﬁHz@I)ﬂ&htazbmreOf

9. The corrpound of claim1 of Fornula wherein R1
is H (UIdos).Ryidezinybinyrisuesy pyfaziny oar-osyelinyicachgiippely aybstivted( 0) Ri a,

‘(’j"PeE 8 N 33 ﬁi&?ﬂwgﬁ)“almére A RE)E YidepRhK¥hty (CLcHAR) KEFRNL Mo, 9E,-
Cg)alkoxy, halo, amino, (C-Cs)alkylamino, di-(C1-Cs)alkylamino, -CO.R*, ~(C1-

15 Ce)alkylCO,R™, -C(O)N(R™),, -P(O)(OR4p)2, -(C1-Ce)alkylP(O)(OR4p)2, -P(O)(OR™)(C;-
Caalkyl), (C4-Cs)alkylsufonyl, -SOsH, -NHC(O)R* or aryl(C+-Cs)alkyl, where the aryl of
said arylalkyl is optionally substituted with (C1-Ce)alkyl, -CF3, cyano, (C-Cs)alkoxy,
halo, amino, (C+-Cs)alkylamino, or di-(C+-Cs)alkylamino;
or a pharmaceutically acceptable salt thereof.

20
4. The compound of Claim 3 wherein

R?is cyclopentyl, cyclohexyl, tetrahydrofuranyl, or tetrahydropyranyl,;
R?is H, methyl, or ethyl; and
R* is pyrazolyl, isoxazolyl, pyridinyl, pyrazinyl, pyrimidinyl, or quinolinyl, each

25  optionally substituted with R*® where R* is independently (C4-Cg)alkyl, -CF3, cyano,
(C1-Cs)alkoxy, halo, amino, (C+-Cs)alkylamino, di-(C4-Cs)alkylamino, -CO-R*, -(Cs-
Ce)alkylCO2R™, -C(O)N(R*)s, -P(O)(OR4p)2, -(C1-Ce)alkylP(O)(OR4p)2, -P(O)OR*)(C-
Caalkyl), (C4-Cs)alkylsufonyl, -SOsH, -NHC(O)R* or aryl(C+-Cs)alkyl, where the aryl of
said arylalkyl is optionally substituted with (C1-Cg)alkyl, -CF3, cyano, (C-Cg)alkoxy,

30 halo, carboxy, amino, (C1-Cs)alkylamino, or di-(C+-Cs)alkylamino; or a pharmaceutically

acceptable salt thereof.

5. The compound of Claim 4 wherein
Ris H, F, CI, -CF3, methyl, ethyl, isopropyl, methoxy, or ethoxy;
35 R"is H, methyl, ethyl, -CF3, -S(0)2CHs, -S(0)2CH2CHs, -S(O)2CH(CHs)z,
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R2 is (03-06)cycl oal kyl or 5- to 6-nenbered heterocycl e containing one N,
0, or 25S heteroatom where said cycloal kyl and said heterocycle are

opt i onal Iwo=otmd4eut ed with one to tvvo substituents eackrCIrnampenseTs | y

haI o, (01-06)al kyl 01- 06) al koxy, or cyano; and R4 is quinolinyl or

 to 6CHOMECHS, He UECHWQF&Q@M @ﬂéz,to two N heteroatons and
optlonally d heteroaryl and said

30qui nol i nyﬁﬁfl'rs%yglp’? ?’8&%5&% qug h one to two Rd4a, where each Rda
is i ndependeRﬂ|b)pyféka)06)sekixzdlylpp§/mdmﬂl, byraathpwmemhqumhwcmngzl beat hr ee

hydr oxy 2010/ 029461 PCT/ 1B2009/ 053773 cyano, (G -C6)al koxy, hal o,
am no, RW‘@PB(%y(barﬁqg (d)®r(€&i - C3) al kyl ami no, - CO2R4b, -

(G - C6)akkyl CO2R4b, - &( Oy N( R4b) 2, @P( 09,,(0R402,\§J(C|N C6) al ky (0 0R402 -

P(0) (0 R - C3al ky (BH- C3) al C(O) or
aryl (G - )aﬂky-IRaV\,her the aryl aid aryIaIkI IS optlonal

substi t ut th (G- 4g:F3 ~RACi -
(G -C3)al kyl am no, or di-(G - Cﬁal kyl am no; R4b at each occurrence | s
|nd@,pendentday hydr ogen, (KX - C6) al kyl de€)benzyl; an(d)Rdc at each(edccurrence

R R R LR BN

conpou f n , -CF3, -s(0)2(R),
r%)glky@%l-‘en glgﬁgs% C1 CG)alk)ﬁﬁ) d)ﬁldslo)ﬁ’r opyl, Orcli%l ||or opyl, cycl obutyl,

(CI CS)QIIaghmmutloalI)dacc(e(ptatEIE)saltltlyer@mfno R2 is cyclobutyl, cycI opentyl ,
cycl ohexyl, tetrahydrofuranyl, or tetrahydropyranyl, 15each optionally
substituted with halo, (G -06)alkyl, (G -06)alkoxy, -CF3, or cyano; and

R4 qios /I r ol e pr@g@d’ ¥f Cldif ymwh i soxazol yl, oxazolyl, isothiazolyl,
t hi azol yl |, pyridazinyl, pyrimdinyl, pyrazinyl, or quinolinyl,

each opti ond%ll%/Hs 4, inethidel ettt ioranethosy: wo Réa, where each Réa is

i ndependent | Kyl o three
hydrgxy, Cl'—% Igscyang h% &Féﬁj)gépa%xy,’yﬁg(ﬁgwa?m ﬁodsﬁizaﬁg?@?i%w ani no,

20di - ( CC(OMHICHS, aoiOMNHCKHSRRS or -O(O)N@HiAhkyl CO2R4b, - C(0) N(R4) 2,
-P(O)(0R402 5 (@~ Cp)al kyl P(0) (ORAb) 2, -P(O)(0R4b)(C| C3al kyl ),

(G -C3)al kyI%u*ﬁd‘r‘vyﬂn - SO3H, -NHC(O) R4c or aryl (G -Cs) aI kyl, where the aryl

O s K BN L IS PO o, v,
a phar ré@gtior bahtyl; accept abl e salt thereof 11. The corrpound of Claim1l0

wh
erei nor a pharmaceutically acceptable salt thereof.

7. The compound of Claim 6 wherein
20 Ris H or -CF3; and
R'is -CF3, -S(0)2CHs, -S(O)2CH2CHs, -S(0),CH(CHs3)2, or -C(O)N(CHs)s;

or a pharmaceutically acceptable salt thereof.

8. The compound of claim 1 of Formula (1B)
R2
H
/
=N 0]
25 (1B)
wherein

R" is H, (C1-Cs)alkyl, halo-substituted (C1-Cs)alkyl, -S(O)2(R"?), or C(O)R?,
where R'? is (C4-Cg)alkyl, (Cs-Cs)cycloalkyl, (C-Cs)alkylamino, or di-(C+-Cs)alkylamino;
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Rl is H nethyl, ethyl, -CF3, -S(0)2CH3, -S(0)2CH2CH3, -S(0)2CH(CH3) 2,
-S(0) 2cycl obutyl, -C(0)NHCH3, -C(0)NHCH2CH3, or -C(O)N(CF13)2; 30R2 is

cycl opentwb zoromezmnahydr opyranyl ; and R4 i s pyrarorygB2009/839zz0l yl |
pyri di nyl, a2|ny pyri m di nyI qui nol I(ﬁﬁ/l’ or a Fornmula of (I\L (b),
(c), (dy, 2EI@)( ¥ 20 56 iPGTnampe belgraacle camiainingane Qwarhy| |

8 el B A i By T A
a(r:gﬁpt ajﬂeetoﬁgloﬁ]sgdﬁgftmfts eact thhdEpendenthohald, (F Cl;)?lllml 9 Cs e galkexry,f-Ob) cbthe
p consi sti

(S) 3- Q/@NBp@Re y1- 2- (4- (i sopropyl sul fonyl) - 1H i mi dazol - 1-y1) - N- ( 5- met hyl pyr

di 2 | f -1

52 1) ORI <18l o s gty BRI )

(S) - 3- detemapéorny Bnd qutro(mah‘wpne@/bsﬁlHetevyﬂa)erml-WheTejsaldlhelery)ayyl I&n@l&a@t hyl pyr
2- d ty1- . | f

1 m ool B Reraihs Bl Basp 50 Ry hete sl s,

(S)-3- qu&éwﬁi@rﬂl} é fc%)élﬁytllfbﬁtl%HbﬂPQNBQtrtdteh"\Anm 932 trkee Yhdrdty( SoREt hyl pyri d

in-2- yl)pro nam

(S)- 3I ayenop (}a)aﬂco()q @lohgming, (EmCk)al kylaminal adidC1-Cajalkylamime, n8QeR byt azi n
2008 AR BRI R Y, -CHOMIR e TP N QR 1 C s IR RQUPR P E Gy 1) - 14§ i dia

zol -1- (O @Rﬁ?(@%?@kyl) C1 Cg)alkylsufon l, -SOgH NHC(O)R4C or aryl(Cy-Cg)alkyl,
(S)-3- cycl opentyl N-(5- rret | pyridin hyl sul f ony1l) - 1Hi mi dazo
| -1- yIWherephaanyl e sa(dsyryialgx}& gatcmq}lw SNb(SHtUi@ﬁsMWI C1-Ce)a kyl, -CF3, cyano,
b pyr az(@r@s)é'l%x% h(aﬁlo,(a{mﬁwwké qbfgﬁmﬂﬁm%o, oF dl- é@éofaﬂ&ﬂamlno,
R* at each occurrence is independently hydrogen, (C4-Cg)alkyl or benzyl; and
15 R* at each occurrence is independently CO,H or (C4-Cg)alkyl optionally substituted
with one to three hydroxy;

or a pharmaceutically acceptable salt thereof.

9. The compound of claim 1 of Formula (1C)
R2
H
R/ N N—pg4
N; 0
20 (1C)
wherein

R" is H, (C1-Cs)alkyl, halo-substituted (C1-Cs)alkyl, -S(O)2(R"?), or C(O)R?,
where R'? is (C4-Cg)alkyl, (Cs-Cs)cycloalkyl, (C-Cs)alkylamino, or di-(C+-Cs)alkylamino;
R?is (Cs-Cg)cycloalkyl or 5- to 6-membered heterocycle containing one N, O, or
25 S heteroatom, where said cycloalkyl and said heterocycle are optionally substituted with
one to two substituents each independently halo, (C1-Ce)alkyl, (C4-Cs)alkoxy, -CF3, or
cyano; and
R* is quinolinyl or 5- to 6-membered heteroaryl containing one to two N
heteroatoms and optionally one O or S heteroatom, where said heteroaryl and said
30 quinolinyl are optionally substituted with one to two R* where each R* is

independently (C1-Cg)alkyl optionally substituted with one to three hydroxy, -CFs3,
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25yl ) propanam de; (S)-benzyl

6- (3-cycl opentyl-2- (4-(net hyl sul fonyl)-1H i m dazol - 1-

yl ) pr opamsioizdmyndmet | nat e; PCT/IB2009/053773
S)-6-(3-cycl opentyl-2-(4-(methyl sul fonyl)-1Him dazol -1-yl)propana do ni c

ét |) ni C(Qy@né, (C1pCG)a koxy, f(walo(amlng (Cq- Cg)aIKyI)amlno di-(Cq- Cg)alkylgm)lrﬁ)o 8 '1?) )

(S)-6- (% ?’ﬁélﬂ%%ﬁbzc{(@)-)ﬁﬂk%w slydd)?akl %, 1|(—b1 @Gwlb(é) éll-\) Br opanam do) ni co

tinic aCI

() ORI b4 Sp et S R GO e A
o)nicotinic acl
(S) 6- (‘%h?r@ toe peYl i said afalbys pptional iyrﬁug’éEWIt Ofw'th (C1-Ce)alkyl, -CFs, cyano,

6 [ S)-? g@%&?"r%ﬂ&%ﬂﬁ@ fe)- &‘Mg/u:fl#%oaﬁ E!r HCC )allkylamulo

opent y1-2- (4-di et i anmoyl - azo pr opi onyl am no] -
ni cot i rR aeadh cﬁ@@)reﬁe@;eclhdppﬂnqentm-l'(mregm H(ﬁh—(]g)alkyl or benzyl and

Hp trifl d
(57757 35 Erad sBR pestiTpachin PRSI, GO P 4C  Eof iriigtahbr Rty g
Him df’wlﬁﬂ oﬁe to Hrk@h9BAsgM de;

(S)-3-cycl opentyl - N-(5- met hyl pyrazi n-2-y1)-2-(4-(trifluoronethyl)-1

H i ni daral pharmalc@;ultlpplho@mmﬁabie sa(tShenest.hy|
6- ( -cycl opentyl-2-(4-(trifluoromethyl)-1 Him dazol -
I ) ropanam do) ni coti nate; (S)-benzyl

(3- cyr. opeTHeydorApbdnd bf Cid.mog wmtéml) 1 Himdazol -
| ) pr opanam dp) ni coti nat e; -6-(3-cycl oper(ljt)ﬁilra 2- (4 t.rifluoronet thI )-1

H i m dazol - R-igIH ﬁﬂ@ﬁwhzﬁhﬂo) x:o$( 2R abiad:C( where R™ is methyl, ethy
S) - 3-

2 31t ST eYblh] S ebL AL (G ol BRing: oL LBy i nam de:

(

S) - 3-cycl op%%rS)dycl‘db(J@I,((ﬁ)&)eﬁbntyl cyclohexyl tetrahydrofuranyl, or tetrahydropyranyl
2 dl hy@ﬁgﬁdr aﬁ/ﬁet hy|Iy gagizt ted Wl¥f%l-?18|% ?01 &t {alllwlu% -Cs arl%x& ]CIJ_" g} g)?azn%l and
20( S) 3-cycl r onet hyl
) P dazol?‘*’%’ﬁyﬁojl%!; %}?gggﬁ‘,gﬁ!o%‘ib fyP YOI Wbty Lot iebolyi Mthid A48,
6-[(S) ;B/-rldyn/ﬂ apeiday by -piHirtiding |, pgraaimet horiguinelinyl ,dseobl optiopa)ly pulbgtitotegl ami no]
- nicot| Slubenz -&Yycl opent -(4-(trifluoromethyl)-.
1 ol 0ne T s ReP lie it o S pTRe e taf e Palelin BBGSHaTY Yikiituted
with one to three hydroxy, -CF3, cyano, (C¢-Ce)alkoxy, halo, amino, (C4-Cs)alkylamino,
20  di-(C4-Cs)alkylamino, -CO.R*, -(C4-Cg)alkylCO,R*®, -C(O)N(R*),, -P(O)(OR4b)2, -(C+-
Ce)alkylP(O)(OR4p)2, -P(O)(OR*)(C4-Csalkyl), (Ci-Cs)alkylsufonyl, -SOsH, -NHC(O)R*
or aryl(C+-Cg)alkyl, where the aryl of said arylalkyl is optionally substituted with (C4-

y
6-
y

Ce)alkyl, -CF3, cyano, (C1-Cg)alkoxy, halo, amino, (C4-Cs)alkylamino, or di-(C1-
Cs)alkylamino;

25 or a pharmaceutically acceptable salt thereof.

11. The compound of Claim 10 wherein
R'is H, methyl, ethyl, -CF3, -S(0)2CHs, -S(0)2CH2CHs, -S(0)2CH(CHs)s,
-S(O)zcyclobutyl, -C(O)NHCHS3, -C(O)NHCH,CHs, or -C(O)N(CHs)2;
30 R? is cyclopentyl or tetrahydropyranyl; and
R*is pyrazolyl, isoxazolyl, pyridinyl, pyrazinyl, pyrimidinyl, quinolinyl, or a
Formula of (a), (b), (c), (d), or (e),
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(S)-5-(3-cyclopentyl-2-(4-(trifluoronethyl)-1 Him dazol -
-yl ) propanam do) pyrazi ne-2- carboxyl ic acid; (S)-ethyl
2- (3- (3- cwol2opanvd4el- 2- (4- (trifluoronmethyl)-1 H i m dazol PCTYBI009/earsanm do) - 1
Hpyrazol - 1-yl ) acet at e;
30(S) - AsEychopent yl = - hydro hyl pr f“ H pyr a2l >8xd) - 2- (4-
(trifldoromedqylqél [ oparjani de; ’ |

- t ri f I ro 1 \)\

( utp B éha) 3{4 R

(S)-2- (3- - yclopent

-yl) propanam do) - razol™Rf2yl ) ac cid; (S) di
(6-(3-cyclo nty1-2-(4 r|fluorom=3thylc -1 H-|m|d ol-1 -

35yl )propan@ i do) pyri di fﬁ )3 yl ) met hyl phosphonat e; @ b\o (©)

2010/ OZMéFFE?FhéB%@ﬂW @WV,B C(IS)CR-ZH ﬁiélb(d)xy, ethoxa/ cyano, amino, -CO2H, -(Cs-
6- (3-cycl open % trifluorone % 6 azol -1-yl 1pr opanam do) pyri di
n3-yl pHes glmlﬁﬁé-l -P O) H)z, -(C1- Cs)alkyl )(OH)2, -SOsH or benzy

S) - 6 f hyl)-1H d | -1-yl id
o A SR04 o )5l -1t cpanar )

5(Sk- 6- (3-cycl opentyl-2-(4-(trifluoronethyl)-1Him dazol -1-yi)propanan do)p
yridi ne-3- suifonic acid,
(S)-6-(3- cyclopentyl 2-(4-(trifluoromethyl)-1Him dazol -1-yl) propanam do) py

ridin-3ro vyl phesesiapbtn@et Blaim 9 selected from th t
6-((S)-3- cycl opent@l % -(atlrrnlflsﬁgfoerretr%m ei;ro?pmc%rész%lmgloyl ) pr opanani do) py

ri di n- 3S)-Bogydopsriiylid-phlispbriopysubanyl)- 1H—|m|dazol 1-yl)-N-(5-methylpyridin-2-
(S)-2-(ﬁ)b%g,-c cI. entyl- 2-(4-(trifluoronmethyl)-1Him dazol -1-yl) propanam do
)pyri di% %ﬁl tic aci d:

(S)102- (@)@cﬁﬂ’ﬁd&ﬁﬂfﬂ Y&(.@o&r@pﬂsﬁlf&ﬂwwﬁPﬂmuayidl ALHINT davedhyl by Rizepgnani do
)pyridin-3- yl)-2- hyl propanoi ¢ aci d

15(S) - ZﬂXpﬁOQ@am@Bopentyl 2-(4-(trifluoromethyl)-1H i ni dazol - 1-yl ) pr opanani

d

E%ﬁ 5 fd}%&%a%en yh-ﬁ%{-&a%?@f%&f&ﬂﬁﬁhm'd%zroélp. YRGS YBYAR A 2y 1y - -
- otri ararh -im dazo r opi onam de;

(S) - I\I-(Spﬁﬁhyflplyrﬁazm 2- 3{tetlroah5dro 2H-§))/V an-4-y1)-2-(4-(trifluorone

t hyl ) - ASH3-SIQR&MHY oA- (ﬁ(@%y&w%&ﬂhﬂrﬁd@ldaml 1-y1)-N-(1-methyl- 1H-pyrazol-3-

(S)=N-( i di n-2-y1)-3-(tetrahydro-2H pyran-4-yl)-2-(4-(trifluorone
t hy1l5) %@%ﬁzo%él -yl ) propananmi de;

(S) - N ((B)13etyojdpetity| B4 tathyl3ulfdn yl B4 Htietidazdo)-dr d)-AHpmedmdgyndin-22- (4- (tri fl uo
r omet hyy'lfpr&pa'ﬂanr}n %;zol 1 -yl)propanani de;
(S)-3-cyclopentyl-2-(4-(ethylsulfonyl)-1 H-imidazol-1-yl)-N-(5-methylpyrazin-2-
yl)propanamide;

20  (S)-3-cyclopentyl-N-(5-methylpyrazin-2-yl)-2-(4-(methylsulfonyl)-1H-imidazol-1-
yl)propanamide;
(S)-3-cyclopentyl-N-(5-methylpyridin-2-yl)-2-(4-(methylsulfonyl)-1H-imidazol-1-
yl)propanamide;

(S)-3-cyclopentyl-N-(1-methyl-1H-pyrazol-3-yl)-2-(4-(methylsulfonyl)-1 H-imidazol-1-

25  yl)propanamide;

(S)-benzyl 6-(3-cyclopentyl-2-(4-(methylsulfonyl)-1H-imidazol-1-
yl)propanamido)nicotinate;
(S)-6-(3-cyclopentyl-2-(4-(methylsulfonyl)-1H-imidazol-1-yl)propanamido)nicotinic acid;
(S)-6-(3-cyclopentyl-2-(4-(ethylsulfonyl)-1 H-imidazol-1-yl)propanamido)nicotinic acid;

30 (S)-6-(3-cyclopentyl-2-(4-(isopropylsulfonyl)-1H-imidazol-1-yl)propanamido)nicotinic

acid;
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25(S)-3-(tetrahydro-2H pyran-4-y1)-N-(thiazol o[ 5, 4-b] pyridin-2-y1)-2-(4-(tr
i fluoronethyl)-1 H imdazol-1 -yl)propanam de;

(S) - N- (5-wotzhoypddsiiazol of 5, 4- b] pyri di n-2-y1) - 3-(t et rahy #CoABRMOpY3I3aATS- 4-y1) - 2
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( 2S) - NHS3-bner-Hy(qyglobdiyisufopy))- 13-{migiezahyHot-Gyeapentypyopanamidopnieotinie onet hy
|)-1Hi 'iéjazol - 301-yl) propanam de;

(S)-I\I-(Eg!- et hyl pyri di n-2-y1)-3-(1H pyrazol -1-y1)-2-(4-(trifluoronethyl)-1H
i m daz @-{($)-3ydydopxrayl@¥Hdimethdisulfamoyl-imidazol-1-yl)-propionylamino]-nicotinic
(S)-6-(3-cycl ohexyl-2-(4-(trifluoronmethyl)-1Him dazol -1-y1l) propanam do)nic
otinic aéfé‘;d; or a pharmaceutically acceptable salt thereof. 35 WO

201Q/0 1 / NG Shdk =18 from

: he%gr gﬁ@cég}ng!céée?ﬁﬁgg é?%gtﬁsl 143y rd08- £ 0BG RIor KL BHSRIi@SARY

(S) - 3- WpropsramnyideN- (1- met hyl- 1H pyrazol -3-y1)-2-(4-(trifluoromethyl)-1Him
i dazol - 1;y1) - propangnLde; -.3-cyc L- N (5- rid

- 2oy 155 R s S bV Shr-Hapnodrolis i T Bl neet e,

(S) - 3- QY rOPRHNigeN (5- met hyl pyrazi n-2-y1)-2-(4-(trifluoronethyl)-1Him daz
ol -1-yI)- propanam de;

(S) - N- (S)rPeeypjonsnteziS Iethylpgrazierd hiddf dirfldopgmeathyh)- i1 mitazol-(t ri f | uor one

t hyl) - - 1m ol -1 -yl)propanani de;

10(1§) - Ij\y-l)&omnaﬁﬁﬁéyr i din-2-y1)-3-(tetrahydro-2H pyran-4-y1)-2-(4-(trifluoro
et hyl )(S}-rikthyl 64 3lagzelbpdntykD)(pr(@fRidEGERYI)-1H-imidazol-1-
(S)-6-(3-cyclopentyl-2-(4-(ethylsul fonyl)-1H i m dazol -1-yl) propanam do) ni co
tini c atlpgepanamido)nicotinate;

e L R M
i dazol -yljpybparavpidoarivotiate; i cotin ic acid, o .

§211;5?;1i((%:)%?(%%}fé%&eqﬁlyégf-@iﬁ%@%gtwg—rﬁ-ﬂlerﬁigglzgl:%;T)br%]pg%gpnlic_lo])hY(:lo%erco anam do
(S)-6- ((ﬁ%@%ﬁ%ﬂﬁg—}éf&wlIZI#-LT{?T%EBNJ&B;%LQWWQ?eg%’-%)—ﬂhﬂ&é‘ﬂﬂﬁ'-do) nic

otinic maceuti c y acceptable's 20 14. A
phar mog)progadantideposi ti on conprising a therapeutically effective anount of

o oS ST bo 0o B R TSRSt E SR b okl e oo °

of treafiidezobr -@ARréyameidee progression or onset of Type Il diabetes and

di abetes-rel ated di sorders in manmal s corxri sing the ste&ty(‘)f adm ni stering
t

g
t 0 28 mddra-cyatoprndd-No<meth i stanyBpyridintthei-2dé dirifeeromedmetitimidagebint  of
a Conp%rﬂgo&afna%iaie,m 1 or a pharnmaceutically acceptable salt thereof.

H

6-[(S)-3-cyclopentyl-2-(4-trifluoromethyl-1H-imidazol-1-yl)-propionylamino]-
nicotinamide;
(S)-benzyl 5-(3-cyclopentyl-2-(4-(trifluoromethyl)-1H-imidazol-1-

25  yl)propanamido)pyrazine-2-carboxylate;
(S)-5-(3-cyclopentyl-2-(4-(trifluoromethyl)-1H-imidazol-1-yl)propanamido)pyrazine-2-
carboxylic acid;

(S)-ethyl 2-(3-(3-cyclopentyl-2-(4-(trifluoromethyl)-1H-imidazol-1-yl)propanamido)-1H-
pyrazol-1-yl)acetate;

30 (S)-3-cyclopentyl-N-(1-(2-hydroxy-2-methylpropyl)-1H-pyrazol-3-yl)-2-(4-
(trifluoromethyl)-1H-imidazol-1-yl)propanamide;
(S)-2-(3-(3-cyclopentyl-2-(4-(trifluoromethyl)-1H-imidazol-1-yl)propanamido)-1H-
pyrazol-1-yl)acetic acid;

(S)-diethyl (6-(3-cyclopentyl-2-(4-(trifluoromethyl)-1H-imidazol-1-

35 yl)propanamido)pyridin-3-yl)methylphosphonate;
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(S)-diethyl 6-(3-cyclopentyl-2-(4-(trifluoromethyl)-1H-imidazol-1-yl)propanamido)pyridin-
3-ylphosphonate;

(S)-(6-(3-cyclopentyl-2-(4-(trifluoromethyl)-1H-imidazol-1-yl)propanamido)pyridin-3-
yl)methylphosphonic acid;
(S)-6-(3-cyclopentyl-2-(4-(trifluoromethyl)-1H-imidazol-1-yl)propanamido)pyridine-3-
sulfonic acid;
(S)-6-(3-cyclopentyl-2-(4-(trifluoromethyl)-1H-imidazol-1-yl)propanamido)pyridin-3-
ylphosphonic acid;
6-((S)-3-cyclopentyl-2-(4-(trifluoromethyl)-1 H-imidazol-1-yl)propanamido)pyridin-3-
yl(methyl)phosphinic acid;
(S)-2-(6-(3-cyclopentyl-2-(4-(trifluoromethyl)-1H-imidazol-1-yl)propanamido)pyridin-3-
yhacetic acid;
(S)-2-(6-(3-cyclopentyl-2-(4-(trifluoromethyl)-1H-imidazol-1-yl)propanamido)pyridin-3-
yl)-2-methylpropanoic acid;
(S)-2-(6-(3-cyclopentyl-2-(4-(trifluoromethyl)-1H-imidazol-1-yl)propanamido)pyridin-3-
ylamino)-2-oxoacetic acid;
(S)-3-Cyclopentyl-N-[5-(2-hydroxy-2-methyl-propionylamino)-pyridin-2-yl]-2-(4-
trifluoromethyl-imidazol-1-yl)-propionamide;
(S)-N-(5-methylpyrazin-2-yl)-3-(tetrahydro-2H-pyran-4-yl)-2-(4-(trifluoromethyl)-1H-
imidazol-1-yl)propanamide;
(S)-N-(5-methylpyridin-2-yl)-3-(tetrahydro-2H-pyran-4-yl)-2-(4-(trifluoromethyl)-1H-
imidazol-1-yl)propanamide;
(S)-N-(1-methyl-1H-pyrazol-3-yl)-3-(tetrahydro-2H-pyran-4-yl)-2-(4-(trifluoromethyl)-1H-
imidazol-1-yl)propanamide;
(S)-3-(tetrahydro-2H-pyran-4-yl)-N-(thiazolo[5,4-b]pyridin-2-yl)-2-(4-(trifluoromethyl)-1H-
imidazol-1-yl)propanamide;
(S)-N-(5-methoxythiazolo[5,4-b]pyridin-2-yl)-3-(tetrahydro-2H-pyran-4-yl)-2-(4-
(trifluoromethyl)-1H-imidazol-1-yl)propanamide;
(2S)-N-(5-methylpyridin-2-yl)-3-(tetrahydrofuran-2-yl)-2-(4-(trifluoromethyl)-1H-imidazol-
1-yl)propanamide;

(S)-N-(5-methylpyridin-2-yl)-3-(1 H-pyrazol-1-yl)-2-(4-(trifluoromethyl)-1H-imidazol-1-
yl)propanamide; and
(S)-6-(3-cyclohexyl-2-(4-(trifluoromethyl)-1 H-imidazol-1-yl)propanamido)nicotinic acid;

or a pharmaceutically acceptable salt thereof.
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13.  The compound of Claim 13 selected from the group consisting of
(S)-3-cyclopentyl-N-(1-methyl-1H-pyrazol-3-yl)-2-(4-(trifluoromethyl)-1H-imidazol-1-yl)-
propanamide;

(S)-3-cyclopentyl-N-(5-methylpyridin-2-yl)-2-(4-(trifluoromethyl)-1 H-imidazol-1-yl)-
propanamide;

(S)-3-cyclopentyl-N-(5-methylpyrazin-2-yl)-2-(4-(trifluoromethyl)-1 H-imidazol-1-yl)-
propanamide;
(S)-N-(5-methylpyrazin-2-yl)-3-(tetrahydro-2H-pyran-4-yl)-2-(4-(trifluoromethyl)-1H-
imidazol-1-yl)propanamide;
(S)-N-(5-methylpyridin-2-yl)-3-(tetrahydro-2H-pyran-4-yl)-2-(4-(trifluoromethyl)-1H-
imidazol-1-yl)propanamide;

(S)-6-(3-cyclopentyl-2-(4-(ethylsulfonyl)-1 H-imidazol-1-yl)propanamido)nicotinic acid;
(S)-6-(2-(4-(cyclobutylsulfonyl)-1H-imidazol-1-yl)-3-cyclopentylpropanamido)nicotinic
acid;
(S)-6-(3-cyclopentyl-2-(4-(trifluoromethyl)-1H-imidazol-1-yl)propanamido)nicotinic acid;
(S)-2-(6-(3-cyclopentyl-2-(4-(trifluoromethyl)-1H-imidazol-1-yl)propanamido)pyridin-3-
yhacetic acid; and

(S)-6-(3-cyclohexyl-2-(4-(trifluoromethyl)-1 H-imidazol-1-yl)propanamido)nicotinic acid;

or a pharmaceutically acceptable salt thereof.

14. A pharmaceutical composition comprising a therapeutically effective
amount of a compound of claim 1, or a pharmaceutically acceptable salt thereof, and a

pharmaceutically acceptable excipient, diluent, or carrier.

15. A method of treating or delaying the progression or onset of Type Il diabetes and
diabetes-related disorders in mammals comprising the step of administering to a
mammal in need of such treatment a therapeutically effective amount of a compound of

claim 1 or a pharmaceutically acceptable salt thereof.
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