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GLUCOKI NASE | NHI BI TORS FI ELD OF THE | NVENTI ON 5The present invention

rel at es two=bwtod43at ed benzof uranyl derivatives, as wel IPCagBphapivaceut i cal
conpositions and uses thereof as glucokinase activators. BACKGROUND

D abetes is a major public health concern because of its increasing
10preval ence and associ ated health risks. The disease is characterized by
met abol i ¢ def e AZPRANEL FEBHTERVERH USRE ARt CEVZAINBPE FNHERETOBAYdr at es whi ch
result in the failure to maintain appropriate bl ood glucose |evels. Two
maj or forns of diabetes are recognized. Type | diabetes, or

i nsul i n-dependent di abet es NHIELDUSF(THIDMIVENT IONe result of an absol ute

deficiency of insulin. 15 Type Il diabetes, or non-insulin dependent
di abet eg nel | it ugmd HeBM |1nv€ﬁﬁ&rﬁ‘rérﬁt%§rté sY}rb&thtuﬂéH H&Hzof@r’an V&é‘mﬁétﬁé@t ed
| evel s of insulin and appears to be the result of the in ity of tissues

and cel | s tas weH;as;p@aappﬁetpimaiacemosmona@umw.esmgm@smmml of NI DDM
wi th medicati on is essential; otherwise it can progress into | DDM 20As

bl ood gl uc&cé ?Wé?eases it is transported into pancreatic beta cells via a
glucose transporter. Intracellul apADNGROUNDGI! ucoki nase (GK) senses the
rise in glucose and activates cellular glycolysis, i.e. the conversion of

gl ucose to gl ucddiabetestis gnaios puah@hgalﬁséqumm bessuse @f rtéllrecég@'smg; ucoki nase
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Because tr ucose rom nto rrusc e an ssue is

i nsul i n depes@dotic défwtretn tbe ﬂradlkcttdmar&buhliztayloh@fubrbomergbsmm adequatel y
whi ch | eads to undesired accunul ati on of bl ood | ucose é pﬁ{ﬁg em a) .
Chroni ¢ hy &gl iciewi failuredadnaiptale eppepsiate H'qoﬁ HEQSEs eV pist leﬁjo
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sensor in hepatic parenchy uces ycogeh synthesis, thus
prevent i ng dialeetesineslktes ¢fDQM)cietlee reguit aftesn bbsmdte deficiedCy dinsulin.
2010/ 103437‘?%%1_!4 Id%%% eos/ %?%onalnsulln dependent diabetes mellitus (NIDDM), often
occurs with normal, or even elevated levels of insulin and appears to be the
result of the inability of tissues and cells to respond appropriately to insulin.
Aggressive control of NIDDM with medication is essential; otherwise it can
progress into IDDM.

20 As blood glucose increases, it is transported into pancreatic beta
cells via a glucose transporter. Intracellular mammalian glucokinase (GK)
senses the rise in glucose and activates cellular glycolysis, i.e. the
conversion of glucose to glucose-6-phosphate, and subsequent insulin
release. Glucokinase is found principally in pancreatic -cells and liver

25 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 contributes to increased insulin resistance. Glucokinase also

30 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 whol e body gl ucose
honeost asi s. It is expected that an agent that activates cellular &K
wi || faciwoptatoogddacose- dependent secreétion from pancr eRCiraBiao/esoed | s,
correct postprandi al 5hyperglycem a, increase hepatic glucose utilization
and potentially inhibit hepatic glucose rel ease. Consequently, a X
activator may provide therapeutic treatnent for N DDM and associ at ed
conplications, inter alia, hyperglycem a, dyslipidema, insulin resistance
syndrone, rpeessesuareribus aritica) ferrthenmgaiotgnamea ajivdwile pody gBwpseal drugs in
five major cartﬁe ri.gs, each acting by different nechanisns, are available
for treati ?/(853 ycem a and subsequently, NIDDM (Moller, D. E., "New

drug targets fort byd@edtat mbebﬁ%g@ndtﬁdﬁ%cﬂ%t@b@bumasmwmnfacmt\éaéure 414;
821- 827, (2001)) (A) Insulin secretogogues, including sul phonyl-ureas

(e.g., gliplusase-depensent ﬁea@tlomé@wﬁanp@@ilcm Aelts icorrertieestpeanglial

nateglidin | i C f ki ng on the
pancreaég.  IyBRLoNEARR! yite (PARQupges BhaRol ard el infiBlt o0 T ever
it has Ii mh@@tlefgﬂwmeyrema @enselguently, a GMJaﬁB/aw rghy pe@dide and of t en

i nduces hypgg em a. n|1 na)t@are thoulght to act

Bié)?r\ﬁmi ?\Es ée. g , or

primarily B Hiig dieq LY DiM,gpd &s @?J?'E%dtﬁqul'P NguRieridlies of t en
cause gastr - - |y mtin
Choir too. TDERTREHTR S SMHERRIRRATES SEkceioyABHaRe, Rynar S, M e
i ntestinal yipectessioabaod pbesity. These agents often cause gastrointestinal

di st ur bances T |a ol i di nedi ones (.e. 0 azone,..rosiglitazone)
Cor onRSes ) | RevEsnGhDoh T RS IS rCadiss, PR st B8 PSR

receptor- ga}ﬁ!?&)amé’méh@ré é\)éﬁl"ablen‘l’éﬁ%gtlﬁ@ﬂ b@f‘gl)lde‘irﬁﬁ%‘hd S'UEiélé U@@W ate lipid
met abol i sm subsecluent y enhanci ng the TeSponse of these ti ssues to the

actions of NIBRMi(Moller.dyentNewalrag tangeteionriyge heigbeesendthgei ght gain and

o ther ol orbeERoln rafb e f V48O T D G 522V e

effective rwarétbgagm@g\tundlgd.nylslawdwubﬁba@(@tgtgmouiuablgwmegmaélterla (a) it
woul d not have sdfgnlflcant side effects includlng

2010/ 10343 7Byeridep20donegioudes meﬂamlléme@%@p@@éwﬁs eppgnGg woul d not
cavee e el oyl bR 8 hEBshRRIE BIL rPhagE ERLRLY, |
(d) it woulchnddsireadsd ipldoe gMcwavelaitlnassmtdcﬁeﬁloaa} anavtdlesabilfty equent
usage; and c:(ae seistwevi\g#tlgdair?%ng o) t%lnelnduces hypoglycemia. (B) Biguanides (e.g.,
metformin) are thought to act primarily by decreasing hepatic glucose
20 production. Biguanides often cause gastrointestinal disturbances and lactic
acidosis, further limiting their use. (C) Inhibitors of alpha-glucosidase (e.g.,
acarbose) decrease intestinal glucose absorption. These agents often
cause gastrointestinal disturbances. (D) Thiazolidinediones (e.g.,
pioglitazone, rosiglitazone) act on a specific receptor (peroxisome
25 proliferator-activated receptor-gamma) in the liver, muscle and fat tissues.
They regulate lipid metabolism subsequently enhancing the response of
these tissues to the actions of insulin. Frequent use of these drugs may lead
to weight gain and may induce edema and anemia. (E) Insulin is used in
more severe cases, either alone or in combination with the above agents.
30 Ideally, an effective new treatment for NIDDM would meet the

following criteria: (a) it would not have significant side effects including



5in conbination with tol erable anbunts of any of the categories of drugs

| i sted herein. Substituted heteroaryls, particularly pyridones, have
been i nplwoabmdio437medi ati ng GK and mayQ' pl ay a signifi caoT/IBW1&030043 he
treatment of NIDDM For example, U S. Patent publication No. 2006/ 0058353
and PCT 10 publication No's. W2007/043638, W2007/ 043638, and

WD2007/ 117995 recite certain heterocyclic derivatives with utility for the
treatment of diabetes. Although investigations are on-going, there still
exi sts a needugtion ef hmogly@eﬁé@t(mé would saf catseweightgam; (e)eawoltt af or

di abet es, r |cu I 5SU RY The pr nt_invention

provi des ¢ %% ég\[yfr)ép% 3U|tr| S’y% K@tmggh%n'ﬂ@gﬁﬁﬁits%renedi ators, in
particul ar,in@gépsrdent#den tet astRinelaF indunar )Qtr\ﬁouI@Bdésm%bHB@éi in the treatnment
of di seases nedi ated by such activation (e.g., diseases related to Type 2

di abet es, dnata@oteritvesiableltaatiawdass Fpadentusape; andtelit weulbsiugablees) ,

(1) anetet o bl e Bl Sof el il udboSs 488068, £t

2010/ 10343 Hdr€iR/. | B2010/ 050943 net hoxypyr azi n-2-yl, or

1- met hyl - 1H pyrazol - 3-yl; or a phar maceutlcall bl e salt thereof In
one preferred emiRAtikige heperpgryﬁﬁ tigulady @Y”(ﬁ/ﬂ Bﬁﬁ% egn dmericaigd

enbodi ment ,in fdSafing K 4nd ndy play a significant role in the treatment of NIDDM.
For example, U.S. Patent publication No. 2006/0058353 and PCT
10  publication No's. W0O2007/043638, WO2007/043638, and WO2007/117995
recite certain heterocyclic derivatives with utility for the treatment of diabetes.
Although investigations are on-going, there still exists a need for a more

effective and safe therapeutic treatment for diabetes, particularly NIDDM.

15 SUMMARY
The present invention provides compounds of Formula (1) that act as
glucokinase mediators, in particular, glucokinase activators; therefore, may
be used in the treatment of diseases mediated by such activation (e.g.,
diseases related to Type 2 diabetes, and diabetes-related and obesity-

20 related co-morbidities),

e} R3
N~
H5;C \ H

%T

(1
wherein, YisNand Zis C, or Y is C and Z is N; R' and R? are each
independently methyl or ethyl; and R%is 5-methylpyrazin-2-yl, 5-



5A preferred conpound of Forrmula (1) is a conmpound where RL and R2 are both
methyl; and R3 is 5-nethyl pyrazin-2-yl; or a pharmaceutically acceptable
salt t herwof2010/103437 A preferred conpourf‘d i s N, N-di net hylPCFABRAMMRINIE - 6- (( 5-
met hyl pyrazi n- 2-yl ) car banoyl - benzof ur an- 4- yl oxy) pyr azi ne- 2- car boxam de.
10Anot her preferred conpound is N, N-di met hyl -5-(2-net hyl - 6- ((5-

nmet hyl pyrazi n- 2-yl ) car banoyl ) - benzof ur an- 4- yl oxy) pyri m di ne-2- car boxam de.
Anot her aspect of the present invention is a pharmaceutical conposition

t hat conpr iefokypyrazive?nybwnd -methyhd Hopweeat-3iyhvena ipbarmaeeutca)ly 15a

phar maceutical | abl e. excipient, diluent, or carrier. Preferably, the
conposi ti O@ngﬂéb?%ggﬁgﬁrﬁg@ apeutically effective anobunt of a conpound of

the present invantgnepreféifed@mpediniémtNYTBW ah¢Z is@itain at | east one
addi tional pharmaceutical agent (described herei né Preferred agents
de

i ncl ude anti - obdsianpt f@@j@ﬂ@?rmmboghmentdm%&a&d M-s (described herein
20bel owp,. 1n yety gPé?réPrS %doéffcj?ﬁu efﬁqgé dt??(eﬁddl{)r{oo\ﬂpé?e B! Bﬁa*?ém' for

treati ng a di seas COI’] I SOr dcoki nase,

particul ar arecbtatrvatetnyl arhd féns%anem‘ymyramnaz yrram'ralph‘ahaubcelmtddaugles the step
of adm ni steri n% a manma|, preferably a human, in need of such treatnent
a 25t her apeficee W%‘/S@Hhﬁi’??(re amount of a corrpound of the present

i nvention, or a/pgﬁfg@.gg hg@lunﬂqmﬁl'&lh%ﬁh |_r5e_ ze@feﬂgpfﬁ_ggses di sorders, or

condi tions mnedi at nase dctivat pe Il diabetes,
hyper gl ycemeathyhstradiol3- y:l)wbdmoybbemzqﬁanane@ymxumgazme+290zanbo%3mg1mcosuri a,

Oy O ook AR Yok TR L B FSRERPRL LA, o g
'28?3} 38323%‘% %%%Jg?ggégagﬁbﬂ)ﬁén%ﬂﬁéﬁﬂaﬂéﬁy)pymidine-2-
carboxamide.

Another aspect of the present invention is a pharmaceutical
composition that comprises (1) a compound of the present invention, and (2)

15 a pharmaceutically acceptable excipient, diluent, or carrier. Preferably, the
composition comprises a therapeutically effective amount of a compound of
the present invention. The composition may also contain at least one
additional pharmaceutical agent (described herein). Preferred agents
include anti-obesity agents and/or anti-diabetic agents (described herein

20  below).

In yet another aspect of the present invention is a method for treating
a disease, condition, or disorder mediated by glucokinase, in particular,
activation of said enzyme, in a mammal that includes the step of
administering to a mammal, preferably a human, in need of such treatment a

25 therapeutically effective amount of a compound of the present invention, or a
pharmaceutical composition thereof.

Diseases, disorders, or conditions mediated by glucokinase activators
include Type Il diabetes, hyperglycemia, metabolic syndrome, impaired
glucose tolerance, glucosuria, cataracts, diabetic neuropathy, diabetic

30 nephropathy, diabetic retinopathy, obesity, dyslididemia, hypertension,

hyperinsulinemia, and insulin resistance syndrome. Preferred diseases,



di sorders, or conditions include Type Il diabetes, hyperglycema, inpaired
gl ucose tol erance, obesity, and insulin resistance syndrone. Mre preferred
are Type WO 2dicatoatses, hypergl ycenia, amd obesity. Mbst pCefiB2zoeosiss Type |
di abetes. 5l n yet another aspect of the present invention is a nethod of
reducing the level of blood glucose in a manmal, preferably a human, which
i ncludes the step of adm nistering to a mammal in need of such treatnent a
therapeutically effective amount of a conmpound of the present invention, or
a phar naceutiserders; omeosditions indicttee dype liatabpgieantipesglycemigrimpaitedi nvent i on
may be adm ni st er in conbination with other pharnmaceutical agents (in
par t 1 cut ar SusE Bfueles WRsnE o R il r R BheR BEhREE MERe BREMA0el o
The conbi najreaypehedRpY e Y yperghtEniinsasd ebesisy. (Mbsbprifeede iPhgieceut i cal
conposi tion which conprises a conpound of the present invention, at |east
one additi cHaPetghar maceutical 15agent described herein and a

phar maceut i cal | Y, aeeanLARl & BXE Rl bredirs HEioRTis §3éthBE:or Phdldilg t 10
separ at € pharmacedt’ cal" conpositions conpri sing (|§ a frirst conposgtlon
conpri siblng taequboﬂbtrbogf%ludmepih@mmmaumfe%blwammMammgmlmm ly
acceptabl e excipient, diluent, or carrier, an ii) a second conposition
conpri si ng Be SF&@EG@H@@HW #Q)ﬁzﬂ‘afﬁmﬁj fheeed PEgPC&HSﬁW%cﬁescri bed herein

and a phar r{ﬁér%‘btebﬁ@élb/?’ef?&QﬁBtﬁ% et%ggcﬂirﬁﬁéundj{)# e rFSQr'it iRAEAtdR or She

phar maceut i cal "conpositions may m nistered si taneously or
sequent i al Iphaamacentical coommbsitiondberadft i ons As used herein, the term "al kyl"

f t hyd b ical of the 25 | f | H2n+1. Th
a1 kane Pad cal 165/ BRCGS A (B PraReRl AHeEn: ey DosABILorat form

" (C1- C6) al kydmbir&fich with dtiRermidMicRltical Hgertdih pafticuRirapstiesedity hat i

group containing 1 to 6 carbon atons (e.d., nethyl, et hyl , h-propyl,
i -propyl, reniudigbetic agentgidessribed Perein belaw) , The gembipation therapy inpayt yI , 2-

omot hy! perkts AP atEdY gy SRR A Smapetifa SR bl Ersess) oy
noi ety) of ApordblaAy of 8ybresentinvelidifrnydast oakkadarivrap phdimahdedtiaai no,
al kyl sul fonyl, and WD 2010/ 1034376PCT/1B2010/ 050943 al Eyl thi o group have

t he san’*@ de?-'r"ge\ﬁit deseriked %@@J}ban@\ﬁd@harweati@ail_yﬁcséta%e eé@?i%‘ﬁaﬂiﬂu@nt,
SUbSt L bt a6, 8 6 M AN RS 1 0 ©
subst i t uentfgstecarapdsition to@peising adtorinpboge bf thebstastnkint/enitarchnés Sperchl oro
or perfl uorp%%lrrﬁ%lcg&tiéar?l?/e c%ggteart])ﬁel gxgi;e)lje%%,tdei\lﬂem, %rrnctépr?er%r%l I?ii)oe}c second
composition comprising at least one additional pharmaceutical agent
20 described herein and a pharmaceutically acceptable excipient, diluent, or
carrier. The pharmaceutical compositions may be administered
simultaneously or sequentially and in any order.
Definitions
As used herein, the term “alkyl” refers to a hydrocarbon radical of the
25 general formula CyH2n+1. The alkane radical may be straight or branched.
For example, the term “(C1-Cs)alkyl” refers to a monovalent, straight, or
branched aliphatic group containing 1 to 6 carbon atoms (e.g., methyl, ethyl,
n-propyl, i-propyl, n-butyl, i-butyl, s-butyl, +-butyl, n-pentyl, 1-methylbutyl, 2-
methylbutyl, 3-methylbutyl, neopentyl, 3,3-dimethylpropyl, hexyl, 2-
30 methylpentyl, and the like). Similarly, the alkyl portion (i.e., alkyl moiety) of
an alkoxy, acyl (e.g., alkanoyl), alkylamino, dialkylamino, alkylsulfonyl, and



substituents listed below in the definition for "substituted."

"Hal o-substituted alkyl" refers to an al kyl group substituted with one or
nor e hal ogorroavss7(e. g., fl uoromnet hyl 6 di f1 uor onet hyl , PCTiIBOA@NZOEX hyl ,
perfluoroethyl, 1,1- difluoroethyl and the like). 10The term "cycl oal kyl "
refers to nonaromatic rings that are fully hydrogenated and nay exist as a
single ring, bicyclic ring or a spiral ring. Unless specified otherw se,
the carbocyclic ring is generally a 3- to 8 nenbered ring. For exanple,
cycl oal kyl dlkdthirigraypope hectarae definitiopas@dovec Wwheninditated yas| kgieat yi |

cycl ohexyl ,. cl ohexeny. notrbornyl 15(.bicyvcl,ol,2.2.1]h ),

o7 eyel'of 2 soBYaRARUBR nedo Uy althe tabBa ARGl RER0E Li oy s 10
nonar omat i qurisubgstutdtbdr Qlitsstiwtbl Withyshie 8 At duBSHUERY (§¥hetallgsose & ngl e
ring, bicyclic ring or a spiral ring. Unless specified otherw se, the

het er ocycl itBras sigpstidueis exeemtyn thegcasgobhalpgapsrbstittehty Wehtai ning 1 to 3
het er oat.o - i n | ected from
sul fur,t5ox géergﬁlgﬁog?rgpéﬁlyg) F‘%gg”?ﬁs)% ﬁé%%ﬁ%‘?@?@tﬁgﬁgﬁgﬁ%’m Br%gups such as
epoxy, azi rgutbstitents ksteabpibw fruthenddfinitipyr foetsubistidted K- Migaloysubestituaed di nyl

pi peridinyl, pjperazinyl, pyrazolidinyl, 4H pyranyl, norpholino,

t hi ormrphoIEI”Fbg,Pecf%rtsrtar?%}lH@'BY'rﬁreHQIS}JbﬁwﬁF%‘WﬁSDﬁiCErW@relh&!L' GeHRIUBS and t he

i ke. 25Th r ! i i o n amount of a
]ﬁegﬂ ﬂiﬁon{éﬂ%%ﬂH&u‘o?ﬁéthYlhngfFu‘?l?(%r‘n%éfjg/g{HS&@Groror@E@nﬂeﬁt,‘r’

conpound o e present’ invention p s the
parti cul ar diflswasthyl eoddhe like), or disorder, (ii) attenuates, aneliorates,

or elimnates o oy nopre s ,0 of the particul ar, djse , condition, or
ol soradeor (e T eretHIb SRS bo bt BRtae TRl SR K o oympt ome. of
the partic I ' , ist b8, si ing0 i ' iBefiggn. WO
5070] 103451 JEST Shed SRS mapEsist ho B sile finge bRIUICARG O BNDIBPRRL T rans

(mal e or fddmiesy spedfipdntimiwias, the eanbecyclic rigis, garerallysad- kvfses)

o0 S0 od MbBRL o PP, RGPS BRLRR oyl sEen AR BONRGE ' ™
cows, pi gs,cyslueipy 2aidsBAtYIT ¥yclSHde | dyicRexénianomeenyli cal |y accept abl e”
i ndicates that the substance or conposition nust be conpatible chemcally
and/ or 1t5_oxi(@tﬂyé@i[%aﬂl]lwpt\\ﬂ){WCY(H@[QQQN-EE%CWM@F%HWEW% conprising a
1l 241 0% Rl R BRI be AR SRS AR RIS et o
hydrogenated and may exist as a single ring, bicyclic ring or a spiral ring.
Unless specified otherwise, the heterocyclic ring is generally a 3- to 6-
membered ring containing 1 to 3 heteroatoms (preferably 1 or 2
20 heteroatoms) independently selected from sulfur, oxygen and/or nitrogen.
Heterocyclic rings include groups such as epoxy, aziridinyl,
tetrahydrofuranyl, pyrrolidinyl, N-methylpyrrolidinyl, piperidinyl, piperazinyl,
pyrazolidinyl, 4H-pyranyl, morpholino, thiomorpholino, tetrahydrothienyl,
tetrahydrothienyl 1,1-dioxide, and the like.
25 The phrase “therapeutically effective amount” means an amount of a
compound of the present invention that (i) treats or prevents the particular
disease, condition, or disorder, (ii) attenuates, ameliorates, or eliminates one
or more symptoms of the particular disease, condition, or disorder, or (iii)
prevents or delays the onset of one or more symptoms of the particular

30 disease, condition, or disorder described herein.



10i . e., prophylactic, and palliative treatnent. The terns "nodul at ed”
or "nodul ating”, or "nodul ate(s)", as used herein, unless otherw se

i ndi cat edworefoers43v0 the activation of the activating tReTgBIORI0ES e
enzynme with conmpounds of the present invention. The terns "nedi ated" or
"medi ating” or "nediate(s)", as used herein, 15unless otherw se indicated,
refers to the treatnent or prevention the particul ar di sease, condition, or
di sorder, (ii) attenuation, anelioration, or elimnation of one or nore
synpt ons of the P tenmuleaimali’ sefasseio omdns (mwale arfediae), gempasion(iii)

prevention Qr. I of, the_on of _one. ar, nor ns. of the particular
i sease, oAU S ool SoTG aR0 dOsH oo ks s BN P Sora 2RI 20  t ne
gl ucoki nasemgfidy BRinYAl8, Gt asE other GirnlaredHiac Sp&dIes. ediBN imagst he

i nhi bition of glucokinase regulatory protein, a key regul ator of

gl ucoki nasdeHes ite faGE-sQUICA@NIMalSSUCAIRY eIWH\DighEhegriang podteat al ytic rate

of the glucokin - Y ounds of the
pr esent %i nvention” §@%¥§§8“§5”3%‘f%“ﬁ@§ﬁ?§c‘\zj%%@%t }chagg%ﬁaet?r\?\ngge) refer to
conpounds afubstanvel ar ddmpasiitbramyspbacoatpztiblecetidryicaltg apti@pl e sal ts of the
conpounds, as well as, all stereoisoners (including, diastereoisoners and
enant i oner PXICOIPGHGEHEr With @?ﬁm@&eﬁﬁtg%ﬂ'ﬁﬁtﬁ é@'ﬁerr@ﬂga%f@rmgl%'eai 6%5/99 | abel ed
conpounds. 4-he conmpounds of the present invention
are consi dé%%%@@?@%&ﬁ%ﬁ?%@eﬁ”&%r esent invention, wherein the
conpound i s in aBsotErasi‘beatmg™h “veatsrordtiresmherdhembracspkothi prevgntativie)

2010/ 1034378PCT/ | EZOlp/ 050 4?1P§ET I LI%D SCRI PTI ON Conmpounds of the
present!0i nv&ntRTORNHES '%@'@W YE B Synt hetic routes that include

processes anal ogmsterstRierigd! okmudlihthg her Ghedlieal(sPaad Ssedarticul arly
in light of the description contained herein. The starting materials are

general | y a&witinabhiess cihervdsmindidased gelars és thriaetivasiopadthe ACOIadinigeal s
(A e b 28 SEIFIL P PRt BBAPER MRl T 00 Pone.
F. Fieser and Miarhe far@semeditagest médibtitg aeintedidie)ntdresdet hareinl- 19,
Wl ey, New York (1967-1999 ed.), or Beilsteins .
15  unless otherwise indicated, refers to the treatment or prevention the
particular disease, condition, or disorder, (ii) attenuation, amelioration, or
elimination of one or more symptoms of the particular disease, condition, or
disorder, or (iii) prevention or delay of the onset of one or more symptoms of
the particular disease, condition, or disorder described herein, by activating
20 the glucokinase enzyme via glucose binding enhancement, alleviating the
inhibition of glucokinase regulatory protein, a key regulator of glucokinase
activity in the liver, and/or by increasing the catalytic rate of the glucokinase
enzyme (e.g., change Vmax).
The term “compounds of the present invention” (unless specifically
25 identified otherwise) refer to compounds of Formula (I) and any
pharmaceutically acceptable salts of the compounds, as well as, all
stereoisomers (including diastereoisomers and enantiomers), tautomers,
conformational isomers, and isotopically labeled compounds. Hydrates and
solvates of the compounds of the present invention are considered
30 compositions of the present invention, wherein the compound is in

association with water or solvent, respectively.



Handbuch der organi schen Chem e, 4, Aufl. ed. Springer-Verlag, Berlin,

i ncl udi ng suppl enents (al so available via the Beil stein online database)).
For il |l uswoaviw®34sar poses, the reacti o schenes depi ct e®CihaBA0/p30943 de
potential routes for synthesizing the conpounds of the present 15invention
as well as key internediates. For a nore detailed description of the

i ndi vidual reaction steps, see the Exanples section below Those skilled in
the art will appreciate that other synthetic routes nay be used to

synt hesi ze the inventive conpounds. Although specific starting materials
and reagents are depicted in DEEﬁdbEIdﬁéS@ﬁdPHKBNussed bel ow, other

20st arting mate Lals a(g% ents can be eaS|I tltut g V|dea
Variety of deri veamoeindsafBR MesettBre disey DS NesitRe By SHPRERy of 't he
conpounds ReBRATA: bl deriBEERASa ASGEIPRINBSE WIGAMIE e IchemigR i ed

in light of this disclosure using conventional chem st r¥ known to
t hose ski | lasts, iparticuarky in.ligh phtherdesseriptian son@inest hergimoll hel§tarflng he present

o ne) of el A e erhl B b B etcip e SR ARIESE Ton w1
vary dependiigmpals (Milvaikeee Vol of Bee Feial orépaeti @) Methaddwehe condi tions

of the preparation nethods. Suitable am no-protecting groups (NH Pg)

i ncl ude acetnewn Bohpse skided it teyart (¢.gbrrergesmomgethqdscagnerally

S Vel y, Seerues (U3 Eidser areQUeBY b Rb o R EIEBRF GERNS 60645 o1 oupr

refers Mo Bywithedis t\ue1n1190\1V|IayH)ldwoo’@rkqngﬁmmbatedb)l ocBeilsteinzr ot ects the

hydr oxy fu nal i Sui t abl e _hydr ox ote tin 0- Pg) include
for exanpl M@MMMI—”B%%ﬁU [%i‘r% gﬁgg@ﬁgﬁ’zé?r lingy i tyl, and
the Iike. Tﬁgﬂaﬁﬁ%@gerﬁéﬁt@ élrsgta%%e@ Vi tH&B@létémd&rﬁlm raélsea?ég)one skill ed
in the art or “a general description o rotectrhg groups and’their use,
see T. W Greend:orFHduﬁtmtm/ewrmsmpme reaatlgarscbe@yestd&mted bétm‘n Wley &
Sons, New York. out | i nes thquog r al edur es one

coul d use t%oﬁ'PS\HOht@éﬁ%‘btﬁﬁé%r %}f”t@%z'ﬁgé@%ﬁf’”\pﬁ% ik Sﬁa Formula (1).

15  invention as well as key intermediates. For a more detailed description of

the individual reaction steps, see the Examples section below. Those skilled
in the art will appreciate that other synthetic routes may be used to
synthesize the inventive compounds. Although specific starting materials
and reagents are depicted in the schemes and discussed below, other

20 starting materials and reagents can be easily substituted to provide a variety
of derivatives and/or reaction conditions. In addition, many of the
compounds prepared by the methods described below can be further
modified in light of this disclosure using conventional chemistry well known
to those skilled in the art.

25 In the preparation of compounds of the present invention, protection
of remote functionality (e.g., primary or secondary amine) of intermediates
may be necessary. The need for such protection will vary depending on the
nature of the remote functionality and the conditions of the preparation
methods. Suitable amino-protecting groups (NH-Pg) include acetyl,

30 trifluoroacetyl, t-butoxycarbonyl (BOC), benzyloxycarbonyl (CBz) and 9-

fluorenylmethyleneoxycarbonyl (Fmoc). Similarly, a “hydroxy-protecting



WO 2010/ 10343710PCT/ |1 B2010/ 050943 Di et hyl succinate and

5-net hyl - 2-fur al dehyde can be condensed to forminternediate (la) using
convent i ow@l20elWa3¢ondensat i on reacti or? condi tions. For PEXARBII@)S004Be t WO
starting materials can be treated with a strong base and heat (e.g., sodium
ethoxide in refluxing ethanol) followed by 5 acidification. The benzofuran
ring in internediate (1b) may be fornmed by treatnent of internediate (1la)

wi th acetic anhydride and sodi um acetate at about room tenperature foll owed
by heat i ng groupefelfers. to Ehaubkstistent of grivyanoxpgroupahablelocksion pptects phevi de t he

hyd | int di at i th || he addi t,i f th ired
oyt 21wy amGESB o S a0e Helod pRIR R e R e Fh e bt BBt £o

f orm i nt er rgingle, él%ﬂi,)acdty}:fﬁwltﬂjﬁrﬁw darémepoxjieeryberityeaatiafe kéh t he
desired am ne (R3NHZ) to form a conpound of forrmula (1) via standard

ani dati on reneemiaenghmreiestioris readdwmleteasmined by onegikilied indhe . art . The

exanples b j i 0t en. t F tion

conditi %nsqi'(]cﬁe?"gécglé@ée@gfjg%gcvr@%ﬁﬁ%g@fg%ﬁrg%gﬁoggfsoﬁq ﬁ%'rgjrseesgg? T?W'enti on may be
i sol at ed ar@regpedPpstecithes GosupsierOresss Blethesis, Ublen ifey &SonssNew

phar maceut ifal I gccept able salt. The term"salts" refers to inorganic and
organi c sal ko9 1-corrpound of the present invention. These salts can be
prepared in sit i i I Sk atd A j 4@ comnpound,
or by separat el ;/S %@??Rgmﬁ ﬁ%*@%@%"&%@b ’c;fk%atu ﬁé%o@%?{)lggﬁ%téo@ggﬁplg@or

i nor gani ¢ awntbamdsasdhapdesesliratantignthasirgalForntudag!)f or mred. Representati ve
salts include the hydcg obrom de, hydrochl ori de, hydroiodide, sulfate,

bi sul fate, ni %a% etate, trifluoroacetate, oxal ate, besylate,
palmtiate, p tep 0 PH}HQS[-HE&I’ ate, laurate, nalate, borate, benzoate,
| act at e, phosphate, hexaflaior ophosphate, 25heaz 4 fpnate, tosylate,
formate, citrate, mal eate, funmarate—succhknate, \ts At epo-aldsht hyl at e,

nmesyl at e, gl ucoheptonate, |agtobionate, and | auryl sul phogate salts, and the
li ke. These may inclyde ©atilons based on the alkali al kaline earth

metal s, such as sodi um m hi um potassium cal cium gnesium and the

li ke, as well as non-toxic anmoni um quaternary 30anmmfBhi um and ani ne
cations including, but not limted to, ammonium tet rjﬂmat hyl anmoni um

t etraet hyl ammoni um net hyl am ne, di nmet hyl am ne, WO
2010/ 10343711PCT/ 1 B2010/ 050943 trinmethyl am ne, trieth
and the |like. See, e.qg., Berge, et al., J. Pharm Sci.,
The conpounds of the) presest ichy&ntion may cont ai
centers, and, thgsefore, xi®t in different stereyy ric forms. Unless
5specified otherw se; is intend®d that all stereoi $oneric forns of the
conpounds of the presengyinvention as well as m xt Q thereof, including
racem c mxtures, formpart of the present inventiorgy In addition, the
present invention enbraggs all geonetric and positional isomers. For
exanple, if a compound of the Py esgent i nvention incofPorates a doubl e bond
YOI

or a fused | j/
O
.
L=leaving group

am ne, ethyl am ne,
6, 1-19 (1977).

@106'2%?3 chiral

R "R2
0 0
0 o~ CH2CHs 0 N,R3
ch \ ch \ H
0o R3NH,, o
Yl,Z\]/ Yl,Zj/
O p
10 RTTRZ (1) ROR? W

Scheme |



10ring, both the cis- and trans- fornms, as well as m xtures, are enbraced
within the scope of the invention. D astereoneric m xtures can be separated
i nt o t heiwoizntvmsgaal di ast er eoi somers®n the basis of PhEiB20ry3peal

chem cal differences by nethods well known to those skilled in the art,
such as by chromat ography 15and/or fractional crystallization. Enantioners
can be separated by converting the enantioneric mxture into a

di astereoneric mxture by reaction with an appropriate optically active
conpound (e.g., ththyésuem&aﬂeianfy5$mﬁhyla%-fla’atdﬂhyde candzhovndenskddber' s aci d

rycr ol ya1 ndp et nifeleiaf LSBbGRE ARTRN SRR BB RekBubonai ng pur e

enant i omer ssonditRPs. mténgn;ﬂ@ethém@m;agQﬁatbhalsm’aeswtreaf@dennh an may be
atropi soners (e.g., substituted biaryls) and are considered as part of this

i nvention. ﬂmﬁ‘@tbaﬁ@e@@ beal (ﬂ@oswuge@ap&»ﬂ@dn B§fluxdrg GFhaé‘OBHQH%WeqLIbMC
col umn. oA LEIARLNE] Yind BEnARRIT it B RISRIERIE] TolMaie BYhSY, o0, bY

usi ng an op |ve startin y ‘asy ML 1] ¢ synt hesi s

usi ng opticteédtmeabe Wneermestiatet(da) wubsatceaceahy@rM@hystdmm aoéteenbs, or by
converting gne stereoi somer into th ot her by a mrﬁtric transformation. It
Rl

is al so posAQamt EOQMdempgEatirs lpwer yeréeaéWS g ke geetate IR ent
Ie%regzlegnwr}frﬁY ﬁﬁ%trﬁﬁe Femaldd fd? dé‘fﬁte%rbfyl_}r‘%%ed%féj ) wrﬁ&?ﬂwécnor ms 30are

e scope of the invention.” The term autorrer
"t aut oner i allowsntherasfddion mfdhetdesu’edrp@trazmdamrcm oﬁpﬂlmﬁgmmdemega es which

are WD 2010/ 10343712PCT/ | B2010/ 5094 i.bl e ow _ener gy
par 11 er10- Pl BEA{igt BYORP| SUPAaUBR deraP Bt isin s Bediel: Fishicen
tautomers) thag |b@%abﬂé6%lﬂ9ﬂ1‘éediéé|@@§ar\ﬁln% 9"-%‘) 't&fbrﬁfa %oﬁfdébﬁ&ofs uch as
ket o- enol and i nm ne-enam ne i sonerizati ons specific exanple of a proton

t aut orer i gotrnelai (b \daztﬂr@and)amls}etwmrre@ctm@cgn@monsmy @Wf@ttéoﬁép\frveen t he
Foor gant 2RI RGRE aghval 5 SEabRIE RS fuplud Homb BEER8 BESbAND Y hounds of

the pr esentthémgmbmmr@@@cribgd@bbﬁ,@r ent stable confornational fornms
whi ch may be separable. Torsional asymetry.
The compounds of the presént invention may be isolated and used
per se, or when possible, in the form of its pharmaceutically acceptable salt.
The term “salts” refers to inorganic and organic salts of a compound of the
present invention. These salts can be prepared in situ during the final
isolation and purification of a compound, or by separately reacting the
20 compound with a suitable organic or inorganic acid or base and isolating the
salt thus formed. Representative salts include the hydrobromide,
hydrochloride, hydroiodide, sulfate, bisulfate, nitrate, acetate,
trifluoroacetate, oxalate, besylate, palmitiate, pamoate, malonate, stearate,
laurate, malate, borate, benzoate, lactate, phosphate, hexafluorophosphate,
25 benzene sulfonate, tosylate, formate, citrate, maleate, fumarate, succinate,
tartrate, naphthylate, mesylate, glucoheptonate, lactobionate, and
laurylsulphonate salts, and the like. These may include cations based on the
alkali and alkaline earth metals, such as sodium, lithium, potassium, calcium,
magnesium, and the like, as well as non-toxic ammonium, quaternary
30 ammonium, and amine cations including, but not limited to, ammonium,

tetramethylammonium, tetraethylammonium, methylamine, dimethylamine,



due to restricted rotation about an asymretric single bond, for exanple,
10because of steric hindrance or ring strain, may permt separation of

di f f er entwoanfoonosasr s . The present”i nvention al so @QiPABEE/050943

i sotopi cal |l y-1abel ed conpounds of the present invention which are identical
to those recited herein, but for the fact that one or nore atons are

repl aced by an atom having an atom c 15 mass or nass nunber different from
the atom ¢ mass or nass nunber usually found in nature. Exanples of

i sot opes t Hemethilamine, tiethplaminecethyieoiceslinesiket $e¢m d6.9vBergareti ncl ude

i sot opes of_ hyd n, ~car , 4 Qi en, oxygen, phosphorus, sulfur,
1 or e, iBubnenahsEhih Tt USPH0: 51795 Dies 1303 1403 13N3 15N3
1503 1703 1803 3fH&caApdurdssf thefsted@dlidvdrtioh mag cohfahd adPmesacbr vel y.

Certain isotopically-Iabel ed compounds of the present invention (e.g.,

t hose | abel@drahremesH andd therejorerexisidemifferent stergrispracaa iprars. suniess at e
tissue distty] o) Sy LR L i 4 (i.e., 140
i sot opeg aréyeggfrepidgnég\rﬁ% 'E)lrselﬁ{eeﬁqrdggqﬁ%tgéli%8{?§ea@§ng{&m£%ﬁgpéti on and
25det ect abidonipourfdsrdftire presdr tinvantionraswélhas esixtuess theotofpirslgliog as
deuterium (i.e. may _ afford LT;ertai n ther algeuti c aq%vant ages resul ting

. 2H) ey .
from gr eat RCHBHGRGIHIESs IR PR 9T e Rresenhipverliy Ineqqiten.HEe Presed or
reduced do i t3)gcise - r i -
ci rcurrstan?lge}\g&t o%?ﬁéﬁgn@t% ng tlhggﬁg es tls&ti%rk%g@éif 0%{%8 ﬂC,If and 18F
are useful doompqosl ofrtbe Beésertiiseirdiontinocargoegiby a(detbe bondioces fusedxam ne
substrate occupancy. lsotopically |abel ed conmpounds of th resent.
nvent 10n Ao GOIEING €5 Hed 1aps 0T0F 1 en el ZSPRIIITES 015 FEBEFEIIAr ed by
fol | ow ng phecedyE of rmvegtsrs to those disclosed in the Schemes and/or in

the Exanpl es herein bel ow, by substituting an isotopically |abeled reagent
for a non-i sot ofPigalergometie ixturesigambe separaied inforipeinnghvidgalt he present

i nvention xi St | t e st al r |y referred to
2s " pol ymorBReEeo e BrsTb e Bag BLeRTaIERA sybRIGL HERTEAGS Bn Cnder
various conflethioassvelf Kiovex &nbloge skileddn thd R &idh 89 by @Rtematogdaptiyer ent

sol vent m xtures for recrystallization; crystallization at different

t enper dur exld/@nirgionaheiystallizatiaes Esrantiepers §an bgripragateddy very fast to
very sl ow ' [ - al 14 ian. nhs: | so be

obt ai ned bﬁggﬂ %ﬁgH%ré?%gl%ﬁtgatrh%ﬁ@%r'r@guanéggféq%@%gz@é@gibgventi on

fol | oned byegctistuaith @n d@sbpdatel dptigallyhetive esrapoend{e.pglchirar adndliargy be
determ ned by solid Pro e NIYR ectroscopy,. IR spectroscoH , differential
scanni ng ca“$ridwet Pp,ralp’ﬁ ok eﬂﬁf@chétﬂlpﬂﬁebrse%@ﬁ'”&t ér t echni ques.

diastereoisomers and converting (e.g., hydrolyzing) the individual

20 diastereoisomers to the corresponding pure enantiomers. Also, some of the
compounds of the present invention may be atropisomers (e.g., substituted
biaryls) and are considered as part of this invention. Enantiomers can also
be separated by use of a chiral HPLC column. Alternatively, the specific
stereoisomers may be synthesized by using an optically active starting

25 material, by asymmetric synthesis using optically active reagents,
substrates, catalysts or solvents, or by converting one stereoisomer into the
other by asymmetric transformation.

It is also possible that the intermediates and compounds of the

present invention may exist in different tautomeric forms, and all such forms

30 are embraced within the scope of the invention. The term “tautomer” or

“tautomeric form” refers to structural isomers of different energies which are



15Conmpounds of the present invention are useful for treating diseases,

condi tions and/or disorders nodul ated by the activation of the gl ucokinase
enzyme; twenrefoimoa437anot her enbodi nment & the present i NPEMIBN0/DINIEB
pharmaceutical conposition conprising a therapeutically effective anount of
a conmpound of the present invention and a pharmaceutically acceptable
20exci pient, diluent or carrier. The conpounds of the present invention
(including the conpositions and processes used therein) may al so be used in
t he manuf adnigreorviertiblewdd a dome enefgyr barmier.t her axavpies pagiphitautomears descri bed

herein. A typical formulatjon i repay ed M xing a. ound of the
resent 25 (RodRaMsEERRiEtbl Bl fuBrRRR] ket MR uRRS a oo
carriers, diflaigdten, udhexCialbnos apd emitelénamnensbmetipgtichss kA kpedifitn t he
art and include materials such as carbohydrates, waxes, water sol uble

and/ or swel@x@pRie ghryareton taniatrepisithe inisiezalgdmelsty winererthespiod®s Mayel at i n,
ils, | i j j di | t
oxc: pi ot tpts! T FEen ik b BnbirifogstiiC PABRGEIAAMERS [cflae (L1 4P "

conmpound ofinteheoreesions by ngemfanization diebne éfthkibedirgpéleetnbiss.are general |y
sel ected based on solvents WO 2010/ 10343714PCT/1B2010/ 050943 recogni zed by
persons ski | | ed $¢/tqiREoTRoUnds Oiflae prg3gs) nvenHen My existiprditerest a mammal .

In general g1 58k &ohRirkRiiomaPofmBMhIER 4y BYLERMNBLRY THRAbRaISIG /MRS

i ter and
ot her non-toxic solvents tﬁ‘;t are sofﬁﬂuﬁ e or mscible Irn water. gﬁ?t abl e
aqueous solduentosrestricied motaitreaboett draasymmetrapyinglecbarid; dol exebppley et hyl ene
glycols (e.qg., PEX00,. PEG300 etc. and m xtures.thereof. The forpulations
ey ol 98" HECRUES oh 8\e5ie TR B F &g Snnpy Pefi sgEARLon ol A ierehht s
wetting agedyrSormatlri cating agents, enulsifiers, suspending agents,
preservatives, antioxidants, opaquing agents, glidants, processing aids,
col orants, sweetHreepreseptinvaniionalsgearnioraces isaiopiag!atpdeied eprapoy 10known

of the. pr e<aife B PPl ke ParSRE Bty B afons G "ehefios of, a6 T n
t he manuf achgradiahaf ofdier pidas BaSRY bires Pdpldcealbg bin(dto®- haviflbs ateilc) -
The formul ations nay be prepared using conventional dissolution and m xing

pr oceduibes. MEY Oéﬁ‘@ﬁﬁlr@,mtﬁf&im]eﬁt fHegtheemipheE@seior nasscpbehd of 15t he
Dot BRI AL e dsd cOman e oproieamler 1 LE =
a sui t abl e cophpamdsi of thédnventieriteudé isoitepey offfpydeo@én tdeebexaiipogen,s
o e paban, onosshorls Sutud uonRePlodie, ancHiarne. Sues 2o, 5 Y
110, 130, 140, 13N, 15N, 150, 170, 180, 31P, 32P, 358, 18F, 123|, 125| and 360',
20  respectively.
Certain isotopically-labeled compounds of the present invention (e.g.,
those labeled with °H and '*C) are useful in compound and/or substrate
tissue distribution assays. Tritiated (i.e., >°H) and carbon-14 (i.e., "C)
isotopes are particularly preferred for their ease of preparation and
25 detectability. Further, substitution with heavier isotopes such as deuterium
(i.e., 2H) may afford certain therapeutic advantages resulting from greater
metabolic stability (e.g., increased in vivo half-life or reduced dosage
requirements) and hence may be preferred in some circumstances. Positron
emitting isotopes such as "°0, *N, ''C, and "®F are useful for positron
30 emission tomography (PET) studies to examine substrate occupancy.

Isotopically labeled compounds of the present invention can generally be



pharmaceuti cal dosage forns to provide an easily controllable dosage of the
20drug and to give the patient an el egant and easily handl eabl e product.
The phar iaoOento/wad37conposi ti ons al so i A&l ude sol vates alRdThBzned9430f t he
conpounds of Formula (1). The term "solvate" refers to a nol ecul ar conpl ex
of a conmpound represented by Fornmula (1) (including pharnmaceutically
acceptabl e salts thereof) with one or nore solvent 25 nol ecul es. Such

sol vent nol ecul es are those commonly used in the pharmaceutical art, which
are known tpyeperedimoioliowing prochdurescansiiegnys te.those wisckrsedgnia@ol , et hyl ene
glycol, and.the lik The term "hydrate" refer 0. t.he.conpl ex where the
sol vent nol %née§ gﬁ%{g}’gh )éarEB%égé}eégmaﬁ?i‘?\%rE%%Ht?s&{tléténgpgﬁferabl y exist in
crystal | i nasdtopdall{dtied Aagent foromesdissidalis aBBidit reagedi.at e sol vates in
the preparation of nore desirable solvates, such as WO

2010/ 10343715PCIE¢ME30 PONuBBOWs atdhierRrRsIENt venien majuexist istrere, thaphy |

R e

formul at i orje prepasgrpby cafstallization irelgpaakiags donditions aor ekamefe, wsirg dependi ng
upon the nethod used for gﬁ m nistering the drug. Gen@ral_l /, an article for
di stri buti SHTeTEEE fRlveNts Qraritieiens BOINGD MitHESIer tRKAYSRIEZRYAM t he

phar maceut i oL A ri : i ainers are
el |- known © 52l B pSrert (pBRRLRR, Lhke: YAFEks Middaeiih ! 0o
bottl es (plrasging feord vghates) fo senyrsidw coalimpduesg cpistaltizatidnags, et al

Ssenbl Age TOVBPETEoY AR Er GBIAIAE BLSSRUN Ao MG CaPPoval Patitage. 1 n
addi tion, thes&fnhdentRN f@ﬂéwrﬁg%?gggl@@altd?%lﬁ%dﬁnba%le prédénelescri bes the

contents of the container. . may al so i nClude ‘appropriate warnings.
The pr esentpdlyinerfisonay betdeiernpinedibyesolid prepé dMBispectrascany, tRseases,

ol uooki nasaPERIGRERA TP EfiAaafHiol ieistel Rl St al Bt Aether ani mat i1
need of suduchrpémeehniqueber apeutically effective amount of a conpound of

the present invention or a pharmaceutical conposition conprising an
ef f ect i%e amuntCeMPaURGHBPbINePOrepentiBvetineare ysafeier baatingidigeases,

phar maceut i ¢y, é?ﬁﬁ%@%é&‘o‘%r%f&dﬂiaﬁ@& bydhé Yellatid¥ of 4R 'diflokindd@ Met hod i's

particul arly iser
enzyme; therefore, another embodiment of the present invention is a

pharmaceutical composition comprising a therapeutically effective amount of
a compound of the present invention and a pharmaceutically acceptable

20 excipient, diluent or carrier. The compounds of the present invention
(including the compositions and processes used therein) may also be used
in the manufacture of a medicament for the therapeutic applications
described herein.

A typical formulation is prepared by mixing a compound of the present

25 invention and a carrier, diluent or excipient. Suitable carriers, diluents and
excipients are well known to those skilled in the art and include materials
such as carbohydrates, waxes, water soluble and/or swellable polymers,
hydrophilic or hydrophobic materials, gelatin, oils, solvents, water, and the
like. The particular carrier, diluent or excipient used will depend upon the

30 means and purpose for which the compound of the present invention is
being applied. Solvents are generally selected based on solvents



treating diseases, conditions and/or disorders that benefit fromthe
activation of glucokinase which include; eating disorders (e.g., binge
eati ng diwordayiossmor exi a, bulim a, meﬂ@ht | oss or cont POII/IB2IN0/0IO43 t ) ,
prevention of obesity and insulin resistance by gl ucoki nase expression in

skel etal muscle of 25transgenic mce (Oaegui, P.J., et.al., The FASEB
Journal, 17; 2097-2099, (2003)); and Type Il diabetes, insulin resistance
syndrome, insulin resistance, and hyperglycema (Poitout, V., et.al., "An

i nt egr at ed recegnia¢d bg-pessonsaskdttachipttnerart as s§ieed(GRAQ) teblee edminigiened . Rev.
Medi ci ne, 47;. 69-83,, (,1996)). 2010/.10343716PCT/ | B2010/ 050943 One
Moot o ki mAnEa, I asdkhal B sail Ariidd RoNd pblgRds sgvek hucn

obesi ty-r el@i wetediap@rsiresndetakic selvenahehine ygiibibtor gaisbibledin weteght

mai nt enance). Cbesity and overwei ght are generally defined by body mass

i ndex 5(BMYVitakie aaueaueplventatirelude waterp efhanebdyropuenamiya@st i mat es t he

relative ri I i i - i nms di vi ded
by hei g%t ip?f%éé[ﬁ\élrgba g);se@/é'kaﬁ %@&g@%%é%&%ggwﬁ@gglt@&%éﬁ ned as a
BM of 25- ZthefdkplinRionamiapbigsiihgluds ongmrandieyouftdrs nstdbitiging d3jdntf 30

kg/ n2. See, e, qg,, /National Hearﬁ, Lung, and Bl ood Lnstitute, Cinical

Qui del i nes Waf%Fﬂi‘tﬁ’O’V%té'ﬁgialgieBB%ildﬁﬂca 88@19&0#%@,“&%89% SHERRIMINGT Over wei ght

and Cbesity,d ki R - i - ' Depart ment
o Heal th P e, B Re e B A ing S 88 8nts JProtESRT S Anor her
aspect of tdids,mobarants, ismeetgnars, perfiroingtdgents,d@voeng agentsedrad/othgrt he

2 00 S5 o0 2 O35k 8 VR GonBh BRSSP R B L5 et
and Type 2 dopiuuiriibi the (Ressm merﬁioﬁttﬁ‘ltpﬂ‘ﬁarﬁﬁ%bbbtﬁébﬂco?}{p'iféitroﬁftﬁéf&ﬂ) to as

&
"Nl DDM') di abetes, inpaired glucose tolerance, insulin resistance,
hyper gl ycer@raid dnthedinabetacturigngf the shiaome ce sticsh perdust e oxedinapsng).

Sohypor 1 ene.on, WEEBSMaES ey PERrausaB S B ACAS G lEP o e
present i nuairigoprocediies. tF&&iﬂéﬁFﬁle,OmeCBLﬂlbatﬁsuwarﬁmﬁ@jet,YCdn%@IrQﬂof

co-norbidities, such as netabolic syndrone. tabol i c syndrone incl udes

di seasdd, dbadresasHdnantionsssirbiizediormaf tag spmpioyai(g,d- nsyepledsthon,
insulin resi 83068t iBRELRR Sfotfer kAW cdmplexation agent)) is dissolved in
a suitable solvent in the presence of one or more of the excipients described
above. The compound of the present invention is typically formulated into
pharmaceutical dosage forms to provide an easily controllable dosage of the
20 drug and to give the patient an elegant and easily handleable product.

The pharmaceutical compositions also include solvates and hydrates
of the compounds of Formula (I). The term “solvate” refers to a molecular
complex of a compound represented by Formula (1) (including
pharmaceutically acceptable salts thereof) with one or more solvent

25 molecules. Such solvent molecules are those commonly used in the
pharmaceutical art, which are known to be innocuous to the recipient, e.g.,
water, ethanol, ethylene glycol, and the like, The term “hydrate” refers to the
complex where the solvent molecule is water. The solvates and/or hydrates
preferably exist in crystalline form. Other solvents may be used as

30 intermediate solvates in the preparation of more desirable solvates, such as



25di abetes), weight gain, coronary artery disease and heart failure. For
nore detailed information on Metabolic Syndrone, see, e.g., Zimet, P.Z.,

et al., "WbheolMtoad3ol i c Syndrone: Perhaﬁ@ an Etiol ogi c MpsTaByo1yezo9far From
a Myth - Wihere Does the International D abetes Federation Stand?," D abetes
& Endocrinol ogy, 7(2), (2005); and Al berti, K G, et al., "The Metabolic 30
Syndronme - A New Wirldwi de Definition," Lancet, 366, 1059-62 (2005).
Preferably, adm nistration of the conmpounds of the present invention WO
2010/ 10343 Methenol, Bethgl 3 g9usher, @iny @setate mettyt acalats, (S)gropyleaat

(p<0.05) reducti in at |least one cardiqvascul ar disease risk factor, such
as |loweri nggq%qd’p %pﬁgaﬁgﬂyco fgz?é?:fr%ﬁegﬁ’?cﬁrd tﬁe(l ) and/or chol esterol,
as conpared to arneepharintaceeiitslicdoraeddigom (drdomauleiio) fof BppRektioni aay at i on of
conpounds of the present 5invention nmay al so provide a statistically

si gni fi cantbq paekagsy in @iartatvyaf waygHdapereing ainemthevegtsod used for | n yet

anot her _as - : r Nt i : jiof 1 - is inpaired
gl ucose5t o%‘ﬂ%&?ﬁﬁhﬁrgﬁébgﬁ ﬁél%/,rg@?,aagg?ﬁt%l‘éﬁfgﬁ%[&ﬂ%@tf&@déélgﬁéﬁgas sugar
cataracts, cﬁjnaéiagli Iga\riggl Idepe‘siteddtrﬁr@ih&hfe ﬁhaﬂ‘pbcelmifahforrrmilamt ih(banl

10r et i nopat an i abetic cardi onyopat hy, anorexia nervosa, bulima,
cachexi a, rﬂ}%?éﬁ?m@tééﬁ%-, Sttgale; qu%nﬁ@ﬁéwﬂyb@?w%@ dqssr gillad g the

hyper! | bl dedft ang SchdPhidtidls sILES KBRS @1RRIdhd (IYBS) Lhbicer | dem a,
nonal coholic tatty li1ver disease, atherostlerosis,”arteriosclerosis, acute
heart fail ilamepoudesgaastic/eadssanetaf aylindees, anartbedikg. dihteecontdinse ey,

o oo 2 TSR el 5 e SRR e 5 PR

rest enosi s,constllortheShEARRIES | InSRIdittbri, WP ESntafier haStpRksite BAHBERR:
| ynphoma, breast cancer, |ung cancer, colorectal cancer, stomach cancer,

esophageal labgidbat desaonibesdiné contentseef theraostainer. chine Bbel Riayrigo cancer, 1iver
cancer, bl e}ggga?éﬁggﬁﬁ%@? _w%erﬁi\ﬁigg.al cancer, uterine cancer, testicular

cancer and The present invention also relates to

t herapeuti cTHeepfeedat inventidreirtied prodded avrehes afiteting @ilidseens in a
manmmal , i ncluding a human, wherein a conpound of fornul a@glj) of this

i nvent i1§n iGoNgdiaNgi anderedisarsiepn modytatad by ihe aetivatian efdbagiusakiiaseén desi gned
t bt ai t f - : ’ A i ,
oo B 5l RSB RG R Calel  ste T0 ,

conpound widuchdegatmentipahertapeuticatiycaffettioé ahawsunilod a(dompdurtdhofsthenvent i on
bei ng used, the t,%{pe ofrgg_har ceutical conpositions bejng used, the
char act er | SUPEENIRVRTHIONSQNA BERMBRGSICRl GAPBOSIHAR CORPrisEgRn elfedivet he

condi ti ons.gmount of a compound of the present invention and a pharmaceutically

20 acceptable excipient, diluent, or carrier. The method is particularly useful for
treating diseases, conditions and/or disorders that benefit from the activation
of glucokinase which include: eating disorders (e.g., binge eating disorder,
anorexia, bulimia, weight loss or control and obesity), prevention of obesity
and insulin resistance by glucokinase expression in skeletal muscle of

25 transgenic mice (Otaegui, P.J., et.al., The FASEB Journal, 17; 2097-2099,
(2003)); and Type |l diabetes, insulin resistance syndrome, insulin

resistance, and hyperglycemia (Poitout, V., et.al., “An integrated view of 3-
cell dysfunction in type-Il diabetes”, Annul. Rev. Medicine, 47; 69-83,
(1996)).




30l n general, an effective dosage for the conmpounds of the present
invention is in the range of 0.01 ng/kq/day to 30 ng/ kg/ day, preferably

0. 01 WO 2W0QHk0da8718PCT/ | B2010/ 050943 1%y/ kg/ day to 5 ngckgbziagomb4iact i ve
conpound in single or divided doses. However, sone variability in the
general dosage range may be required dependi ng upon the age and wei ght of
the subject being treated, the intended route of admnistration, the
particul ar conmpound being adm nistered 5 and the |ike. The determ nation of
dosage ranges arfdn@pspectiofdios aegsent orveatiparns theutreatmeit ioé abesity, wealdl wi t hi n

et ant o SatestiPgetig QeBIdHNe e auert Eighbudbhy G BReRE: "Terer s To the

wei ght of thainpsiidre@y. measured in kil ograms. The conpounds or conpositions
of this invention may be 10adm nistered in single (e.g., once daily) or

nul tipl e doses dPbesily ashavereighifans igeneratiydlediveg diyrepsyomashindexnvent i on
may al sg b%Bﬂﬂ?{?Miéﬁ%Sﬁn&}a%ﬂﬁ (tjbt@ Bgcﬁgpfa@%ﬁh%tiﬁﬁattgs A diRgRUdICE | Y
accept abl e ‘carriers, "vehi ¢l'es or dilTuent’s, in either srngle or nmultiple
doses. Sui tdikdasepBMirEcealtulatdd paneight in kilkejraisadivided byiHeighttis i ncl ude

inert solid diluents or fillers, sterile agueous 15sol utions and vari ous
o i oS0l elerS Sauared (ki) c CNSEUREEL & PBAINSRITER 85 31 BN ST Spaid

i nvention b LSt ek e N Syess zrﬁ&_{, t by a
vari ety of r@%ﬁv’%ﬁ%‘%&%& egé@‘@eadm nﬁ% rBf!I\{illl on, l|(§£/c udi ngjrégg'él ly and
par ent er al INatidnal gleart, htingyvambBilog, Institinde; tGimecal SSyidelinasmr treedul | ary) .

Further, t 20phar eutical conpositions Qf this inv ion may be

el i SPer JBeMHARARS5r A yaigs, L TeauePrbr OV eRvaigh A LOPPRER: -
fornul at i omdulitse The @ idMWJROREPS "RASARGHEH BO: Ui IRpPRtrhenttdrHEmiR h wi t hout
the need to use water. It is also noted that the conpounds of the
present i nvanst iHomapabenvicegsbtH ipnbEcalion meP&-40836¥W98ontrol | ed rel ease, and

del ayed rel ease 25f ti ich, for [ SO | wn to one of
ordinary skill i%mtﬁéﬁ%%p?e_ct%ﬁ@ec%guhﬁgeﬂﬁofﬁﬁg?}%g%ﬁ y al so be used
In conjunctd ngftHi'e pid@;ﬁiéss’.?@r&lbﬁbﬁ%ﬁcbfctﬁéb@@@@?@iéb@teé-F@aﬁeUQﬁéé?@i@ts of the
di seases, conditions and/or disorders described herein. Therefore, nethods

of tredbnerfcliaing Bment (inadindapendant diarptes mulineslsd refeegdriagent

| nventi on LbeRPAARTYBE 2o acpBREERCAHbAER maNER! 8isB BP0

as “NIDDM”) diabetes, impaired glucose tolerance, insulin resistance,

hyperglycemia, and diabetic complications (such as atherosclerosis,

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

Yet another aspect of the present invention is the treatment of
diabetes- or obesity-related co-morbidities, such as metabolic syndrome.
Metabolic syndrome includes diseases, conditions or disorders such as
dyslipidemia, hypertension, insulin resistance, diabetes (e.g., Type 2

25 diabetes), weight gain, coronary artery disease and heart failure. For more
detailed information on Metabolic Syndrome, see, e.g., Zimmet, P.Z., et al.,
“The Metabolic Syndrome: Perhaps an Etiologic Mystery but Far From a
Myth — Where Does the International Diabetes Federation Stand?,” Diabetes
& Endocrinology, 7(2), (2005); and Alberti, K.G., et al., “The Metabolic

30 Syndrome — A New Worldwide Definition,” Lancet, 366, 1059-62 (2005).
Preferably, administration of the compounds of the present invention




WO 2010/ 10343719PCT/ |1 B2010/ 050943 pharmaceutical agents that nmay be used in
conbi nation with the conpounds of the present invention include

ant i - obeswOyporg®s3g (i ncl udi ng appeti té7suppressant s), &aTiBzilahiix
agents, anti-hyperglycem c agents, lipid |owering agents, and

anti - hypertensive agents. 5Suitable anti-diabetic agents include an

acetyl - CoA carboxyl ase-2 (ACC-2) inhibitor, a diacylglycerol
O-acyltransferase 1 (DGAT-1) inhibitor, a phosphodi esterase (PDE)-10

i nhibitor, mcsides(arglatjstmlly ei@ificmtmﬂw@&hnﬁd@letiomm atrlpasipent de, di abi nese,

gl i bencl am de Z] | ride | azi | i pentide,
gl i qui done Caéﬁj (gﬂ?d(gge?% E"@&fﬂ g%l“ S ?\%%rf %I)'agmfégsmg(% tinide, an
a-anyl ase irghttid protdia- (@RP)tmrﬁﬂ@éterdl r@stehparean®d slehigefontroin

a- gl ucosi de hydrol ase inhibitor (e.g. acar bose), an a-gl ucosi dase

i nhi bitor (G@NERININGIIPERIth el Ne agingisthalis OlGAraPPURHseof thﬁﬂ%@.ﬂt vogl i bose,
pradim¢in t t.azone,

cigli ta%one"% a,r%gl rﬁ?g%gsz)eﬁlogn& ?ggﬁ@'@% '?%rgz(gﬁe', | ogL?r’qPQzlﬁne

rosi gl i t azapecasedsdrunglevegzone), a PPAR a/y agoni st (e.g., CLX-0940,
GW536, GW 1929, GW 2433, KRP-297, L-796449, LR-90, NK-0767 and §8219994)
a bi guani de (e. dn yehape leﬁlaﬁPeCtaOde‘%@é%?%‘tI'W@é‘t'BBptthiecﬁ-?nP't(O@L aledaoni st
(e, 95 xeNideo LREB A, nyBeffiRiehB, LLERRE RBTRIESRIN 851 48 (PTP-16)
inhibitor (e.qg., tro usquem ne, rt extract conmpounds

20di scl osedsdg;aerbmgctsSdlabetic aéuroplatm;g dﬁatﬂtmwmp}qrd'pmay,,dlaﬁem 10), 373-381
(2007)), reser atrol .a di epti dease |1V
(e 1 VP iRy pRdganest Shstiohiapatiy (st S rERos: BT n and

saxagl i pti rgachaRial AFHEURCERT, Q@b@@lﬁ%ﬁrenﬁafﬁ&ééfcﬁ&lbgte%lbﬁﬁé' on inhibitor,
an A2 antagonist, a c-jun am no-term nal ki nase (JNK) inhibitor, insulin,
an insul i n ipesigidemia, gl slivdemia spked ghislinidersia, ihypedTiglyeeridaniaa VPAC2

i bi or o efeonclib S 45 fidse, AlfreienRd Es%r'ﬁéfﬁ?%%i%%%ﬁhexaﬁﬁ‘?. otin).
Sui t abl e arfhilurebesndesteeiaast fangleuderchbdy Areroditeass@irdiofglpdiggenase- 1

(11-HSD type 1) inhibitors, stearoyl-CoA desaturase-1 30(S 1) inhibitor,
MCR- 4 d@onlrﬁygcaréﬁblrﬁé%t)@k&lmﬁ'ﬂaReG@OFi RYPRIERIFIN, IYPRIIION. $EOKBUpt ake

i nhibitors a t

2010/ 10343750 BCP; BE0to o BN ERlon ALED MR, stenis vasouar  1opar ne
agoni sts ( siefosis, sulidrtocorgtskiregandez] metaronea dyinptibatal, bgeatnbrcanoer anal ogs,
5HT2c agonl sts, nelanin concentrati nr%lahor none ant agoni sts, leptin (the OB

protein), I'dpg CANGRIa COIGESCIRIGANCRT M $angal &8PRNAGRAIGARFSYs, | pase
| nhi bitors pga?#ge tRScaticetHo¥BtObhR&dakidRey lcaficePliléSEdHder, BAAA&CT 1 C agents

(such as a sin
20  cancer, cervical cancer, uterine cancer, testicular cancer and ovarian cancer.

The present invention also relates to therapeutic methods for treating

the above described conditions in a mammal, including a human, wherein a
compound of formula (1) of this invention is administered as part of an
appropriate dosage regimen designed to obtain the benefits of the therapy.

25 The appropriate dosage regimen, the amount of each dose administered
and the intervals between doses of the compound will depend upon the
compound of formula (1) of this invention being used, the type of
pharmaceutical compositions being used, the characteristics of the subject
being treated and the severity of the conditions.

30 In general, an effective dosage for the compounds of the present
invention is in the range of 0.01 mg/kg/day to 30 mg/kg/day, preferably 0.01



agoni st), neuropeptide-Y antagonists (e.g., NPY Y5 antagonists), PYY3_36
(i ncluding anal ogs thereof), thyrom netic agents, dehydroepi androsterone or
an anal ogwOherogw8437gl ucocorti coi d agoni1§t S or ant agoni sPET/IBL0BKDFVI43
ant agoni sts, glucagon-1ike peptide-1 agonists, ciliary neurotrophic factors
10(such as Axokine(tn) avail able from Regeneron Pharmaceuticals, Inc.,
Tarrytown, NY and Procter & Ganbl e Conpany, Cincinnati, OH), human
agouti-related protein (AGRP) inhibitors, ghrelin antagonists, histamne 3
ant agoni st srngﬁkg?dayetpébww@may of aeléver corgddoundJinegjogiesrdivilgedages i nhi bitors
(e.g., gut- ctiye MIP i Jblt h,as dirlotapid iojd
15ant agoni OW Y%Xﬁﬁmgn\{aé'ég’n'i%lp 3&?%@ qqug% rangé ”qur@f E‘?qlg OJantl -obesity
agents for dafénum lhq@brcmMg@én@meagmeﬁttﬁe glibjebebeing ssted, Mgt i on i ncl ude
gut-sel ective MIP inhibitors sgu'(ea dirl otapide, mtratapi de and

99871}7

i pl i t api denterged reuieEad@INi epatticuiar seMpouas beingradsyinisteres
S0oxo- 1 phah s MBS Aeselielh g B0 Y RE R pdimal sospes for 2,

i sopropyl - qretieuradeatibed ¢s et dvithin PETalbilifyl of omiel dfmrﬂtmarmlmﬂﬂr{eléiﬂiom or US
Publ i cati on No. 2005-0267100 Al %ﬁg@dis,ql c a%onl sts | or caseri n% MCR4
or

agoni st (e.MRVINGEYeRaNFIE OhECIns Qi@té@g?rs Wl”p?é%Pée?'ﬁFﬁ the

, Cet | ud I ,
Such as 2spericrey RN hehy i ne paleReat el i RioGrge, 1 TCa fon O
2006/ 0178501), obiscampatidsair sorepOsitigns ohtdig rrmenhtm) mayl eyl - estrone (CAS
No. 180003-17-2 TNMBO3 tid Syni ,
tesof orldl nadREEIs 1N sEisie fE ol 0 g ey be MR EPPSR PREB omeiaste:
exenati de (RiRidm(THd coMpBAeosr (B Atio? AR disd BeRd AR SicaLHisAET ne.

Preferably, conpounds of the present 30invention and conbination therapies
are admi ni Qardn @dmbrrnaimﬁ]wvﬂ&phaﬁnaﬁzeu’ﬂcemeac@@rliablﬁopauirlg@ngelbuckesmret WO

L unr e e, PR 308 B mutinle, disest s RIS B AR TEES Catifts. DY the”

present lm&@hﬁdlé@aﬁd@lluéhﬁshéla@@%é?t’séllmed|fLQJn|ts§>wﬂlﬂarEX:ﬁ@ﬂle%quddusl s to be
under st ood, however, that the enbodinents of the 5invention are not limted

to the Spedolitiongeand yasiqus raasis wkvaRises, as other variations thereof will
be known, or ap%{ﬁ%mgggﬁww c%p&gﬁﬁohgﬁ Y oL EAH iRSEh fon fay e of

ordinary skill in
administered to a subject in need of treatment by a variety of conventional

routes of administration, including orally and parenterally, (e.g.,
intravenously, subcutaneously or intramedullary). Further, the

20 pharmaceutical compositions of this invention may be administered
intranasally, as a suppository, or using a “flash” formulation, i.e., allowing the
medication to dissolve in the mouth without the need to use water.

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

25 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 pharmaceutical agents for the treatment of the diseases, conditions
and/or disorders described herein. Therefore, methods of treatment that

30 include administering compounds of the present invention in combination

with other pharmaceutical agents are also provided. Suitable



EXAMPLES Unl ess specified otherwi se, starting nmaterials are generally

avai l abl e 10 from commerci al sources such as Aldrich Chem cals Co.

(M | wauk e 20W0y10343ancast er Synt hesi s, fc. (W ndham NHPCTAB2006/03094pani CS
(Fairlawn, NJ), Mybridge Chem cal Conmpany, Ltd. (Cornwall, England), Tyger
Scientific (Princeton, NJ), and AstraZeneca Pharmaceuticals (London,

Engl and). The following naterials are available fromthe correspondi ng
sources: 155-Met hyl -2-fural dehyde - Sigma-Aldrich (M| waukee, W);

5- Met hyl - 2-phé@Ermapsguticdl agentshihiah owtydre Bsemlnecarnainaties @athche conpquusisnout h

NIy 5o cni oF dis PREare 1Y LR e Bl s iy ARE B MR BEb R B i 6.
I'L); 201- Majupprestanps)l aapdiabelic sg@hie antiVgioerdlySemrrdddrits, (e lowdring SO) ;

5- Brono- pyri m di ne-2-carboxylic acid - Ark Pharma, Inc (Libertyville, IL)
Gener al Ex;ﬁQﬂnﬁ%rﬁr@Iarﬁkbmzﬁr&Vezmsspectra were recorded on a Varian

Unity TM 400 (avgi; s ri P g )
terrperaltglure at ﬁﬂ{%g?ﬂrd%@rey?odﬁg%&@%ugael %ﬁ?é&éegﬁﬁgﬁy&sﬁ%g‘ in parts
per km’ Ihl i or(A(H)-Z?jWﬂtbi’to&ﬁanﬁcoyltgqlij/mtell Osa)jy_vtfmtlsf@‘asgﬁ (g)@ﬁilrrﬂa)linhéigft@f, engle. Thfe
peak shapes are denoted a ws:. s, singlet: d, doublet; , .doublet o
Roabl ot -7t Prisppparstarase R O REIDRN B Silernyiussh S Oh dsaihexaigt: 2o two

i ngl ets. " - a1 £ APCI
o7l ORI BPLEBIS (ISP PR RS P ) vere
2010/ 10343 i2Rekld, BAp&OidE @lidGidpoer giisalar e, telazanide; antdolbateanidahl e from
M Lt d | ter, UK). | 1 | i [ ti . t d
bt ai nadord AR Nk ERRRe 1 CHOG & nderdaistat EBREHR B Lt b
PEVG: avai |, 41 B dies hydiefdse! An@RBPRAY, Ratiol) ah alhlcadhiat r ospr ay

i oni zation mas$ 5 spectra (ES) were obtained on a Waters ZND i nstrunent
(carrier gadshibjerteosi adiposineagamigliboser emigliv@teermigltl pogliaases ord, MA). Hi gh

resol ution S .specgt wer e i ned .on _an il ent Model 6210
using tinme F%ESW'?‘@FI@ %ﬁq %5@%@@?@8 F E’z‘t@n%l%%%tg?a%f é%'ﬁp@ Fé@ or
br on ne- condiglitazdre, idengitasshal esglilaede, shglitaxoes Beglitazemsi ty ratio was
observed (approximately 3:1 for 1035Cl/ 37Cl1-cont ai ni ng lons and 1:1 for
79Br / 8118r - dORIGHIAZPAY angrE)glidavenenea PPAR aly agonist (e.g., CLX-0940, GW-

1536, GW-1929, GW-2433, KRP-297, L-796449, LR-90, MK-0767 and SB-

219994), a biguanide (e.g., metformin), a glucagon-like peptide 1 (GLP-1)

agonist (e.g., exendin-3 and exendin-4), a protein tyrosine phosphatase-1B

(PTP-1B) inhibitor (e.g., trodusquemine, hyrtiosal extract, and compounds

20 disclosed by Zhang, S., et al., Drug Discovery Today, 12(9/10), 373-381
(2007)), SIRT-1 inhibitor (e.g., reservatrol), a dipeptidyl peptidease IV (DPP-

IV) inhibitor (e.g., sitagliptin, vildagliptin, alogliptin and saxagliptin), an insulin

secreatagogue, a fatty acid oxidation inhibitor, an A2 antagonist, a c-jun

amino-terminal kinase (JNK) inhibitor, insulin, an insulin mimetic, a glycogen
25 phosphorylase inhibitor, and a VPAC2 receptor agonist. Preferred anti-

diabetic agents are metformin and DPP-1V inhibitors (e.g., sitagliptin,

vildagliptin, alogliptin and saxagliptin).

Suitable anti-obesity agents include 11p-hydroxy steroid

dehydrogenase-1 (11B-HSD type 1) inhibitors, stearoyl-CoA desaturase-1

30 (SCD-1) inhibitor, MCR-4 agonists, cholecystokinin-A (CCK-A) agonists,

monoamine reuptake inhibitors (such as sibutramine), sympathomimetic



intensity of only the lower nmass ion is given. In sone cases only
representative 1H NVR peaks are given. Optical rotations were determ ned on
a Per ki nBvoen{0f10$43241 pol ari met er (ava?‘i) abl e from Per ki REITAB2010/050943

Wl | esl ey, MA) using the sodiumD line (X = 589 nm at the indicated

15t enperature and are reported as follows [a] DtenP, concentration (c =

g/ 100 m ), and sol vent. Col um chr omat ogr aphy was performed with
either Baker(tn) silica gel (40 m J.T. Baker, Phillipsburg, NJ) or Silica
Gel 50 (EMa&gEndsdsadréherg@ Bigehmig) doaming agasss ¢sliamas boomocrigtinagh 40

Bi ot age TM col ums Shel t or Biot SNAP cartridge

Rbol 106, Rhslenhove siialig Rishete Astats SHTA B5P0RTS TRIAEA | ow Lt ogas

pressure. concentratifd ﬁ@@ﬁ@rﬁé Qﬁfag%ls% %;Bﬂld”'@hé@@bk&bﬁ])qaﬂtlﬂfﬁﬁaio@%er medi at es
Preparation of Internediate

( E) - 3- ( et hdeptyardgomats, 994@513r%ttagOFfIStSaMpa&&/lﬁblbﬂtQ&(S@ﬁblaS acid (I-la): WO
2010/ 10 4372 PCT/ | 1 /0509 T t d | ut f
St b S ettt 9%, by el SRS (G #o RddmERA T 5a0 .

5050 mml) ador@th arero t%l%OYLénta onig@Mel & TReNaY5r gntegdnieJedYyodi um
et hoxi de (Ogg)S Lh f a FﬂZélp wei g /gsol %092 i n ethanol mggc;)ne portion. The

reaction mm@nmaaméﬁhwm)eﬂwa@mwem agentsr detydieapiendmsteronedsl i ng to

room t enper >&m£ YRR |1 batches were
conbi ned atﬁ%ﬁgogw%tew eoecroe (?QA:%O r@‘éé?h‘éﬁtd\@n\’s%ﬁeglﬁoned bet ween

et hyl acet adreagdnists, grmdagaldmaelpleptlde—1aegdn|(sﬂs ciliaty aeaMtr@@h&Dfastcsgl ution).
After separation, the aqueous | ayer was extracted with eth acetate (2 x 1

D). ThaScorshraas sxakined" ave lakle dram Regenerpn Bhasacastisal s sod um
hydrogen carhgnal InedﬁﬁleI-o br & Hreaéﬁﬂgamngmmm ?I—@”Pﬁumgﬁese aqueous

extracts were co ] uste hydroc ric acid (2M
aqueous solagatmn)elate@prcemtrr (MIEEI) mh]hntoses rghremar_aa@or(lﬁtsxhtstaﬁune'lmese

organi c extracts ed and concent,r é |ve desired
OB C ot heA TSR AT B oen R e R Bty o B ab ol (T 021 o
34.34 g, 50491h|b'f8|% (@r%ﬁllﬁ@@éeléétﬁwqﬁﬁhfbﬁ%s ‘é%éh%étd@&tfaﬁﬁie 6610%00“ um

hydr oxi de (2 L of aqueous sol ution). This aqueous extract was adj ust ed

to pH 25w tantaganrisic brexin enh&go@nqtzamchqwelms solution) then extracted with
coneent rat od | n VAETEY 87l ebESnRR R ar ok e S af T 658 gram
63% as redhkipisddht |ra£b1drloNMﬁb|0@§UBse|@@ﬂveMvnzr)P higord (8., (rlotdplde, 6. 57 (d,
1. 6.09 (rﬂltrataplde and |mpI|tap|de R56918 (CAS No. 403987) and CAS No.
913541-47-6), CCKa agonists (e.g., N-benzyl-2-[4-(1H-indol-3-ylmethyl)-5-
20 oxo-1-phenyl-4,5-dihydro-2,3,6,10b-tetraaza-benzo[e]azulen-6-yl]-N-
isopropyl-acetamide described in PCT Publication No. WO 2005/116034 or
US Publication No. 2005-0267100 A1), 5HT2c agonists (e.g., lorcaserin),
MCR4 agonist (e.g., compounds described in US 6,818,658), lipase inhibitor
(e.g., Cetilistat), PYY3.36 (as used herein “PYY3.36” includes analogs, such as
25 peglated PYYs.36 €.g., those described in US Publication 2006/0178501),
opioid antagonists (e.g., naltrexone), oleoyl-estrone (CAS No. 180003-17-2),
obinepitide (TM30338), pramlintide (Symlin®), tesofensine (NS2330), leptin,
liraglutide, bromocriptine, orlistat, exenatide (Byetta®), AOD-9604 (CAS No.
221231-10-3) and sibutramine. Preferably, compounds of the present
30 invention and combination therapies are administered in conjunction with

exercise and a sensible diet.



(g, 2H), 3.87 (s, 2H), 2.32 (s, 3H, 1.31 (t, 3H). Preparation of

I nternedi ate et hyl 4-acetoxy-2-nethyl benzof uran-6- carboxvlate (1-1 b):
(1-1b) \WO020MM3B343724PCT/ | B2010/ 050843 To a vi goroBziy03v4x r ed
solution of (E)-3-(ethoxycarbonyl)-4-(5- nethylfuran-2-yl)but-3-enoic acid
0-l1la: 326.6 g, 1.371 nol) in acetic anhydride (1.77 L, 18.72 nol) at room
t enperature was added sodi um acetate (193 g, 2350 nmol) in one portion. The
reaction m xture was then 5heated at reflux for 2.5 hours. After cooling to
room t enper at ur All ehgerdboverrecied Ussrraiantisanstpubiications a(aincotearatess wer e
conbi ned at,_ t hi oi.nt). The resulting residue was suspended in

di chl oron”etrf%ﬁ@%(}}ir.q:{erl_e%cgnd filtered, washing the solids with

di chl or onet hane Edbydipdhte bl thelpresennmbivestbri ald illasteatadbyvmelbingsinger e t hen
washed wi th_sodi um hydrogencarbonate (2 x 1 L of 10a saturated aqueous

sol ution) dntempleaelt (2tohe undeisteash bemevar.daal thewamledimengs okth@esi red et hyl

4- t | f.1r.a0n-.6- v (1-1b: , I tati .
TR Ceoc RS R B1fiSsBaYs Bpi o Rese Bt iEny %6 35
(m 1H, 4.\/%8ifa(iqms ﬂ*kéreg?wmﬂoe( khhovlﬁrh-,i)orhabp’é?erﬁtsjn Iighl)?]f tlhe3ﬁst(a}nt distlsudsh
E;(ragg)r(;tlt g?go(%n_ellqr};o%irﬁ%rgﬁil ine%heyart.4_ ydr oxy- 2- et hyl benzof ur an- 6-

EXAMPLES
Unless specified otherwise, starting materials are generally available
10  from commercial sources such as Aldrich Chemicals Co. (Milwaukee, WI),
Lancaster Synthesis, Inc. (Windham, NH), Acros Organics (Fairlawn, NJ),
Maybridge Chemical Company, Ltd. (Cornwall, England), Tyger Scientific
(Princeton, NJ), and AstraZeneca Pharmaceuticals (London, England). The
following materials are available from the corresponding sources:

15 5-Methyl-2-furaldehyde — Sigma-Aldrich (Milwaukee, WI);
5-Methyl-2-aminopyrazine — Princeton Bimolecular Research, Inc
(Monmouth Junction , NJ);
5-Methoxypyrazin-2-amine — Anichem (Monmouth Junction , NJ);
5-Chloropyrazine-2-carboxylic acid — Ark Pharma, Inc (Libertyville, IL);

20 1-Methyl-1H-pyrazol-3-yl amine — Matrix Scientific (Columbia, SC);
5-Bromo-pyrimidine-2-carboxylic acid — Ark Pharma, Inc (Libertyville,
IL)
General Experimental Procedures
25 NMR spectra were recorded on a Varian Unity™ 400 (available from

Varian Inc., Palo Alto, CA) at room temperature at 400 MHz for proton.
Chemical shifts are expressed in parts per million (3d) relative to residual
solvent as an internal reference. The peak shapes are denoted as follows:
S, singlet; d, doublet; dd, doublet of doublet; t, triplet; q, quartet; m, multiplet;
30 bs, broad singlet; 2s, two singlets. Atmospheric pressure chemical ionization
mass spectra (APCI) were obtained on a Fisons™ Platform Il Spectrometer



(I-1c) 20To a stirred solution of ethyl 4-acetoxy-2-nethyl benzofuran-6-
carboxylate (1-1b: 549.03 g, 1.37 nol) in ethanol (4.00 L) at room

t enper at WO 20es103¢dded pot assi um car bon&f e (266 g, 1.92 mor)iBRmo/esve43porti on.
The reaction m xture was then heated at 60C for 3 hours. Potassium
carbonate (100 g, 0.720 nol) was then added in one portion and 25 the
reaction mxture was heated at 60C for a further 3 hours. After cooling to
roomtenperature the mxture was diluted with dichloronmethane (2 L) and the
suspensi on (tairiegigad; aeeionitrilg: availabte fras Miaromaiss hiddarehester, UK)x 1 L) (all

bat ches werg ¢ {ned at this poi he ¢ .ned filtrate and washings
W0 S010/ 1o sre Lk hn et S i Wecs BRBUR oha HE Rl 10 e (2%
of a 1 M acRuskasd B05989 PRIruniche (artaittrnionatRidni PBRES Uy aaBle fiémr esul ti ng
residue purified by dry flash chromat ogr aph%ééphexane then 2:1 hexane: et hyl

acetate). AflewiettRackand CosmpamniRale AHe, §édi tipseERc ONF&tien ¢oags ned and
tanding . peelp Sy Gr BefhaY dhid PbbE™ 2 it e R pftler i "

st andi ng, rri With c tol uené a ere ds were then

stirred w tdcetmiitrii@| avaiiieblarfebrd & aleps Gosp nMilidraly M¥al High résdiotion nfaskl owed by

filtration of the h m'xturet;hrour?ha ad of cel | The filtrate was
aBiAdeRt & M

2l | ovied ¢ o SPSSIAAHRNS EweEsabaings g e, SOPLEEIP wgngitrme 8 on o
0 e ol AR ety AP St bk e, 260
7.45 (d, 1lHeschibéd-tbe®xpentedlinjensiy 8stid was tiserved3@pprpxirdeely 3:¥r(d, 3H),
Lod0 Stig Srhey bEIB L Gl L L Sl RS, SpECS LOTF LY 2 221 O
5- chl or o- N,ifNeds I bhyhIPUha IoWe- Rass B g fleIn sdhd kasésBniyCl / 11 N H3C N O
representative 'H NMR peaks are given. Optical rotations were determined
on a PerkinElmer™ 241 polarimeter (available from PerkinElmer Inc.,
Wellesley, MA) using the sodium D line (A = 589 nm) at the indicated
15  temperature and are reported as follows [o]p"®™, concentration (¢ = g/100
ml), and solvent.
Column chromatography was performed with either Baker™ silica gel
(40 um; J.T. Baker, Phillipsburg, NJ) or Silica Gel 50 (EM Sciences™,
Gibbstown, NJ) in glass columns or in Flash 40 Biotage™ columns (ISC,
20 Inc., Shelton, CT) or Biotage™ SNAP cartridge KPsil or Redisep Rf silica

(from Teledyne™ Isco™) under low nitrogen pressure.

Preparations of Starting Materials and Key Intermediates
Preparation of Intermediate (E)-3-(ethoxycarbonyl)-4-(5-methylfuran-2-yl)but-

25  3-enoic acid (I-1a):

H3C O
\ /| N Ng-CHaCHs



(SM 1) 5-chl oropyrazine-2-carboxylic acid (1.00 gram 6.31 mmol) in

20di chl oronethane (30 mMl) was treated with catal ytic anmount of

di net hyl fworzami/®we437f ol | oned by (COCI)2230.85 ni, 9.46 mrOINB20THese4sUl ti Ng
m xture was stirred over night. The reaction was concentrated in vacuo, and
dried under vacuumto give desired 5-chl oropyrazi ne-2-carbonyl chloride as
solid (1.05 g, 100% . 255-chl oropyrazi ne-2-carbonyl chloride (2.13 gram
12.05 mmol ) and di nethylam ne HCl salt ( 1.06 gram 12.7 nmol) were
suspended i n di ch avigosousiystited satujion ohSsnethykduraehgdey2@hinte (5. 04 ni,

encti on md bR ETRETRS e 4 SOR RO SRl e &
L ermper alt ur extaginSiviersturdiPag Ad06d B34RTPGHETICRREN 05894andight % hours. The

conpound vvaslqlti I qt%gbvmqg)h. di chl or&gmrretggane, t_vvash.e%i W t hsctl}]N EC FQSJ(]I\/\%E:er,
brine, dri é®'{UIQA28GNANGI) INAEEP @ cealiogtrediurg M@scnaaeeg t was
puri {1 ed by A3k M 33 ATRAARE ARNING(15ibb Aelflera AR Binible REst 0 80% ethyl
acetate’in ﬁep ane) to provrde e re @cﬁ] oro-f\?,a’
gl::_l nec]t?g Ic]g)l\//[c??icgn’frétedgn bam(w(;"(a‘.lIEbe(tﬂgéslwerRa ét#nbing&@‘gdhis pbinyv R3r(e4|%uM-lgi_|) 5

L , ppm 8. 74 J=1.37 Hz, 1 ) , J=1.37 Hz, 1 .15
(s, 3 H) 3.rgdidyg was pyriitioned Wtwgﬂaﬂtm&@%ﬁ%m é)ﬁ@éﬂa@r@c@mﬂamd (1L
4- (5-(di net 8 82y NARsY. il
2" ot hl Do 61 RPEoks PR ARreepidiion the oqueoys igyer wes erected o oo
with et hyl withegithybaget2ten@thy Libehkecaombmest onganicexyiaatsewéte then 6. 07 g, 27.6

mol ), 5-chloro:-N N di net hyl pyrazi ne-2- 15car boxam d M 1: 5.06 g, 27.3
ol ). Bos ekt paTusY HEIEn B5iR0RE (Zohd Tadd SEUGIRA SANEAT vad i n
di met hyl f orggitiog. TREsébhuediifextRres Wvefe WembhRAtA[ AQuSteE td BH Bwiaur s.
After the reaction was cool ed down
hydrochloric acid (2M aqueous solution) then extracted with ethyl acetate (2 x
1 L). These organic extracts were combined and concentrated in vacuo to
give desired (E)-3-(ethoxycarbonyl)-4-(5-methylfuran-2-yl)but-3-enoic acid (I-
15 1a: 34.34 g, 5%). The original organic extract was extracted with sodium
hydroxide (2 L of a 2M aqueous solution). This aqueous extract was adjusted
to pH 2 with hydrochloric acid (2M aqueous solution) then extracted with ethyl
acetate (2 x 1 L). These organic extracts were combined and concentrated in
vacuo to give additional desired materials (395.2 gram, 63%) as red liquid.
20 '"H NMR (CDCls, 300 MHz) & ppm 7.48 (s, 1H), 6.57 (d, 1H), 6.09 (d, 1H), 4.24

(g, 2H), 3.87 (s, 2H), 2.32 (s, 3H), 1.31 (t, 3H).

Preparation of Intermediate ethyl 4-acetoxy-2-methylbenzofuran-6-

carboxylate (I-1b):

O,CH2CH3



to anbi ent tenperature, dinethylformam de was renoved in vacuo. The crude
reaction mxture was partitioned between ethyl acetate (100 nml) and 20

wat er (30WOLYP10/IDBMS7aqueous | ayer was extracted with et hpCTABZD394360 i) .
The conbi ned organic | ayer was washed with water, brine, dried over sodium
sul fate, and concentrated. The crude product was purified by colum
chromat ography (silica gel, 30 to 80 % gradient of ethyl acetate in

hept ane) to give desired ethyl 4-(5-(dinethylcarbanoyl)pyrazin-2-yl oxy)-2-
25met hyl benzof urkna aigaaously pliered splutig)ofdE)-3-(ethghychraonmyl)sb(d-d (8.3 g,

%ﬂ?mmm’ﬁ 9‘/@!9@94@ 'y§§?§|9%§%g€8?@3f2%6% L371 cﬁ”o'gﬁbé\l‘gegc( 4?01M:|)Z 8. 04

(t, J=1.07 dThhydiildéi)U 7711 1(8172 ﬂnol) éﬂroUr'—‘n telnpb@raﬁjré@/asfiad’dledmdlémH) 4.38 (q,
J=7.22 Hz, 2 F) 3.17 (s, 3 H) 3.14 (s, 3 H) 2.45 (d, J=1.17 Hz, 3 H) 1.38

(t J=7. 12 3getatg (P«93 9N@3§QA¥-T1U10|)3'79”Q Porime pRrareagioprmiskarg was then

b
(om 2) soolsrE ehiakgbr 2 S SRen BN & oulfh g Bl e RudeY 5.
Br ono- pyri rwah O@aéémwtélmwv&wcs(@illd)aﬁm weElcornbinedrat dhis ointhnEhbane

(821m ) at room tenperature foIIo 2 dr o of, di et hyl formam de. The
reacti on mif¢eWFBg ngd%queﬂﬁ@ﬁag F%B%Hmﬁm ne Hov -4 apEersd. net hanol

i ndi cat ed t\ﬁﬁskﬁwg‘?‘é‘%@ o%n\%rtﬁ‘elcﬂﬁfrg BQOWIPSB B Bombined fi ate

15D et hyl f or na was a e react’i on mxture. cid
di ssol ved adrnidewas@ings mﬂremen WGN&GMMHDMMMQ@QOGWMQ xéksL@rf and no

tarti terjal d, The solvent d d
vacuo () ot orHIRd SEHGHCS SORBRbARY PIABAZ R Bob SRERYFAGH BraLo (s,

100% . 20ThavéoBsirs®eyl i HBAE~ZneahPBBM oMb @RbdaAste (R28MBab)o3as
g, quantitative). "H NMR (CDCls, 300 MHz) § ppm 8.00-7.99 (m, 1H), 7.64
(d, 1H), 6.32-6.32 (m, 1H), 4.38 (q, 2H), 2.47 (d, 3H), 2.37 (s, 3H), 1.39 (t,

3H).
15
Preparation of Intermediate ethyl 4-hydroxy-2-methylbenzofuran-6-
carboxylate (I-1¢):
O
. S O,CH2CH3
OH
(I-1c)
20 To a stirred solution of ethyl 4-acetoxy-2-methylbenzofuran-6-

carboxylate (I-1b: 549.03 g, 1.37 mol) in ethanol (4.00 L) at room
temperature was added potassium carbonate (266 g, 1.92 mol) in one
portion. The reaction mixture was then heated at 60°C for 3 hours.
Potassium carbonate (100 g, 0.720 mol) was then added in one portion and
25 the reaction mixture was heated at 60°C for a further 3 hours. After cooling
to room temperature the mixture was diluted with dichloromethane (2 L) and
the suspension filtered, washing the solids with dichloromethane (2 x 1 L) (all
batches were combined at this point). The combined filtrate and washings



di ssolved in tetrahydrofuran (828ml) and di nethyl-amne (2M solution in
tetrahydrofuran) (373nl, 745mmvpl) was added portionwi se at room

t enper at We.20l®343¢act i on was stirred 4? room t enper at uPETABRZEH/059043 0gen
for 16 hours, after which tine, LCVMS indicated conpletion. The m xture was
25 diluted with ethyl acetate (500nl) and washed with H20 (500nl). The

wat er | ayer was further extracted with CH2C12 (5x500nl), all organics
conbi ned, and dried over nmagnesium sulfate. The filtrate was concentrated
i n vacuo anwenetibansuasheddeith citrimacidy 2L bliayl Mtamxeopswimtbon)ﬁhensol ution

Lo afford Heneenl@esnotibys rid sRees e ol Budied PEfn) BaSipe oY Veral's.
were filtergtomatbghasigthasiahe theh ¢: MRékane:bthiplhyétatd)erall(fi&flisng the solid

was dried in a vacuumoven at 55C for 12 hourrs to afford the title

conpound 5-GNBING, the diesises Proguat wele sembined BOS #eneentaRAZN vadHo. 77% as a

"6, se5 s T g U ERRLE S St SrQitE e fidrieliath By (S0
4 (2- (di nettbilensrdminfiitdregy Theisdlids Srere then stlrred with hot toluene and

vl ox 2- met hyl benzof ur an- 6 car boxyl at e 2CF13 100 (1-2a
A mi i% ur e cépz@g(@pr%a fop1 >r/ foIIowéd by fﬁtratlon of the%Ht mixture ( )

5-b N, d ethyl
4~ hydr oxy- S pRY o B ﬂ?Qﬁ%@i‘?ﬁ%ﬁéﬁte o Eoolzhh tngHRING 3705 ™
15phenant hrpecipdaielisélated By @ifratioh)to gne deprser ethpldd-tigd(B§4ary, 4. 54mmol ) in
di met hy| f Wi t 2 d then heated to 90C
u|5|mflg 36/1 ngéﬁngﬁ g’ﬁngg?qr??@r'ca%ﬂgﬁﬂ%edi—ggééé)y@rs&?%ég?PB?PQ%nQ?\&a%emsOst| rred
at this terpeRir(EDLL 38 ALY § ool ds:ﬁswqm)nﬁ%(eo )% 5950

reaction m xture s cool e uted w'th eths cetate (300nt).
20 The m xt(ar,d H)a5.85 (st éHed4 .66 (q;ehlﬂ)gé 4 (d, ), ﬁmO:@r:BidhaIL@MSTthufd ltrate

howevor, hoERBARTPRRY ASSORSEr RS w&n”&%ffﬂ@i%%f“tﬁ@? has adtied o

the m xture. V\hen t he agueous phase was about pHl, the phases separat ed.

The or gani s ey b RIS ARHIBON L gip@gted with ethyl 25

acetate (2 ' acted with water
(200nt) anobarboxwﬂldéO@MW) The organi cs vvere separ ated and treated with
activated charcoal (10g) and magnesi um sul,\f ate The m xture was

YET

(SM-1)
5-chloropyrazine-2-carboxylic acid (1.00 gram, 6.31 mmol) in

20 dichloromethane (30 ml) was treated with catalytic amount of
dimethylformamide, followed by (COCI). (0.85 ml, 9.46 mmol). The resulting
mixture was stirred over night. The reaction was concentrated in vacuo, and
dried under vacuum to give desired 5-chloropyrazine-2-carbonyl chloride as
solid (1.05 g, 100%).

25 5-chloropyrazine-2-carbonyl chloride (2.13 gram, 12.05 mmol) and
dimethylamine HCI salt ( 1.06 gram, 12.7 mmol) were suspended in
dichloromethane (50 mL)with stirring. Triethylamine (5.04 mL, 36.2 mmol) in
dichloromethane (25 mL) was added dropwise at 0°C to the reaction mixture.

The combined solution was warmed up to ambient temperature and stirred



WO 2010/ 10343729PCT/ 1 B2010/ 050943 al l owed to stir for 10 m nutes and then
filtered through a plug of celite to afford a crude yell ow sol ution. The
filter cawe2oes10338hed with ethyl acet dte (100 ni). ThePOTgRII1CESOMEY €
concentrated in vacuo to afford a crude solid this was dried under high
vacuum for 4 days. The dry crude solid was 5triturated using nethanol (80
m.). The solids were dispersed into a fine light orange crystalline powder
with a red liquor. The solids were isolated by filtration and rinsed with
met hanol ( Zor #ihpursth&éhe ebimpowasd vdad ditltead withedighlotameibasa, wasbewitor 12

Lo b e BRIy, B dries (Nas$0y ) Siterad ane SRDEITIFRIR 6 TORBUSS ! ate (1-
102a) as apf@ﬂu@t\l\lvés)buﬁﬂédlﬁ Egl,urﬁ#%romatographg (AR, e 30 to
CHLO?O:O?MgA) ppm 1. 41 (t, J=7.12 Hz, ( 098Hz,3H)3.00

(s, 3 H 3 (eéhylcacasataummemnemtozpmuqezdeszrqq)s-@hmm -1 H 7.62 (d,

\Iirépér?atl on oQ@%&?F'&%%& er| apﬁ(ge g)'r-orrﬁ {%ﬂgl’%%%ﬂ- n%'%'\klll\yllR%pa Gr"\é]l ne- 2-

car boxan deCKIEMR)FORM-d) & g3 8MY, (@Haaﬂ%mﬁﬁ SMH3 8.5 (K A=l 3TAEOT iHje (1. 459,

11. 1nmmol ) was added to a suspension of 5- Brono-pyrimdine-2-carboxylic
acid (1.5g,3- o 4smH) 3i12 & SHilbr onet hane (50ml) at room tenperature fol |l oned
by 1-2 drop of di nethylfornam de. The reactlon m xture was stirred under

m Xt ur gopandp- ﬁ{éthgbehf@fu% g c@m@@,l/a,fgq/ aw er 30 m nut es. LCMS showed

corresponding nethyl ester and no starting
sol vent was renoved and dried in vacuo t
5- Brono- pyri m di ne- 2-car bonyl cQﬁorlne (
2010/ 10343730PCT/ 1 B2010/ 050943

mat eri al peak was observed. The
¢ afford the crude
6g). WO

Br omC PyChlgm di ne- 2- carbonyl chl ori de
(1600ny, 7.225mml) was di's chl or onet hane (25ml) and
triethylamne (4.03nl, 28. 9mm|) wasyadded fol |l owed by ethyl - net hyl - am ne
(0.68 nL, 7.92 mmol ). The reaction was stlrred at room tenperature under

nitrogen for 16 ours, after \[ H

(1-1d)
The flask was charged with ethyl 4-hydroxy-2-methylbenzofuran-6-

carboxylate (I-1c: 6.07 g, 27.6 mmol), 5-chloro-N,N-dimethylpyrazine-2-

15  carboxamide (SM-1: 5.06 g, 27.3 mmol), cesium carbonate (9.78 g, 30
mmol). The solids were dissolved in dimethylformamide (60 mL). The
reaction was heated to 90°C for 3 hours. After the reaction was cooled down
to ambient temperature, dimethylformamide was removed in vacuo. The
crude reaction mixture was partitioned between ethyl acetate (100 ml) and

20 water (30 mL). The aqueous layer was extracted with ethyl acetate (50 mL).
The combined organic layer was washed with water, brine, dried over
sodium sulfate, and concentrated. The crude product was purified by
column chromatography (silica gel, 30 to 80 % gradient of ethyl acetate in
heptane) to give desired ethyl 4-(5-(dimethylcarbamoyl)pyrazin-2-yloxy)-2-

25 methylbenzofuran-6-carboxylate (I-1d) as a light brown solid (8.3 g, 95%).



5 which tinme, LCMS indicated conpletion. The m xture was diluted with

di chl or onet hane (50mL.) and washed with water (50nl) followed by 10%citric
acid (50muP 2arudiob3irne (50nl). The orgaﬁ?c | ayer was sep&caiBzhienzdo4y i ed
over MgSO4, the residue was filtered and the solvent was renoved in vacuo
to afford the title conpound 5-brono-N et hyl - N-net hyl pyri m di ne- 2-
10carboxam de (SM3): (1.4g, 79.4% as a brown oil. 1H NWR
(400 MHz, CHLCRCFCRMd) 6 ppm11.08 - 1.31 (m 3 H 2.99 (d, J=79.05 Hz, 3
H) 3.19 (q, J=T7. EQNMIZR (40HNH, BHIQROFIRERA Hz ppth $188dB4=1.d7 Hz3. 12 Hz, 2

4 (%5(5[ ﬁsqj)né,ftﬁ;}p = @gﬁ{ﬁ,”e?@{z, L1207 Hz, 1 H) 7.71 (d, J=1.17 Hz, 1 H)

vl oxY) - 2- meg g . *eeznzngﬁ | M)-4H38 84 R He, Pl 7 (8 Hglxﬁﬁ §.|4«'58k was
charged with 5-bro N-et’hyl - NF'net hyl pyr i midi ne- 2 20 car oxa de (SM 3:

615 ny, 2.E(dmkm.)WHa?th’i,llH)438;/((11,r»ts<7y12H2rrétl'rh)ylM§r(ﬁlﬂJﬂ)raﬁ06 car boxyl ate 0-1c:
378 ng, 1.7 mml) - Cs2003 (1 15 g, 3.5 mol), 1,10-phenanthroline (30.3 ny,
.17 mmoP), . . (17 ni).
The reacti GHERE A 22X RIS VDY FITHaIN DOXEANG eated to
90 C for 16_2hzhours under 25 a N2 at rmsphere The reactl on m xture was
diluted with ethylacetate (250 nL), washed with water (3 x100 ni), dried
(MgS™) and concentrated. The c erial, was purified by a biotage 509
silica gel colum (20% 100% WO 2010/ 19343733PCT/ | B2010/ 050943 Et OAc in
Hep) to afford the title conpound IQ QCH

(et hyl (net hyl ) car banoyl ) pyri mi di n-5-yI oxy) - 2t hyl benzof ur an- 6-
carboxylate (l1-5a: 180 ngy, 28% as a yelVYow SO|Id. 1H NMR (400 MHz,
CHLOROFORM D) 6 ppm 1.07 - 1.26 (m f@ﬂ;@%l.m (t, J=7.12 Hz, 3 H 2.42 (d,
J=0.98 Hz, 3 H 2.97 (d, J=65.77 Hz, 3.14 - 3.66 (m 2 H) 4.33 (q,
J=7.22 16z, 2 H) Gxd¥l chlérid2(4/Mdg,1369mmMobavddaddeld-B 88usderisionf 514 H) 7. 92

Starti ng! i BGPY e PR HORONE A [l RaUIagh IO EhATR o (S d) o

(821ml) at room temperature followed by 1-2 drop of dimethylformamide.

The reaction mixture was stirred under nitrogen for 2 hours LCMS in
methanol indicated the presence of the methyl ester and some acid.

15  Dimethylformamide (0.2ml) was added to the reaction mixture. The acid
dissolved after 30 minutess. LCMS showed corresponding methyl ester and
no starting material peak was observed. The solvent was removed and
dried in vacuo to afford the crude 5-Bromo-pyrimidine-2-carbonyl chloride
(559, 100%).

20 The 5-Bromo-pyrimidine-2-carbonyl chloride (55g, 250mmol) was
dissolved in tetrahydrofuran (828ml) and dimethyl-amine (2M solution in
tetrahydrofuran) (373ml, 745mmol) was added portionwise at room
temperature. The reaction was stirred at room temperature under nitrogen
for 16 hours, after which time, LCMS indicated completion. The mixture was

25 diluted with ethyl acetate (500ml) and washed with H,O (500ml). The water
layer was further extracted with CH>Cl, (5x500ml), all organics combined,
and dried over magnesium sulfate. The filtrate was concentrated in vacuo
and then suspended in methyl-t-butylether (650ml). The solution was then

heated to reflux. The hot solution was allowed to cool overnight to afford pink



CINCH2CH3 1\iir "CH3 0 (SM4) The title conpound (I-7a) was prepared by a
nmet hod anal ogous to 15that described for the preparation of SM1 using

5- chl or opyoarivw3axs car boxylic acid (26 12. 62mmol ) andPeThB2o1oveiobsd - am ne
(0.846 g, 13.9 mmol ) to afford the title conpound

5-chl or o- N- et hyl - N- et hyl pyr azi ne-2- carboxam de (SM4: 2.05g, 81°)/0) as a
clear oil 1H NVR (400 WHz, CHLOROFORMd) 6 ppm 8.72
(dd, J=7.41, 1.37 20Hz, 1 H), 8.53 (d, J=1.56 Hz, 1 H), 3.60 (q, J=7.22 Hz,
1 H) 3. 42 qrystals=TheZrystalswede, filgred apd wapshed. with eeld rsetHyl-t-butyletherl. 31 (m

4 (5' (Z[ ﬁ&a( ﬂ@qﬁ{}ﬂ%gphﬁt er rg%i;filgq e%@'ulm oven at 55°C for 12 hourrs to afford

vl oxv) - 2- mehB\itle dUndG-Brarad e KMdiierhyl bipdmiditdH2 @4 ki e SIWO:
2010/ 10343732PCT/ | B2010/ 050943 Et hy

4- hydr oxy- A4get’fys g &k $Mide- car boxyl ate (1-1c: 2.25g, 10.22 mmol),

Dot iyl pir et o oTLEME Pz GHTBRORORAIGES BBt £5R0E Sia 358

acetoni trilig) §.86 (512 H)Thez (Mxtye@3pas heated at 100C over night, after
whi ch

Preparation of Intermediate Ethyl 4-(2-(dimethylcarbamoyl)poyrimidin-5-

vioxy)-2-methylbenzofuran-6-carboxylate (I-2a):
0

O -
H3C \ O

HaC \n)\ﬁ/

H3C’N

CH,CHj

10
(1-2a)

A mixture of Cs2COs3 (62.1g, 191mmol), 5-bromo-N,N-
dimethylpyrimidine-2-carboxamide (SM-2: 24g, 104mmol) and ethyl 4-
hydroxy-2-methylbenzofuran-6-carboxylate (I-1¢c: 20g, 91mmol); 1,10-

15  phenanthroline (1.64g, 9.07mmol) and copper iodide (864mg, 4.54mmol) in
dimethylformamide (200ml) was purged with N2 gas and then heated to 90°C
using a mechanical stirrer. The heterogeneous reaction mixture was stirred
at this temperature for 18 hours. HPLC indicated near completion. The
reaction mixture was cooled to 35°C and diluted with ethyl acetate (300ml).

20 The mixture was filtered to remove any cesium carbonate. The filtrate was
then partitioned between water (500ml) and ethyl acetate (500ml); however,
no separation was observed. Concentrated HCL (20ml) was added to the
mixture. When the aqueous phase was about pH1, the phases separated.
The organics were separated and the aqueous layer reextracted with ethyl

25 acetate (2x500ml). All organics were combined and back extracted with
water (200ml) and brine (500ml). The organics were separated and treated
with activated charcoal (10g) and magnesium sulfate. The mixture was



S5tinme, the reaction mxture was diluted with ethylacetate (50 nl) and
filtered. The organic | ayer was concentrated and purified by col um

chr omat ogwepbhw/ws3gi | i ca gel el uting weth et hyl acet at e iPAETHBEI&NF94320- 100%
to afford ethyl 4-

(5- (et hyl (et hyl ) car banmoyl ) pyrazi n- 2-yl oxy) - 2- met hyl benzof ur an- 6-
carboxylate (I-7a: (3.9g, 99.5% as a gum 101H NWMR (400 MHz, CHLOROFORM d)
6 ppm 8.45 (dd, J=7.43, 1.17 Hz, 1 H), 8.40 (s, 1 H, 8.04 (t, J=1.07 Hz, 1
H), 7.71 (chllogeed, tgastiHiqr110m)ir;utesBad(thenjikbereglahmghla pl)u,galf c;ﬂjte(tq) J=7.04 Hz,

Hz 3 3060 a(fg:gd (atcruééyHﬁ%wg?mt@nBTﬁgIﬂtgbcgkelwgg \/(qﬁhe v}i_%h e%} ‘] 10 36

Preparati on10b mL). The organics were concentrated in vacuo to afford a crude solid
aN-di net hy1- 5- ( 2- et hyl - 6- (( 5- net hyl yr azi n- é&gcar banoyl| benzof ur an- 4-yl ox

y) pyr azi ne-tasdaas)@is@qdruaéet(mh \mHgm oN4ndaysnThersy crude saligHsa® 20(1 )

5- net hyI Wi

di et hyI et ﬁgrmrang Jﬂﬁ H%t cgégﬂ Bﬁﬁe%ﬁﬂaﬁﬁﬂeﬁ%ﬁc g%dd@tc{%yfhnﬁh 1 Min
hexane) wasoradgedryktamm pewdéhmtheasrtddtllqn@r Mhé solidswvasrengolkmst bp t o anbi ent
tenperature, and stirred

25( di met hy | TEER A )’B?‘?%W'th @eW‘pBQbQ%%%tTﬂlﬁ $Rlid wesAERd 61 8 boxyl ate (I -
1d: 10. 1 giyaglurh GV8H At 55 CHorahd s i bbrletfy) 4 48s then added to the

(dimethylcarbamoyl)pyrimidin-5-yloxy)-2-methylbenzofuran-6-carboxylate (]-
10 2a) as a yellow solid (18.2g, 54%)
"H NMR (400 MHz, CHLOROFORM-d) & ppm 1.41 (t, J=7.12 Hz, 3 H)
2.50 (d, J=0.98 Hz, 3 H) 3.00 (s, 3H) 3.17 (s, 3H) 4.41 (d, J=7.22 Hz, 2 H)
6.29 (s, 1 H) 7.62 (d, J=1.17 Hz, 1 H) 8.06 (s, 1 H) 8.50 (s, 2 H). m/z (M+1)

=370.5
15
Preparation of Starting material 5-bromo-N-ethyl-N-methylpyrimidine-2-
carboxamide (SM-3):
BN CH,
| i
y N.
N/K[( CH,CHj
O
(SM-3)
20 Oxalyl chloride (1.45g, 11.1mmol) was added to a suspension of 5-

Bromo-pyrimidine-2-carboxylic acid (1.5g, 7.4mmol) in dichloromethane
(50ml) at room temperature followed by 1-2 drop of dimethylformamide. The
reaction mixture was stirred under nitrogen for 2 hours LCMS in methanol
indicated the presence of the methyl ester and some acid.

25 Dimethylformamide (0.2ml) was added to the reaction mixture and all of the
acid dissolved after 30 minutes. LCMS showed corresponding methyl ester
and no starting material peak was observed. The solvent was removed and
dried in vacuo to afford the crude 5-Bromo-pyrimidine-2-carbonyl chloride

(1.69).



WO 2010/ 10343733PCT/ 1 B2010/ 050943 acti vated am ne solution via canula. The
conbi ned solution was heated to reflux _overnight. The reaction was cool ed
on i ce amiogbpvilog43quenched by the dropﬁﬁ)se addi ti on of &GuaBuL0/PResBEl | €' s
salt (concentrated, 100 nL). The m xture was stirred for 20 m nutes. The
m xture was separated. 5 Organic | ayer was washed with agueous Rochelle's
salt (30nml), INHC (30 m), brine (30 m), dried over sodiumsulfate, and
concentrated in vacuo. The crude product was purified by colum

chr omat ogr aphy (%Brooe-pyeimidigesdicanonyf cliotige (ta¥irag e/ .22omnEy) W% i n

hept ane) ta : ,

N, Nel et hy P b rometbane oM AN ety e 030) PRSI ur an- 4-
10y! oxy) pyngds ag@déd eloh@da) g (ﬁr}etr&ﬂfangih@rm&%m 7.92 mmol). ThE NMR (400
MHz, CHLOROFORMd) 6 ppm 9.57 (d, J=1.37 Hz, 1 H 8.49 (d, J=1.37 Hz, 1 H
8.45 (d, J=gagtiorHwas ptippdatipomdemperytusge gmd@rdatrogenfcgam QUT§98f-tIQr 1 H) 7.91

3 155 95 (e cls daterh dnogtiol, thfinles galgieluiy (1) 1 1

433. 1. Examngittdodmethan@rsPmaf)andonastied with water (50m|) followed by 10% citric
N, N- di met hy1 azin-

2- e -
vl ) car barro\?f)'dsﬁéq{EB@GFlé}ﬁ'n@ (&bﬁﬂﬁﬁ?r‘?rﬁﬁﬁicr{ﬂ@ way E%Q%rﬁ\t%a@@ﬁ”eﬂl CH3 y NN
H CH3 NC 1 ler 'I\%%@h,'\{he residue was filtered and the solvent was removed in vacuo

to afford the title compound 5-bromo-N-ethyl-N-methylpyrimidine-2-
10  carboxamide (SM-3): (1.4g, 79.4%) as a brown oil.
"H NMR (400 MHz, CHLOROFORM-d) & ppm 1.08 - 1.31 (m, 3 H)
2.99 (d, J=79.05 Hz, 3 H) 3.19 (q, J=7.22 Hz, 1 H) 3.59 (q, J=7.22 Hz, 1 H)
8.84 (d, J=3.12 Hz, 2 H)

15  Preparation of Intermediate Ethyl 4-(2-(ethyl{methyl)carbamoyl)pyrimidin-5-

vioxy)-2-methylbenzofuran-6-carboxylate (I-5a):
O

0
e OCH,CH;

© SN CHj
| .
y N.
N)}( CH,CHs
O
(1-52)
The flask was charged with 5-bromo-N-ethyl-N-methylpyrimidine-2-

20 carboxamide (SM-3: 615 mg, 2.5 mmol), ethyl 4-hydroxy-2-

methylbenzofuran-6-carboxylate (I-1c: 378 mg, 1.7 mmol), Cs,CO3 (1.15 g,

3.5 mmol), 1,10-phenanthroline (30.3 mg, .17 mmol), copper iodide (16 mg,

0.08 mmol) and dimethylformamide (17 mL). The reaction mixture was

degassed with N2 for 5 minutes and then heated to 90 °C for 16 hours under
25 a Nz atmosphere. The reaction mixture was diluted with ethylacetate (250

mL), washed with water (3 x100 mL), dried (MgSO4) and concentrated. The

crude material was purified by a biotage 50g silica gel column (20%-100%



(2) To a solution of the 5-nethyl-2-am nopyrazine (38.9 g, 356 nmol)
in dinmethylether (315 nL) in a 3-neck flask equi pped with overhead stirring
and 25 a wondevsess7at 0C was added Me2AI CI (1M sol uti onPCm/IREMGN®e)3 (715
m.). The m xture was warned at roomtenperature and stirred for 1.5 hours.
In a WO 2010/10343734PCT/ |1 B2010/ 050943 separate fl ask, ethyl

4- (2- (di net hyl car banoyl ) pyri m di n- 5-yl oxy) - 2-

nmet hyl benzof ur an- 6- carboxyl ate (1-2a: 52.6g, 142.5mvl) was dissolved in

di net hyl et r%tOﬁ(czimd-lm))to afford the ktleicempasnd ieghyldd@ed t o t he conpl exed ami ne.

The 1 eou t dRRE R REECIRARRI oI Bl BRI catea o306

conpl ete. Hareotylaterssafl 180ahg! &%) s8ld yérlesslRl.in water and 2 liters of 2-
met hyltetrahydrofuran was added to the mxture The reaction m xture was

t hen poured i nt o H NMR{40biHz, SHIQROFORMKS ppe Wa% -al.2owWed3td) stir with

or aci b Pai o (0VRE @it HE 4t SEDS o EDZ 91 TR Pee o Fomidcol s o

retai ned wes10ashesl(mi 2 IM)2F 3B (qYJL7E22 sy dnpfainan.e Ihemr wglﬁ Batdgol i d was
dried in vacuo oven overnight to afford the title co

N, N- di met hyﬁf35322Lﬂﬁ§Hiy|1 +¢)4(92 8.04 (m, 1 H) 8.43 (d, J—41(r)rsz 2 H). MS

met hyl pyraéM"l @ }d’é{gr banmoyl ) benzof ur an- 4- yl oxy) pyri m di ne- 2- car boxam de
(2): (49.9 19 1H NMR (400 MHz, CHLOROFORM-d) d ppm 2.49 (d, J=1.17
Hz, 3 H) 255(s 3H) 2.98 (s, 3 H 3.14 (s, 3 H 6.28 (t, J=0.98 Hz, 1 H)
(7 521(|0_||D,o é?lréré‘ﬂbn df$i)art7n/8;aterb/82cf{/@ﬂolﬂléz‘bz /8V4r74etb dtheg 8- Hz, 1 H) 8.37
S

(M 1) = 431.820ox3 Sl 4r epar ati on of
5- (64(5- met hoxypyrazi n- 2-yl )caréprm ) - 2- net hyl benzof ur an4-yl oxy) - N, N- di net
hyl pyri m di ne- 2- car boxam de (3): 010CH)B#H3735PCT/ | B2010/ 050943 The
title conpound (3) was prepared byl a thgd\p anal ogous to that described in
Exanpl e 1 using 5-nmet hoxypyrazi n- 2- & ngf an@Hat hyl 4- ( 2-

(di nmet hyl car banoyl) - pyri m di n-5-yl oxy) - & et hyl benzof ur an- 6- car boxyl at e
(1-2a). 51H NWR (400 MHz, CI—|LCRC]:CRI\/L(gK/I 2) ppm 2.49 (s, 3H), 2.99 (s,

The title compound (I-7a) was prepared by a method analogous to
15  that described for the preparation of SM-1 using 5-chloropyrazine-2-
carboxylic acid (2g, 12.62mmol) and ethyl-methyl-amine (0.846 g, 13.9
mmol) to afford the title compound 5-chloro-N-ethyl-N-methylpyrazine-2-
carboxamide (SM-4: 2.05g, 81%) as a clear oil
'H NMR (400 MHz, CHLOROFORM-d) & ppm 8.72 (dd, J=7.41, 1.37
20 Hz, 1 H), 8.53 (d, J=1.56 Hz, 1 H), 3.60 (q, J=7.22 Hz, 1 H), 3.42 (q, J=7.02
Hz, 1 H), 3.09 (d, J=10.73 Hz, 3 H), 1.17 - 1.31 (m, 3 H).

Preparation of Intermediate ethyl 4-(5-(ethyl{methyl)carbamoyl)pyrazin-2-

vioxy)-2-methylbenzofuran-6-carboxylate (I-7a):
0

O O,CH20H3
H3C \
\[ CH2CH3
CH3

(I-7a)

25



3H), 3.15, (s, 3H), 3.98 (s, 3H), 6.28 (s, 1H), 7.51 (s, 1H), 7.89 (s, 1H),
7.94 (s, 1H), 8.30 (s, 1H), 8.50 (s, 2|—2, 9.17 (s, 1H. nmz = 449.1 (MH)
Exanpl e &vOQovep&rati on of 3 PCT/IB2010/050943

N, N- di met hO- 542- et hO- 64( 1- met hv1- 1H pvrazol - 3- vnhcar banovnbenzof ur an- 4- vl ox
v) Prim di ne-2-carboxamde (4): O NH (4) The title conpound (4) was
prepared by a nethod anal ogous to that 15 described in Exanple 1 using

1- net hyl - 1H pyrazol - 3-am ne and et hyl 4-(2-

(di met hyl car bandsthyid-hiydickyre-Brefihykenzafuras-brnpheowytsta(bhe .6 2&aghoxyl at e

| -2 - 1H NVR (400 I d 8.55 (br.
& %5 1y, 82 ol pyrassiuytarbbiyistlt & Fa ol kG- BeBPR 1) >0 (5l
(s, 1 H, 8by(sradndPtbarbdxdides(SM-4-1P.04,99.2rdmod) Wiktre A& ihs, 3 H. mz
= 421.1 (MH) 2010/ 10343736PCT 10/ 050943 Exanple 5 Preparation of

N- et hyl - N- rRGetgnitre (30 mbk hihe switsrerweniegiadaal HQFC over night, after which

Qear bamgnieng o 8ledbn RIS BBt SR RREHIL 80 () andifilerd. N N HBCH

The organic layer was concentrated and purified by column chromatography
on silica gel eluting with ethylacetate in heptanes 20-100% to afford ethyl 4-
(5-(ethyl(methyl)carbamoyl)pyrazin-2-yloxy)-2-methylbenzofuran-6-
carboxylate (I-7a: (3.99, 99.5%) as a gum.

10 "H NMR (400 MHz, CHLOROFORM-d) & ppm 8.45 (dd, J=7.43, 1.17
Hz, 1 H), 8.40 (s, 1 H), 8.04 (t, J=1.07 Hz, 1 H), 7.71 (d, J=0.98 Hz, 1 H),
6.18 (d, J=0.98 Hz, 1 H), 4.38 (g, J=7.04 Hz, 2 H), 3.60 (q, J=7.23 Hz, 1 H),
3.48 (q, J=6.91 Hz, 1 H), 3.11 (d, J=10.36 Hz, 3 H), 1.38 (t, J=7.13 Hz, 3 H),
1.20-1.28 (m, 3 H).

15
Example 1

Preparation of N.N-dimethyl-5-(2-methyl-6-((5-methylpyrazin-2-yl)carbamoy!-

benzofuran-4-yloxy)pyrazine-2-carboxamide (1):

N _CHs
LT
NS
O N~ N
H3C \ H
O_ _N
]
~ N
N CHs
0

20 (1)

5-methyl-2-aminopyrazine (6.8 g, 63 mmol) was taken up in 70 mL of

dimethylether and cooled to 0°C. Dimethyaluminium chloride (131 mmol, 1
M in hexane) was added dropwise. The resulting mixture was warmed up to
ambient temperature and stirred for 30 min. Ethyl 4-(5-

25  (dimethylcarbamoyl)pyrazin-2-yloxy)-2-methylbenzofuran-6-carboxylate (l-
1d: 10.1 g, 27.3 mmol) in dimethylether (70 mL) was then added to the



N, i CH2CH3 5 () The title conpound (5) was prepared by a method

anal ogous to that described in Exanple_1 using ethyl

4- (2- (et DB togd3ycar banoyl ) pyri m di n?)-yl oxy) - 2- met hyl IpemaBL6/63996- car boxy
late (1-5a: 99 ng, 0.26 nmol), 5- 10nethyl -2-am nopyrazine (84 ng, 0.77
mol ), di nethyl al um nium chloride (1.29 nol, 1Min hexane) and

di net hyl ethere (4.5 nL) to afford

N-et hyl - Nnet hyl - 5- (2- met hyl - 6- ((5- met hyl pyr azi n- 2-yl ) car banoyl ) benzof ur an- 4
-yl oxy) pyrdativdiedearninesgdhaticmyideasla. 7‘6hergpm©1m©d salution vl helsitecetasol i d. 1H

NVR (400 MHz, CHLOROE 1.15- 44 1 3 2.49
o L Degur e e dclSvhy ot da 168 at Shfy ddaddtist of ) %10
H 7. 50 (ddheiﬁé’p\ﬁﬁée ahditbri‘&f,aqheldhsh&%eﬂlds shitYcércémratdd H)O(Brrﬂ_l) (s, 1H

8.46 (d, J=4.10 Hz, 2 H) 9.22 ( =3.71 Hz, 1 H) 9.48 (s, 1 H). M (M+1):
447.3 WD 2‘6@vn1>69rzﬁ3we$ptmd M@MMQ% Theanitweovas spRaratatn of

N-et hyl o\ I :

Oc:'; b)e/lm)vn@ I%Xé?\ﬁ' Vi (23)(%\}/]) gvrl mggagadszéggﬁ%reaggéﬁ g30(r%l)) 1'}' HCl (30 The

tE;(t | eI corlrpoul)gibrﬁrﬁé (MI)deédb@dr bodianmnsulfaoe, ambtawensrated Inhadcudescri bed in
anmpl e

4- (rzrp(et hy! (e rW?)%ﬁﬁj%%{ﬁW PeRiigchPy cAbmN expmalograhy|(BE63 88lir an- 6- car boxy

22 BB g s 00 W bl EROBIRA R . . 7
di met hyl et hddmeghyl-5- mmetWI@F«mmbmh@ytammé yd jmapwamdyl)benzofuran-4-
01> co HRnogio Ry ar s cAaRIS L1 B i 22080 bowami de (61 49 mg, 48%
1H NVR (400 Mz, " G (e, cHIRBROEGRM-d)Ls BB 9673dH=1.37 Hz, 1

H) 8.49 (d, J=1.37 Hz, 1 H) 8.45 (d, J=1.37 Hz, 1 H) 8.42 (s, 1 H) 8.14 (dd,

J=1.56, 0.59 Hz, 1 H) 7.91 - 7.94 (m, 1 H) 7.62 (d, J=1.37 Hz, 1 H) 6.22 (t,

J=0.98 Hz, 1 H) 3.18 (s, 3 H) 3.15 (s, 3 H) 2.55 (s, 3 H) 2.48 (d, J=1.17 Hz, 3

15 H)
MS (M+1): 433.1.

Example 2
Preparation of N.N-dimethyl-5-(2-methyl-6-((5-methylpyrazin-2-

20  yl)carbamoyl)-benzofuran-4-yloxy)pyrimidine-2-carboxamide (2):

o /[/N ]/CH
O NN
H

H3C \

(,:H3 NI/TO
oy

N
)

(2)
To a solution of the 5-methyl-2-aminopyrazine (38.9 g, 356 mmol) in
dimethylether (315 mL) in a 3-neck flask equipped with overhead stirring and
25 a condensor at 0°C was added Me,AICI (1M solution in hexanes) (715 mL).

The mixture was warmed at room temperature and stirred for 1.5 hours. In a



152.43 (s, 3 H 2.99 (d, J=63.04 Hz, 3 H 3.20-3.60 (m 2 H 3.68 (s, 3 H
6.22 (s, 1 H 6.78 (d, J=1.56 Hz, 1 H 7.18 - 7.30 (m 1 H 7.47 (d, J=2.93
Hz, 1 H) wWogRi®3431 H) 8.43 (d, J=4.103Hz, 2 H) 9.18 (sPCI/IBYOI0/MDIIVI1) :
435.3 Exanple 7 20 Preparation of

N- et hvl - N- et hvl - 5- (2- et hvl - 6- (( 5- nmet hvl pvr azi n- 2-

Ccar banovl) - benzof ur an- 4- vl oxv) Pvrazi ne- 2-carboxam de (7): 1-13 N, CH2CH3 O
WO 2010/ 10343738PCT/ |1 B2010/ 050943 The title conmpound (7) was prepared
by a met hodepasatedlass, elbyt #42-(disxashyloadanmoyboanplidinid-yoxph2et hyl

0 oy <o iRV DER SRS R BYYAT (22 52,60, 42 5raoavasisspyed in
5- met hyl 2- afiimeeByétaer (281 o fhl4.2this haxtilv® Was tHeneidbga o e tormprixear i de (26. 1

mmol, 51Min hexane) and dinethylether (50 nL) to afford .
N- et hyl - N- rshiRg1-Agpm precipitated Upon scratching the flask and dissipated into a

met hy1- 6- ( (2a: I b ns2aul) - f Zi ne- 2-
car boa aSoU: 158 SEHTBEY fractbh AL RARKS o SRS FLE HRaXF¥S % TR
|(_1)4008M—I§, (d@dnﬁmmmo A d)iters ﬁ)}ﬁmo@hggesg salt &Fatlegip ifzwatkr dhd ﬂjtgﬁ‘s ef6B. (52 (m H)2
, 8.1 , J=0.78 Hz, 1 , 1. t, J=1.07 Hz, 1 H, 10 7.61 (s, 1 :
6.10 - 6. 27“?6%'@”@4}3{(1@%@” W@s addedite thg mixtyre. The W@t'oﬁ.r@%tt{rﬁ]w¥ H, 3.12
(d, J=12.7 : ; ; : 28+m 3 H).
VS (L) 409 5o G Rt B e ke dortato ek 7
i nstant i nveverihesd $tiringHer 14 baturs @fteoivhairstrases yébowsdlid atexpitated he
activatjion gof the glucokina enzyne can be evidenced by activity in at
east e ohe plket Golrded BuBral dierERar nhe ol rSRnety A Washcr onyms
are used i nyithe-rAgHPietpshyiorINgh "PerdsiiRafosdIRSRASEFEd iH okt biéms. The
source of supply i1s provided in parenthesis.
overnight to afford the title compound N,N-dimethyl-5-(2-methyl-6-((5-
methylpyrazin-2-yl)carbamoyl)benzofuran-4-yloxy)pyrimidine-2-carboxamide
(2): (49.98g, 81%)
15 "H NMR (400 MHz, CHLOROFORM-d) d ppm 2.49 (d, J=1.17 Hz, 3
H) 2.55 (s, 3H) 2.98 (s, 3 H) 3.14 (s, 3 H) 6.28 (t, J=0.98 Hz, 1 H) 7.52 (d,
J=1.37Hz,1H)7.88-792(m, 1H)8.14 (d, J=0.78 Hz, 1 H) 8.37 (s, 1 H)
8.50 (s, 2 H) 9.54 (d, J=1.56 Hz, 1 H). m/z (M+1) = 433.4, m/z (M-1)=431.5

20 Example 3

Preparation of 5-(6-((5-methoxypyrazin-2-yl)carbamoyl)-2-methylbenzofuran-

4-yloxy)-N,N-dimethyloyrimidine-2-carboxamide (3):

_CHs
O N7 N

(3)



HEPES - N-[2-Hydroxyethyl] piperazine-N -[2-ethanesul fonic acid] 20(Si gma)
NADH - Bet a-Ni coti nam de adeni ne di -nucl eotide, reduced form (Sigm) PEP -
Phosphoerwbpyramadse (Si gna) ATP - Adend3ine tri phosphat @CTEB2pre)s09EBDTT -
Dithiothreitol (Sigm) PK/LDH = Pyruvat e ki nase/ Lactate dehydrogenase
coupling enzynmes (Sigm) d ucose - (Cal bi ochem BSA - Bovi ne
serum al bum n Cohn fraction (Cal bi ochen) 30Beta cell glucokinase (Ml ecul ar
Bi ol ogy) WD 2010/10343739PCT/1B2010/ 050943 In Vitro Assay

Ful | -1 engt h gl ucbid titkseompeund @)Nvas sumared byeesmiitiod aggjegows taNthaér i nus

320 i col diRCHREd RhEREH WS R R BN Lot P BN @R ar rci o
Car | sbad, Q&)m@th?l@aftﬂim@ﬂ) -BYBERI IR -SSYI0xy )R-HeB @ bBAZo 0 RirRB b d leére@al bi ochem

(San Di ego, CA) and other reagents were purchased from Si gma- ich (St.
Louis, MO .28l | assays were performed in a Corning 384-wel| plate using

Spectra X PLUS 1 C u CA) 10 at
room tegger at ur eﬂoﬁi&g ?WWQ‘}@%@%@@ %5 fag'ﬁ%’e&ﬂx}iég(stondi tions
used in thizHy 351%/ ¥e319) 3504 6.28qsMHIEPES(s 51 HIIRO9e}), 294 MM ATP,
3.5 mM MWyC12, )a ( ) @d 3q;|3/st hi gt re?-ltol (I unl-:mtvyrrL ngr U\)ate

ki nase/ | act(gt éHh&a%K%g%Ha§éQWHM 17(58,21HM @Vﬁ)s;ﬁ‘ﬁ'@ehﬂw puvate, and 25
nmv KCl . The buffer pH was 7.1. The test 15 conpound in di nethyl sul f oxi de
solution was added to the buffer an mx? by a plate shaker for 7.5

m nutes. The final concentration of

10  Preparation of N,N-dimethyi-5-(2-methyl-6-({1-methyl-1H-pyrazol-3-yl)-

carbamoyl)benzofuran-4-yloxy)pyrimidine-2-carboxamide (4):

L0
0 XV "CH3

N N
H3C \ H

CI:H3 Nl/ﬁ/o
H3C'N\[H\ Z

N
O

(4)
The title compound (4) was prepared by a method analogous to that
15  described in Example 1 using 1-methyl-1H-pyrazol-3-amine and ethyl 4-(2-
(dimethylcarbamoyl)pyrimidin-5-yloxy)-2-methylbenzofuran-6-carboxylate (]-
2a)
"H NMR (400 MHz, CHLOROFORM-d) & ppm 8.55 (br. s., 2 H), 8.08
(s,1H),741-7.42(m,1H),7.03-7.05(m,1H),6.34 (s,1H),3.92(s, 3
20 H),3.19(s, 3 H),3.09 (s, 3H), 2.50 (s, 3 H). m/z=421.1 (MH+)



di met hyl sul f oxi de introduced into the assay was 0.25% d ucoki nase was
added to the buffer mxture to initiate the reaction in the presence and
absence oVOcomplos4sd. The reacti on was ABni t or ed by 20ab®orhBroeozw4340 nm
due to the depletion of NADH The initial reaction velocity was nmeasured by
the slope of a linear tinme course of 0-300 seconds. The percentage of

maxi mum activation was cal cul ated by the followi ng equation: (:)/0 Maxi num
Activation = (Va/Vo - 1) x 100; 25wherein each of Va and Vo is defined as
the initial reaction velocity in the presence and absence of the tested
conpound, respectivel y To deEEampteSt he EC50 (half maxi mal effective
concentratign re serllly diluted in
di et hyl sul QLagldiss neasured as a

. : 510 OF NG

functi on oflf/@rmgmz@%@ﬁm g@&k@gﬁm/{ﬂhé ﬂa&,@owrﬁdé [4)ted to the

equation béelTow to obtain sraXx acillvallon values: W)

2010/ 10343740PCT/ 1 B2010/ 050943 Va/Vo = 1 + @dsivation/ 100)/ (1 +

EC50/ conpound concentration) Beta Cell ucoki n| se His-Taq Purification

G owm h and I nduction ConditionsO-SBRRID gHs (Invitrogen Corporation,
Hi s) vector were grown at 37C (in

~1.0. Expression was induced by

Carl sbad, CA) contai ni ng pBCS
2XYT) until the 0D600 was bet wee

addi ti on of isopropylthiogal actosidé to a final concentration of 0.1-0.2 nmM
to the cells which were then |ncubapef&1 rnlgnt at 23C. The next day,
cells were 10harvested via centrifugaf|i on|at 000 rpmfor 15 mnutes at 4C
The cel |l N)\[(N CH,CHjs

5 @]

(2)

The title compound (5) was prepared by a method analogous to that

described in Example 1 using ethyl 4-(2-(ethyl(methyl)carbamoyl)pyrimidin-
5-yloxy)-2-methylbenzofuran-6-carboxylate (I-5a: 99 mg, 0.26 mmol), 5-

10  methyl-2-aminopyrazine (84 mg, 0.77 mmol), dimethylaluminium chloride
(1.29 mmol, 1M in hexane) and dimethylethere (4.5 mL) to afford N-ethyl-N-
methyl-5-(2-methyl-6-((5-methylpyrazin-2-yl)carbamoyl)benzofuran-4-
yloxy)pyrimidine-2-carboxamide (5: 70 mg, 61%) as an off white solid.

'H NMR (400 MHz, CHLOROFORM-d) & ppm 1.15-1.24 (m, 3 H) 2.44

15  (s,3 H)2.49 (s, 3 H)2.99 (d, J~58.94 Hz, 3 H) 3.20-3.59 (m, 2 H) 6.23 (d,
J=1.17 Hz, 1 H) 7.50 (dd, J=2.93, 1.17 Hz, 1 H) 7.89 (d, J=1.17 Hz, 1 H)
8.01 (s, 1 H) 8.46 (d, J=4.10 Hz, 2 H) 9.22 (d, J=3.71 Hz, 1 H) 9.48 (s, 1 H).
MS (M+1): 447.3



pell et was stored at -80C for future purification. Purification: A

Ni - NTA (Qui gan, Germantown, MD) col umm _F15-50 m.) was used for separation.
Two buf f ewe 20mve34srepared, 1) a |ysis/Alckel equili bratipcm/aBzedo/d®essh
buffer and 2) a nickel elution buffer. The |ysis/equilibration/wash buffer
was prepared as such: 25 mM HEPES buffer at pH 7.5, 250 mM NaCl, 20 niM

i m dazol e, and 14 nmM p- nercaptoet hanol as final concentrations. The el ution
buffer was prepared as such: 25 mM HEPES at pH 7.5, 250 nM NaCl, 400 niM

i m dazol e, and 14 nM p-nercapt oet hanol as final 20concentrations. The
buffers were each filtered with a OEamplée filter prior to use. The cell
pellet (1 L. cult sis/equilibration
buf fer. The-&& FRY'are Model 110Y

m crof | ui d'ﬁ@ar[ﬁ%é%@édﬁoﬂbrﬁﬁ %ﬁ_g Q%%/hﬁ&nel\ie&é%xah‘%e (gyhe slurry was
centrifuged W a Beckman racentrifuge (Beckman
Coulter, Fullerton, CA) at 40,000 rpmfr ,gncnut es at 4C. The supernat ant
was transferredtoachllledfla . 20 pl was saved for gel
anal ysis. A Pharnmaci a AKTA ( : Rét'rrsey, MN) purification system was
used for separation. The prime lines[were purged with |ysis/equilibration
buffer. The N -NTA col um was 30equi P4 e¢dy th 200 nL of the
lysis/equilibration buffer at a flow rlatd of{_ 5 nmL/ m nute. The supernant ant
was | oaded over the colum at 4 ni/ninule BndCHHEs f | owt hr ough was
collectéd in a flask. The unbound protei ns®were WO

2010/ 10343741PCT/ 1 B2010/ 050943 washed w th lysis/equilibration buffer at a
flowrate of 5 nL/mnute until the uItraV| ol et reaches baseline. The

protei n was thenlhs liteedompound k@) was prapaned bhyteheethaazalbgoes ta thaih buf f er

stri pped. onesryb&Rar EraRbie brsta At e %%@Vﬁwemmfmébairﬁﬁh“yﬁ'naﬁ“ e e

el ution fraylofpp2uesdyRetRoflirah-6-daborylaet @bayigd thg00. A0mssiIplse
Fractions were anal yzed by sodi um dodecyl sulfate polyacryl am de (SDS— PAGE)

and t helOf r peihwh2-asaineRyiazing (S4onei B 78mmel)e fisget wwm alisle

concent rat t I nmol ecul ar

wei ght cut - f1f70?1b9l%gwl\1ﬁ q%gaﬁ!ra)teé@éenl)r angfe?% 32 é m\%%}ar P %qﬁt’hggﬁle Louis, M)
under nitr agenp@asRl I@Gé!h}dsﬂynetﬁybwimnmyl 6-y¢ t-methyduH-pyeetob$- si ze excl usi on
chromat ogr aphy (SEC) using a Sedex 75 evaporative |light scatteri ”.? det ect or

(320 ni) (AMEASIETPVIRGTR ran-wapw'%a@w?arbgm(%éﬁl Mptétodd with
450 L sizing bulf QIR (400 MHz, CHLOROFORM-d) & ppm 1.12 - 1.26 (m, 3 H)

15 243 (s, 3 H)2.99 (d, J=63.04 Hz, 3 H) 3.20-3.60 (m, 2 H) 3.68 (s, 3 H) 6.22
(s, 1 H) 6.78 (d, J=1.56 Hz, 1 H) 7.18 - 7.30 (m, 1 H) 7.47 (d, J=2.93 Hz, 1
H) 7.82 (s, 1 H) 8.43 (d, J=4.10 Hz, 2 H) 9.18 (s, 1 H). MS (M+1): 435.3

Example 7
20  Preparation of N-ethyl-N-methyl-5-(2-methyl-6-((5-methylpyrazin-2-

vl)carbamoyl)-benzofuran-4-yloxy)pyrazine-2-carboxamide (7):

w £y
HsC—4\
C 3
\[ jﬁ( HCHZCH3
(Z)




cont ai ni ng 25mM HEPES pH 7.0, 50 MM NaCl, and 5 mMdithiothreitol. 15
Concentrated protein was then | oaded over SEC and elution with 400 nL

si zi ng buvbepiowas4dper f or med over ni ght 3% 0.5 nl/m nute. PTHABHI1050048
fractions were 5 nL each. The fractions were anal yzed by SDS-PAGE and
protein containing fractions were pool ed. Concentration was neasured using
Bradf ord Assay/BSA Standard. Purified protein was stored in small

20al i quots at -80C. The ECK, (i.tM and Maxi mum Activation (% data
is summari zed i nlMeatitleecampetioov(Z)Taas prepareadipyla mekind an@ogongteethat ucoki nas

6- ( (5 et nylepyrasy i Biagie R g MBS T e B el
car boxam deyéxyj 2t yiberizofudd-8Yarboxylate (I-7a: 2.5g, 6.52mmol); 5-methyl-
2-aminopyrazine (1.42g, 13 mmol), dimethyaluminium chloride (26.1 mmol,
5 1M in hexane) and dimethylether (50 mL) to afford N-ethyl-N-methyl-5-(2-
methyl-6-((5-methylpyrazin-2-yl)carbamoyl)-benzofuran-4-yloxy)pyrazine-2-
carboxamide (7: 2.89g, 99%) as an off white solid.
"H NMR (400 MHz, CHLOROFORM-d) & ppm 9.56 (d, J=1.37 Hz, 1
H), 8.37 - 8.52 (m, 2 H), 8.13 (d, J=0.78 Hz, 1 H), 7.93 (t, J=1.07 Hz, 1 H),
10 7.61(s,1H),6.10-6.27 (m, 1 H), 3.60 (q, J=7.17 Hz, 1 H), 3.40 - 3.53 (m, 1
H), 3.12 (d, J=12.70 Hz, 3 H), 2.55(s,3H),2.47 (s,3H),1.22-1.28 (m, 3
H). MS (M+1): 447.3 (M-1) 445.4
PHARMACOLOGICAL TESTING
The practice of the instant invention for the treatment of diseases
15  modulated by the activation of the glucokinase enzyme can be evidenced by
activity in at least one of the protocols described hereinbelow. The following
acronyms are used in the assay below and have the corresponding
definitions. The source of supply is provided in parenthesis.
HEPES - N-[2-Hydroxyethyl] piperazine-N’-[2-ethanesulfonic acid]
20 (Sigma)
NADH - Beta-Nicotinamide adenine di-nucleotide, reduced form
(Sigma)
PEP — Phosphoenolpyruvate (Sigma)
ATP — Adenosine triphosphate (Sigma)
25 DTT — Dithiothreitol (Sigma)
PK/LDH = Pyruvate kinase/Lactate dehydrogenase coupling enzymes
(Sigma)
Glucose — (Calbiochem)
BSA — Bovine serum albumin Cohn fraction (Calbiochem)

30 Beta cell glucokinase (Molecular Biology)



Exampl e No.

| UPAC Nane @ ucoki nas e EC50 Maxi mum Activation (0/0) 2

N, N-di net hy1-5-(2-net hyl- 6-((5-nethyl pyrazin-2-yl)-
A

car banoylwbeswafosd3an- 4- yl oxy) pyri m di

54. 7% 3 5-(6-((5-nmethoxypyrazin- 2-yl)carbanoyl)-2-methv - ' |
benzof uran- 4-yl oxy)-N, N- di net hyl pyri m di ne-2- car boxam de

10

15

20

25

30

In Vitro 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 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 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 MgClz, 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 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 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 absence of the tested compound, respectively.

To determine the ECso (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 ECso and %max activation values:

- car boxam de POTBBD1{yN0048=7)



0 462 pM ' (n=6) 69.5% 4 N, N-di net hy1-5-(2-nethyl 6-((1-nmethyl-1H pyrazol - 3-
y1l) - car banoyl ) benzof uran- 4-yl oxy) pyri m di ne-2- carboxam de 0' 629 pM (n=1)
63. 9% 5 Wethy/tobssmet hyl-5- (2- net hyl - 8%(5- et hyl pyr azPOTABY1Y/050943

car banoyl ) benzof uran-4- yl oxy) pyri m di ne-2- carboxam de 0.546 pM (n=2)
57.6% 6 N-ethyl-N-nethyl-5-(2- nethyl-64(1-nethyl-1Hpyrazol - 3-

yl ) car banoyl ) benzof uran- 4-yl oxy) pyri m di ne-2- carboxam de 0.382 pM (n=3)

54. 1%

10

15

20

25

30

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. 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:

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 B-mercaptoethanol as final concentrations. The
elution buffer was prepared as such: 25 mM HEPES at pH 7.5, 250 mM
NaCl, 400 mM imidazole, and 14 mM B-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 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 of the lysis/equilibration buffer at a flow rate of 5
mL/minute. The supernantant was loaded over the column at 4 mL/minute

and the flow-through was collected in a flask. The unbound proteins were



7 N-ethyl-Nnmethyl-5-(2- nethyl-64(5- nethyl pyrazin-2-

yl ) car banoyl) - benzof uran- 4-yl oxy) pyrazi ne-2- carboxam de 0.474 pM (n=3)

63. 4% WWOQLOYIBB843743PCT/ | B2010/ 050948 W Claim 1. A eompgsmelozsh43-or nul a
(1) (1) 5 wherein Yis Nand Zis C, or Yis Cand Zis N, Rl and R2 are

each independently nethyl or ethyl; R3 is 5-nmethyl pyrazin-2-yl,
5- net hoxypyrazi n-2-yl, or 1-methyl-1Hpyrazol-3-y1l; or a pharmaceutically
acceptabl e salt thereof. 10 2. The conpound of Claim1l, wherein Y is

N and Z is washed with hsistegélibiatian byffec ebpilani rateaf b mideriege.until the 3. The
compound of ;& AL Fe SR BRLIHE O Thb FFoiPWRs RIS bRt Fom the column

with the imidazole elution buffer via imidazole gradient 20 mM to 400 mM

over 320 mL. The column was then stripped of any additional protein with

5 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 membrane (Sigma-

10  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.

15  Concentrated protein was then loaded over SEC and elution 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

20 aliquots at -80°C.

The ECsp (uM) and Maximum Activation (%) data is summarized in

Table 1 below.

Table 1
. Maximum
Exampl IUPAC Name Glucokinas Activation
e No. e ECso (%)
N,N-dimethyl-5-(2-methyl-
6-((5-methylpyrazin-2-
1 yl)carbamoyl-benzofuran- O(Ar']1=21 1” )M 60.8%
4-yloxy)pyrazine-2-
carboxamide




150f N, N-di net hyl-5-(2- et hyl-6- ((5- et hyl pyrazi n- 2-
yl ) car banoyl ) benzof ur an- 4-yl oxy) pyri m di ne- 2- car boxam de;

5- (6( ( 5- MEOROMYI9§43aZzi n- 2- y| ) car banoyl) -

yl oxy) - N, N-di met hyl pyri m di ne- 2- car boxam de;

20N, N- di met hy1- 5- ( 2- net hy!

-6-((1 -methyl-1

H pyr azol

benzof ur an- 4-yl oxy) pyri m di ne- 2- car boxam de;

N-et hyl -N-met hy1-5- (2-net hyl1- 6- ((5- net hyl pyrazi n-2-y1) carbanoyl) -
benzof ur an- 4-yl yiim di ne-2- car boxam de Maximum
N- et hyl - N- et hyl 25k et hylURAC(Nameet hy! - % A% -Ketivation
25yl ) car banoy| ) €38%zof ur an- 4- yl oxy) pyri i di ne-ez-g,sé‘f boxam (%) WD
2010/ 10343744PCTT TB20 Wﬂﬁﬁ%@nﬂg @ ,ﬁ}lléﬁ{ ¢euticalTy acceptable]|salt
t hereof. 4.The conpoung Bl B )elnYis Cand Zis N or a
phar maceutical |y qcce )Eg a‘?n zl/b b ]%rrg 4_ 5 0.555 uMb. | Thg,ceppoynd of O aim
4 selected fromthe gro (n=7) '
N, N- di net hyl - 5- ( 2- rret I pyr azin-2-yl) car banmoyl benzof uran-4-yl o
Xy) pyr azi ne- 2-—Gacr—nga1
10N- et hyl - N- net hy1- 5- ( 2- (ﬁe(t( etho>( Pyraghy | pyr azi n- 2- Y1) car banoy1) -
benzof ur an- 4-yl| oxy) pyt a2 serensaylyexagiye; |or B PRI maceut i cal |y acceptabl e
salt thereof. 3 benzofuran-4-yloxy)-N,N- .(n=6) 69.5%
dimethylpyrimidine-2-
carboxamide
N,N-dimethyl-5-(2-methyl-
6-((1-methyl-1H-pyrazol-3-
4 yl)-carbamoyl)benzofuran- 0'62? M 63.9%
4-yloxy)pyrimidine-2- (n=1)
yloxXy )py
carboxamide
N-ethyl-N-methyl-5-(2-
methyl-6-((5-
methylpyrazin-2-yl)- 0.546 pM o
S carbamoyl)benzofuran-4- (n=2) 57.6%
yloxy)pyrimidine-2-
carboxamide
N-ethyl-N-methyl-5-(2-
methyl-6-((1-methyl-1H-
pyrazol-3- 0.382 uM o
6 yl)carbamoyl)benzofuran- (n=3) 54.1%
4-yloxy)pyrimidine-2-
carboxamide
N-ethyl-N-methyl-5-(2-
methyl-6-((5-
methylpyrazin-2- 0.474 uM o
7 yl)carbamoyl)-benzofuran- (n=3) 63.4%
4-yloxy)pyrazine-2-
carboxamide

42_ et hyl benzof ur 20TAB2010/050943

- 3-yl)carbanoyl) -



6. The conpound of Claim1l wherein RL and R2 are both nethyl; 15and R3 is
5-net hyl pyrazin-2-yl; or a pharmaceutically acceptable salt thereof.

7. A conpsoOnrdiomasisng the fol |l owi ng str@éture N CH 3 1 \ PRINIBSMDMOS0203. A
conpound having the following structure W) 2010/ 10343745PCT/1B2010/ 050943
o GH3 NI H3CI\INO

We Claim:
1. A compound of Formula (l)
0
R3
0 N
H4C \ H
z
o
O. ' =
N
R1/N\R2
(N
5 wherein

YisNandZisC,orYisCand Zis N;
R' and R? are each independently methyl or ethyl;
R® is 5-methylpyrazin-2-yl, 5-methoxypyrazin-2-yl, or 1-methyl-1H-

pyrazol-3-yl; or a pharmaceutically acceptable salt thereof.

10
2. The compound of Claim 1, wherein YisNand Zis C; ora
pharmaceutically acceptable salt thereof.
3. The compound of Claim 2 selected from the group consisting
15 of
N,N-dimethyl-5-(2-methyl-6-((5-methylpyrazin-2-
yl)carbamoyl)benzofuran-4-yloxy)pyrimidine-2-carboxamide;
5-(6-((5-methoxypyrazin-2-yl)carbamoyl)-2-methylbenzofuran-4-
yloxy)-N,N-dimethylpyrimidine-2-carboxamide;
20 N,N-dimethyl-5-(2-methyl-6-((1-methyl-1H-pyrazol-3-yl)carbamoyl)-

benzofuran-4-yloxy)pyrimidine-2-carboxamide;
N-ethyl-N-methyl-5-(2-methyl-6-((5-methylpyrazin-2-yl)carbamoyl)-
benzofuran-4-yloxy)pyrimidine-2-carboxamide; and
N-ethyl-N-methyl-5-(2-methyl-6-((1-methyl-1H-pyrazol-3-
25  yl)carbamoyl)-benzofuran-4-yloxy)pyrimidine-2-carboxamide;



9. A pharnmaceutical conposition conprising (i) a conpound of claim1 or a
phar maceutically acceptable salt thereof; and (ii) a 5pharnmaceutically

accept ablwoernyssnt , diluent, or carrier. 10. TreTABIMPOBIL430N Of
Claim9 wherein said conmpound or said pharnaceutically acceptable salt
thereof is present in a therapeutically effective anmount. 10 11. The

conposition of Claim10 further conprising at |east one additional
pharmaceuti cal agent selected fromthe group consisting of an anti-obesity
agent and an antdr-alpb@eracsusigeiit accepiablFisaltdoeneosi ti on of C aim 11 wherein
said anti-obesity agent is selected fromthe group consisting of
dirlotapide, mtratapide, inplitapide, R56918 (CAS No. 403987), CAS No.
913541-47-6, | orgaserthiy carfpblihg baClaimYYuPdreimelis Cexan2.is N; egya - est rone,
obinepitide, pramintide, tesofensine, leptin, liraglutide, bronocriptine,
orlistat, dhaiaecgeticallymorepiabieadt kereo221231-10-3) and si butrami ne.

13. The gonposition of Caim11l wherein said anti-diabetic agent is sel ected
fromthée group consisting of metform n, acetohexam de, chl orpropani de,

di abi nese, gl i behcl arfiriecorgpopnd bfl€laigl 4 belectér) frami the girous eonsistirig cl azi de,
glipentide, gliquidone, glisolamde, tolazam de, tol butam de, tendam stat,
trestatin, Acar bose, adiposine, cam glibose, emglitate, mglitol, WO
2010/ 10343746PCIy | L& b@s L O statin,

bal agl i t azone, crid’g ?ﬂ%@ﬂ?%ﬁ%ﬁﬂt%g@n@g@r@ﬁ ??ﬂ;;’%gg&r‘bég’g}? tazone,

pi ogl i t azormenzobsagid-ylaxppgrazinegtdarbaxamidegyaadi n- 3, exendi n- 4,

t rodusquem ne, reser r ol rtiosal extract, sitagliptin, vildagliptin,
al ogl i ;q)'toi n and s@ﬁﬁ@f\fﬂm%hylg (é'meﬁﬁyl1§§(%l{nﬁ&}yWGa¥'8Tj'$lb%aép?W8ysbesi ty and
obesi ty- r el RedfthAA-HBke)pyFaAme-DBdFb6MIdes| N9 the step of adm nistering
to an animal in need of such treatnment a therapeutically effective anount
of a conpound ofor@ phanmacsutigalphacceptakleiselithgreatcept abl e salt thereof. 10
15. A nmethod for treating or delaying the progression or onset of Type 2
di abetes and di abetes-related disorders in animals conprising the step of
admi ni stering tg.an arig@bmpoduieedCEimstametdia®R e R atdpompeetiytal | y
effective amount of a conpound of Claim1 or a l5pharmaceutically

accept di§l e AW R” tshemegihylpyrazin-2-yl; or a pharmaceutically acceptable salt thereof.

7. A compound having the following structure
o ﬁNj/CHs
N
o N~ N
H3C \ H
| Nj/o
@) Z
N
N
HsC” “CHj

20 8. A compound having the following structure
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9. A pharmaceutical composition comprising (i) a compound of
claim 1 or a pharmaceutically acceptable salt thereof; and (ii) a
pharmaceutically acceptable excipient, diluent, or carrier.

10.  The composition of Claim 9 wherein said compound or said
pharmaceutically acceptable salt thereof is present in a therapeutically

effective amount.

11.  The composition of Claim 10 further comprising at least one
additional pharmaceutical agent selected from the group consisting of an
anti-obesity agent and an anti-diabetic agent.

12.  The composition of Claim 11 wherein said anti-obesity agent is
selected from the group consisting of dirlotapide, mitratapide, implitapide,
R56918 (CAS No. 403987), CAS No. 913541-47-6, lorcaserin, cetilistat,

PYY 336 naltrexone, oleoyl-estrone, obinepitide, pramlintide, tesofensine,
leptin, liraglutide, bromocriptine, orlistat, exenatide, AOD-9604 (CAS No.
221231-10-3) and sibutramine.

13.  The composition of Claim 11 wherein said anti-diabetic agent is
selected from the group consisting of metformin, acetohexamide,
chlorpropamide, diabinese, glibenclamide, glipizide, glyburide, glimepiride,
gliclazide, glipentide, gliquidone, glisolamide, tolazamide, tolbutamide,
tendamistat, trestatin, acarbose, adiposine, camiglibose, emiglitate, miglitol,
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voglibose, pradimicin-Q, salbostatin, balaglitazone, ciglitazone, darglitazone,
englitazone, isaglitazone, pioglitazone, rosiglitazone, troglitazone, exendin-3,
exendin-4, trodusquemine, reservatrol, hyrtiosal extract, sitagliptin,

vildagliptin, alogliptin and saxagliptin.

14. A method for treating obesity and obesity-related disorders in
animals comprising the step of administering to an animal in need of such
treatment a therapeutically effective amount of a compound of Claim 1 or a
pharmaceutically acceptable salt thereof.

15. A method for treating or delaying the progression or onset of
Type 2 diabetes and diabetes-related disorders in animals comprising the
step of administering to an animal in need of such treatment a
therapeutically effective amount of a compound of Claim 1 or a

pharmaceutically acceptable salt thereof.



