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BENZI M DAZOLES AND RELATED ANALOGS AS SI RTU N
MODULATORS RELATED APPLI CATI ONS Thi s
wW@ppbioexts on cl ai ms the benefit of U S. Provi sSPGREB2009/049498
Application No. 61/133,938, 5filed July 3, 2008, the
r
B A7 S D BIEATRR ARAT T S BRI MFODULATORS
Regul ator (SIR) famly of genes represents a highly

r genes present in the genones of
REIS‘?EE? éﬁﬁ?@%ﬁﬂg‘{% rom ar chaebacteria 10 to hi gher
eUuRafyphREatiohEaiRL aRARAeS & PROPRAonal Rppliaaby 8. 51V133,938,
di verse processes fromregul ation of gene silencing to

fileddly 3.61948 1 the Tomtenss of whivh asniveeraarasd hyeietreensedn theireengrary.
gene fam |y show hi gh sequence conservation in a 250
am no acid core domain. A well-characterized gene in
BACKGROBND Y is S. cerevisiae SIR2, which is i nvol ved
in SI I enC| ng HM | oci that contain informatio

spdér PyerdnipsmationRegugior (FIR) fwlyoqféegespr@gqeﬁqrgﬁa highly
con A e e P B0 e AR T B en Bl T R agphagbacteri

to hllgbercduhgryofés bBe emod‘mll StBneblemstaygpinvolved imgivérse ptocessss fism

NAD ( ni c ti nam adem di nucl eot | den
regn o o g 1epy 5 s BRUSi e Eherplo s ot edeq by SR s Gethe STR
gené ﬂalml‘}%@@t}ﬂé}ﬁ%um% @BndépRBioh: 250 ﬁmﬁ%&%&fré‘ﬁ@mam A well-
ot her deacetyl ases, many of which are
charammed@ﬁnﬁ m @afemslvllseﬁmem;lsm $TR2} whichdemyblvedén sitencing HM
ne de Cet%% se i nh bi t or,s

loci fl}allg 8%13%1{1 ol ﬁn%t\lo(n-lsggsl 1ng yeas ? aﬁ oglﬁreoqosmon ef#ects and
cell agaﬁg Vel pessétrver2toteid Beldrpstd ity Qﬂuﬁbﬁadéa@et%&s The Sir2

dr ol SI s rodu0| ng- ni coti nam de and_a novel
homg{og e, frpetiogaps %Méﬁgotmamldeademne
Y, | .S essential for its
dmufqunc?é) deggr\%?lﬁg%b%a%%ggﬁﬁ%g&l s bi ol ogical role with
celThelSap pmaémb@h k3 IThdaaeatgiase hithalsesNAD asZ mmﬁﬁm@s Unlike
have NAD- depend 5hi st ope .deacetyl ase agct.i.vi
otherescriaiRoes riagy ad roichias Bveleden erneisrane S i g&alilaltyve to

clas@?%ﬁq'i Ylsfn d‘é&% n}gﬁgeQ&lBﬁ(S@llﬁéltrléh%btbﬁn af (TRiagt ones H3

, resulti in the formation of
1- @ea@éylyﬂlorﬁmccibemedelrﬂ s diightip ndupded SN Ay dvalydis,

prodiF i iR Gem R A 39 PG - AT WP SRPP Eep e e pppdent
deackS®ide %ﬂw 3wt iadsliehtig 'fé‘xl itsCRRERhs Whid@nConSRe 18 8RSuical

SI'R2 honol'og, sir-2.1, and the D. nel anogaster dSir2

role g\@f&i@eaul@amlegab@ksr@ rely daist MaspaalianrSirhnseologsgaate SED-dppengent
hlstonn%eac%§ 153'3%&1\91 SI R2- dependent regul atory pat hway for
rose early in evolution and has been well

c 0 Bscﬁihmebal diadiay havel shdw e Sirdlcan Beldlle dedtetydate f@Ve@nino-
evol ved to enhance an organisnm s health and stress
terminad tails of bistangs Ha @pd sk rqspliing in thedopmation of il yPragetyl-ADP-ribose

K
and SEUSIGRGHY. Spping L SR Sopal BT S BB ol SN Hlencing
and al30%i longer 1i% span. [Bhesibcerglysbean shavar that atditionalvdtiest dfehe C.

degree. qf sequence S|mlar| to Sir I .
cleafs IR o ofke i o SROTTELS PCIRBEELIRY Exds Bafegly tegn Tt span
in thoStCorgaHiBds. s frbiTRE tif B SIRS QfepBiRint &Fﬁaﬁ) bath&hy for aging

signaling factor NF-03, and the FOXO franscription

aros¢ eartyoin.evolution agj lrdbeen mllh:@mﬂm@i dpds), RIr2 genestarg believed to
conserved in prokaryotes and eukaryotes. The SI RT3
protein is targeted to the mtochondrial cristae by a
uni que domain | ocated at thea N- 10 term nus. SIRT3 has
NAD+- dependent protein deacetylase activity and is
ubi qui tously expressed, particularly in netabolically
active tissues. Upon transfer to the mtochondria,
SIRT3 is believed to be cleaved into a smaller, active
formby a mtochondrial matrix processing peptidase
(NPP) Calorlc restrlctlon has been knomn for over 70
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5cardi ovascul ar di sease, blood clotting disorders,
i nfl ammation, and/or flushing, etc. Sirtuin-
worzdoloeorhg conpounds that increase the | evel BEHIUB009/049498
activity of a sirtuin protein may al so be used for
havd &S ﬁ‘heﬁil'cé 51@3% }ﬁgftﬁjﬁﬂ ﬂas? SHBnECTo ih&%%lse"iﬁ%hgnce of
enefit fromincreéased mtoc r|a activity, for
survenh@adiersitymuscl e performance, for increasing nuscle

AT | f t t .. e 1 |
) S bt s Sovenavedin aher SR PRI I GrETn g conserved
catatyttc QAbh@n aedi srartt Ssa ﬁhélEaH /protaiaebvrttaﬁqe rwgh%straegw@dﬁ sequence

hat decrease the | evel or activity of a Sirtuin
mmt!ar@y ta Birdre§IRId regwlates multgple/ eglludaryargéts 1bh éca;pg{j@t;qn including the

tum @RS 882 (b St bmalift 0P N And ARG K rronspription

factdrr eat nent of cancer, stinulation of appetite, and/or
stinul ation of merg gain, etc. As described further
beSEW3 tsrpeharpelpg 65 %ththrﬁslé ceupRTvier 4 BiokpRyotes and sweryaies. The
' . f I [ t
SIR”Q‘ pgb‘tegﬂ %% tafgg&a t9 ﬁ?e]r?}tﬁ%}%tggﬁnép‘igb’i% 39 8y aXmﬁfu% %SIn }{'}elo@ﬁg&@t the N-
termaaeSIRL3 hdsé@AtDHdepmd&‘ntbrb&iﬂ g cephpoantic iy ra:a&' isaiquitously

adntnrste F al on n conmbi nat i on mnth ot %
expre ar YR RSR 061 haative fissugs TAnsker Hgt e mitochondria,
SIR?@ tmrte@éd to®k ctéfab&r intd '8 SARRYT acﬁv@&ﬁﬁt@ a Ao bketdtikERatrix
CRI PTION 1. Definitions useéd herein, the

pmxﬁmmngxmpngwméwﬁﬁﬂand phrases shaII have t he meani ngs
orth belo nl ess defi ned .ot her aII
¢ eSilPleardieTehos SReT Rt oy LS i aindh RproRt he heplsh and

exteﬁ@ﬂﬁ 1{TBspah BYmAMmneAdTHRALMIfY BStRN EkOMEt §n&iBLHaaS, i9aEb BAENded by

skill in the art. 25The term "agent" is used ‘herein to
interyeniisms that mmbbeatalqrmfpﬁuﬁf@pn auqhi astleiw @luspse Adaidisgpvery that both
yeas? gr(ﬁolg%g ijazzlémgtgé §h&% %g 8%9 ft%‘frg)%geg%heeg&ﬁfé%?fd?};re@trtcted
providegleeidencecthg SIRA g@ﬁ@tm@tﬁate tley bemeficixl health effecte of rIi CHS‘trlcted

bi ol ogi cal materials_such as bacteria, plants,

calogg dighi eoregamvtaélen%tﬂlrve%‘rﬁtﬁr PEHyty od iheyeast &ltl%ftré%sroonswe
|

cAI\ﬁh&dﬁﬁéJrsgn\ée%txl Igt)nré}h erﬂi@ﬁt @?&%eﬂa Hvtlalycségltl'te]tns? € sffh in

wildpipescabls d»gt uatlih ynutant siph smramz; «ibmgnstmhhg that SIRZisdikbhttabea key

or subst ances acts locally or systentcally in a
dowtgﬂtﬁa@ctomponem o R B A Pt o wher
referring to a conmpound is art-recognized and refers

to a formof a conpound that allows for it, or a
SUMMARYN of the anmount of conpound adrri nistered, to be

ono St in rl QRN RbREn Syl BBEER st rgee

thersdfom it is adm ni stered. 5"Bi ol ogi caI I y act ive portion
of a sirtuin” refers to a portion of a sirtuin _protein
haVi P aPestothe ng@athaEtowteﬁ yirtuiendelatingeonpaungs of %uctural
f
PorfiRRC Al MRy, P I GhE ALl hnB i 16 PO lachifiddy 7
acli setiperaspeot) sheoinvSitidhiprovidesngetbaddtan ksidg siemii-modMNating

NP 036370 t hat. enco ass t he NAD+_ bj ndi ng do n and
comppinds, (§ LOPPOEIIARTh rtwm%ctulaéwgﬁﬁn% "wgﬁﬁ 1 ¢ERifde
emb%ﬁrféﬁtét shhfﬂ-t‘h@&hl%ﬁé&n@ﬁhﬂﬂhﬁﬁh%aﬁahg %e%d@%@ﬁﬂlﬁ/ ofa
Accessi on . are encoded
sirtupn protedn indp be 2851 fopa 9adetybf theraawic Amptieainng mnqitarhngxll\ﬁbr example,
012238. Therefore, this region is sonetines referred
to as the core donmain. Qther biologically active
portions of SIRT1l, also sonetinmes referred to as core
domai ns, include about am no acids 261 to 447 of
GenBank Accession No. NP 036370, which are encoded by
nucl eoti des 834 to 1394 of 15 GenBank Accessi on No. NM
012238; about ami no acids 242 to 493 of CGenBank
Accession No. NP 036370, which are encoded by
nucleotrdes 777 to 1532 of GEnBank Accessron No NM
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15resi stance, high bl ood pressure, hypertension, high
bl ood chol esterol, dyslipidema, hyperlipidem a,
waeigsbiopdodem a, at heroscl erotic di sease i ncl udi PIGI/US2009/049498
stroke, coronary artery disease or nyocardia
1ncr<1ha'§fngrtﬁé hﬁ?pan'ﬁf%%ﬂl éfﬁlecf@aﬁn% Qﬁ{d?&r }rBodthih %’Wlae WP bF diseases
rprol nsul i nema, I npal |'ucose tol erance,
and dxsbralylesdnwlnémg; for exsingds alisedsea beﬂlsord@mm]ate(dab iagimg or stress,

cinbgi o nS R REn YA T seesirp ool S RGR gt heepathy.
neurf)jeizﬁﬁf h3B8iated vABBITERMIE Sfdnf QRAIaNMiseA264 A& ddorders,
neur ?athy, nephr opat hy, gIonErqunephrltls

cardigive Idwg@seeblegdg ottingihscaders, inflammetien. angier Alusdrieg, we. Sirtuin-
modJfR L BSBhGIRRIRy FRMGsL YRIFP bnFENERYish 1S Brfh protein may alo

be ussnpt ireatngidiseake @fdigﬁaéiﬁﬂ a spiject thatredudd baferiodust inwieased
health (such as nenstrual jrre ularltles |nfert|I|tX%P

mitochonsiial agtiviiyioa ersreing yselpperformaange; fon nsigasing mscle

leve%ip G451 )reatldgﬁﬁ%%ﬁ@%ﬁuscﬁ@ﬁés%@td % e #96&4t8d Gfth ha/poxm or
sorders, “su st ones ecystitis an

ischmhxal B othéyi mﬁmshmgm;tsmwbatadutatmg eommpaeys dpin decreasd the level

and/ g]h 1{\/{'{2 tg? ﬁéﬂq&grg%o%gagxay gtg use og A Ivél!ée?t@ agg}%@pgt\{c? Qﬁﬂh%gtmns

mchi[ﬂ?g & dRamiple/ ?rﬁ:?éﬁ%lﬁg%@llﬂﬁal @nsﬁﬁftﬁfosstlteﬁ’s deu@sidsGabe@sis,
quadr upeds, whi ch includes those bei ng ‘rai sed for meat

treatgst Q@anm]sstbmﬁatgmﬂft@petge,gand/cm stipwlation ghiveight gain, etc. As

descifed RERERIRYHE rih®e Cnpl s Rode e o e e tercora

pharﬁiab@mcaﬂyr‘@ﬁéc&w@faniobﬁt @armmﬁuﬁoduaml \Cofoait. mal
i ncl udi ng sheep_and ot her nenbers of the genus Ovi s,

dokeedrtaén paets thnsiryiniapdyatinesampoundy@aybp a@m@asg@rad alone or
f

in c%%lﬁs n u ﬁgtgeﬁ%%;ﬁﬁgg ?né?ﬁ?c%lﬂ% P{hgul ﬁfggm rﬁBdtﬁExﬁfQ c‘%lrﬂp%%ﬂds or
otheethgrapeutiagents. i ncl udi ng donestic horses and other

menbers of the fanily Equi dae, genus Equus.

The term "manmal " is known in the art, and exenpl ary

ngﬂﬁbg) owmans, Sprimates, livestock aninmals

I ncl udi ng bovines, porcines, etc.), conpanion aninmals

1. (eDgﬁnuuamlnes fellnes etc.) and rodents (e.g., mce

di vi dual b vi dual .
Rt Rerenothe ity ofins 45 B S/ Phgpaines set forn
belo{i)aYJ‘n[E@s defiRdithewe] APRhdiEVand Sierdificlte@stusé® héein have the
greater. Obesit or may not be associated with
sam¢ meaing ay @@n@pa%@@dem@vﬁéo g ofsordiparyethilbinghe art.
ad'ﬁl@ ket A %érﬁn L@n&i her%ﬁmo eﬁétgr %ﬂerﬁﬁ%ﬁ&g}ﬁ[{ %h Ya m t&re of
art-"recog Fzed Bnd 16 nlsTra
chermbﬁefoniﬂb&ﬂdﬁ lbeﬂ@glcaﬁmctcﬁmle@ﬂe Guch mg asmicaéw acid, arsamibb&y a

by injection, and i ncl udes, w t hout at i
protgifof a{%@ﬁa (ereqtng B aAmERIHCROT an KAk maéﬁ %ﬂm biological materials

suchl A3 bh&EAS ts,'f{ﬂrﬁr% ? ﬁHél%artlbﬁlEﬂf"Hfaﬁhﬁeﬂian? cells or tissues. The
iac, i er mal

i ntracar’ I ntraperitonea
activityarfstuclaageats| maysighdartibsvitobls as 8 (fHetepestid ment” which is a

. intr r ular bcapsul a ubar.achnoj
violggit B B ob NG, pRPEERahca LB SIRERF lpuiapses
acts focalPpbt Q@Eemlcall@tiﬁla%ﬁbject i ndi vidual® or "host" refers

to elthér a human or ‘a nonhuman anlnal The term
"pharnmaceutically acceptable carrier” is
art-recogni zed and refers to a
phar maceuti cal | y-accept abl egjmaterial, conposition or
vehicle, such as a liquid or solid 20filler, diluent,
exci pi ent, solvent or encapsulating material, involved
in carrying or transporting any subject conposition or
conponent thereof Each carrier nust be "acceptable" in
the sense of being conpatible with the subject
conposition and its conmponents and not injurious to
the patlent Sone exanples of naterlals mhlch may

o o oy T o o I
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25i nduced stress, DNA damage, inadequate salt |evel,
i nadequate nitrogen |level, or inadequate nutrient
WO 20164093048 | f espan can be increased by at | eastPETH009/049498
20% 30% 40% 50% 60% or between 20% and 70% 30%
an % 409 9 . ' A
et fern, SHAGRIE AL rotffy k2l Ayl 3 81 ARD Ehi AP refers
to a frmpafinebnigvand ihat Rkasefor ither 4 parebn of tha aB®usi oftcompound

BRGNS B R RT ( e
a subjetttdiipAnét té WRbinNYisGampaseRdmy increase at |east one
bi ol ogi cal activity of a sirtuin protein by at |east
ab&Biolagiegllyxstiye B@Yon pbasirtudoreless toragrostiorExdemgittainyprotein

.bi ol ogi cal, agct.ivities of sjrtuin teims, i ncl.ude. :
navil 8B Tb R BRYnE SRR b B R GaTD Rl iy portions
of a kirfuBS RN compPasLBE o dRARG il HibloYicaldy h@iveipdttions of

transcription; and controlli nﬁ%ét he segregati on_of

SIR'bk haipg GepPatlefeessyen NeeNPn®itidp that ananght be NebPt dinding

coms BT P e SR Sl Bl g,
amiticatidsy62-298 efGémBenldecysamtNSINE 00 GTBatichAre esided by
N D TE N T A

somPdR3R R tHBs ﬁé@%]@d&%n%ﬂ%@ﬁ?ea%%t%?@ﬂ&n@%@ Bagk
Accessi on No. NM 012237, NM 030593, 036369, NP

also G8HOMBes reficiredF0 83 t@7 dopraotseinnkide @bdvt amfimadids 268 thdA g of

Lhel yde t.he fo It ona east . §r2-1ik e
Geni dicerton et et RERD AR Ag aels g Rl 1394 of
GenBRIR A c&3di8n Ao NINB 14 2238 bbixeindihy 8ci@d e toMITRIT GenBank
honol ogues hSI RT3, hSIRT4, hSIRTS, hSIRT6 and hSI RT7
Accgssioadharaih 0863 H). whichgge pnaodpd by masleotitep 888 toahd 2 enBank
) 260:273) .. Pref j<f LU
scoflgp 473U BRI 2RI BB P St et e85 N
NP_aB63 70 whichZiré figdded bynSd1&dtdes 81810 1S 8 tolf GeaBakkTAe¢elsion No.
havi ng at least part of the N-term nal sequence
NMPl2dht in SIRTL 15 and absent in SIRT2 such as SIRT3
Na5pe serm “contBfibh aRfnddiéS! Bferd ©fcals Sl Aogs. MRIREA nfbinl R torm
sir am |y sirtuin deacetylases. Fn one
“dogd sl ddnoresény meBbETHE the speeiicn Camis fardidiariy,ed sthi@i there are a large

Ge Accessi No. .P53685)., C. elegans Sir-2.1 .
o AR AL EEDT L R RS 0bies 5 o FURE ARGy iy comesti
cats G DR ABERSTHRFaRly HiNbAEL 2838 FRtisNP 036370 (or

AF083106)) proteins, and equivalents and 20 fragnents

t h&€PiabktesT referntn high blavld sugarenketoacidpsRy s prebtagichronic, general

mergfie ARFTRER BN < SPTRGLELTE PioB D s gr o deprsgse in

glucosd 113y ENTiebaed’ chovrhpaskey HotniBanypeAcadsppedi (INOS Insulin
NP_036370, NP 501912, NP 085096, NP 036369, or P53685.

Dependgm Dibstes Medlitup er NHRD YD fopesefi the diseasapt hesiiskcfagtprs for

BRI PR S5 RSOUSIE D0 by B3

inchO8fd ome5 bNBd 3360 of ©30/85Bmddg ot highaniripbycadides above 150

equence set _forth in GenBank Accession Nos. NP
me/ G5 BS90E blgpd SiSE-ETeHs 58 g melob B8y, linsgayiei of less than
40 0¥/81Nn ndrCor®PQHE/dPin women. 7, 10, 15, 20, 30, 50, 75 or

nore conservative am no acid substitutions; an am no
acid sequence that is at |east 60% 70% 80% 90%
95% 96% 97% 98% or 99%identical to GenBank
Accessi on Nos. NP 036370, NR 501912, NP 085096, NP
036369, or P53685, 30and functional fragnments thereof.
Pol ypepti des of the invention also include honol ogs
(e.g., orthologs and paral ogs), variants, or
fragnments, of GenBank Accession Nos. NP 036370, NP
501912, NP 085096, NP 036369, or P53685.

"SIRT3 protein” refers to a nmenber of the sirtuin
deacetyl ase protein famly and/or to a honolog of a

~1 N A . o Y Y L o ~l NN .=
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impairment is termed "blindness"” or "vision | oss",
which refers to a conplete |oss of vision, vision
wawerigeooksn 20/ 200 that cannot be inproved w tPCT/US2009/049498
corrective |lenses, or a visual 15field of |ess than 20
de di ter [
JCTRERICITE! Rl L PR oL e thedose o
a drupowhich praduoes50v6 dﬂitsamamgnmmrqsmmd or effectt crreaétbm’gvdyl,dho dose

whidfEy e b taaiCietsondih «h SERSGRRE o pEmpateions. The

term" ¢/} ed attOreSEHnAd orn e%hﬁﬁ%‘ﬁabo@iirﬁ&ﬁé &35, RRES th¥ dose of a drug
neur odegener ati ve di seases, ocul ar di seases and

whicdiiis tatlerd 15 50% e tisbsubieets. The tirmeAhasapestio indexT itaniangrecognized
di d l,nf , etc.
e R R Rl s 8 e PO A R Pl ©

anghe fer@cmwertnsmﬁen@a% teférkda paRtif ian indyidadl S® whechub€tkvel of
for treating a disease or disorder in a subject that
insulip iy e blaedris higherdhan perp@hsed nit ochondrial activity,
fo 2 r | insuli
wg@? [@%@%ﬁg g%éf’s‘fén e &E Eooé g?ﬁgg W(I)lﬁ&lpar llé({/}gl%lfﬁﬁblﬂg of insulin
prodottsel sbhorssil em@m@ep@se eajatatead thd Biblolicpbrespongé in a subject that

i schemia. O her conpounds disclosed herein may be
doesqiof pays iasylpyregisianien a phar maceuti cal conpositi on

angnoﬁnsgﬂﬁ r%ﬂsta[ﬂ%é QisBRIcPOds 8L REd LRGN NRESE b an y dise dlsease or

I n one enbodi ment, sirtuin- nDduIatlng compounds

condithonethef is nameé by ep p@ﬁehﬂtecﬁtoalﬁbblyisﬁtrr ngsistance. ERampigh aw(ud)e

or a.sa t her gof ereiLn: .. .. one of ZI and,Z2 is. .
diabilpe, o5 pREBBER SIS iyl rosistni Sufirofisn Wisshg % jpsutin
rems%e h\i\glemeb@ pRESre, gﬁ&k&l@foﬁdhlgﬁ bRARhEIeSHEIIl, RIERpi AT,

%y rogen ydr oxy alo, - f1 uor o- substi t uted
hypedipidgmig, ﬁthpldeome @1he@yfefwcﬁ1@a§w§hldmgts§9ke|cre§qnary artery

ciseds§of bl [ Bo 0REb ki, Mo Gerallsy 1

hypérbriothstihedsib Sichpgafredry g ebeagierance, (IeRy €@ nsalik sdlease, (d@beﬁé)
fluoro-substituted al kyl,. -(CL- C4) al kyl -N(R7)
compl(cgilo@)me&qlqwg cpRgry hﬁ"ﬁ?ﬁh@?@f;j’ ang{r@zae@gls,aqopggestlyg he@# failure,

Stmk}ngo%? epe&ﬁ twh? g&%‘%}g{t{a ea? Y omyh%%%rngmga@%%&%pmhy’

glonsiridghephaitis, glomeruiamlei%ilsbmphdottmsynﬂn@rmeahﬁ)emennmgBafphanso}erosw
th.t h ni troge

some fybt FSRRetrdechu spdirielrife PRt CORE SR GG SPmPhcations of

pre gﬁé}ﬁgr Ibo%r 'féinél@ ?elﬁ‘g(ﬂichk/@ Hé’ellthr(ﬁkﬁrﬁ "i‘l‘ié?l@ﬂr% |11@5§Lﬁ%ﬂf1tfe§ ORFeility,
0, wherein the saturated

irreghiar ewieym@OIy@yﬁmt@nwndyors@ﬁﬂi(DS)mhmdmtr@hs,l ghglesterol

relatecﬁﬂ? e%zg Vlé\{lltg?llstorﬁ‘(s&cé&% s ﬁ;{ ﬁholek%%%cnve sleep

apne@fand NspIgior29ebiding; osteoarthrifi¥, ah mﬁﬁ@%ﬁ‘?dneﬂldftfe@ﬁ‘he’ht of bone loss,
car bocycl e and a heterocycl e, erein Rl is optionally
e.g @URePOresift ed with one to two substitutents

LTI SRS T kAP, e o

those Beil8 raise8-fRBmeat(ad vaRowbyakddpkls; &g RBbORBE anindd] R&)L(dﬁ?@ cattle

and o(tger(r@ﬁmbgs g%‘%zﬂ gen ‘&(% %g%gﬂ%ﬂa%%pﬁtl @%ngg%%m swine and other

merr%'ef%ydf e':ﬁ%)s G@)an ovire@hin¥1 R4 A8 shf!e Jm@gther members of the
al kyl) - (R8 and when henyl ,

genug IQxas, dpmesmagqays agxd dr menehgrswiithe senus rwldemetﬂcetcgi
fluoro-substituted 3, 4-net hyl enedi oxy,
3, 4- et hyl enedi oxy, and fl uoko-substituted
3, 4- et hyl enedi oxy; 25each R8 is independently sel ected
from hydrogen, and -Cl-C4 alkyl; or two R8 are taken
together with the nitrogen atomto which they are
bound to forma 4- to 8- nenbered saturated
het er ocycl e optionally conprising one additiona
het eroatom sel ected fromN, S, S(=0), S(=0)2, and O,
wherein the aIkyI |s optlonally substltuted mnth one

17 ~A ~ A ~ A
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t represents where X is bound to RI; and
each R5 and R6 is independently selected from

Whodooepess CLl- C4 al kyl, -CF3, and 30(Cl- C2 al kpd1/ugie89/049498
wher ei n: when X is -C(0)-NHt, Z1 and Z2 are

quaﬁ tfliss@:io (f%)r sécfc%lea@{b@fcé éﬁv\,ﬁ Yo ﬁ%g :isucltﬁe%i R%?%Rﬁen d. %

equiaa dnizl aro@cbm:dlmﬁflnc Rirsesarphethet membets & tha dariidy Breidat, genus
then R2 is not quinolinyl or indazolyl; when X

Equps _ NHS(0) 24, Z1 and Z2 are each CH, 121 is 4-net hoxy
Phemy herBen Raanr 1Bﬂn@d}1ﬁm|'ﬂh& Hﬁnana?exbﬁgﬁl?} mﬁ%ﬁﬁeﬁ’é i¥lide humans,
and 5when X is -NH CH2-t, is N, Z2 is CR3, is H

prlrr@tesci%stqak angnams (mclu@ng bJHBn@m Qomnes,satcph eapipanion emnmizs (e.g.

di , th d
canipf, Bt e AR ool G Ep S B TR e from o

05 Ovest® Hdhiichals o PR AEHDS Frofe 9oL doaerafy Biividuals
havi’ﬂ? ‘33)@9%( Eho )SS ﬁ(@éx )@M fiey (e%%ﬂ@é?r(g?ga)ter O()Qlt%(?;ﬂay or may not be
aSSOCJ(a@ﬁ vith) maulhayresm(m C(0)-R7 In certain such

di nents dr. & rta| " nbodi tS, Z
an ﬁe S PeP %rgﬁﬁ %ﬁi’%l %%ﬁog e?rfd ﬁeﬁl%ﬁqngengﬂy j%° a&
recof iz iDrefdradmivyled OGRMiniRhtion otﬁér?thé)& erﬁéraﬁfhd&b;&yél and

fluoro-substituted C1-C2 alkyl. In certain
adméﬁﬁt?@@ﬁe‘#ﬁu@lly R injecting.cand dedudasnwitheut dinptasinp ogiravaness,

e HIEL0AE B0 2 BB G A BB, el
mtr@ﬂh@dearmmir&*,traéheals suticaouNHubRERGH dr, invhertculdre, subedpanlar,
such enpodi ments,. R5 and R6 are i ndependently 20
subagaehgeide MUEF R nifdriggeserasldniesticn angi RIpSIOn| - cer t ai n
Su%h“ gRod] EBesy, ‘R@dlaﬂ%l%r g&t bRkhs W&fh@fmﬁtéméﬂ]maapnon-
exenpl ary embodi nment =0)-NHt, Z1 and Z2 are
humbn)amn@IRS and R and R4 are both H In certain

d| nment ect from het erocycl.es
C oE N R ch DS aC bl Pt R BEP TR i rRfergo a
phmﬁmde@callﬂa&%gtdb%aenﬁnaﬁﬂpmmr veicles sl 8 GlIRMId 6rQ8lid
WO 2010/ 003048PCT/ US2009/ 049498 het er ocycl es

filleg; ditpentsexsipiafiesobyrent Qioengansulsgias snatqripl.gayalved ingerrying or

ven AL 57RO LOp IR R e,
“acchptable” ot the sereseiod deing bbmpatile wﬁhsleé abjeetcdmposition and its

het er ocycl es .conprising up to three heteroatqns
comg@pe@@ta@é not gmlrg)ntg Aerth. p%tlm Some examples of materials which may serve

as p%%%é%%ﬁf&%tﬁﬁg QQ@{@%“i%lgg? (1) éd&a&eﬁcﬁ'e\g |58, glucose and

I's selecte €SS
sucress ) stsdes,ssuch As edrn Kisrch and potato starch; (3) cellulose, and its

derivatives, such as sodium carboxymethyl cellulose, ethyl cellulose and cellulose acetate;
(4) powdered tragacanth; (5) malt; (6) gelatin; (7) talc; (8) excipients, such as cocoa butter
and suppository waxes; (9) oils, such as peanut oil, cottonseed oil, safflower oil, sesame
oil, olive oil, corn oil and soybean oil; (10) glycols, such as propylene glycol; (11) polyols,
such as glycerin, sorbitol, mannitol and polyethylene glycol; (12) esters, such as ethyl
oleate and ethyl laurate; (13) agar; (14) buffering agents, such as magnesium hydroxide

and aluminum hydroxide; (15) alginic acid; (16) pyrogen-free water; (17) isotonic saline;

6
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S,N, and 5 In the enbodi mrents above, R is
optionally substituted by 1 or 2 substituents

WO pdefpesdent | y sel ected from hal o, (Cl-C4) al KRCT/HB2H09/049498
=0, In certain enbodiments, Rl is triazolyl optionally

(18)??@%& %@gﬁv\ﬂl%gitﬂ@%hopgﬁ(ﬁ p%id%ﬁ'fa t?{gfé:rﬁolﬁg&gﬂ&dj 2) other

non—IRlxu't &mpﬁtlbmmibbtynm lesipl dyetl édpl2ahncatiodlybrmulatiasr t ai n

odi nent ere S fionally substitu
e ihs q%reﬁaygacﬂ& Oroﬁimew | BRBeRLls R GRisSATHLR AR refers to
adegstfaﬁoﬁ eF QGPL%QO ar}fé@ i) Ms ad] @ﬁimﬁ‘t%ﬁe@ fﬁ)ﬂr ¥d clinkes® ARhESstR{on of the
I ncl ude: H3C 1.11 ,L1-.N 1p-ii ,o0s
unwar\tsd ponditkgdelg., chsemqe ar dther\unwmmi KtafeRf, theCho48 animl Nhes the

treatmeng' is propﬁu%f Ctlg’ Si €., 1t prof:ectsé the! h]ospl against developing the unwanted

condition, whereas if administered after manifestation of the unwanted condition, the
treatment is therapeutic (i.e., it is intended to diminish, ameliorate or maintain the existing

unwanted condition or side effects therefrom).

The term “pyrogen-free”, with reference to a composition, refers to a composition
that does not contain a pyrogen in an amount that would lead to an adverse effect (e.g.,
irritation, fever, inflammation, diarrhea, respiratory distress, endotoxic shock, etc.) in a
subject to which the composition has been administered. For example, the term is meant to
encompass compositions that are free of, or substantially free of, an endotoxin such as, for

example, a lipopolysaccharide (LPS).

“Replicative lifespan” of a cell refers to the number of daughter cells produced by
an individual “mother cell.” “Chronological aging” or “chronological lifespan,” on the
other hand, refers to the length of time a population of non-dividing cells remains viable
when deprived of nutrients. “Increasing the lifespan of a cell” or “extending the lifespan
of a cell,” as applied to cells or organisms, refers to increasing the number of daughter
cells produced by one cell; increasing the ability of cells or organisms to cope with
stresses and combat damage, e.g., to DNA, proteins; and/or increasing the ability of cells
or organisms to survive and exist in a living state for longer under a particular condition,
e.g., stress (for example, heatshock, osmotic stress, high energy radiation, chemically-
induced stress, DNA damage, inadequate salt level, inadequate nitrogen level, or
inadequate nutrient level). Lifespan can be increased by at least about 20%, 30%, 40%,
50%, 60% or between 20% and 70%, 30% and 60%, 40% and 60% or more using

methods described herein.

“Sirtuin-activating compound” refers to a compound that increases the level of a
sirtuin protein and/or increases at least one activity of a sirtuin protein. In an exemplary
embodiment, a sirtuin-activating compound may increase at least one biological activity

of a sirtuin protein by at least about 10%, 25%, 50%, 75%, 100%, or more. Exemplary
7
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In certain enbodinents, R2 is optionally substituted
Wth one to two substituents independently sel ected
WO panobdk®d, Cl - C4 al kyl, Cl-C2 fluoro-substitutBCI/EEI099/049498
-OR8 wherein R8 is alkyl optionally substituted with

b101<%@a1 QEtlﬂHése?ﬂng?rll gﬂ)t?flflé fnUﬁgE ﬁeacle{}éagﬁglgég a oP AL 553,

hen stitu € Oor nore
exteﬁchhgtlfdspmnumrEﬂsmg@mmde:mIdWlngeMmtmg tfangomiptiGh;, andBontrolling
-F,, -CF3. and- 3. . I n not nbod nent, t he
the s BRI R ATED s LGRS TP TR Fhd Sansiie
St Fgigfubt BloteiPT R0l 4 mexﬁ%gr df |tl|19 31rt91'51 c@a&@ﬂ'lﬁset @treﬁplfarml

wher ei n: one of Z" and Z12 is
preferablgrto tfe sk famiy, whigh inclusle|yeadtt (S@er(GonBaml@h@bem@R]\Is P53685)

C: LR OstBedt PEHORNoCTP o (RS Ry Py sTRT1 (GenBani

AccéskioaMNy. JINISH 12298 add BIPK§343,70 (&-AEU%B@%)) and SIRT2 (GenBank
fl uoro-substituted alk al k g
AccegpiopNa N{N1ON2RTAM Dé)alfdllzh‘ﬁg @P@@ﬁ%@ Q@lldcézﬁ083107)

pros8d Y s e bt M Lot 5 P s e

"HSE gbml’ @obnidlogneb pifngen) HSTCHEH), H8 Kydnd HETF aﬁd)he five other

humgzp Bpmeippisy @#%&?@3@@%@13@%%31@@%@% B Y (Hrobisign ot .

(199@5‘%%45%@?28@‘3 ld FNERT ir Eobhy BBRMBY: ?7 Ifz%%?%ﬁ Riftdisss are

ependent |y sel ect’ed fron1hydrogen
thosathaykhar@mowmdaﬁﬂesbmdnﬂm'ﬁ i.nehSHRiE, and/m@lehtlanomha‘il@m,

such G R L BdeR Rl oG RGeBneRbirapry < mgri e g T

and@&enﬁﬁ@rmweadhah@mr%h@m sel ected fromN, S, $(=0),
S(=0)2, and 0, wherein the saturated heterocycle is

opt BRIl mpteiniiyefers iotaameraberof shang2cfamily 196 siraurbdsagpty leses. In

one ?%d&n% gsllgjfﬁ%ﬁelg lﬁ&?% @@%f@%ﬂ(%cc%s@ﬂ No. P5 3685),

C. eb@lﬁ@ﬂ@'ﬁ @H?n])}éhk Accession NRANPS5101 E)’,; h&ﬁhaﬁ Sﬂﬁhwlmmah
fl uoro-substituted Cl -

Accpigas. ST=R12248 etk W70 o AHORA1 TG protnk ond eayivalents and

iy 290 TSRO b0 e,

compiiihgé s@juence caBbisne dHot consiS{im® p@emdially, of - thiblaBfrcOdcid sequence

set fogt Hn?éir?]iﬂﬁg cem@%ﬁﬁ%@%’omﬁ@t@gm@%@ :&?5%'98 'NP_036369,

5
or PSN@% Sgﬂoﬁr%ﬂs 1n01{}{|1'ér hdeSS R%ﬁh‘{é‘ Al or‘a%d}*“bNﬂ ReifS t;rxe amino

amds@(uenm@) foueh i, Ger@(aﬂ]g)%p@QSMNPLO%WO NP_501912, NP_085096,

NP O%Rir%%?Sgtghﬂno a'\'cmfégw;ce B {:eené%k Accession Nos.

NP_0SHRIHRE- ml@nzwtogsownﬁ( QB3B36RLDR3E68E, with 1 to about 2, 3, 5, 7,
- CR15R16- 57(0 )2-NH t, H C( =0) - 0- CR15R16- t ,

10, LS@@ 511 80.0L5gr=091e Nppqervahmnommckp@gﬂ@ﬁgwamlno acid
sequem feh30he 1ERRE Wﬁ;@ﬂ)" ag@% %,gﬁlg dé%r@?@f‘@k ﬁggmqgﬁti@al to

represents 'S boun
GenBﬂlﬂc Acc&assmmlek»eriﬁﬁ 136976 R GD&8I X, mm&_s,aﬂﬁogx@noscemmr P53685,

and Biofiried Fopngtte Shessa el RapBuSy af B Tsbrinajsq BelngR prmploes
(e.g. F"(’)rﬂ'lo?o?a‘ljin %?Jl$@é) S/abiahts tdi‘tﬁ%grﬂ@h{shomﬁ’iﬂa‘ﬂlctzﬁl./&6531on_l\éoEsN

substitutents ind ?en dently selected from hal o

NP_036379, HPk§0191Z3NE7085086.34 036369 Ir £33685.
fl uoro-substituted aI kyl, =0, -0-R14, -S-R14, -(C1-C4
20al kyl ) - N(RI 4) (R14), N(Rl@)( 14., - K ) 0-(C-c4

and -(CLl-C4 alkyl)-C(0)-N(RL4r 14s, (R ) and when R11
Is phenyl, Rl1 is also optionally substituted wit

3, 4- net hyl enedi oxy, fluoro-substituted

3, 4- met hyl enedi oxy, 3, 4-ethyl enedi oxy,
fluoro-substituted 3, 4-ethyl enedi oxy, O-(saturated

het er ocycl e), fluoro substltuted O (saturated

= ~1

al kyl ) - N(RL4) (- K14), -~C(0)~N(RL4) (R14), -C(0)-0-Rl4,
n
h
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ot her than piperazine, indazole, triazole or
pyrazol opyridine, wherein RL2 is optionally

W@ eI ed with one to two substitutents PCT/US2009/049498
i ndependently selected from hal o, -CEN, Cl-C4 10al kyl,

C A 5 i oy

toa hél@ﬂz}o@@f alSART) phitéhAn(dre4nbod R, 4) SIRTS)proteldr i IRd€Shuman

SR @@B%%%l Rés@j&? ,@%{8 g ﬁﬂ;“béﬁ% Wéﬂéﬁ)]mg%zg) and mouse

SIR?? EONMB AR URLEGYHH 190, NI B7ER) p%ltginb Sin@REMYhlenthid FBgments

al so optionally substituted'wth 3,4- nethyl enedi oxy
therédfmrwo&mb&nbwdjmdt 3 SiRh&ptopdin Md@xy ,polypeptlde comprising a
stituted

sequghiy Grroy Eh gl igisupt Soiel PR abE amhih ERbspupnsy st forth in

GenBhEE RbsbsABY NOBEAXH0 1641, WraDEEE NENS OGN 78§24 Tor SEPC ONIR7S,
heterocycl e substit uent of R12 | s optionally

SIREY peotginginekpdaipplypentidgs comprisigg albpr &pyipn ofthe@mino acid

sequiplpédeg{egf T Qgﬁeﬁaﬁ%ﬁg {:%Xllosl AAlgo fo@élﬁémqsgl /NP_001017524, or
NP_0%{781 thedndhd ydid sequ‘énée(‘s’bt fo2thfih lﬂBhBaﬁlU A:Bteshlloh &tbsah 01042,

NP_Donn R D TIEE e, oRNP 0778 iyl Zoa S e OHISRO. 7 50,
75 O?E{gr&]@%séﬁ(fa inb % | ny%?ﬁtﬂ)’dns, | nypﬁ aﬁudeﬂ(:@th'élt is at least

R12 i s not pyri or qui no
60%fiedh, 30%s90%IH336.0)624,,97%5, 98%d o721 vadentiealdh GHBakk Aicsession

Nos AP ) N 883712, Gl o8 oi‘h@eﬁ‘ri#éﬁ?@%éiqﬁfﬁwnenw

theréo‘f Pd’lﬁ%&btﬁed §f thSkridildo indiide ﬁ&ﬂol% eoﬁﬁﬁ&‘gs?&@'ﬁaralo gs),
is phenyl, and R and R4 are H, 2 1s no

varla;m, 00 ﬁagmyntsmfﬁan@tﬂe dcpissinn |NOSOAA|11W O‘&:R MR096371,
NPAgg 1,(%1‘;7%? I\ﬁﬁ%z g%ﬂf r% gneoefﬁ@(ﬂ Er{lrgrlxt? ehé &%%rpgé%% %}9 u’des a fragment

of SIRELY @bw@r ﬂiaﬂﬁ@l@dmébd b elehvapy Wlﬂﬁé}’l@lit@ﬁﬁ‘iﬁﬂﬁﬂ)’iﬁ@ﬁﬁ Ipydcessing
di hydr of ur opyrazol yl , tetrahydropyrrolop razol yl,

pepttdéﬁe( QDR andar ariad pa} intergpediate peptidase (MIP).

T8 S OBt b ABRYE BERlo - Bl LR &1 RAT) TR bh Ol

admatidiotibn’emids”adnikicterad| peripheraliyeare a:rmmugdizieé ancemfade tieed
by any ope Structuyral Formnul.ae , I1b.and Ilc: X
iSRRG PP PP e eyt S SRR fin directly
into Iﬂ'ﬁa(dé'ﬁ@ral metvbus 8y diéth sueaadit @ﬁf&sﬁh@&mﬂf&ﬁ’@é&ﬁeﬂllaﬂd Rhbs$ is subject
hydrogen. I'n one aspect of this enbodi nent,

to mctahpﬂmumdnd gtherdpreereenssad. by Structural For mul a I lc. In

ect fth,senbodmen R4 is . hydrogen. .ln.
ot e o IR eyt ab i TR snl et 0 s APl e fbiery
that issa By RERIRN. phlySioRgicAU e orPhhenRBREickI1¢ astbRasbsteicetihdt Sicts
enmbodi nent, the conpound is represented by Structural

localty prystempeallydn @ sebiept. Rbe tona aksg means Ry peRyEwce mianded fraise in
e GABOHTERL gk SR 008 ASEREDY Bk Bpgment o

desifablerphlysicdll ¢ mdntal doveygmemmand os puditidne imapatmnabbr hume.
di ment, the coppoynd is represented by Structural
Fon Gl iheragitc RICQAPrRFcRgte A °Fry8 @ja or fysigmic
effeéf'%? aﬂ\ilmaisc ﬁaﬁleulﬁﬁgh?a&rﬁneﬁmg hf&%g{é;ﬁtic% hSmgs c,ea%&%y a
i 'l 50HN N

from$S 15- (SK-r
pharhﬁiﬁmgca_@y fqtivRisubstance. The phrase “therapeutically-effective amount” means

9
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INN/NOI N H3 N . | I--21"_(-1- N--N-NN m N
HHH mme ,,, aNSNYWY NN ,IL 0, andMe, wherein R

WO 2010f0030¢hal | y further substituted. In a nor ePGPESI0D9/@49498
enbodi nent, R' is not further substituted. In one

that Q%(Bﬁl;&tof Qﬁclf"d §Jb§fan95 thhE88uREaHE H@s‘ﬂrﬁ 108l biSsystemic effect at a

I'n an even nore specific aspect "of these
reaswrﬁo&queﬁt/xssﬁatle api@{cableNiptany trcehmemoiﬁmmmpﬁstlcally effectlve
res ral .Fornul

qf Syeh u%ét\an%e(w #\yaﬂf e;ﬁgdyl’g upon alel\siupje(:taq{)al dlsea%%olr)g tion
bemglt%aﬂe&, tﬁ@Wei@h@bﬂld/ adelttthesubjdet, the severity of the disease condition, the

manner of administration and the like, which can readily be determined by one of ordinary
skill in the art. For example, certain compositions described herein may be administered in
a sufficient amount to produce a desired effect at a reasonable benefit/risk ratio applicable

to such treatment.

“Treating” a condition or disease refers to curing as well as ameliorating at least
one symptom of the condition or disease.

The term “vision impairment” refers to diminished vision, which is often only
partially reversible or irreversible upon treatment (e.g., surgery). Particularly severe vision
impairment is termed “blindness” or “vision loss”, which refers to a complete loss of
vision, vision worse than 20/200 that cannot be improved with corrective lenses, or a visual

field of less than 20 degrees diameter (10 degrees radius).

2. Sirtuin Modulators

In one aspect, the invention provides novel sirtuin-modulating compounds for
treating and/or preventing a wide variety of diseases and disorders including, for example,
diseases or disorders related to aging or stress, diabetes, obesity, neurodegenerative
diseases, ocular diseases and disorders, cardiovascular disease, blood clotting disorders,
inflammation, cancer, and/or flushing, etc. Sirtuin-modulating compounds that increase the
level and/or activity of a sirtuin protein may also be used for treating a disease or disorder
in a subject that would benefit from increased mitochondrial activity, for enhancing muscle
performance, for increasing muscle ATP levels, or for treating or preventing muscle tissue
damage associated with hypoxia or ischemia. Other compounds disclosed herein may be
suitable for use in a pharmaceutical composition and/or one or more methods disclosed
herein.

In one embodiment, sirtuin-modulating compounds of the invention are represented

by Structural Formula (I):

10
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5substituted. In a nore specific enbodinent, R12 is
not further substituted. In one aspect of either of

WO pegeodwbhodi nents, X is -C(0)-NHt. In an evePCHDE09/049498
speci fic aspect of these enbodinments Xis -C(0)-NH1,
and the conpound is reQJesented by Structural Folluul a
I'lc. I n yet'janot ®r specific enbodi ment,

the invention provi ound having 10Structural
Formula I'll: R12 I'l1),| whegeige R3 is selected from
hydr ogen, fluoro, - d rpholin-4-y1; WO

2010/003048 | R' is seyécted from N , 1\S> S, ON. F

I cN PCT/ US2009/ 049498 HN-im ~.)Me NI, 1-S 1\--1\2,

ANYWI NV Co nds of the invention,

i ncl udi ng novel conpounds of the id¥ention, can al so

Qg sed iﬂ t he net hods descri bed herein. The
orag Hﬁgﬁﬂﬁg gt salts thereof described herein also

| nehsieezt iR 22 is ORP eaidanelbiher SHAIrat 3 i{ @ldbted from N and CR?,
hem hydrate, nonohydrate, dihydrate, trihydrate,

wheregit r ahydr at e) and sol vates. 10Suitabl e sol vents for

Se gﬁ{%ﬁjécge@ agg%%?‘{#@é%e%% wﬁBQ&?ﬁy@%,qlg{bet@L: y be

artisar. compounds and
fluoadubstititedrG af, atlayl, - (O-Egehioro-sutatnitghaksl, 8-(C;-C,)

ﬂuo:lf%oqa,lll?gr yStt_?tluéeidg kyg,i Cnﬁ(léug ﬁ?ré:-,%{;gr ﬁaﬁlﬁlﬂg—isgghp%;an ;ﬁ ml}gg@é%gf)cloalkyl;
in ' sl t ect. 1 AC-
achs Ut e HUAOHARARNS (1 Do o OO0 EHP e o, -
Cy) alepded@®/V@BS) -@htCy iagﬁg'}@!(ol-NéRé(lE t),ui((gz-ﬁu)mila'ran-R"_, and -(C-C4)
. ©Or.in.addition to the above properti es,
dky?@@?ﬁ%ﬁ£b¥%tﬁwﬁﬁﬁbdulating compounds of the invention
do MR SY Bifepitideplly Yel QANEIrONGyBfogBR 8d 0C h—U} alypldrowi ng

activities: 1nhibition of P13-kinase, inhibition of
al twe Bdbewnsste the samepiitrpgam aomaye tek¢miegrtheragish the nitrogen atom

[ ' f j K] v
o AR5 I BT LTR 5 S  SoRLgne

hetefdatont sel€cdePRoOAN,[9) S(=@Y, S (e f,caid O ewlhaéinnhdsdtaticd Geteheycle is
deacetylation activity of a sjrtuin prote

optienadly sutstifptes] gpsingle regpomatgprysh Pl iy aﬂ(}r)l, ﬁ&ér%; -NH,,
-NH(C,;-C4 alkyl), -N(C;-C; alkyl),, -NH(CH,;CH,0OCHs), or -N(CH,CH;0CHs),;

R! is selected from a carbocycle and a heterocycle, wherein R!is optionally
substituted with one to two substitutents independently selected from halo, -C=N, C;-Cs
alkyl, =0, C3-C7 cycloalkyl, fluoro-substituted C;-C; alkyl, -O-R®, -S-R8, -(C-C,
alkyl)-NR)(R®), -NR*R?) (e.g., -NH-CH,-CH(OH)-CH,OH and
—O-CH;_-CH(OH)—CHZOH), -0-(C;-C; alky])-N(R®)(RY), -(C,-C; alkyl)-0-(C;-C,
alkyl)-N(R®(R?), -C(0)-NR¥(R®) -(C,-C; alky])-C(O)-N(R®*)(R®), and when R' is phenyl,
R! is also optionally substituted with 3,4-methylenedioxy, fluoro-substituted
3,4-methylenedioxy, 3,4-ethylenedioxy, and fluoro-substituted 3,4-ethylenedioxy;
cach R® is independently selected from hydrogen, and -C;-C4 alkyl; or
two R® are taken together with the nitrogen atom to which they are bound to form a 4- to 8-
membered saturated heterocycle optionally comprising one additional heteroatom selected

from N, S, S(=0), S(=0),, and O, wherein the alkyl is optionally substituted with one or
11
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The term "carbocycle" or "carbocyclic" nmeans ring
systens, wherein all ring atons are carbon and

WO pdb/eBRed8 5- 7 nenber ed nonocyclic and 8- 12 nmenP@r/E82009/049498
bicyclic rings, as well as spyrofused and bridged

morQ%MCﬂg(ngNHzn INAYCL-EI Bk ,e-:i\RgP-Cﬁ 'ag%,mgpm@ ,EH9OC ?I?F Br

bicy¢lic rings ndepen y sel éctéd
-N(Cla;GCHAYEds ), anvisthe satatatd letalo@crimbpiionalipiselssiteharamasieon atom

witgRE 6T S dfers B NG el ekl 5

N H,G8HG20f IN(OHREBYOEH LUt ed al kyl, - O (Cl- CZ)
H?C%(Fozsub?tz?tﬁgeggalﬂz 3Izo Cl-C3) alkyl, -S (Cl-C3)
al Rylis selesre(dcflormz)cafhogmi@b@b@g attlmsé&vcarmg Atomsyaned @hgterocycle

othegxméaﬂn,g) per%( gére Cycl Qf)ltll ncﬁ’ Sélgétgt% opezci %'t!%lvo substituents
1ndepyrﬁieﬁﬁ!ﬁmléctecbﬁ‘6ﬂndiaﬂx eO¥N, Cﬂ@@ﬁ&&l, XU31C7FHyeI(m1kyHRIH C, fluoro-

substBr A R sn%angclrcmjkgwgﬁgﬁ SRR A g 8née-8s

JNHgﬁg gﬁgbgﬁgﬂﬁncl }ﬁ%ﬂcﬁﬁ%ﬁ}cﬁ?b %ﬂgFlc aﬁﬁ@&ﬂﬁgﬁRs

-(Cr¥teyedieylR0- Gﬂxd&zdlk)d) N(F@(SR )&@(%N(R RY Mcoﬂwsed and

R YOS5 et B SR o s e,
R? id NSEHRAEIN bubsBRIQCHRE 3%%%%5&&1@53 Huordsdtiupiaeds.or

aronsti c. en a heterocycle’is polycyclic, it should
methydenedivey s1.6othyldnadiosn) g fmeeo-pubstitute 3, @qthyi@gdn_oay wherein any

contain other
pher R Bt Rl pe ol SR T PR LA SRRt B paffp e
Ci- cgtain l@#@{‘flﬁor&%lubﬁtt@t@dfan@m IR(©-C; &@ﬁo% s@kn@&@élkyﬂ -0-(C-C3)
ugr o-substituted al kyl %
alkylE Tsu%océ @B@/ﬂ:u -SifCetaflrgo; Subﬂlt(ﬁeda’@zi %IHk(ﬁl -Cs) glkybandcedy-(Ci-
CI)%J&XHmd S-(Cl1-C2) fluoro- substituted al kyl, hydroxyl,
32am o - NH (C1- C3) al kyl and - N-(Cl-C3)2 al kyl .
Mb RS ccg/sellactedrfrmg hydrogén) deloS-C=MNehdves-eabsétuted Gr-C; alkyl

QS Ao RS Heb 0 I, BT

Opixi 19 @é!%ét&‘d ﬁ’dﬁﬁ—tNH @t(gé) A Idl—OﬁlW}P-‘f T @(39P§t 'G(H?Nﬁ -1,

sel ected from hal o, cyano, ikox

NHa3 (e @)-1, H(eDORH, eitr-Oi: NHe’meNHaSk@)am Nsraoover

B T R A e

“NHO@ ) aGHatRRE-{SPER PRS- HIE, nmwgtﬁmfgrw L@@Nﬁfgimqiq

th | yl th |, dit I
DO R .,s@gﬁzz%mé’éﬁ%?ﬁm@aéfczﬁ%az@kﬁw CES) N1,

N O R ARy ST O i e SO R, SR 50
-NHL%@Z(DJQRSR(’ yrCRARTYO- c:(:p@p NH-yJ -NIM]WG;WKEIQ?}VLT

piperidin i peraz rlnldlnyl

ORI RSt SO SRR TR Ry herein

CY ¢l eg}sg&xsww&mpsaﬁéimwygﬁoopropy' cycl obutyl,

Scyclohept anyl, azet] oxetanyl, thiiranyl,

ox eachrR/l and R nnﬂlemdd,en@nsbletdmckﬁmn isdoigeny 1By ikt iGFs, and
C é I % s i nclude carbocyclic aromati c groups such
(Ci- %a%ﬁ ﬁg% Hpt hyl , and anthracyl, and heteroaryl

gr QUBS XSiy C@(@)SNHDT ddzali P aret datie Uy, and B optieMAallyEibstituted

rimdy yra pyrazol yl , pyrronI pyrazinyl,
thb’ﬁbﬁdﬁwEHOEﬁﬁﬁbn ¥, and tetrazolyl. Aromatic groups

al so include fused polycycllc aromatic ring systems in
whi ch a 10carbocyclic aromgjj c ring or heteroaryl ring
is fused to one or nore other heteroaryl rings.

Exanpl es i ncl ude benzot hi enyl, benzofuryl, indolyl,
qui nol i nyl, benzot hi azol e, benzoxazole, benzinidazole,
gui nol i nyl, isoquinolinyl and isoindolyl.

Fl uoro-substituted i ncludes fromone fluoro
substituent up to per-fluoro- substitution. Exenplary
fluoro-substituted C1-C2 al kyl includes -CFH2, CF2H,

P ——. A - P e — ~ IS N IS ~ I 7~ 1S NN N I N



10t he li ke, and organi c acids such as
p-tol uenesul foni c acid, nethanesulfonic acid, oxalic
W@201d/00394%9r onophenyl - sul foni ¢ aci d, carboni c aRCHUS2009/049498
succinic acid, citric acid, benzoic acid, acetic acid,
an [ 1 g ;i 4
Ul Tstie s RO L sl R VIR it PRV Rt Rfand R are
thengfais phaquenolimyhohipdazmiydnphosphat e, di hydr ogenphosphat e,

e RSP OV SRRIRS LB 5 BB g R

R* a8CHYheH B ishet pridayll §pbut yrate, caproate, heptanoate,
propi ol ate, oxal at'e, nal 0{1at e,, shccinate, spberate,

5 s elydentels NHrkiFhtls Z' iaNedt s CROuRy it or §Hai Raisdl, R is -CH; and
1: - 2 .di . nzoat e, chl orobenzoate,
R ‘%ﬁ%&ﬁ%@%ﬁ%é?%@ﬁ ?%ﬁl?lr?obenzoat e, hydroxybenzoat e,
meth cetyane embaeditents nthb @bmbpeundsafl Stawair sl Formula (1) is selected from:
xyl enesul fonate, phenyl acetate, phenyl propi onate,
phemyl byt yrate, citgate, |actate,

R3 ga - hy)tlr oxybut yr af e, gﬁycol at e,
esul f onates panesul f orfd N
2 - sul e,/>naRht hal eng ul f z,
e, and_t N ASLRE igh salts

i ndl ude those @erivEd from i nor gahl ¢ Qases, such as
ni um or al kal i1_)0r al kal i ne earth,.ixetal hydroxides,
arbonat es, hi caRbonates, andanfie IRke. Such basds certain
useful i.n prepari he salts of this invention thus
embPalﬂ%&e%@&gmmgﬁ%&ﬁ? g)émugas pot assi um hydr oxi de,
amoni um hydr oxi de, potass4 um carbonate, and the I|ike.
Accordi ng to anot her enbodi men]®, the present invention
provi des net hods of PragueinogN he above- defi ned
sirtui n-nodul ati ng conp $. ))qeR@orrpounds may be
synt hesi zed usi ng cog\g ofral t echni ques.
Advant ageousl y, thes€& conpounds are conveniently

synt hesi zed fromreadily.¥vail able starting material s.
10 30Synthetic chem stry ansformati ons and

e L o8l E54; d thesizi h N7

USSR BR800

-(C KDWY wikyl-T(OPBI(RHR QNGC]-05) dlickd -OF R, ark 4QPICR) alkPlONER ")-C(0)-R” In
described in R _Larock, Conprehensive Organic

certap sudrepbadimes K sdgdiogenT W Greene and P. G M
Wi d §: 2 i Synt hesi s, 2d. Ed.
(15%&3££]€£ﬁg§%§g?%%ﬁz %r&%?@gl eser and Fieser's
15 Re &igesrtasn érobodimgats iR iSsalediekiren hy8@4}n, hatod -C=N, C;-C4 alkyl, and

Paquette, ed., cycl opedi f Reaggnt or anj ¢
uosriresed el FeoRR e arye oo By gk Ihoetain
embdilintehts WwiEREH | 7ATahA 92 GRG0 nd RE¥RLHGH Kihe

5cytoplasm ¢ nenbrane of a cell. For exanple, a

compoutain embodimentsaX detC(=pRMNEdbIN ¢ertpinpfmbadimenistX is

LA R Pllere 3 bosRt R S BRinRREL B g B e fmgepspdptly

20 selediad BoRrE dedgeARnE CHC, tane/1 falceaih Rocicdabatherits SR 48l Rt € both
conpound may be essentially non-toxic tp a ce
d

[ Il or
hydroge. de an exereplanyampodimentuX At iG{gOedHrduAdanded ase bath CR’, and R
B ' | ecule or a small nol ecule of 10 2000 amu or
and F\eg%,rﬂo%bgg amu or |ess; a conpound nmay have a
hal fln kcéftain embedinrenisnRals saleoted frver heterwoymes donnsisafg @te or more

| east about. 30 s, 60 days, 120 days, 6 gppnt or .1
hetetgiiipns SIS RS HAOY iR PO Fien S RO BIsaEr G i
at | east about 30 days, 60 gays, 120 days, 6 nonths or
1 year; a sirtuin-nodul ati ng conpound may be nore
stable in solution than resveratrol by at |east a
factor of about 50% 2 fold, 5 fold, 10 fold, 30 fold,
50 fold 15 or 100 fold; a sirtuin-nodul ating conpound
may pronote deacetylation of the DNA repair factor
Ku70; a sirtuin-nodul ati ng conpound may pronote
deacetyl ation of Rel A/ p65; a conpound may i ncrease

. oy o o s " Y



sirtui n-nodul ati ng conpound has the ability to
nmodul ate both a SIRT1 and a SIRT3 protein. 20l n other
wepitomdingt s, a SI RT1 nodul at or does not have BEIL/US2009/049498
substantial ability to nodul ate other sirtuin protein
(e ap! u
hete%ﬁ&@%?&%?% MSI rt(zvg n1 'R B%I‘gi@ﬁ‘lg?éné%glﬁleﬁ% RURBlected
froncheteronyalest Qomlms(rg Lg) tp tlnrne hetvm)atoafsfsetct:ted groio® and N. In other

embngllnyl ah’p?ses Pegteg Ier%S ec&}%qcédr%%{t of tgﬁﬁge Hﬁ{;ﬁ&ioms selected

frontOQE8MN .t 0 have an ED50 for nodul ating hurmn SI RT1
25deacetyl ase activity that is at |east 5 fold Iess
than the ED50 for no
SI RT2, SIRT3, SIRT4, Sl
nore preferably at Ieas \10
100G xfafiptes! 238 indlidedne endodi 1 '
does not have any substant] al abi’ lity to m)dul ate a
SIRT3 protein. In other enbodiments, e S| RT3 nodul at or
does not ha;fe anN subst anti
gtite b Ul N D
Jne o e of hu i , ,
S RF6, Sl R‘IN’,\ dt >coheeniNr at ™ons . N
effectlvefor nodul tingthﬁ deacet yl as ct|V|ty of
@ @W@ I ating
dse act Vi tyfhat i Oat Yeast 5
nodul ati ng one or rmre of
RT1, SKRTZ,NSI RT4, QI RTSy SI RTS, r and

ngo—leffraly\:'éon , y%lgi, l

e
rrggul at or , 5doe® nothave an§ substanti a bi ty to
nodul ate a SIRT1 prQtein. In certalne |rrents, a

siNtui e poundymay hav %il ng
§ fimity|f [ ro ,el % M
1 0- 12Ml\br £Ss. nrm g co oy d

may retfuce (acﬁvator) or |ﬁcrease (|nh| ¥or) the
apparent Km of a S|rtU| roteln fo |ts sybstrate or

%D*N( ofa of ati, t a
: rﬁ)y uxej?o 50§ j; /D N
di, rrentsN Km vaI S are dete ed u5| né mas@”

spectronetry assay described herein. Preferred
act i vati ng conmpoun reduce the Km of a sirtuin Mo
str

Nub eNor co or t eate 2 nl
usl d Segv ol até -e@@r tio
Uce the ' su ate or CH3,
cof actor si Iar to that caused by resveratrol at a
onc ti o/ sirt Nrmdul a}tjl ng co und may
_gg\y\ﬁlras'& “ﬁ%tu ro e|N ?’tor
, bout

IeastN 20 3 00. A
31t ui, n- nodll at i ng onpound |'may have %n EDSO )
rmdul ating the deacetyl ase activi ty f a SIRT1 and/ or

SI RT3 protei N of ess|\tha abo s t han about

_@M ‘osd t@n ab sthnaoutlpM
§ NHhan )esst an bout .M or
bout

rN)m about 1Mo, nM ,100 nI\/N from about
O 1-1 p.M 20 from about 1 10 p, M or from about 10-100
p.M A sirtuin-nodul ati ng conpound nmay nodul ate the
deacetyl ase activity of a SIRT1 and/or SIRT3 protein
by a factor of at |east abo 5, 10, 20, 30, 50, or
100, as neasured in a cellular assay or in a cell
based assay. A sirtuin-activating conpound may cause
at | east about 10% 30% 50% 80% 2 fold, 5 fold, 10
fold, 50 fold or 100 fold greater induction of the
deacetyl ase activity of a sirtuin 25 protein relative
to the sanme concentration of resveratrol. A

SI rtui n- rmdul ating conpound may have an ED50 for

I T e - ~I1 ~Tr- i 1 a1 T . I AN £ 1 ~ N




30 sites 5,7,3 ,4",5 and gallate ester on 3);
cyanidin chlorode (3,5,7,3 ,4"- pentahydroxyflavylium
W@ p010/0039¢8 ; del phinidin chloride (3,5,7,3 ,4" ,BCFUS2009/049498
hexahydr oxyfl avylium chloride); nyricetin
(cannabgscetin; 3,5,7,3 ,4",5 - hexahydroxyfl avone);
3,7,3 §H Fdhydr oxyfl avone; gossypet.in
f,4 - hexalyydr oxyf | avone), sirg? ;

N\onid &n yet e one re
\\3Eéigln-nod | ating CAESQEEE} nay‘be adm ni stiéredJw th
B mor e CHher apeuti ¢ Nts florA It Giat meNt o4
preveriti on of varidus di seasés, includihg, for
&% Wl e, cancer, 5di abetes, neurodegenerative
é es, cardi ovascul ar di sease, blood clotting,
| i=anmat i on, flushing, obesity, ageing, stress, etc.

In various enbodi nents, conbination therﬁpies
conprising a sirtuin-nodul ati ng conp un%, y.ref 0

(1) pharmaceutical conpositions thatgCORpriise one ¢
noilecetaii stich-epbddindnts ®' dosepeetddsorhn conBi nat'i on S t b
nor e

one or re therapeutic agents (e. one or

t herap [ erd s dgscrigdhed rei g
1@adNi ni s mffiogibﬁ/gﬁ ?ﬁ\sirtu n-
§ qg¢unds i one br euti nts in
¢

t He ertuinthduIaNi onpo nd t heéNapeutic

have not been formulated in the sane conpositions (but
be present within the same kit or package, such as
bl Tkt er pack or other nulti-chanber package;
npa¢t ed, separately seal ed containers (e.g., foi
pouCthes) that can be separated by the user; or a kit
wher [ 34 LA u ks gqﬁg
t herlgrg%éju%?%dcg%gﬁ? ?sg égelsiq&)hggar} rat g[ﬁ\ggg S |13} % %gﬁﬁems
indepaidegtly sgestat fomhdriy (@ Cordkylthé =6). it cirpimebddimeng, R' is
. C ound may. be adm pistered at.the sa
wiazp i BPHTRY LG GG TuR e ShiPes Subitgtip Satrihom aland (i
C4) ARPP I8 EMbIBEAE, R Vik bptiddaely 3GW8tiRkted 2-Atid#8l/1 0 certain

anot her therapeutic agent. In certain enbodi nents,

embpéinenths where 1@6'61 aptionglly svlstisried wigzolyl, 0% saC(TY)-NHsbases
0 di ders. using: ' in- | afi 2
ey BT REARPRETnE: Bl R hOR OB s o

inchigdef t ui n, such as hunman SIRT1, SIRT2 and/or SIRT3, or

honol ogs thereof. Increasi % protein |levels can be
achi eved .by introducing int 3aF£eII one or gg;e copi es
: , : . F

of _a nuekei caci LRN enchdes a~s yi n. exaqp! eOCF,
ty evel Sirtuin can Be inc gd in a ne an
(oS py i n dyci ng i ntolt he) mnmmatNzan~egd | a n el C

acrd’encodi Ny the sisrtuin,~25e.g., increasing the ;
aﬁ | evel of SIRT1 by introducing a nucleic acid encodi ng
@ iebsaci d sequence set fofth in GenBankMccession

s'_0363»0 and/or_gmgr gas ey ofl SI RT3 by
N{ cgducing a e @%fga* Q he a cid
sequence set f [N GenBank tession ;;101042

bsein that is ag#}east about 80% 85% 90% 95%
0rs99% i denti c to e uegce of a sprtsin,
§TJ S ) S| RT¥ gﬁ r‘go ‘s'o ‘thﬁh F
L c adg ng tlle pyotein nma At | east
Frabout 80% “85%~g0% P5%~08% or 99%%wd€nticagl to ,
nucl ei c acid encoding a SIRf4d (e.g. GenBank Accession
No. NM 012238) and/or SIRT3 (e.g., GenBank Accession
No. BC001042) protein. The nucleic acid may al so be a
nucl eic acid that hybridizes, preferably under
stringent hybridization conditions, to a nucleic acid
encoding a wild-type sirtuin, e.g., SIRT1 and/or SIRT3
protein. Stringent hybridization 5 conditions may
i ncl ude hybridization and a wash in 0.2 x SSC at 65 C

o, . o,




25 that increases the level and/or activity of a
sirtuin protein to preserve the blood cells for
WQ0rinoe+4of tine. Additionally,

forensic purposes may al so be preserved using a
sirtuin-nodul atgpg conpound that increases the |evel

and/ or actigwityjof a sirtuin p&gtein a s that
ext endCkhei r

| onger

e&gceIL

may be treate 8 PRQLER

aga| nst ~ppopt i @¢lude cells fo sunpti c@ g.,
o 9gn1n0' mmal s (such~ag~30neat ) | ant

ClE (such as t ui n- nodul gti ng

conpounds t hat Chcyeasethe Clevel arfe/ or activify of a
sirtuin protein may also be applied during

deJZIop ntal and growth phases in nfammal s,
& nsk [_AG! 0BT g s il orler 1o, g o er,
P 1 or erate t evel op nd/ or h
[ 25S. [ n anot enbodi e
F’si rYui,n- noddtati kg conpotindsFthat i ease the ['Bve)
and/ or activity of a sirtuip protein may. be used to
treat 08||S usef ul forr'g spl artati on O
cl udMmg exanp golid tis prafts,
tr%@pl aI suspeq NS, stem , bone
BRFOW Cel I's, etce e cglls or~tisbhe nay be anOPh

autograft, an allograft, a syngraft or a xenograft.
The cells or tissue may be treated with the
sirtui nnodul ati ng conmpound prior to
admni stration/inplantati on, ncurrently w
'Stﬂﬁﬂlonllnp antat|on an /or post

st rathenN |nt

ed prlo renovm

thﬁ%@ﬁlk@¥i ot he do- |nd|V|duaI v Vo after
e | the cells or tissue frontthe donor
i ndi vi dual
For exanpl e,

or p?frjknplantatlon into the reC|p|ent.
treated t
co oound or)

of

t he {donpr or recipient_individual may be
' ating
ssue tr

ses the le vity 150f 3
In certamnNg enbodl , the cell s™eF tissue,
(or donor/reC|p| i ndi vi dual s) nay additionally be

treated mnth ano&gér

therapeut¢ﬁ nt useful for

S Lpr ngCRg ur Vi xakblze, an

i suppre;EM?éiﬁgent a c toklne n a gi ogeni c
f c , etc. IN ot he odlnentsN s may be

treated with a si'rtuin-nodul ati ng 20conpound t hat
gf |ncreases t Ievel and/o _act|V|ty of a S|rtU|n

i nCFp nef ea st i
t apop 0 |s exa pl e, can
ging (e. e “ opi nd i ,

f o
el asticity; etc by treatlng skln or eplthella cells
with a sirturmnodul atigg conpound that increases the
IeveI and/or | a S|rtU|n protein. In an
cont ag\
Tl

Pt o)

S in

and/or activity of & sirtuin protein. Exenplary skin
afflictions or skin conditions that may be treated in
accordance with the nethods descri bed herein include
di sorders or diseases assoc{@ted with or caused by

i nflammati on, sun danage or natural aging. For
exanpl e, the conpositions find utility in the
prevention or treatnment of contact dermatitis

(including 30irritant contact dermatitis and allergic

bl ood to be usedI/{/82009/049498

contact dermatitis),
allergic eczema),
dlsorders (|nclud|ng

actinic keratosis,

atopic dermatitis (al so known as
keratini zation
epldernDIyS|s bul | osa

Y A

eczena)



10or nuscul ar cell death or dysfunction, such as
Par ki nson' s di sease, Al zheiner's disease, nultiple
W@ 201e00¥i#%, ammi otropic | ateral sclerosis, andP@UEEW0A049498
dystrophy; AIDS; fulmnant hepatitis; diseases |inked
to degeneration of the brain, such as N

al_dt - JalNsh_+ -ase N- g me 4 and
.r ne eIc sia 2o
4'- e& such gs myocar di al

|nfarct|oh and stroke;’ hepatrc di séases such as’

15l coNqlic hepati hepatN 1 and hdy C
§ h?lnl- ' ?sesézugh a% ? i 7
a ek osi cRka; e-No the e to
light;-lich planus; atrophy of :the s J

and graft rejections Cel | death c al so be

surg ry, dru herapy hentcal gure o

ex ifié%éﬂn ng{bo ounds t*ué 1l

%1 ‘%v nd ti Wi tuin S’N
ere

protein can al so Be adntn|3t to a subject ’
sufferlqg rom an acute di sease, \Wa e to an

organ or ssue e.g., a subject suf rom stroke

ocardr Ni nfar & on or g sul% ec\sgfferr ng fr
ﬁ ql I[j /Sl nﬁdulatl conpou ds<f$%
e t evel \ Wi tyHgE a S|rtu

protern may al 50 be used to repdir an aIcohoIrc s
l'iver. 5 Car di ovascul ar Di sease In another N

th vent i NPIr ovi
_—Kggggrng aédfé?\$p ZewﬁéﬂT a%tuz ?7 0gseasn
agyTvi sterrng O ubJ neS reo

srrturnnodulatrng conpound that i ncreases the Ievel
and/ or abQ|V|ty of FeCsirtuin protein _pgardiovascul ar

di eases tRafy can be treated or preyented u t he
% i nodul ng:conpoén S\t hgt i he
I eN Snd/ i Vi t o sirtuiM protein |Ncl de

c dlotm%@pathy or @yocardltlngguch as |dpqpath|c

car di donyopat hy, °’net abol i ¢ cardi onyopat hy, al cohdlic

car di pat hy, drug-induced cardi omyopat hy, ischenic

é onyopathy nd hypg{tensrvebfardronyopathy
abl e nt abl ing cC ounds
crlbed erehng éq@ ﬁﬁ s Jof thbﬁi :]

Hgajor bl ood vesgpel s (na vascul ~¢ﬁ| easgyhﬁdch as™N

the aorta, the corbnary arteries, the carotid’

arteries, the cer brovascul ar arteries, t he renalCl

deri Nhe fsenor Sart eriles,
Iterres _ IS
tr ated reveqt edJi ncl fhose el gjed

ggregatl n,, the retinal ri.ol es,
gl onerul ar arterioles, the vasa pervorum cardiac

arterioles, and associated capi&? Yeds of the eye,
lhearg, ~and the cen Nand peri phera

. I1h Lnnodul a 0 nds t hat
TS v and|or tivity of a §ﬂrt uj n
o J)10be I ncreasi ng HDLg ! evel s
'asma of an”i ndi vi dual . =

Yet ot her drsorders
that nmay be treated with sirtuin-nodul ati ng conpounds
that increase the level and/or activity of a sirtuin
protein include restenosis, e.g., follow ng coronary
intervention, and disorders relating to an abnor nal

l evel of high density and |pw density chol esterol.
151 n one enbodi ment, a sirtuin-nodul ati ng conpound
that increases the level and/or activity of a sirtuin
protein may be adm nistered as part of a conbination
t herapeutic with anot her cardi ovascul ar agent. In one
enbodi ment, a sirtuin-nodul ati ng conmpound t hat

i ncreases the level and/or activity of a sirtuin
protern nay be adntnrstered as part of a conbrnatron

" oy T - . I L oy T




conventi onal chenotherapeutics, the sirtuin-nodul ating
conpounds descri bed herein may al so be used with

W@ Ra1nee3de RNA, RNAI or ot her pol ynucl eoti des B@I/US2009/049498
i nhibit the expression of the cellular conponents that
contribute to unwantsgd cellular proliferation.
Conbi nati on therapfes onprl ng sirtuin-nodul ati ng

éé conpounds and a 30[ con entlggdﬂ chenot her apeuti c agent

advant ageous~gVer co ation therapf espknown

art beca se t e co t|o alloms thJ

dAag g nt reat er
effect at | ower do age In ? prieferr d ehbodi ment, the
effecti U&E (E for enot h utic agent,

or conbi nati on_of conventional chenot her apeuti c
gent sCFghen u in combi nat | hmlth a
i n-no conpougg—ﬁg | east 2 fold | ess
t t he ED50 cherfot heg c agent al one,
aég even nore prefégngV dat 5 foldE#%O fold or even 25

f°' ‘i’n é&ﬁ %ulap?:ﬁléc‘?&ﬁl%h% R AGndiNEARAH L%Ia‘tz'ilg %th%}h&c}&ﬁefm of R?

erapeutic agent or co ination o
to the ln@tmf the camputind; aadehtreintRNiswptidnally farthdyi snbdtitetad s ddscabed
sirtui n-nodul ati ng conpound descri bed herein can be at

least 2 fold greater than the TI for conventi I CF,
chenot herapeuti c regi nen al one, apd even nore

preferably at 5 fold, 10 fold or G gre

10 Neuronal D seases/Di sorders rtain

ect.s rt ul ati onpoun at increaseg
> aboveh (leg@fé’l en&lnodiu %?ntgg{i leﬁlf/ct%jf §%m3| rtuin protein can be ’
used to treat pafFients suffering from
o ne odegRpeLst i vg

apd_trggpatsc or
i ca y F ' nerggﬁg 3 %Q)%Q,
al cord or ys system (| .
odefgengr at i e dlseaeeFtypl ally ipvol ve 5

reductions in the mass and vol une of the human braln
which nmay be due to the atrophy and/or deat h of braln

after

proor155|ve egeneratlon (e.g., nerve cel | dysfuncti on
and death) of specific ain regions. _ANernatively,
e neur odegener t|ve dIS ase 2! can hav- gui gk onset,

sud_asCFho OXt" RS, e
3 onset O]
. al expred

ol by many yea Exanpl es of
nedf odegenerati ve

di seases’ i ncl ude, but are not ’
Iinitedrpo\pAlzhelner S dlsease (AD), Parkinson's

di sease ntingto i sease (HD), anyotrtophic
R l. eralN cl S; CGehri gys dCfegase), fuse
pody dlsease mrea-aca% Si s, Errﬁg
25scl eros bcul ar dicsea (ocular CF3_ and

itis), chenotherapy-induced neuropat hies (e.g
vincristine, paclitaxel, bortezom b),
——d{?j%kes i nduced neuropathles and Friedreich' s ataxia.

Si nodul ati ng conpounds that increase the |evel

10 and/or gétivity of a sirtuin protein can be used to
treat these disorders and others as described bel ow
AD is a CNS disorder that results in nenory | oss,
unusual behavior, personalifg 30changes, and a decline
i n thinking abilities. These |osses are related to the
death of specific types of brain cells and the
breakdown of connections and their supporting network
(e.g. glial cells) between them The earliest synptons
i nclude | oss of recent nmenory, faulty judgnment, and
changes in personality. PDis a CNS disorder that
results in uncontrolled body novenents rlgldlty,



10

15

20

25

(M5), including relapsing M5 and nonosynptomati c M5,
and ot her denyelinating conditions, such as, for
W@ 03948 chrom ¢ i nflanmatory denyel i nati ng PCT/US2009/049498
pol yneuropathy (ClIDP), or synptons associ ated
th i . t 0 i , .

BB B ReH ! ORORAG PO b Bne g gt
indepardiently sad¢died frymdialoa -GN Q-6 plkel, €1 +Corfhordeuhssaded aikyl, -OR®
treatj. trayma . to the nerves, including, trauma due to .
Whe’é?i‘%_%alose%ll‘}fo PPy SRS 1B g P Hiorg hRIR YRsHftepfs) [n ggrtain

embiiﬁ%ﬂe)ﬁ%[‘%g ﬁﬁenﬂr@)‘ﬁﬁﬁalﬂy_esugstimﬂ%& B OB} Ridre @lbeHaGhts SM

ul n- nodul at’i ng conpounds that increase the
independehtlynsal¢ated fromi~GltProff, €LV ¢ +CFrendFOEFot ei n may al so
be useful t rev .treat, and alleviate s t of
vt st ps inve Rl e itefa poipn g SRR by
StrufYetHl Ppahdly 11: enconpasses a wi de range of disorders in
whi ch the nerves outside of the brain and spina
®Jr d- perj pheral nerves-have been damaged. Peri pheral
eur opathy may al so be referred to as periphera
Zﬂgﬂe itiN, or if many nerves are involved, the teins
at lyioor polyneuritis may be used. 20PNS
treatable with sirtuin-nodul ati ng conmpounds
rease the level and/or activity of a sirtuin
rotein include: diabetes, |eprosy,
arcot-Marie-Tooth di sease, Cuillain-Barre syndrone
hoBrachi al Pl exus Neuropat hi es (di seases of the
cervical and fi (I3} ot healtathereof whersin: ner ve trunks,

cords, _and 4 .phenal nerve conpenents,of the brachj al
ol ERERE7 Jonf 72180508 R 2 e 21 8 selehfits N@d
CR'E pupd may be used to treat or prevent a

Bo yglut%ﬁine di sease. Exenplary polyglutam ne
di sease® 1 isctlacted Spimintsindgsay hale,s O, aC=dit flogreysupRenied &y-C,

di , tdi ngton’ ' .

eAan o R Sy B SARAT S o Srrpatiuted allo, €1
Sy g iky)-(C,Spj ARFIGNEREY(RY), 20-TH,EHOPBCH,OH, -0-(C;-Cy) alkyl,
Spi nocerebel | ar ataxj,a typg 2,, Spi nocerebel | ar ataxi a

Ly e-(6 -Orm SIS S B -8 CXBLY, -S5) ot ensks-Gr cycloalkyl;

at axi a RY2 g‘fl?“e@ﬁw‘%%%gg(?{f@} aﬁ%}izl?.(w—i&ﬁ) %g?r?gﬁlr)]stituted

Spi nocer e ar ataxli’a

errbmsq, n@t&) atklyd-N(ROERb) «oﬁl-lrmxﬁxksde@@-mggaa), HE1C palkyl

a centsr a ner vous. s C (0] reven alhage I n

F ecthsent §C AR T B BI IR (o the col |
Typically t h,@a&ﬁeﬁ"’eirs 'iﬁdég%deﬁ@ﬁ?&g@ctédqﬁgmrfﬁfﬂrc%%n,%ﬁ\[,@p—t%QIkyl;

will depend in large part on the degree’of Teduction
in bloodrflowto the cell and the duration of the

reduction. In one,enbpdiytent, 5  apoptotic, or necgoti

col | deat h mayo Bo PRPRLQ e te Hugein diom o kg {oecher with the
enbodi MaRfogeh SRR OR di4atE T ntbARER] sabil#§8d BStefotl €% btionally
edema or central nervous systemtissue anoxemn a,

na
be pr evenmtising Aneedshiiensbbipieion salaieddearn LIS, SErQHEO):
system 81% b )érepneth"é1 sg‘tﬁfa?e%l hek %Jz .c?% is3 H&?a!llg sﬁﬁgt{tu’ted at a single
Anot her “aspect enconpasses a A AIS raplng srrturn

acti vat cados atmownﬁ -OH, acllolld sllabl, dadrot NHy, eHH(@,-Ce lkyajl -
nervous_system. schem c _condition. A  of centra
norvous Nt eCem Dot EHECRe EHoher MG TRATEOCHEES by

the sirtuin activating conmpounds descri bed herein. In

one enbodi nent, the ischemc condition is a stroke

that results in any type of ischemc central nervous
system damage, such as apopjgtic or necrotic cel

deat h, cytoxic edena or central nervous systemtissue
anoxi a. The stroke may inpact any area of the 15brain

or be caused by any etiology commonly known to result

in the occurrence of a stroke. In one alternative of

this enbodinent, the stroke is a brain stemstroke. In
another alternative of this enbodinent, the stroke is

a cerebellar stroke. In still another enbodi nent, the

Y - . o,
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I n anot her enbodi nent, a conbinati on drug regi nen nmay

i ncl ude drugs or conpounds for the treatnent or
WeeavesmorHn of bl ood coagul ati on di sorders or BEDURA/G49498

30 conditions associated with these conditions. Thus,

a conbi e

ai Tt e SR BB LS R I R AT L Gp i,

and3-0C;- ét@)tﬂlwrbasubsftmaedsalkﬂuchqﬁmﬁdyel B-(&Cpalkyloandriyr @,

anti - qﬁ ulatlon or anti-thronbosis agents. Wi ght

CofiYsled I n anot her aspect, sirtuin-nodul ating

CommQ léél@@te& 3t INIZICR30S: 1 RE-DoXaL-rangdhar -8t ity RfLf

sirtuin proteln may be usng for treatln preven I Ng

“NHvR¥{(FGht!, gS;(F@)@{Ho‘beS(FDyz-NH -5 -NibPEtd).- TFWH@(@WB -,

N R R P S BRI, AP ERIRE TS oY o

-NHG(X@@NR,’S t ONR'&@(=0jNHI e VIALNRELE ANRANHOPEBL Y-+, -NH-O-1,
di ef.ary obeeﬁ%y hot none rel ated obesity, obesity
-NHr @R gRedf -6 R e -2l miNH-CATNBR ) 3% -GedNRe atNBrils to 1 educe

@QQ%%%@%;Q{ RSYLR6L 0Ot LRyl LSRR pvent

gal n-a subjéec i i N need ‘of such a

-CRPR C RSNy -NH-$( 03401 &R - \WhOR 53”@&(@@»1}1111 keI y to

'NHoﬁgsggﬁgﬁ??ﬁﬁﬁlg@teg(%g% Mil;él( y)p)tr§ (g% BeCmee obese
CR"R‘QWG‘%@Q?E% A AT P R P VR CERUCR R o
el WH:CEO)- Ot takdacreinr varlous conbi nati ons t hereof.

et ot her, e di 1$1 rtui n-nodul ati ng conpounds
th$ CRTREH ‘%%er”%gl lb toaﬁld’/aﬁfl activity of a sirtuin

pr eteidy N‘éﬁrélﬁdé}%%&it@tsﬁfe@@d RS HRIr6SdnS Cf, fabifyil, NCF,f 5}91U(C1-
a variety of other di Seases and conditions that may
Cwﬂ%@::@éd or prevent ed by pronoting wei ght |oss 15in the

Ji di Se l,u ey, 11h]
o1 Boct pris e okl RTRRRS RN iR\ ARRRLER | L ety
subsdyﬁéd withleng &, waoysaestauténta bﬁtiepSndehﬂﬁ sdledied B6mHadd)CEEN, Ci-Cs
ucose intol erance, hyperinsulinema, cqjonary hear t

alkyf gl oatlfq S ebiospeabstisnllyh 7O, 1 b -bat ufer c4

£ 1 8 2] 1
alkyg N(t%%g éoa (h}jrmt g%;?‘%/%ﬁ 1 NSR ng ap?ZN(RI
-C(Q)el34R T mdrgclgzmkﬁpre(om(rﬁ YYD samif wizarR ' is glengh Réls,ls also

| t d
opti G Ptk b B e s ROk S sl # serfatlpregiony.
3,4- aﬁﬁkﬁéal&@ugﬁo@ssuﬁaﬁﬁtea Bay- eth&l%ﬁ&lﬂé)é}f @{s@ﬁlratéd‘ﬁ&é&bﬂ'dlé)}’

I rregul ar ovul ation), bi adder control problens (such
fluorgssubstituted - Dr(@@mtaitftdelm@?wctﬁ)t andaci d nephrolithiasis;

S 0l .0gi di_sor such.,as,depressi on, eating
Cr- Cp ?5%}? tu%%4 gt(iﬁ?‘ltlregea{)%e&é ﬁgﬁeWth | ow sel f est een) .
Fl Badhl R iviaténtentiyi selectdt BOne Byurogne hap-¢ L Opsysl bophy

or |ns%l|n resi stance in response to conblnatlon

t hEY@Bi exe taken jqepther with the pilfegeeromrip S Ghehey are bound to form a
4- tosg gl%%ﬂrbgggglg@% fg&@@@? Qﬁ)aﬁf @(%mktnﬁ{lgéﬁegae&%zoert #f !eroatom
seleatethfrbth gt S@dﬁ)pcﬁ@e@ﬁsm&i (Orwhe&t:mcel | di ff erenti at i on,
net hods. ma

whet h S
for tr caiPm oe pobvbnek %lég BBRSTALly SCrs ek Bith one of more -OH,
eﬁmiécmtamylﬁﬂﬁ&ﬂél mrg,ylz l-09ax9pPayde, bNat),,

i ncrease the | evel Oact|V|ty of a sirtuin

pr dﬁﬁ(ﬂiﬁﬁ(lﬁﬁﬂs@rdN(GHz@Hd&@HBﬂg apgpetite and/ or

i ncreasing satiety, thereby causing weight |oss or
avoi dance of wei ght gain. A%EUbjeCt in need of such a
treatment may be a subj ect o is overwei ght, obese or
a subject likely to become overweight or obese. The
met hod may conprise adm nistering daily or, every

ot her day, or once a week, a dose, e.g., in the form
of apill, to a subj ect. The dose may be an "appetite
reduci ng dose.” In an exenplary enbodi nment,

SI rtU| n- rmdul at| ng conpounds that [ ncrease the | evel

o .
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5In other aspects, sirtuin-nodul ating conpounds that

i ncrease the level and/or activity of a sirtuin
WeeovedI4&an be used to treat or prevent a di SBEBES2909/049498

di sorder associated with inflanmation.

Sirtui ”wﬂ&?f&@k“ﬂ?e %ﬁgﬁ’ﬁggﬁg& Witk hel ﬂ?ﬁégéi\scgorh h&whithehey are
and/or activity of a sirtuin protein nay be

adbdunidgt doreda pr fodi-membeied samsxed Ieftgroaycle, die safurated heterocycle
initiati of inflammation. We d

or PR Sl Pied A b HRICT @ Car G sty fuoro, N,

pr ovidgac kNS -Adeang ag&%,amq(cm@ﬁ{m@mc ¥r N(ERBUSEOCH;),;

synptom Adm nistratio t he conpounds may prevent

or arzt epionallesubstitutadres poy substerblesrirogen agmpyigngi-Cs alkyl,

| nganot her.. e [ t .. Si N3P ul at;i ng conmpounds

t hg}torpﬁgsgggtgg méﬂfai‘% Oré{w(?]#%%"og@%?’\/ain%iy gf angi rtuin

pr RPgk Beledtyd RemUs@Ebdcocle hadihg af lepdt Eve fingakdmey gideshaétdcycle

respiratory conditions, including asthma, bropchitjs,
otheplipRripsragine Brlazile triggojeqiyeazelopyiidng, Whstgigdh  ispptionally
s op EOMSE B A AR RN IRLR, oo, i
alky 0540 g tlowikyl @l Miyraroyo-sitstasel JGOPD)-(CFogalkghpduRis-S(0)-R",

SOl g i SR Lt AR A R
-C(INIRIR MPGel, 2t iy 1 CADRNARS) RMGL O BB Pl CarlddRbond

nd/ or actlvig% of” a siTtuin protei n may be use
hetetored¢, aad tvdiemRinis mhiesdaBeds alna pptionaly elrstitttecwith 3,4-

2 0CI d with ' di h
met RO EY ST SRR A GOAnE T s Pt pachetogy) Lygre-
subsBfutddl 3 4-ethylABEioR{ Kot -OSsiGrafadideirbdycles whareinety plsyl, saturated

organ-ti ssue autoi nrnune diseaqg; (e.g., Raynaud's
heterogyfe oreepondiheetoayqle substtuent of R Cisoimtienslyswihséuted with halo;

UG OSi L e hegi IS, I 0.
P28 Wi QLSNP AR SOLR. M0 RO AR
(C-OeslR,i -SH(E, -Onalityilp L $-(6 s Ce flasiossubgtittiied atkytle-NH-(C;-Cy alkyl) and

thyrojditis, uveitis, systemc |upus 25erythematosis,
'N"(‘Adéi@%l)@ vhegdhse, autoi mmune pol ygl andul ar di sease

(a VR RSN AL @11 RN A:! B'®ibsti

Gg@gm gqug(e@slgﬁ L2 I'n ggre%égl:] %@gﬁbogi%ggﬂ, ongc’atltgtr%lg
phenybmed & andR reredbl tHeatR'h i oo ppadinglorgatolingle pedhse t he

Bt 30 DY A0 22 R 25 Bl o o

and RS&EWH AR 't s8Rt bediRyl. pPreventing inflammati on.
Fl ushi ng I " anot her aspect, sirtuin-nodulatin

coltpsahseramatmpis ok seamuln, v ar(RirNAEH 41 ey 8F ae cach
o, &bl 943 SR me s e o n BOHPAIS O B bAGRE o

pyridigapglons of a disorder. For instance, the subject

met hod 5i ncl udes the _use of si,r.tuin- m)dkll ati.ng .
cohpesiiatseebpdiments peEarauly H, Revig potayaazstyl dgtifazoly). iggolyl,

R S S R L S S
tetrahydtbpyrrdiopyrizobd hesrahytdregynarepypab iyt o setrahpdropiwedinopyrazolyl.
enpod| nent.s, .t he hod oyi,des for t use of
o By SiheT SRR ARG EORBRIO “anaet P Base the | evel
angl{ QhtafCdrhdddiiedE oPFSIHIMN MR cOMPbind B réfedéaRdyny one of
i ncidence or severity of flushing and/or hot flashes
Stru¢tpral BommiepdadH anghlde:post - nenopausal woman. In
anot her aspect, sirtuin-nodul ati ng conpounds t hat
increase the level and/or agtivity of a sirtuin
protein may be used as a therapy for reducing the
i nci dence or severity of flushing and/or hot fl ashes
whi ch are side-effects of another drug therapy, e.g.,
drug-induced flushing. In certain enbodinents, a
nmet hod for treating and/ or preventing drug- 15i nduced
flushing conprises adm nistering to a patient in need
thereof a formulation conprising at |east one flushing

o oy R o s
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I n anot her enbodi nent, sirtuin-nodul ati ng conpounds
that increase the |evel 20and/or activity of a sirtuin
WQeonedI4$ay be used to reduce flushing side ePEBHUS20U049498
cal ci um channel bl ockers, such as ani odi pi ne. In
anot her enbodi nent, sirtuin-nodul ati ng conpounds t hat
i ncrease the level and/or activity of a sirtuin
prq%eln &Hy be used to reqyce flushing side effects of
antf bi otltcs. For exanpleﬂ?sirtmin nodul ati ng conpounds
Brease the |evel d/o 25activity of a sirtuin
rbz used inl¢ naEF_ 1yﬁth | evof | oxaci n.
he present invention
, duci ng or ot herw se
tregating vision inpairme by adm nistering to a
Matlent a therapeuticoggSage of 30 sirtuin nodul ator
selected fron1a(ﬂgnp&3nd di scl osed hene), and or a
pharmaceutically acceptable salt, prodrug or a
nema%ollg derivative thereof. In certain
f the invention, the vision inpairnment is
damage to the optic nerve or central nervous
prPBAfticul ar enbodi nents, optic nerve danage
ngi“\,.u Bd by high intraocul ar pressure, such as that
created by glaucoma. In other particul ar enbodi nents,
ogﬂﬁc nerve damage i s caused by swelling of the nerve,
which is often 5 associated with an infection or an
i mune (e.g., @led.olmammaze)speeisipembedisnenhofBorimulalt the
neuritis. In certain aspects of the invention,
the vision inpairnent is caused by rdﬁlnalgdanage In
particul ar enbodi nents, retinal gamge i s caused by
di sturbances in bl ood flom1to t he ey ¢ §$
arteriosclerosis, vasculitis). In pa
enbodi nents, retinal danmge is 1R'taiU$ di sruptor
of the macula (e.g., exudative or non{exudative
macul ar degenerati on). Exenplay§ retinal

di seases i ncl Exuda ive Relrdf ed Macul ar ,
compRiiiE Femssweg%aséé%% F@@ﬂ@%ikm ated Macular (1)
Deg?&ff'faﬁ{ AP0 difRRhis R Foﬂuﬁ& ﬁlr RN ﬁchfBQéi h&%ing 2808t 61Rks

Transplantation Age Rel ated Macu Degener at'i on,
embgdiutest, Kid ¢onfrmuat] 1ﬂeams¢rxﬂedip)g&mmr5bﬁmmla Hpairhamoﬂm: aspect of

. Reti nal Be t
tis 5o fenh R SEGFoatEn st M CURPRLGL T BT BRo ptegh gty R pesent
i |
s o8] i Aol S?‘"ﬁ?" T O ear ot el VA%

reprsegted by Siructoed foamulgdfog izd @@bﬁ oné R arspatdrgeenEal es
oS RS X o PIOLARE PRSPPI A e, e

compd iaFepstentd bivisttutaral Ifhhﬁulafﬁd:b rlﬁtan padn Mem\Vspscitit aspect of this
Menbranes, Diffyse Unil ateral Subacute hburorgtlnltlsy

embodimash taecsoamonat icrepsrsete b aiuatap! Erawie [1haad Rye
4 i st opl asnosi s Syndrone, Exudative Retina
R.a%@ﬂ‘?ﬁ%g Post operati ve Reti nal Detachnent
Proliferative Retinal Det achnent ous
Reti nal Detachnent, Tractional Re :i IL
Refi drtairserRbeitimphissR!! iChiecRal frotht | 5, SRet i n I aE; omas Me,
Ret i nopat h of Prenatur|ty Blrdshot Ret i nopat hy,

~Ghe e etm Sadn. Fomg o.%ﬁﬁra}!{
va

Ret i nepat hy, cher Ret i nop rsal

Ret i nopat hy, Juvenlle Ret|n2§0h|5|s Senile

Reti noschi sis, Terson Syndrone and Wite Dot

Syndr ones. O her exenpl ary di seases incl ude
ocul ar bacterial infections (e.g. conjunctivitis,
keratitis, tuberculosis, syphilis, gonorrhea), vira
i nfections (e.g. Ocul ar Herpes Sinplex 30 Virus,
Varicella Zoster Virus, Cytonegalovirus retinitis,
Hunan Innunodef|0|ency V'rus (HIV)) as mell as

o e o s o a o




nodul ator can be adm nistered in conjunction with a
therapy for treating and/or preventing CW
W@Re1/639d8 hy. | n anot her enbodi nent, a sirt ui NnPCT/US2009/049498
nodul ator can be adm nistered in conjunction with a
erapy for treatlng and/ preventing nuhtlple

e bl

prOV| es nethods for freatlng di seases’ or di sorders
t hat moubg beneflt fro MCreased m tochondri a
act|V|ty The nethode | ol ve adry ni steringmeo a

ST q need reo ther i cal ffective
@ S Sl actlvat"l e— poupdy

ncr eased
ochondrlal ct|V|ty refens to inereasing activity
of the mtpches

e nalnta|n|ng t he overal
nunbers of

I
h @ , JFF ochondrl al 10nass),
yFreN easi ng th a the eby
§| ng mtohondr| tIVI y (
stinul § 3;@;} Z@i&ﬂn
i's es an

ng m chondrlal i ogenesi éﬂﬁéﬁ?
t here In c awtam nts, =N
di sorders’ that wdul d beneflt frontlncreased ’
m t ocHondri akie activity include diseases gy, disorders
f; a SOCIa ed‘MAth t chondrlal ys&undélo In certain
ON

that WO Ig/15beQekjt ftopincre
' activity may conpri Se |dent|fyrng a
subj ect gHffering froma nttochondrlal dysfuyncti on.
t hgsls flor d gn SI ch drial dysf
% nvpl ve~ o ec ene gldwand/or “
hentca®HanaI sesv di Gers

associated with nttochondrlal dysfunction’ |ncIude
di S€ases and disorders in which deficits in

m ondri al resplrator chain agtivity contribute to
t e evel op of 20 hophysigiégy of di seases
I sorder D| seas '

r dis
| d beneflw fro e eased chond rNaI act'V{E?é‘“\
neral_ﬁg:é | ud _{ggiexa | d|§ea whi ch'Yree {t]
dlcal Vated oxnhddt i ve & nj le ds\t tissue ’

degenération, di'seases in mhlch celI’s i nappropriately
ungder go apoptosis, ~and di seases in which cells fail to

poyptosis. 25l n certain enbodi ments, the
Qv nts ovi ded”r hods f treati a dlsease or
order th t woul eneflt ntlncr

' ochond act|V|ty |nvoI \!
subJect hther \o nel or re/slrt E ‘ \fﬁ
actlwatlng conpo ds nn c inatio t h. anot
ff therapeutlc agent uch as for ex nple a agent
roan
age t u e ullfor redEC| ’%Zé} fg::ﬁPBOmﬁth
ondr |

| sease or rder N nonV|Ng ntt
dysfunctlon In exenplary enbodlne s, the

|o t|ng NS
\Egﬁ t Mnuld en r ase]
Nch @al actiT vi t Nterlng to subject

a therapeutically effectlve amount of a’ sirtuin
activating conmpound. Exenpl ary di seases or disorders
i nclude, for exanple, neuronuscul ar disorders (e.qg.,
Friedreich's Ataxia, mnuscular dystrophy, multiple
sclerosis, etc.), disordersypf neuronal instability
(e.g., seizure disorders, mgraine, etc.),

devel opnent al del ay, neurodegenerative disorders
(e.g., 5Al zheiner's Disease, Parkinson's Disease,
anyotrophic lateral sclerosis, etc.), ischema, rena
tubul ar aci dosi s, age-rel ated neurodegenerati on and
cognitive decline, chenotherapy fatigue, age-related
or chenntherapy |nduced nmenopause or |rregular|t|es of

o o 1 . I Y O



10

conpound. For exanple, sirtuin activating conpounds

may be useful for inproving 5physical endurance (e.g.,
W@R01h1003p48 0 perform a physical task such as exBCTUSW09/049498

physi cal | abor, sports activities, etc.), inhibiting

or retarding physical~fatigues, enhancing bl ood oxygen

| evel s, enhanci ng engrgy | heal th |nd|V|duaIs

ﬁ: Zj@d% %%jﬁaﬂac}téjﬁﬂ 2 ﬁ?”gﬁm NgP g%g?;, and

upcti on, |ﬁprQV|n§ sexuaH abi |
|ncrea3|ngmnuscle ATP | evel s, and/or reducing Iactlc
acid in 10 blood. In certain enbodi nments, the nethods
jni sterin unt of a sirtuin

onpound t % rease n1tochondr|alv
Gh&ﬂﬂ /

activity, Lease

[ nesi r
ME ncrease mit ochon a' mass. W ereln g&qpéIOB%l? g’ﬁ%ﬁh
subs'i@xft?% SInta\(l’\i}:lxgﬁes 8Qhit binbo@mehl R BishloBR#ther SHSGURR. TR one aspect of

per art|C|pat|ng in sports activities.
eith&rdfahusedmbpdlnIeststnﬁ eC(HEE; 1. sinrae ryehmospspedifiamdpect of these

bR PR P CORURG: e OIS %r%n?é’%ﬁ%ﬁ%yu%@”ﬁv&%gw le

contractlon shorteni ng of nmuscle reaction tine
bet ween stinulatlon and contraction. Athlete refer;

an individual who participates in sports at any le

and mho seeks to achieve an inproved Ievel%gkg;;%

st i 12i e, F
Ilﬁ@ xﬁB&ﬁﬂleﬁ{%%f%B{gH\gQ@)gﬁ 1§‘setlé?:?éc{)l Sl

or exanpl e I ders lists, 1ong
dlstance r gnners, short 20 di st ance runnerfs, etc.

Enhanced  sppets pepfornance in nanlf S by the
it é : ne --scle f Ro
i n ac \it 2: us of me,
reFﬂfeM|ﬁevw ut, In,Hm méﬁao% gj ,

at hl et e nuscl e performance, is desirable to create
hi on or training at

condi tions that permt @
er |level esi stafhceNgf a prol onged period of
§ . 25 i§ @ pl at ed t hat tghe hods of ,the

vention witl\al so efff et e Yyn thé CF,
nt of mnuscl eﬁreﬂat ed @wol ogi cal (conditi @
i ncl udiag/agut e sar caPeni a, exanpl e, cle ,
atrophy and/ or cqpheX|a associ ated with burns, bed

rest qIlnb i mobi{ i zat:i on, or n?Jor | th raC| , .
XA g
~3§|d oveI q$T/

conpri sing sirtuinm dul ators, a nethod
for their preparation, amrg-~a nethod of using-the
gonmpositions for.haprovengnt @f, sport.s perfopganse.

Accor di eg rov de Far erapeutl ce ons,
.og th%t zve acti ¢ ﬁ? i Ng
hysi c endur. nd/or i nhi bi phy3|c.

fatlgue for those p opieFlnvoIvgd i n broadl
exerci ses including-sperts requiring endurmance and
Iabors requiring repeatled nuscle exertilons
di pt apy_cornposj ti yFadditf onal cp
a e, vita ar'bobydr at es, < °F
Si rtui h- nodul at corrpou ds that @
CI”i ncrease T2 | evel and/or»50t|V|ty of &sirtui )
protein may be used for treating or preventing vira
i nfections (such as infections by influenza, herpes or
papilloma virus) or as antl?yngal agents. In certain
enbodi ments, 10si rtui n-nodul ati ng conpounds t hat
i ncrease the |evel and/or activity of a sirtuin
protein may be adm nistered as part of a conbination
drug therapy with another therapeutic agent for the
treatnment of viral diseases. In another enbodi nment,
sirtui n-nodul ati ng conpounds that increase the |evel
and/or act|V|ty of a S|rtU|n proteln may be




At least in view of the |ink between reproduction and
| ongevity, sirtuin-nodul ati ng conpounds that increase
W peoje3ped and/or activity of a sirtuin protei PCHMRDE049498
applied to affect the reproduction of organisms such
as insects, aniJymls and nrcro ni sns. gf 4. Assaxg

“T'Yet other methods cont nplat re nin w0
Feehioatamr®t he for den: yq/njg .-oa. or ~agerts
hat te & Ui nsh.‘agent may a cl ¢
aci d, “h as, an aptaner. Assays smy b€ conductéd in a

cell based or cell free format. For exanple, @an pssay
may conprise incubating (or conﬂﬁbtlng) a sirtyin with
__a test agent under conditiong

I can be nmodul at ed by an agent k
[:%ag dga'“ ng or det

ning the | eV
duIatlon of S|rtu|n in the presence of th
agent NETative 0 the absence of the wééq agent > Thal
| evel bi/obdulation ofletjjrtuin can ke det er m ned O
determning its ability todeacetylate a Substrate. ’
Exenpl ary substrate are acetylgted peptides which can
;f peobt ai ned fromBLO (Pl ymou, Meeting, PA). 30
red subst s include g des of p53, such as
oS NcgH N Hed 278} cularly
preferregHsubstrate i's e FIuor de Ly HSIRTl
(BIOMOL), i.e.’, the acetyl ated peptide
AﬂﬁgHrs Lys Lys. OGield substrates are peptides from

an hi st ones d H4 or 30E¢ am no acid.
trat es rray be or ogeni c uin may be

RNGSi Qn t » mpl e,
recombi ngnt SIRTl can b al ned froan The

reacti on nmay e conducted Tor about 30 mnu es and
stopped, e.g., MFLh nicoti mgn de. The HDAC fl uorescent
activity assay/ ru»-uiscovery it (AK-500, BI OMOL
5Res h Labor 8 ed to determ ne the

\ﬂgjjf acetylat|o Slnr ar“-s says,q%@ described in
t al. (20 Bi ol em ~ 450 The
veloof m)&lh ation @e swt@ﬁg be
conpar edOHo t he | evel podul at ~- srrtuMn in
the presence of one or nore (separately or

S|nultaneousl¥) conmpounds descri bed hereln, whi ch nmay

serve as po dist{ ve or negatfafe controls. FST Kkt ui ns for
n as

se in the ? fsul ng[ﬁ“ioﬁrr
o e| po réo e_bp £n
-| \_t hat actrvatrng npounds appear to i nteract

mnth the N:term nus of SPRT1, proteins’for use in the
says |nclude N-term nal portigns of sirtuins, e.g.,
bout am ho s 1-176 or 1 i@ of SIRT1; about am no

S lzgtozsstqse Frod i

st 15agent and etylated su at e under
condltlons’appropr|ate for e sirtuin to déacetyl ate
the substrate in the absence of the test agent ; and
(ii) determining the | evel of acetylation of the
substrate, wherein a |lower |evel of acetylation of the
substrate in the presence of the test agent relative
to the absence of the test agent indicates that the
test agent stimnulates deacetylation by the sirtuin,
whereas a hi gher |evel of acetylation of the substrate
in the 20presence of the tesd agent relative to the
absence of the test agent indicates that the test

agent inhibits deacetylation by the sirtuin. Mthods
for identifying an agent that nodul ates, e.g.,
stinmulates, sirtuins in vivo may conprise (i)
contacting a cell with a test agent and a substrate
that is capable of entering a cell in the presence of
an inhibitor of class | and class II HDACS under

~r 1" 4 - o - . e " .
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30 fornmulated in solid formand redissol ved or
suspended i nmedi ately prior to use. Lyophilized forns
WQRrEHIAIIES | ncl uded. For oral adm ni st re€T/GR3009/049498
t he pharnmaceuti cal conpositions nmay take the form of,
HF&or exanpl e, gablets, |ozenges, or capsules prepared
onventi onalyneans w th pharmaceutically acceptable

i R pi ent s sg bi ndi ng ;aggh (e.q.
pregel ati ni zéd ze starch; vrnylpyrﬁQ‘rdone or
hydrigxypr opyl | cellulose)SXillers Qe. §.,

Iacqgg nicrochy_q}L\ne cel luese or &
hydr pbosphat e}-nNI ubpi cant N e, g,[-u

stearate—ftalc or silied); disint&grants
starch or sodi
(e.g., sodiu
coated by net

;f rgpar gtions fo
hi

:g.MepOFE ;
m starch glycolate); or wetting agents

uryl sul\phate). The tablets may be
s wekl in the art. LIQWéd
oraE g -rs rat on nayéi
1/

Iutrons p§ﬂbns\1ifﬁi
8y my—be pre ed as a d prod for

10constitut’ion with’water or otRer suitable vehicle
before use. Such liquid pr aratrons y be prepared

j‘ N naI mean - 2 ur ceptab
hddhtlv s s c as su dlng nts (e .., bltol
tives roge _kfif

f s) em“gsrf hagents (e. g : M@crthrn or @c cha
non- aqueous Vehrcles (e.g., alnond dil, orly esters,
et hyl al cohol or fractionate yegetable oils); and

pregervati ves e o\\ nmet hylF
15 ogyl - p-h zoates ory_sorbic acid). The

preparati ons 0 cont Bﬂﬁfer salts, flavoring,
% r|n teNL g ag nt\ appropri ate.

sNor'mgrjadmru raﬂrnrn& e.Suita
nul at ed 1o give cont#H | e rel ea‘é’@eTS%{‘ hé ‘ﬁ%’toflgli’yfuﬂher
subsEARL UG mbRspadiTE BinBbdifehO R i noPfidthaf 4uPBtith®dJd In one aspect of

pul nonary delivery), sirtuin-nmodulating 20 conpounds
eitherepf tlta@e cmhv@meem Kyis (Q)¥leld Inranterien morenspe¢ifigaspect of these

emtfgiRRos I Gy RIFAC R Gt SPmbb G bR a g B SRR Porut

Ilc. €. Q. dlchlorodlfluoronethane trichl orof | uor onet hane,
dlchlorotetrafluoroethane carbon _di oxi de or other
suilk %ef|aaotagssperificiembod et ghe invEREasRIPYidewa surpetsd hayine

tyymay be determ ned by providing a valve to

Sﬁugﬁﬁﬁgg?ﬂgb%%tered anount. Capsul es and cartridges of
25e 9., gHatin, for use in an inhaler or insufflator

» | at ed containing a powder m x of the
y %mitable powder base such as | actose or
i rtui n-nodul ati ng conmpounds may be
atetNfor parenteral admnistration by injection,
by bol us injection or continuous infusion.
latigps for injection nmay be presented in unit
doSagepform e.g., in anpoules or in multi-dose

contai pers, with an added 30 preservative. The

conposi tions nay taig) Sifekihor B as suspensions,

solgtrons or emulsions in oily or aqueous vehicles,

an®’ ieselestadt faom hiydrogen, fluero; -QgEhesd swephodis-4yk pendi ng,
stabilizing and/ or dispersing agents. Alternatively,
the active ingredient may be in powder formfor
constitution with a suitable vehicle, e.g., sterile

pyrogen-free water, before e.

Si rt ui n-modul ati ng conpounds nay al so be foiinul ated

in rectal conpositions such as suppositories or

retention enemas, e.g., containing conventiona
suppository bases such 5as cocoa butter or other
glycerides. In addition to the fornul ati ons descri bed
previ ously, sirtuin-nodul ating conpounds may al so be
fornulated as a depot preparatron Such | ong acti ng

I o N L o, N e D T /7 r

Me




5 oligoners of glucose; these conpounds forminclusion
conpl exes with any drug whose nolecule can fit into

W@ pE0j0d3dephi | e- seeki ng cavities of the cycl odeREF/UH2009/049498
nol ecul e. Rapidly disintegrating or dissolving dosage

forns are useful the rpi d absqgption,
particularly buc%al,a bl| ng@ak(a sorp _%Hgg
;ZiL e forms

phalimac ical l
g‘béﬁ%?‘@?ﬁ?“¥o patients such as aged’and pedi atric
L“< atie fficulty in smallowN1 ypi cal
Solli d [dosdge_fo
ihna? i—k% deLLOd sageNfgugs,sircum;én/
drambacks aSSOCiated with, for éxanple; chemable
dosage fow's, wherein the Iength of time an ive
nSNLﬂ utNent s L ays ort ant
olle [ Wﬂ f t%/mski ng and
e extent toS j ch % pakaent y oij to th¥dat
grittiness of the active agent. 15Pharmaceutic
conp03|t|ons (i ncluding cosnetic preparatio
conpri OHr om about 0. 00001 to uch as fr O 001
v' from oto -g%ii}fﬁone or
ui n- o Ia%’con‘p ds descried ei n.
-other e ETH sfiar maceut i cal o 03|
conpri ses: 0.05°to 1000 ng of the conp0unds of’> the
ntion, or a pharmaceutically acceptable salt
§% E 0.1 to 2 grams of one or n,’greMe
rmage tl\ cce abl e e C|p|e | ns

enb a SI desllkgé
herlei IS i nco ted o a ho caI nulat on

con aining a topi carrNer t I's gen€rally M&ii t ed
to topical drug adnini giation and conpyj sing any such

if terial knogn in tbe a t Epe topiaal carrigr may be

N
\K%gji:;L\;giifTiggg : 5cﬂ$ anﬁorztnent oHotrHE;;K/\L::j
c

eam mcroenul Sion, gel, *oil, solution, or thé |like, ’
and may be conprised of a nateri of either naturally
occurring or synthetic origin. s preferabl e that

the selected carrier not adversely af f ect activ
agent or ot her conponents of th& opical or Iatio
Se

ff Exampl es_of caI ffiers for era
ST ude way ef ohoW ﬁfﬁ% r org
)2 enﬂsi/glyc N i , Sil eN pet

30jelly, lanholin, fatty adids vegetable oils;
par abens, waxes, and the i ke. = For mul at i ons my
be calorless, odorless ointnents, 2 tSo

oemul si o and gels. Sirtuinp-
may i ncor age TN O oi nt mentSy” whi ¢
sem sqiLd préepajayi o whicgh are typic
i tr or other petr Ieézzderivative . TTEP
, L. ment base to u , as wl e
appreci at ed g%bthose skilled in the art, is one that

nileprovide r optimum drug delivery, and,
preferably, Id;provide for her desire

f
ract;er NS\ cs () ﬁ%llk
| i t "6{§§§M1arnngigro: Qghieﬁggijz;th¥t;lgv/

shoul d be Tnert’, stable, noni’rritating and

nonsensi ti zi ng. Si rtui n-nmodul ati ng conpounds nay
be incorporated into |otions, which generally are
preparations to be applied 4p the skin surface without
friction, and are typically liquid 10 or semliquid
preparations in which solid particles, including the
active agent, are present in a water or al cohol base.
Lotions are usually suspensions of solids, and may
conprise a liquid oily emulsion of the oil-in-water
type. Si rtui n-nmodul ati ng conpounds nmay be
incorporated into creans, mhich generally are vrscous

N1 o L e 1 N1 _.__l_ o T .




20post eri or chanber, vitreous body, aqueous hunor,
vitreous hunor, cornea, iris/ciliary, |ens,
W@ RhUoHIIAS et i na and sclera. The PCT/US2009/049498
pharnaceutically accept abl e opht hal m ¢ vehicl e may,
e an orntnent veget Ie orI or an

r e anple
pgu#ét‘ N ounds
\Tgff? nv y b i ﬁje d|r ctL ¢t o g
d aq s h

vNt r,eo Q. furtNer alternatrve
t he conpounds may be adm ni st ered systentcallymmsuch
25as by |ntr venous i nfusion or |nJect|on for

§ﬁpnpnt o rqSlrtUI
ou s desgri hed ej ¢ | ba{n7 | om en

M envi r onme For exanpb¥, r evél T trm Qr an Iog H
t her eof can be prepared in an a|rt|ght capsule for
oral adm nistration, such as Caps geI fromPfizer,

I c. Cel e.g., tre X Mek th a
n;§d3| g coﬁp g, can be 30 adn1n e%d

Nc o Nods for, adntnlswer 9 a gra

ubpect whi ch na %e H@conpanled 0. .

adm ni stration of an |nnunosup@wessant drug, e.g.

cycl osporin A For generaI ciples in nedi na

formul ation, the reader i .rred to Cell sT y:

Stentcell Transp an Ehe an ul ar
gera rstyn & W erf dap eds, e

(5§ Sdfﬁlvgtsrty ress, 19 6 and Hemat opoi etit

Stentcell Therapy, E. OF BaII . Lister §

Churchlll L|v ngsion- 2000 Toxr

|cacy rtukn B i Ng_ca 4\ c4
-- nda+¢ pha Lr‘n procedyr espi n
tu 9 or , experi Fent \al nals The LD5a_i/s the

dose Iethal to 50% of the populatlon The ED50 is the
dose therg

popul ati o dose rati o between toxic and
geutl c effeact o/ ED50) is the ther apeuti c
dex NSi rtuin- ‘-ééﬁgfiggﬂconpo nds_t hat, exhi it dar,ge
ther{; tic i hdexes are pr rre ile ’ [ 1
Si rt urgrs nodul

¥ng conpoun 10 exhi bi Xi c
side effécts may be used, careé shouId be’taken to

desrdn a ellvery syst@ﬁttﬁat 2 gets sucﬁ“tonpou
/- Et ee e ﬁFm1 OCF,
nt|aI to u ected Is and ereb
nouce slde & ecfs The btal fram

cel | culture assays and ani.nal studles can be used |n
fornulatrnqna range, of dosdge lpr use l.n hunans. The
such co OUE thgp a“fange of

b

g conc |ncI h
no toxj y The dosage ry Wi i's
raﬁge dEpendi n§ updn t he dékage f&m enpl oyed™>and t he

—y Opte of admnistratiqgn utilized. For any conpound,
th theragmythfall effective_dose can be estinated

ItFally [fro ure assay$. A-tfuse na be
or mul at [ nodel s MEVES
pl asma c ntrati §n range t inclu thelu\‘,
F(i.e.,Fthe 20 concéhtrati,¢it” of™the tge ompoun hat,

achi eves a hal f-nmaxi mal inhibition of synptons) as
determned in cell culture. Such information can be
used to nore accurately determ ne useful doses in
humans. Levels in plasma mayg be neasured, for exanple,
by hi gh performance |iquid chronmatography. 256.Kits
Al so provided herein are kits, e.g., kits for

t herapeutic purposes or kits for nodul ating the
l'ifespan of cells or nodul ating apoptosis. A kit may
conprise one or nore sirtuin-nodul ati ng conpounds,
e.g., in preneasured doses. A kit nmay optionally
conpri se devrces for contactrng ceIIs mnth the

Y N | . o r o I 1



Exanple 1. General procedure to prepare

2-(2-(trifluoronethyl)phenyl)-1Hoenzo[d]i m dazol e-4-ca
WO porPHIogs aci d (3). 102, 3- di am nobenzoi ¢ acPdr/32005¢+9498

ng, 0.33 mmol), 2-(trifluoromethyl) benzal dehyde (2;

57 ng, 0.33 mmol), and sodi um net abi sul~f~1’-te (Na28205,

.82 ng, 0.43 ) were taken up |n DVF and
stirr d at OOC9fo 17 rP d’he iea t,tDon ture was
OOI dbm SJt ed 2Q
esul xture |ree ro f‘nten‘peratqbd/
I hFand ter ed., The™¢0l | ect, ol i ds, were wash

wat er and dri ed to 15af ford 2 E2- (grifluoronethyl)
phenyl ) - 1H benzo[d:]Fbm dazol e- 4- crboxyl ic acid 3 as a
pal e brown sol(/d 5 nmg, yield; 4% . M5 (ESI) calcd
for CL5HOF3N202: /. 06; found: [MtH] . This

S S used to pr&pare any 4-carboxy
vatii ves of 1H benzol[ d] Qm dazol e using the

appr opr TR enal dehyte”c Uﬂﬁtﬂpent as> & replacenent for 2-
20 (trlfﬂ\ugcpmet hyl ) beh\ngdehyde 2 |ri\/h;9 above
schene. EXanple 2. Preparateon of

N-(t hiazol -2-y1)- 2 2-(trifluory

/- _benzo[ d] i m dazol &g ar boxani de

et hyl ) pheny1) - 111-
Conpound 208).
U0 NH DI EA N Conpa

T ™Nom dazol e-4-c
ar boxyI| aC| d (3 75 25 O 24 mml pn\as taken up
in DVF ) ’along wit th| dazol -2-amne (4, 24 ny,

oce4 mml) and HATB,{ 186 ng, 0.49 rnnol). DI EA (81 4,

/’ 0,49 mol) was @ The reactigh mxterg was stirred
oomtenperatu jor 18 h. The tion m xture was
opol i ds

|-Eﬁ‘rlfled %g:jfca gel chr raphy to
afford t desi red produc nanel y
N-(t hi azol - 2- ympa(z- 5 €fcifluoronethyl)

phenyl)-1H benzo[ d}4ri dazol e- ar boxam de (Conpound
208), as a\/\hlt? M (35 ield: 38%. MS (ESI)
f oPTeldr c18f1 11F3N4OS:  388. fourm; 389 [I\/H—|]
@ general procedur ®&-hs used any o /am\de
ri\mfi\ﬁs\%hom in@%}e 1 bym @
appropriaHe carboxylic—acjd and ne conen‘t_sjfpr 3

and 4, 10respect|vely Exarrpl e 3. Synt hesi s of
2-(6- (plperazm 1-yl)pyridin-3-yl)-N(thiazol-2-yl)-1H

benzo[ d] i ni daZol e 4 car boxafj de hydr achlForide
3C(Corrpound 2 1) : /N
6 c,ﬁl—dro - § @ di i fi Near Fox
I CI O( 6) 2, ~am nobenzoi € acid (1, 200 o

mvol ) 7 6-chl oroni coti nal dehyde (57 186 ng, 1.31°
mnol) and Na2S205 (324 ng, 1.7 mmol) were taken up
(n DVF (19 rrﬂfz nd stirred at 880 C for 18 h. The

!Ictl o xt s ¢gooled to r @ffﬁ'e\r ature and

ad Wit h ure tirred
o/ | h\a roomterrperatuaéjrénd 2 |Itergg_ he

coIIected‘sollds wer e &swith water, N@@H and
dried to afford 2-(6-

chl oropyri di n-3-y1) - 1H benzo[ d] i m dazol e-4- carboxylic
acid 6 as a pale solid (340 ng, yield: 95%. Step 2)
Preparati on of

2-(6-chl oropyridin-3-y1)-N-(thiazol -2-yl)-1H benzoKi mi
dazol e-4- carboxam de (7).

2- (6-Chloropyridin-3-yl)-1Hdenzo[ d] i m dazol e- 4- car box
ylic acid (6; 340 ng, 1.24 mmol) was taken up in DWF
(5 nm) along with thiazol-2-amne (4; 125 ny, 1.24
mol ) and HATU (943 ng, 2.48 mmol ). DI EA (0.41 mi,
2.48 mol ) was added. The reaction m xture was stirred
at roomtenperature overnight. The reaction m xture
was diluted with Swater and the resulting solids were
coIIected by flltratlon Purlflcatlon by silica ge

o Y T N Y B
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15

car boxylate (170; 156.5 ng, 0.84 mmo) in DVSO (1.2 nl)
was stirred at 140 Cin a 15m crowave reactor for 25
WOr2410/0030d8 r eact i on m xture was cool ed t o r oom PCT/US2009/049498
tenperature and diluted with water. The resulting
HE §O|IdS vwere goplected by filtration, washed with water
dri ed undér\.vacuumto afford tert- but yl
i (4-(thi ? yl car banoy] Hoenzo[ &f i pi dazol - 2-y
I ridin-2-yl)y joxyl at e as a pale
yel ligw solid (20 ng, 71%.

C25K27 S: 505 9; f-o{gnd 506 [)MpH .. 2 ep 4
Prepargti o ]/\__ HN, _N I)-Me

2- (6- (p\—pe(razm I-yopyr—l/dgn 3yI)NI\I-(th|a -, 2M670- THoe
nzoi dl i m dazol.e- 4- car boxam de hydrochl ori de (Con'pound

251). i cNoc HO /AMEOH N A m'xture
containing te but vyl /N
ca

4- 65- (4=t hi azol - 2- I§ u - 1¥benzo da
/ﬁ é/yu(ml n02llZ iR e¥a2| n O’H?Er:}[ ?@ pr
Me 0039 ol ) S nge anol i ¢ ) irr /Me,

at roomterfperature for 18 h The precipitated solids
were col | ected byflltratlon vvashed th MeOH and O

-6
azoﬁ@;} \b@% dgl m daz
orld ound s;a pa e
é : I\/S(ESI) cafjgd for C2Qyil
405. 14; found: 406 [ MtH|. > Exanpl e 4’
Preparation of R F
2-( r phol i nopyr&di n- 3-y1H (thiazol -2-y1)-1H10
beréol,dl imd I ar boxam eéConpound 247) .
O

NH 48NH S N A m xture
i N

ain N~
% - (8- ch [ d! \3- /\ll N- (E [ azoI -y1l) - 1Hbenzo[ d] i m
idazol e- 4- boxam de { 0'my, O nol ) and

mor phol i ne (48; 49 nyg, 0 56 nrnol) in DVSO (1.5 nl)
| lye@ M crowave reactor for 25

was stirred at 140
mn. 15 reactl 1 Xture was g,to room
t enperattice’ and i d with water.|The precipitated
whes®'| @s “were cairl écted by ,fR'f tsmati on afd .dri ed. The
sol di ssol ved Et O0Ac, and en etrol.eum
ot FEmAREARIBEID S e iR AN EL RSS! Bt GlfH cen also
be uéréaeinsﬁé ndthoWei&caRdd 1Rgsisd by filtration, washed with
H and dried to afford 2-(
rT|bh gomp@wrsmad falB- tgxqryofrde@«trrhedb@reuzalyq jnciude ez esregppending

hydrf}geF %eg lale ﬁlgd%ié %%‘,gﬁ%‘%g)ae’( ﬁﬁ@) g%sﬁ hg' aI} gﬁst?ﬁ}/@rg{ﬁ and solvates.

Suit4€ L'Hl%\lﬁg)ﬁﬁ preffafntiba of feluaes alﬁﬂ@d&d\/&si'ﬂan gelralipbe séected by a
Preparati on of

skillpd Mm%r phol i nopyri di n-3-y1) - N-(t hi azol - 2-y1) - 1Hbenzo|

e R SR

(inchmdxﬂ:gz:o#osaysialhac hokpolyderph) formas pr epared according to

ener rocedure i ned abov [
oS i SRR S O ERR A eSO Faghfghe evel
and/bpéuﬁlv o®hisRuin h )paﬁrcﬁ?arﬁlﬁh@ﬂéﬁéﬁt&ldgé Qctﬁnty of the sirtuin
yl) - t hi azol -2-y1)-1H benzo[ d] i m dazol e- 4- car boxam d
Pﬂﬂ@n(9 19 nmg, 0.053 mmv) and norpholine (48; 46 ng,
0.53 mmol) in DMSO (1.2 nmL) were stirred at 140 Cin a
m crowave reactor for 25 mn. The reaction m xture was
cooled to roomtenperature d 10diluted with water.
The precipitated solids were collected by filtration
and dried. The solids were redissolved in Et0Ac and
enough petrol eum ether was added to precipitate the
product out again. The solids were collected by
filtration, washed with MeOH and dried to afford
2- (2-nor phol i nopyridin-3-y1)-N-(thiazol-2-yl1)-1H benzo
[d]|n1dazole 4- carboxan1de (Cbnpound 250) as a white

~ A A A= s Ml 14 SR IS 2NN
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20 benzo[d]i m dazol e- 4-car boxam de (10; 100 ng, O0.26
mol) in CH2C12 (10 nL) was added nCPBA (140 ng, 0.81

WO p010/0)30¢hder nitrogen. The m xture was stirr eBICHUSI0YMI4I8
tenperature for 12 h. A saturated aqueous sol ution of

K2 10 nl added t he X d

w crpee 1 3 RRE AN Rdfautitily i b aa

comPBlirRls @F tHRAn(MNa3H@8 hot fbstas@dIBeRlve aheor mnﬂsecrf theeﬂﬂll@e@hg
pressure. The resultlgg resi due was purif

actnems@rﬁél@lagwagwl?)(l@wel itiomeni gldozedigtass, n@lab b bt tyrosine

f .
o s T Ay A
at ccﬁBeI%)atlaﬁs af thekcombewsl thatl ardeffée‘lﬁvé ESInodiddtiog thodeacetylation

actn@? ?13F3N§g$otelgg(§ glcs)uchfa%% RT and/[o I§|]IRT?p1ro el Ie ’.

N‘ (f%e te3m(“chithob A& 08B LR bE RIlie ™ Mﬂeltﬁs]rl-ﬂg %@f%& q'hbﬂarpéllzﬂxllg atoms

yl')thi azol e- 4- car boxani de npound 332 St
are d@rtmnandtlmjndasﬁ herempered monocychc and 8-12 membered blcychc r1ngs as

wellﬁs %@pé%@ CF ﬁé{e %@E\?@bﬁy 3}%135% enz C(Ijelllll rﬂe monocyé‘hc or each of

the lﬁc;(o’ﬁc (inigh 14 il JQH@@IPJM' sklébt@& ‘frl))n %erbt%ﬁ Zlﬁ{sdthl'diédjﬁﬁﬂlr@néh(ﬁ
arboxylic aci 11; 1.53

Unlegs pihervise ﬁtf—@tfr?dr g Farhogygle ip ’mmmallx SB‘@t@te@Wﬁhr?ﬁB 0y MQFRY

t
bRl ol TFRR) 1, LI RGH PR PEAEARRLR 6128 1
C,) fledrbuxbdtinited atikyl, BOREYIC phlkgh ef-(C OCHAllgyl, 5- @lrﬂ?ﬂ)lﬂ)xomas

subsic 1R husrorl amine, A G LRy -NolGintag by Gemolary
carb&@yc&e%q}?&ﬁ@é cfope f}? féé%{(ﬁ c%l%h%??gdéﬂé}ﬁﬁeghé@i ¥nd

aqueous cI'tri'c 0 % w satu
nap}a}md brine. The organi c | ayer was (Na2804) and

entrated under, ced r,essure The, resul ti
AR e SRV b B D PR S Fisar gt one or
mor@hétexroaﬁﬁﬁyslele@&at@ne for inble, NQ (YiaH@ SREdEY And includes 4-7
2-(3-(trifluoronet hyI ) pheny 1) 1Hbenzo[ d] i m dazol -4-ylc

men&em@@cyghc( andg&; 19 mevrdve%d taeychic siaes.@s Wl as srrplused ardl
bnd%f:r(f ep }9 %ﬁyﬁgggm&% Wﬁg't%mlﬂ?le nfogg&gzhc f‘&lﬁ ah¥ehdn of%ﬁ@ﬁ’ic@lic rings

are lﬂdép'énﬂérﬁlyfslelé@fedifﬁinhW&ﬂ%s&ﬂdreb@@@rbﬂnbhm Wazn hhé‘ee&mycle is
(13 CF3.112 HN ONH2 O12 Bn To
polyquh(cp géh@gfi be uadergipog gt gnly one ring is required to contain a heteroatom.
i C
s L AT AR SBER A g
substiagnssddkedte8 FooRd halo-C=2N) (3)C; BETHE: -Ce Huttoerubstituted mtkylva®-(Ci-

oo Bugomigbeied aidhen o b ol Sreer GO SpGHE e
sub%x&&&&lﬁyl‘"’ﬁ?drﬁk}lt ShB, Wg@g-@éﬁall?ﬂ%ﬁf—NQ@jlng § akg. t he

I'trate was concentrate er reduced pressure to
g| Worcydic rings include 5-7 membered aryl or heteroaryl, 3-7 membered

cycl&aslfc %la%cgg grmt hlg%rg(ﬂ? H t%rnozc%lgis(l)\{ﬂ g)%%%/k r%en gptlonally

subs@ﬁlt@djwftﬁ bn@&ﬂﬁlbi@éﬁ%h&ueﬁ? Zel&%d fremndlo, y#ho| M’W‘d}' alkbxy, lower
Step 3) Preparatlon of

alkynhqérw (afmw lgserawstaging sae rigr dialk Jamines Bxsmplanzgpuosyclic
grougs :1%)1% sﬂgﬁ r‘?gt g gg@g?%gﬁgg h@%ﬂi@@l‘é? thB3bocyctdl Spt
monbe‘,(c?b'rc(gm)u}fsllnnmdn‘nhidzyly) pixeznlil) exditydrthiafidy ], ditbianyl, didxanyl,
ine (13; 0.28 g, 1.0 nmol ), thiazol e-4-carboxylic acid
(14; 0.15 g, 1.2 mmol), D (0.42 L, 2.4 10 mmol)
and HATU (0.79 g, 2.07 mol ) in DMF (10 nL) was
stirred at roomtenperature for 12 h. A saturated
aqueous sol ution of NaHCO3 (5 nlL) was added and the
m xture was filtered. The residue was washed wth
ethyl acetate (3 x15 nlL) and the aqueous |ayer was
extracted with ethyl acetate (3x15 nL). The conbi ned
organlc Iayers ver e drled (NgSCﬂ) and concentrated
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Exanpl e 9. Preparation of
N-(pyridin-3-ylmethyl)-2-(3-(trifluoromethyl)phenyl)-1
WM(!JO/Q@M&I dl i m dazol - 4-anmi ne (Conpound ). PERUSBINI/049498

A m xture cont ai ni ng

1soxgzo t%%ﬁﬂa%élgf’ r’[ﬁ%&}hy%}egl‘ﬁﬁ @%ﬁ%ﬁ%ﬂgg{&lﬁﬁg‘)% %r] xgﬁﬁi 2 py?’arﬁf‘in

tetran@yl PyraZolytrply)azanyd daBaIDACHEd{zbAB, MIdIIQ’lﬁ?yfm*ﬁl) in
iy P S PR s P sy M e Y oSy
tetrah?droﬁ%ﬁh%ﬁ&leﬁllﬁﬁHﬁﬂU? N Beycldbety), eRp ag»?e@{aeﬁim?he

M xture was extracted with eth " acetate

cyclmta@(ﬁh‘@m@mﬁr@@tﬂwl thiirenyd, qmnaeyldamedlmym@dm)mamhohnyl

%ﬁc\iégqbgrl &5 ﬁgg %%r% ﬁ ogo%arg § %Jd‘) ra #he%stp%nyl

naph@hyi] E]ltr}@rhnt}ﬁ@dw %ﬁﬂmﬁdﬁﬂrgroﬂfﬁsﬁubb @1@11652@]}4 thiehyl, Gurdl, Byridyl,
to afford

pyriggdybyayranyh Pyrazeybroyynol vl opyrazinyly thiazalyl oveediyl sphistigaolvla

Arof SOt TERP i po e T R PRt iy

carbo@ictid afomatiC2 k-t hbfeRudy] rifgds fided fooarrechr n36G® oftiAhsteroaryl rings.

Exargloq Die BB B el bae el B Aringtiany RSneRiazpls i n-
benz%xazsbia béﬁd%g&a%g%agg@gg@g géoglfuﬂloﬁﬁﬂb&mmlﬁ&mconpou nd
Ehlom-wbﬁtl(tmdmchde@yﬁnm lopé ﬂuQro(sub$ti‘tuw uphepéryilydsenzen

subsg{ui(tﬁop e%(eérm fﬁw %gfbs 1&1%6% (-ll—z 5’1&'&' 1ncludes -CFH,, CF,H, TeF3,
CHfEI‘HF' QCH;CHFES, LCHFOPE, 00, OMPh ez aueehsidetitfed; C 4C 24k g, for

.0 mol) in nmethanol (25 nL) was added
exmnle,eﬂﬂbﬁﬁgsn@fmaaﬂé 52669, 24.0 nmol) at 0 C. The

re i
e S R I 10031 AV RC b B ungybgted are

those whnmtda;am bubwemstialdyl akrfeoe avith ulsd altitigy qftieldiscldded conipuwends to

was renoved under 5 reduce ressure and the resyltin
have,Qng;og ROTHA thaupF‘RReétbeS\/él%% nglgfﬁm MEWW?% Frbsjapdially interleres

t

with BT L (U SR U ol o e Rl uced by more
thanabonatexifs bt secbnuproied withdhe subspitvestsapmepates! witly e compound without
h 41-3(%I%I or o- 1- (di met hoxynet hyl ) -
the sHOSUSE| yor omet hypbenzene 18 (3.20 g, 12.6 mmmol, 63%.

St eBmbinabfPer Abkt@fer$ and variables envisioned by this invention are only

4- (4- (di met hoxymet hy0-3-(trifl uoromethyl) hengOm)r phol =
thos¢ thet eyl §) the famationef @abiﬁsomsoundﬁn% H%ﬂdl heeeimdbg tem) stable

refer% ﬁ‘f%’j? dg? %?Pré%: % g)%}a#@ S 1cxfn2 cr I i orre{tWyla)ng that rnamtaln

the 1ﬁtegﬁ§' of3he2€brgpouhd .for etliﬁfﬁélent%ﬁ()di bajide o BOugfulfoBthe purposes
t-BuOX (3.50 g, 31.2 mmol ) and norphol i ne (48;
detaliecbl@?f@m 12.6 mol) in anhydrous toluene (50 ni) was
st
R
varidngsme catain enbodimenisxonerce mvas déutetienm etbnamate pleseritifbt kinete

was. concentr at er redu ressur The.r
stuclEE i T ITUHE By B BT A Ry e 1o B Homs

ﬁ&é@g{ et hyl acetate= 10 1) to give 444-

(di met hoxymet hyl )-3-(trifl uoromethyl)phenyl ) norpholine

19 (0.40 g, 10.49. Step 3. Preparation of

2- (4-norphol i no-2-(trifl uoromet hyOphenyO-1H 20

benzol dl i m dazol e- 4-carboxydj c acid (20). OVENH2 OH

FSC N H2/ \ OveOHN O
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1 Na2S205, DMF20 A m xture of
4- (4- (di met hoxynet hyl )-3-(trifluoronethyl)phenyl) norph
W@RMI1ABOJID; 0.40 g, 1.31 nmmol), 2, 3-di am nobenRGl/U82009/049498
acid (1; 0.20 g, 1.31 mml), Na2S205 (0.33 g, 1.74
Y ( .
For PR e B ARG BB parkeBafty pRmapRiickiy
accepiaktelsalts, wsﬁﬁechmuunﬂrnbdmmimgwampur(@@iem@beéihdrest iTihe edmpounds of

the REReRLVGRIOR (Rinorer SaTHER A, 4 Bty Gasts SFbotR®
funcﬁéneﬂ%fdiﬁ)@' daHQea%t (ithiahy 4oh ambeNdriRhemid baskkBangabsit Bad

dazol -carboxylic acid 20 (0.37 g, 72% as_a grey
orgagm acils, @tfgpn 4 salpr/disamaitvelyn cgfipounds that are inherently charged, such as

o TRABARR b b AL R PRI e

hahd‘é it habremtde, chloride, or fluoride, particularly bromide).
2- (4- nor phol i no- 2- (t rifluoraomethyl)phenyl)- enz(?
i ngigs spmmpnly-epployed fodor petd @eddition saltsge Inpragpic stids Sk s

hyd%Pﬁé %\(Hccil,"l’@ an@‘]rﬁlggbyz{rz?dd Ihgdr%?)flm %iu%@%&g %%n%lonl a@iQi and

the Ivaar(dZQrgm)lc weids sichras @etoengsoonit emdemaﬁlan@uffomc hQ;Id oxahc

was added, and stirred. for
acid i PRy OB B RO ?ﬂ&espﬁw%e@f ' %%Q»ﬂinms acid,
acetil38idC LB §ile OE.ORIHIG draued §a1twc%&rth@%1ﬁw%§%ﬁ1fﬁ@ thisulfate,
concéntrated under reduced g essure. The resulting

sulfitee bisulfie, whesphate, frioaohysiyogehplrsphagrdibdrogenphosphate,

metaghi S, RO R oo R AR it patouc.
capr#rﬁt% A&y lated Pomate, @soB@té@té’ %bﬂ)l@ﬂ\teslﬁdpltdiloa%&) Iate, Qﬁtbléd:

or C24FQOF3N502 46 found: 468 [ Mt 15 nple
malopgte, wg@feawhgrﬁt@fsebacate fumarate maleate butyne-1,4- dloate hexyne-1,6-

dloa?e &%1?@{ p(ﬁl%ljo z%a‘& b'ﬁgg 031 r’ ey t}cpd%gﬂya R%x%ﬁ%léén%ﬁg’,

benzo oxam
metl’flﬁ@benzbbt&%ﬁﬁﬂﬁﬁ'ht@ sﬁtfb‘nzﬁel,ndfl6415QﬂfﬁlneteSpimay@ecteﬂeaphenylpropionate,
procedure out]ined in | e, 10, above, for the

phené(lllglfggﬁtgt cigateyfactkte, gamma- y oxybutyrate, glycolate, tartrate
meﬂ%ﬁes'ﬁ@ﬂbﬁ!&@l ﬂrEﬁan%s&ldeafel H h@dﬁ%n@yll SURBRS I aptHal%E 12 -sulfonate,

benzo dazol e-4- 20 carboxam de was
mandslatd, aneixtbebket hat

Z; %{a‘%ﬁeg r(@ttﬁorng qtahﬁ frﬁﬁ.}%% régreaergcéﬁ klgo?ge}ﬁgce be%s%s WS US&%monium
or alRall Or ATRAIRRQaith etal (htyﬂtofxldé@ r Bk )m&aewlhies Nuddayé (iké. $3ch

yl) - 1H benzo[ d] i m dazol e-4-car boxam de (Co rrpound

bases, ssgful ivprepesng theasakbiziof bis icpention tisdududewdiung hydrekid:

pota§ifhy bliidhide, SABR, Bt OB Rmrbonate, and the fikg.

é oAdtdrdingas ahethér aﬁhsdgmmm e pteSeminwend od pRyvideStneghdds of
rep arat.i on ert ut .

pmd&cwm o¥rid ngmﬁ %stwmf&lwgﬁemr%%dsb?;k@F%%m@éajnay be
w5 oS bl N B s AR, kg0

convaditety ayrsivdsitei dronofeadity hmnlabllﬁlsfwmg maefetialsi de 23 in

d 2 L bat h.
o Seafhet<chernt Rt R naG i angifedifoasts ot inifhopiing the
sirtupRmotiMefinged b R dNMIELRriBEOhdFbin Qfe Ietdalia RSk Wad heRide, for

successively with saturated agueous Na2CO8 (50 ni) and
exarmlﬁ,rtboqesbsmbﬁd irRe Letioglarfiamnr ekess ivadk servic d varskaoatiays (1989);
and 10 concentrated under reduced pressure to afford
tert-butyl 3
4-(nethy|su|fony|oxy)piperiﬁ nel-carboxyl ate 24 (45 g,
crude yield: >100%. This material was then used in :
the next step without further purification. Step 2)
Preparation of tert-butyl
4- (2-fornyl phenoxy) pi peri di ne- 1- car boxyl ate (26).
HOCHO 15A m xture containing 2-hydroxybenzal dehyde
(25; 4.2 g, 34.5 mol ), tert-butyl 4-



10

15

20

25

30

H2N Na2S205, DMF 26 The sane general procedure

outlined above for the preparation of benzi m dazol e
WGaEN0e3Hs ves was used, enpl oying 2, 3- di am nobRCRTE2909/049498

acid 1 and tert-butyl 4-(2-

T. W SR ta K D B3 SO SR i e el By 59499
L. Fids&iema ol o ibsr daig &t eméd 75t 0R Y gefits Fo7 Orgdhic Syﬁﬂ(eﬁsl()994) and L.
calcd for C24H27N305: 437. 20; found: 438

Paqt&t@pe%)Emydggqcé@ pbReagents for Organic Synthesis ( 1495)

SO B A S A A8

cytobﬂaémidAiﬁHn&laEé\oDNEell For exampllje chaippuge ney dbvaacelbpermeability
of aia aboti 285263 %?5?000%%, §§0 o285y Was used, enpl oying
(ZS(dulﬁtr%u éﬁﬁ&r&ék&i@e@ﬁéﬂeﬁi Iﬂaﬁm ﬁwe)&ﬁwﬁare 8¢ the

benzo e 4-carboxylic acid
follcﬁmagmhm&dtemlob ethelccaspcmmé ngayalyet dsergtipBy aom-aixsc toTeh®11 or subject;

e 8RR S oSSR BT 4R bl

2000 8mf oA s, 3000 BN dr GRS @ntioRind HayBave d REIFMNFXfbtle® n¥aSal
concentrated under reduced pressure and the resulting

atmosphériueondiionp of piflpastialmpt gp épm 8% daxs, HH dayigst mynthgeedosar;

o SRR AR TR UG KR S 0 e
daysl bingitizeodrd] yeat; @&Z@hlﬁ—lﬂ@&ﬂﬁtb@m bohed ﬁa@ph@ﬁmmistéﬂ&n sd¥idion

e b A s . LT 28, s 10

or 1§y ?)g@ed;éyﬁ?lg-r{l%iulatglgyﬁogi y%%rél% Esomot? dﬁace gfoitlon of tlge DN[/)X repair
factorZO§ A} e sirthaz-oloduléting cdnnpamddnay( BompudedcetBajion Sf BelAI)65; a
ratjon of ter
compO QBT B RRIEY) BTV Fetpynt enbanos i seapitvinn gl cellsf
TNEHd Btosi89N Boc K2C8 30 5To a sol ution of
N- Boc- 3- hydr oxypyrrolidine (28; 2 g, 10.7 nmmol) and
Et m((rmlmembodlmnts, arpighin-ing ld}m@lczm(@un@)iomt aeceanya

sub agll’a%f %ﬁyq W&%n&a@%ﬁ%ﬂ gﬁﬁ/ig?s) (:ilﬁ‘ass8 f’ agf%%lg&m(}g%%sgﬁf or

HDA}@& handTn EatFonddntratinaSe gt lifl ¥8d) éffectioe mrtrﬁmwmguhedéa@étylase
.. It was_then diluted with 50 nL of CH2Cl2, washed

actlwymf thesirpiay Eer imgtpeyogin profepey emppdimentspthe pigtpin- alnoﬁ'élatmg

cond SR BRSPS 10t UG RSB

sirtuin d28tylasd hits/ityahatis @lleasns fald éads thanttheECq) fonmﬂl[tgtlm effan

HD AR B T alhg rors prefersbly at dsag Wifpld, 10Rgelger gren
100(§ ffﬁ& ﬁ‘)é& ?\!‘I&‘fﬁ@@e‘)%? ?cféé)iﬁ}i@ 'HBA@ T ﬁﬁd/&zﬁblﬁl ﬁ &tiv¥y Sre W@ Rnown in

rnihol ) and tetrabutyl ambni um
the arbmcbletS(tG ®erfmgn swéua)ssayn n@mzb@mrqha@dmg)nmﬁgaﬁy i Yeeedz-at

. 40:-80. C 518,.h. . j
BioYiiady It g by oK, RS WETHEE B B rEBRAEE RAL rhbnes
Scneﬁtlﬁél(SWed%Edi‘o BU O AGorldhhfde Meb.at wagdisd.cotbh h wat er (50

dri ed éé/(%mg and concentrated under reduced

pr érsgmaen ent | 2 sirginraedyatingresnnound dpesnay ave any
subs‘f%}xtcl?er : ﬂt%rtf? ﬂf%&fa%%ﬁft&ﬂ%o@o%fs In Jne]embohﬁnéi{tfa‘flré?:u@%gr i

humn sipirphretedx yap Yot dviedinn euthstamsinbabilytly ad ectBAteassieningirbtein
(yield: 23%9. 20 Step 2) Preparation of
2-(2-(1-(tert-butoxycar bonylg%pyr rolidin-3-yl oxy)phenyl
) - 1Hbenzoi dl i m dazol e-4-carbbxylic acid (31). 3031
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0 AH A m xture of 2, 3-di am nobenzoic acid (1;
350 ng, 2.3 mmol ), tert-butyl 3-(2-

WO 2010039 noxy) pyrrol i di ne- 1- car boxyl at e (30; BTZDUHP09/049498
2. 3 nol ) and Na2S205 (568 ng, 25 1.3 mmol) in DVF (30
ol 88301 Bl ol O Tt T B e i

vivopefibctivatfer ac@mﬁngm deaetylasedctidty ofhumiah|sirenm dior axainple, a

. d.w The .fil K dried.und
sirtlf Rt PR P gob TH8VS P P BoMDHie & homan

sirtudi (sﬁéh@s SING 1 (ab&lor SERLT, dehdRtyl4sé ALRAENCMAE is 42Rask8; foldgstdhan

424 | MrH . Step 3) Preparat|on of tert-butyl
the BCy for astiyatinigaarysiastaigin afush ap 02 (Mch eneandida, i gergwisiap,etc.),

and %ﬂlﬁ&%ﬁ%ﬁ?ﬁ%fyoe{t 1l o flolcf, 300 R EFer{ OY fold less. Tn kBt

embaddifien(, hn (hlebitortuftaGiryiia plasiy fopy fofek ewkalnyo%esy baxiyhlpte pydst or
) - 1Hbenzo[d]|n1dazole 4- carbox¥J|c ac

humgn pethagess) does RPRbRE 22y Ahstetiplebilyy t@lr%blt fgsllstel%ﬁe)n from
hum%@%ﬁﬂ%#xﬁ%ﬁ?ﬂ%&gﬁﬁﬁ?@%@& ?ﬁorQMﬁpgﬁ\%/as stir ?,ﬁggg&my of

a sirtuiio protemfierned lover takarg@e.For lekampls, 4 shﬂmneinhlbitmg cbwgouthd may

ter tlrred for 30 mn cipit
be chen kb andlsnyr MBI § BRan e Siehs STRT Eangpr Shicrs,
deac%%lléégrdct‘?‘h i9 g{ RERY HR 19és\{ﬁalf3t§e s, Tor ﬁaﬁﬁlﬁﬂgté Yeast sirtuin,

conmpound (yield: 48% EST) calcd f
sucm@*m(m Candilal 8, cetmmb e@ parf mogt emfmbly at least 10

tion
fold f(%ozta[(g 61 ?@9%@%4 Wc)xy) phenyl) - N- (t hi azol -2-y1) - 1Hbe
n Z Oh elriai elaBelifrefts C@glhapnaﬁb@kﬂat(r@mmmdd Ah9 haveNBadiHito

A solution of tert-buty
modyla(tezor(emrenw &lFBHn projaiR h?l@ah»ew)lcla% Bmzia[nayep pRcRIABere Pf

y i |

hurfp BARERTNTRVRS, SIS BTSN ONRIT B Pl o

sirtupi-awidplatiag eorﬁmmﬂdmw&& abditly eccmedulla’ge Hoitl 4 SRR T bandeanSIR T3
washed with nethanol to give 72 ng of

proteing o_ (pyrrol i di n- 3-yl oxy) phenyl) - N (t hi azol - 2-y1) - 1H
20 II*PS!E%P&IHMJI%@@@ Oel ?ﬂ%ﬁ“l%f)&\ﬂé&@fm&@ noRARAH I\g@ulfjs@%)tlal ability to
(yiel ESI) calcd for C211-119 2S:

mod4BBe djﬁ;:r sﬁmunqbrotdmeloﬁnvﬂcbgs suckaafpf example, Pne pam@tq olrhupfan

(3,2, 3-dih th 1) 1H
sRE2, bt STtaastr B2 MR PSRRI o phadhabtte 0l & W,
effedtivefoLPoa@hiidNthedeacetylase activity of hurnan SIRT1. For example, a sirtuin-

(2, 2-dinmethyl-1, 3-di oxol an-4-y
modylaiiag Kgmpewndenasbe ehasen © I(aem)an @%ﬁor nEtdmthMPaap@@&m
deacl(%rlef‘sg ?§§§%’ﬁt%}£\otﬁs %&1@6&)%%%;16%5 t gﬂﬂhﬁ’é‘i}%ﬁfbﬁa&@f%ﬁ@ %ﬂ@ or more of
hurlh s’mlm STRUBSRTASIRTS )SIIR’mS e SIRB7 e mok fi8Fratly at

leas? 11)51‘.‘0 CQ IHQI 2@8 or QveglggaOg\ge‘g %;{%!eg%ga%lg%{? naoé Rgﬂl équtor

doeéjﬂdT‘ﬁEW BQRam¥dl LiiReo J&ﬁn&teamw Bman.al | owed to

stir at roomtenperatiure for 18 h. The crude N
r edic bihonembodimertsywSIRII3 moduatni ddesdiot hdverapretbstangial ability to
cessively wth sa urq;ed agueous sodi u
% red

mod R S R SR SR Nk, Sih & Q3 T Bgee Of human

SIRTOBIRMD! SR, BIRIET, STRUECABIRT @S ebfoenttiiors§6.8), lint Vigo)
resi due’ 34 was used for the next step wi thout further

effegtiveifor madvlating o dsecetidesepréyity) of human SERAJ. Bor example, a sirtuin-
Preparation of
2- (342, 2-di met hyl -1, 3- di oxotan- 4- yOret hoxy) pheny1) - N15
(thiazol - 2-y0- 1H benzol dl i m dazol e- 4- car boxanm de (36).
To a solution of (2,2-dinethyl-1, 3-di oxol an-4-yOnret hyl
4- et hyl benzenesul fonate (34; 4.02 mmol, 1.15g) and
3- hydr oxybenzal dehyde (35; 4.824 mmol, 0.614g) in 20
nmL of di met hyl f or mam de was added pot assi um car bonat e
(10.05 nmol, 1.39g). The reaction 20 was stirred at 50
C for 18 h. To the crude reactlon n1xture was dlluted

. 7 AN N T | oy
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5usi ng 2, 3-di am nobenzoic acid was used to prepare
2-(3((2, 2-di met hy1-1, 3-di oxol an- 4-

W@ RO1A0030e% Y ) phenyl) - N- (t hi azol - 2-y1) - 1H benzo[ BYT/HP28% 049498
| e- 4- car boxam de 37. Ms (ESI) calcd for C23H22N404S:

modyTatisk CompSiiRe ol By oABb iR AR APk TR Ribhuglay SIRT,
deadé Zﬁéfabﬁhbﬁﬂhﬁﬂé @{ l%aﬁ 5qardqes@atmﬂme (Do pae wisiuB2ihy one Or Mdre of
S NNNN CH Sgﬁound 324 To a solution of

humzn (Sé&fl ﬁIBrTﬁ”e$er &IRs,T i EgaamﬁRier%WWﬁ‘ePfﬁfPﬁW a
s 80 Yl PRI LRl S PR e o

doeymtttlhhv@amubsthﬂial abllm_sam mb&dma&lRTherqmam pi tat e was
col.lected via . vacuumfilt raél on and washed

anhy QFTEIR CBPRAURSHIS, AR BEdUAIREARRATAG ey V€3 binding
afﬁri'igﬂf{or 591 ‘[egthéf 4H34e10" QMCWWM (i "N‘iuﬂf 2NEs 164 ﬁ sirtuin-

ow sh color and yield = 869%. M5 (ESI) cal cd
modu&ﬂtln@ZGHzQNm&Y refliCe (BOtha‘th) ad mCﬂBﬁ&e (inhbiftor) thecapphrentllom of a

P .at.|

sirugh B3 Rl R o7 A @i b SOEHN) By 2PERnatas lestabyut 2

3, 419,-1014d sbese ol rol. 1 emal @nkodiaeReXaniviRies GRmeeuthed using the
482). Step 1) Preparation of 2-chloroet hyl

masg smtrnyr:m ASseN é@&ﬂlf?@fhb@l‘éln( Bopferred) aetivaying dopipgunds rggwg the Km

of afg‘tuén Fof 91{5 %@éistlra’téln%r chacPorg(g grc"el#efr mﬁ%lﬂt tﬁm Qe{u'sgr?m( pe%%r?trol ata

mmiIaerbh@Hnﬁﬁﬁ(hﬁm{edrﬁd&&he R 6f agslrt@m%r nodubstrate py cofditoesimilar to
(1 at 0 The reaction m xture was stirred at
that @aeeé:br 5?5\’11@“[41 at|368WWa‘i°é‘Fe’(t@@Gnn‘1‘:)“%§ff§’éH]éHn%ﬁ‘&nP‘H@d may
l, acetsa
inerl R Y O KL BRI & Bk or ol b2, DR B 20 %0
or 100.tA sittuld-HGdulaBng ddfpavin)l maydtase ag EDGO0rfor maJylating thd

deadsplee deb Biplr ST noler SR Ky Piisib GhBSE e AR Lad Bss tyen
abodt 1088 Aess tRhibott 160 SPRIeaS tHaA aBdut 1 1M, less than about 10 M less

2-(2- chl or oet hox&benzal dehyde (40). OH OHC25
thanreiber b 10¥1, Or eph @poetIniQ niL, ﬁem@ouel&é%glm ﬁ@ﬁm‘@u( @9 -1 pM,

fronf o F1ag iy il tesy THERAE A SRERL SRR gty iy
modiilate msieﬁddt)ﬂéﬁdicﬁ%t}ﬂr&f ASIRI1 ahd/dr. SINES @rot€id B9 anfhdtomeat least

added and the xture was extracted W th ethyI acefate
aboyt3, >195%9 /550, %éo%aweﬁ%we%m@aqﬁl alar aspay r (et slhhassreapsay. A
( o %2818,
sire AL BBy ol B o ARSI 20 2 ok
foldr &6 faddyes Oviiakl cpdrOOffoldcngerohdMHn ogﬁmphycd)dmeraotlermmf a SIrtum
et her .: ethyl acetate= 10:
protsingsiatifs G Bb RS e ELOR YL SHBOY Pesigpig mestugsingsompound
rnay7}9a1@: aﬁﬁmoe@r ﬁombﬂl ﬁ@s Hat @5@1@&1&%&&@9&&@ b®R1&f30 fold,
yrrolidin- 1mm;et oxy) benzal dehyde (41).
50 fAldsglt gmatgnthemﬂ@t (V4 met&mﬂm@(mzwdfeahyde (40; 2.5
g, 13.5 mml), pynolidine 20 (172; 1.9 g, 26.8 nmol),
K2CB (3.8 g, 27.2 mol) and Nal (0.6 g, 4.2 nmol) in
3. DNI%;,(eﬁﬁ,l )UsRS stirred at 80 C for 12 h. Water (200
m.) was added and the mi xture was extracted with eth

acée a%an(l aspegisothafnventipiepionidss Asthods fuanedulating the mrlend/ or
actl\v@ﬁ C en Hﬁl'n ?otgl% 9%%&&6& %gé ﬁgre(){\IaZSoﬁl) and

rat e pressure The resul ting
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resi due was purified by chromatography

(di chl oronet hane: nethanol = 100:1) to give 2-(2-
WQ3(1pPe30d8 | di n- 1- yl ) et hoxy) benzal dehyde 41 ( 1.BGI/{$2009/049498

7 43 mmol , 55% as a pale yellow solid. Step 4)

tion
o BB ARl Ry BRI BT o
mod&l&aﬁhg témp&aids G)Oh)éfductha(Sirdlllﬂ-ﬂrﬂjdulaﬁng(bmpﬁlﬁld@factlvate a sutum
2-(2- (pyrrolldln 1-yl) et hoxy) benzal dehyde (41 1. 9
proteinge. Wyeasezthslevsbmﬁlmrﬁﬁﬁ‘@ﬁz%ﬁ 3 ErtyE; HﬂOtFIP fftuilé‘rnlydulﬂ g

o MERED 3 B TR O3,
varigg déﬂlempdutid‘lappﬂmadttams énohaBng, ifort exasgple, ﬁ’w&asmglthﬁhfmaa of a cell,
and ‘g%ln&a‘n\é\?@tr g@%éxicl:tslgoe{ \?11 etvlgggtg/ gslge?sre]:s ancg gﬁsorﬁ"fs 1nclud1ng ]fz)r
exardpl€ AtifedsdsRY "dfs@%degs! Iréia%édwﬁ % W)SQE@nM&Be‘tés"b&%ﬁio[ dlimd

azol e-4-carboxylic acid 70% as
neuradd¢geoeati vodisehses] cargioypscpiar prse@sar blppd_) gloﬁfng dlsorders inflammation,

oy G TEENRG S AT LUETA  134) 7500

therdd?Bphafn4eititAT e Bk EfvebdiMnt of DsitinMn&dulainpaisnthodBd e.g., a

A m xture of
sirtujn-getivating eRmMPBIAdi n- 1- yl ) et hoxy) phenyl ) - 1H benzo[ d] i ni

BT Gyt Ut 09, Tt o

the 1ﬁ§’tdnt2n@minb@hha|yaﬁtefaet Wih aGirfuin gt thd s&nesmmht)on witliivFhe Sfuin

was stirred at 50C fqr Wat e
prot e . AFVCLHE P ARETHE et o Yt GHORANe StpelLls believed
that 1§(fs%§re‘ﬁ?c§1 Wiy %ﬁ@faﬁgclgé%gs 50\ 8rthihlab@VatGRKRd WkToiRWS ddni 1Rde
y chromat ogr aphy (di chl oronet hane: net hanol : ammoni a =
subsGMtidl Druduralsimplargy.

1 IF it e oo R B bt o Bt may

be tdkéR alfe oPinl@nBiR@lon wWith &hdf coafpoandR [06heeEBbEIMESL, a Mbxture of
(ESI) calcd for C23H23N502S: 433. 16; found: 434 EI\/H-H]

two g(@mﬂ srtgig-mapatipggiospgpnds may be administered to a subject in need
( f

thereqf % fg]gglret)oxy cIH%teQ% Eé ﬂ?lgto Ht’.)(a[lﬁgﬂg E%rflgoxét'dk%ﬁﬁﬁﬂrg%lskmhg Fével
and/Br &pi@itflolf @Rirtifin protein may be administered with one or more of the following

1- brono- 2- (di fl uqgropget hyl) - 4-fl uor obenzen (4%%.
comnewsméveaatg& R B SHn RO OF MRSty W&Péy
e o DR R SLEERE, BB TR A0 o
sirtu]ﬁ)prﬁg;m By bﬁmﬂin)nlstnred:m augbistiom withhicOtige aFideln mdtelr on

ture was then warned to 0 rature a .
embgiib SR TR Eo Pt B B Bte B0 s ety of
sirtulebietdn &1aQ Wk ¥dANHstERE WitydHeor WRIr€ oS8R %l?dvﬁﬁg cdiBounds:

aqueous | ayer was extracted with CH2Cl2. The

nicotioaoidei(NAM b peramig NEHZ3 (8 Grptotein amt@gpmatb?@"@&‘? (apw@rinergic

concentra d A
e A N2 B P S e o s ¢
)- epikabb@lt’@hﬁrr (h&ﬁiﬂoﬁdf gﬁ seEs, hy|13), 4'451} I(Lbcﬂlﬁ)g)ﬁlbz'&ét&lnﬂgallﬂe @y droxy

reparation
Slf-eszi { é ' L@dcﬁ%lﬁ PRIFL an ) &éﬁ%é‘éﬁmrw{? de’-p 46) . 4445
i i sTHF, 30mmol )
P R B B e 22 o o
hexahybroayfla@diudi ¢Hlorddedymeytigdtin-(darnkbiscatine A2 e, 4, 44; 69,

26. 7mmol ) in THF(100nL). The reaction m xture was then

allowed to warmto roomte rature and stirred for 3

hr. D nmet hyl formam de (3.5nl, 45.2mmol) was added and

the reaction stirred for 3 hr. Water was added and the

m xture was extracted with ethyl acetate. The conbi ned

20 organic |layers were dried (Na2SO4) and concentrat ed

under reduced pressure. The resulting residue was

purified by chromatography to afford
2-(difluoronethyl)-4-
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fl uorobenzal dehyde 45 (3.2g, 68.5% Step 3)
Preparati on of
WQ2q120039%#% | uor onet hyl ) - 4- f | uor ophenyl) - 1H benzBCHUBI902 849498

zol e-4- carboxylic acid (46). The sane general
tal ds f '
hex 281‘6?(2?%\2021% 3l 995 ustégy&%k ﬂmnerg%@grp@&ﬁ p95,918,3',4'-

hexamydnhx&ﬂamme)mrhml) amisfplhmmome Inzyadt dacbtycteenﬂ@dandlt one or more

sutug} F)ggalgq]ng 8grgggu%ldg m%(}:llb% aglmlmstereg w1%hac§r¥el ot Fhdte tthcz:rapeutS ic agents

for tBe {réath@hi dryRERMBENYT Yarfbub Uié@:is@@ heayding, kbbenagliéllchmdedaz
ol e-4-carboxylic acid 46. rNZZtca ‘cd for

diabgies e PRRgMerRive d(§eaqes)u:mjho@@cml{i $4pse, blood ciiténe, 4fflammation,

Pr ep o .
st g0 BB sue, v 1 verio apiedip ey sreortiaion oy
compiitihg a kNS hdduntidgzahpovhdanabefan (19 phbamgoutivdl &afpositions

Conpound 559 The sane general am de coupling

that GETERIRFANE A5 HATS FEY B atipg Camsraynds nfogpination with one or more

i

adm{rEStation af ook drano€kftuid- mddﬁmmn@%dﬁ Byitlf aera m@8 thetdpeutic

M-H] . . ] 17. h .
agersd (oburei T GBS R D TR PG P SISFBRYHS 2600t bavieqoh pecs
formulértéa inlkhe E’ﬁﬂ@@c{r{%ﬂ»dsﬁlcﬂ@%@h %nf,rb%agr&@ﬁﬁmﬁﬁ tﬁ%&q&m@k package,

. Step 1) Preparation o
suchzas(adalfstem pa@mdﬁbﬂr)mdtlfvbmphm panbamnmnaeth@f depgr4ely. sealed

contﬁ}nﬁgs)g? gplgmyg?]l{cgisﬂ%ﬁaé can be separ%fclacc‘ﬂ)y the USer,; orCMgt w%ere the sirtuin
modataﬁdg fchPleﬂEi) tall bttfér fHeb%é@tﬁkﬁigeﬁ{(@@tW fesepdrate v@sfels) JWhen

nmor phol i ne, ( 1 mmol) and
usm&z@@@at @rglugatwn@ the ﬁﬁmn)mp# gm&ﬁ@ﬁmouwﬂ/s@y\ba@dgwstﬁ@é at the

o S A AL G A
admiigtratibh ef pnehdrphdrapentic agdritds were col | ected by

5filtration apd dried.t ffo
kIaP‘?fFal}b?IB RIS, lﬁeﬁli‘ﬁﬁ?%)%é Ffi‘{ﬁ‘ﬁﬁén&fﬁ}’f‘d’élﬁﬁ &étr%m(gzh%ea@es or

dlsoﬁi%l@ usn?t £8rtéin- rﬁB&HQﬁr@ d(ﬂ%r d may also comprise increasing the:I protein

I Tl uoronet hy phol i nophenyl ) - 1Hbenzol d
level «zi%azs:tmmASLmh rab hmyxtan SIBa'El @IREQ)and/or SIKTBh er bcanelog@thereaf

Incr%@ﬁa%?q%gtég‘nzlg%gé LN euag %\\//g }9 i.}mtoﬁaci% it Eactelll one or more copies of a
nuclgrc (aaidf thatQmes®s RAsinhuid - TR eRAple OB e P TLdEa c49 bafttreased in a

di am nobenzoic acid 1 as the starting materials

manunalmn@gﬂ@ igtrqducingiintoies magmajiay cgll a nucleic acid encoding the sirtuin,

T e .
sequiefe st fodthdin [(dhBlnk Abcdskiep Na). NPr 6pEa7atandfor dicreasing the level of

2-(2-(difluoronethyl)-4-norpholi nophenyl)-N-(thiazol -
SIRT3 ﬁy infrqdueing |ad4uplﬁ1€o?&do«rr\@9ams Sheraninfiage seasREo éorﬁslf)

GenBank Rebession NbHA Ao 1igad U DI EA DVF

A nucleic acid that is introduced into a cell to increase the protein level of a sirtuin
may encode a protein that is at least about 80%, 85%, 90%, 95%, 98%, or 99% identical to
the sequence of a sirtuin, e.g., SIRT1 and/or SIRT3 protein. For example, the nucleic acid

encoding the protein may be at least about 80%, 85%, 90%, 95%, 98%, or 99% identical to

38



10

15

20

25

30

The sane general am de coupling procedure outlined
above was used to prepare 2-

W@ 2010030k%10r onet hyl ) - 4- nor phol i nophenyl) - N- ( t hPERTE2089/¢49498
1) - 1H benzo[ d] i m dazol e-4- 20 car boxam de (Conpound

a nuagéﬁaglﬁ%ééﬁk/k ﬁ_ﬁ*r‘f %(%f%eréga%% klcggsﬁ{}!ﬁggé NMO612538) and/or SIRT3

(e. g.ZG%@ﬂﬁd Aé@ss2or{ Noj BCO@Iangpoydin. e myileicc{Bmapylso bk adincleic
n . S . . . ., . » -
acid ghatdsy brjdiyesnBieferably Hnde s ieant hbadizstien aondifians,dq.s releic acid

encogﬁ%;g]?r oq¥ ?sﬁl)x)tulm% %gsﬂﬁgpam Irsgfgf?g (?ém Strin N%Znt hybridization

condbtl@R5RaysiheuBe hyrbrrthtdhyoh)aa&amash ub@ﬂze?&C 151, ° (5 Q\fhez&smg a

nnol . s ta of an s THE .al ona.
nucIg e eap e Aarsinghgs Abprens Y Y1 ATP AR g, such as
a préleinIMat §s MREhent OFR Wi g&;é SittufH, Xﬁéﬁfr@te‘ﬁ@ﬁ, pBdferab 1é'lbg1cally
roomtenperature for 18 h and ‘then filtered. The

acthfel, t 1248 aﬁ @pabls o€ dmematlanela mmﬂaeneqeémc@opxmeée g eelk pportion of

f .

the ol e 5 Bl RO P OBl § B a Bt ek TR0 Blye

SIRPNhé&vindGenBEhk Aftewaon NOAH. 03‘6t3 g0 rlﬁsﬂafazblm@ntaemmb obre structure
m xture was stirred at room tenperature und m of

at
therqgof dFhspone sticturg spmetimes nefogs toramifa scidh 6423 oF ¢ Qﬁe%ank Accession
No. o B s, ARNIIE it n agepion o
NM ai1233 §, pytiiclo bmadmpaﬂspb thetNWD)tamdihg aewbIB ag the Byubstrate blndihg p
epar ati on of

domplhg FHE S G 3Rp o STRTb P elsh eBha B S0 api 261 fagt47.of

Genﬂirxﬂclz@ccessmn No, NP 036370, which are encoded 121 nucleotldes 834 to 1394 of
met hyOpheny0- 1F benzol dl i m dazol e- 4- car boxam de

GenB@dﬂﬁoemdon%) NM_012238; T ebast pminpearedsadd2dnitbe Oﬁﬁalpﬁiarﬂfg

Aol D960 iRy EnsiRy B Biablcpt RS0 Qoo

Acc@ssfbnwdmmw) Iphervtkd aBolrengiab @]:ﬂdﬁﬂﬁ@lcﬂd%-df “GeBaak A¥céleion
ound 490) from 2-(4-chlo

No. m&? Wpuwh@h@tmcy@webmgcl@Hd%&%pd]Sﬁﬁpﬂﬁﬁelﬁ@ﬂ%@éﬁ%(m

R o e o etferilo it R IR YefBl B PR HRon

capa%ﬂﬂle[s Mahibe defexained ac&ﬁdinmmb&mdskmfwn in the art.

2 4-fl yoro-2-(triflu th hen
BENR wahe&%u(wm)st Wtﬁe&nﬁ)ﬁ r%ifyﬁlm%&%%ﬁérf fratingAipeases or
dlsorde?sr\!&?r}%aé'hﬂﬁm nd %a?%ls@coﬁfp%@@ﬂ@éré&&g‘-’cﬁe protein
butyl 4-(hydroxynet hyl

tert )thi azol - 2-yl car bamat €
leve[ &79 slrtu1555®5'as Eurnan SIR"Et rS}RTZ and/or SIRT3, or homologs thereof.
am not hi.azol e- 55; 10.0 58..1 Mo
Decifg e ARG o1 KBTI TR BRSO R Ko o he ar
For Eianipé, tanRIRIV A, &amﬁae%euél%%m ol 2 1i6dzyine @feled¥O®he sirtuin can
along with 10° of 4-(di rrethyl)am nopyri di ne ( DVAP).
be expressed e thewall.nd dominanhpegatve siFtat mHtashe . Reputgntihaignot

tur I
capsb§0 e RS SIRGLA Wed dlor Hudile, RBFITA O or IR,
deschibed k. @] ih.Luden bR (E0MREehdded3 Angh bowsed esludrhatdgly, agents that
. ..cr stalline materials were col | ected by filtration and
inhibf i/réeﬁceatl%n s kg @93 ‘5 g of ethyl

2-(tertbutoxycarbonyl am no)thi azol e- 4-car boxyl ate 56.
This material 56 (10.5 g, 38.5 mmol) was dissolved in
300 nL of anhydrous THF and cooled in Dry

| ce-acetonitrile bath. A solution of 1 M Super
HydrideTM in THF (85 nl) vva§9then added over a period
of 10 min. 15 The resulting teaction m xture was
stirred at -45 C for 2 h. Another portion of 1 M Super
HydrideTMin THF (35 nL) was then added and the
reaction mxture was stirred for an additional 2 h at
-45 C. The reaction was quenched at -45 C by the
addition of 50 nmL of brine. Upon warm ng to room
tenperature, the reactl on mxture was concentrat ed
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10 (norpholinonethyl)thiazol -2-yl carbamate 58. The Boc
group was renoved by treating tert-butyl

WaL2{1A1003001 | nonet hypt hi azol - 2-yl carbamat e 58 WETUSW091049498
of 25% TFA in CH2C12 for 18 h at roomtenperature.

After t he vent. had
confEuntts ot MG TRMERbrIRGaRTE RV RO meihpds for modulating
the fr8Sdelibliol ofeSdndyl@ndGding rsadiing mt:ﬂhbdéi fo xtabilieingfdestabilizing the
pent ane/ Et OAc to afford 2. 17
corrapRding RN A #ee Rifiey mt@%knwam thea®o as a 15white
solid. Step 3) Preparation of
2-(4-fluoro-2-(trifluoromethyl)phenyl)-N-(4-
Agidgaseghol i nomet hyl )t hi azol -2-y1) - 1H benzoftili m dazol e-
4- car boxam de ( ound 681)

/R @mm@thiw g?m(enﬁma@@gﬁé r@%bpé#%tengmg&g lifbspan of a
cell,%?féﬁ!h'n@ GhPHBRRIMIVE Bty 38 B QY KriB aging B a oI, Rir6RBif the

surv'(v41 M eumib dﬂa{zﬂng icellular senescende)ip heel, inicking (hemffshis|of walerie

Y IETR ST e o
cont%ﬁhgqga cdIP#iiR a sﬁﬁﬁn [¥0lilating Eéﬂrﬁﬁ&lrﬁ o Ghe iDYEtdAShE ifdreases the

mor phol i nonet hyl ) t hi azol

level( and/quaabv@n@ﬁ hsirtyinneeipm) Inan @@ﬁwéw]embpélmr dheymethpdhx
f
comggs(e %OP%}% Fg ﬁ%&g 1@%% %1%1%9 cti atﬁ{l%ec%ﬁ{pﬁééf no
55Theeletuak dsefbtd kérkinhhazied udd adrineeeabe theamopneqfaimeithat

usi ng the sane nt heti ¢ seque outlined above for
cellsg pErgviaiy prlﬁ@%%qilﬂ (he mei& ebta@eg%%%ﬂt@%wn@geﬁmnmzl may
be k%]taﬁ% ll1 @E%t élg;: %@gﬂrlg%t?og@gféelfs%dﬂtﬁfﬂo'téﬁg cells, and cells
diffexer{tiatedrtberpirom mamatsb)blexnehﬂeémth-eemgtm)l rﬁec(tﬂatmg compound that

mcrqata%sl tzlﬁgeﬁlﬁgmt h%g%?l en%/ a 1rt%1lr_1l-pggtgz %%@ dﬁé §ﬁ§%ger?yx [cr}eof

in CLﬁ{f%l&'ePfdr MshgRE PGRSI o€ tifiat ShdhedliabaVAsyBSuded @& trhsPlaR@RAsLinto a
)

subjeet( Gg.( aferphobionoedifibationhi azol - 2-y1) - 2- (2- (tri f | uor onet

AL 0 AR Wy st
may beRardctit] 4 sirtdazabeul4tigecdaeponhd @haamcdeagesahéilevel and/or activity

5- (nor phol i nomet hypt hi azol - 2- am ne 6 15 ESI)b
of a giguéniprotsin. g e BFRE b & suspensips; (c Lo hiRpd caBy sprpmpbiological

oo PR 580 Y DEEL Rl on ol o saliiet Fomom,
individlyial for purposes of transfusion may be treated with a sirtuin-modulating compound
that (l\rl-@gq?ﬁ%%tﬁa eggbgn]d)/(g%\%%] ng';{ %%lléllwég(i) gﬁl tgﬁ)?'esgr%re Qhexﬁwog cells for
long@@g&d@ P Hﬂle5ﬁad1%bgélgﬁbméa T@-b@ué@ﬂ%ﬁfo@éﬁsﬁ purposes may also be

hoxy) benzal dehyde To a ‘'sol ution
presafve@ uging mxrﬁuwmdobaybg nqmp@md;tb@t inggasesthy lewl andomastiyity of

a su%u‘gs plg)tilgﬁtgﬂ%ﬁéltsv@% qnfqga‘ﬁg %y)itelid gxeglhfesglmé or pr(oz;)egt against
apolﬁoﬁg ir@lude cOBLforebnsuipt o2 EBdells Frogh néh-Boma®mhmmbe(such as

resulting reaction mxture was stirred at 150 C for
mean)@rmlanée% Isduchgps vegsipllesiper at ure, diluted with water,

an t

oy dE GG oo G Wepsc B 1LY Aot B siruin
protéiadheyedspbegplicé dufliedeveRiphtentad) and giosktle phvesss imumarhineld, plants,

by chromat ography (petrol eum ether/Et0Ac=10:1 to

afford the desired product, 4qamely

(S)-2-brono-5((2,2-di methyl-1, 3-di oxol an-4- 5

yl ) met hoxy) benzal dehyde 64 (4.1 g, 56% . Step 2)

Preparation of

(S)-444-brono- 3-(di fluoronet hyophenoxy) net hyl)-2,2-di m

et hyl 1, 3-di oxol ane (65). 6465 To a sol ution of DAST

(3.04 g, 0.019 nol) in 20 mM CH2Cl2 was added dropw se

a
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10sol ution of

(S)-2-brono-5((2,2-di methyl-1, 3-di oxol an- 4-yl ) net hoxy)
whrpadehyde (64; 4.0 g, 0.013 nol) in 8 nm COMZIZUS2089/049498

roomtenperature. The resulting reaction mxture was

msecgg N I goo\?\rﬂgarg 8‘%%{‘;?@?&’8% % i ea}tt:xo Eetgrﬁ o[i] acée eﬁ%‘qﬂ%é &%@léypmegtal

and/éﬂ\@fav&@ﬂl))roam concentrated under reduced pressure.
Pur| fication by chr omat ogra hy petrol eum

Heanothes gmbgd @enéfgrgp@—ga) ing cpRo Hids hhsat acrease the level
and/ 3154&&%@ gga ?%ﬁ%ﬁ]%ﬂoie%b%@? Y LE@%H )flle%;_l)t; ci%lg Pgétff{?r?p %f%ns]ala%ta@ﬂoﬁ or
cell ’(bSbap? 1®dlmﬂin|gofom re4rhplk) solﬁd Il,sshecgraﬁﬂ, bygdan tra8spdarss geldin- 4-

et h | de 6 T i f
suspf o RSP monE LRI S st TP SRRy BBt 5 Buergft an
o5 e AR AR 35 R0 e Sy
modpiating c@@pounsl pricato adrainGiratierdingplsatatien, wercusehily withat
R S b o e POl ot e

cellsa? tiaslei thé Job@irea?féﬁ Phidt to SethidiadbPtic aclleiora tIN-#dabr (3vidhal, ex
was adde The resulting reaction m xture was warned

vivo pier igBioV eleafiee ealks os tiawg Tom thedoser individuat, @epz’ss igplntation
: ) ' SH)
e e G L G B ot
systdrmsalﬁ;umthla&lmun-lrrfddethubg cotipourslt crguaypaye @pebseobfewiﬂs/tlssue

treatﬁ(gﬂ;)@[a@ E%V?tﬁ a sirtui -modula?ifnfg %E)r%p})&]ned t Iatt 1|n§r%asceo [tmaoleveq ‘and/or activity

ofa Qlﬁ),unzprf)féhf N enE Ell%balrréﬁ&szthg cgl'lsn@rttm’lhe (%r aoﬁrﬁéﬁbﬁﬂﬂ y
hoxy) benzal dehyde 6

1nd1\@dmj@rrmy aiditigmally be treated W1th another therapeuuc agent useful for
proltgx}g)_ing gr(a% s&rvnf/a!l us%rc g]ryelx)amd"e( %ﬂ ?mr%hnnc?stuggressﬂre agento a cyf%'i‘cme

an agbgihstor,eny 1) - 1H benzol dl i m dazol e- 4- car boxylic
acid (67). 661NH20 OH67 500H To a sol uti on of

( Sin get et lembpimentsy pglbmmezr%tq%ww p siftum-grogyigting - 4-

i it e
incr@se the#tQifespah br penehtNpAF24aE (Fbr 8Rargple,Skficamtel protedive from
. reaction mxture was Stir

aging (g E86Ing wrinklgmm!essab g{agtgqj}yeetgi %Yi@&?l%gl%’a OWF’Rlﬁ‘e i cells
|

w1th ﬁlgirﬂg‘}ﬁﬂ%ﬁ%@gﬂpggn@@lai ?&?re@&% ?h&l@bél%ﬁ%g allWity of a sirtuin

protéin(m -afdixEplropembédingnt) (g ;Q@oahtawmdhyﬂth 4 pBardiaoxuicaler4ogmetic

R P A Sl o
actlﬁ@' o @ shr@lin Grotéid! %@Nﬁﬁ%y sﬁﬁ&fﬂﬁhoﬁmn bhditioMk Hat may be

Step 5) Preparation

treatein groprlaget With Sregnetheds deseribed heggimischwle disosler erxdiseases

sssol A VAL s ey s fampogeyqr iyl aging Bior oxomple, the
comp&ﬁh&m&ﬁfdﬁﬂﬂﬁfﬁrﬁﬁe pRSgntiontbr 2rebinwdnt 4f tdritact HATAALitINKGBluding

lrrlta(nSyorgac(t sermaptitis 39 gHerginaontaghdermatitis) naopiy denmalitigi (lze kagyn as
t lic
allergﬂi %E%x@% m((g%() 1&!?%8%})3@%%??& gvasgﬂi{ega(g%lhgﬁﬁ% %&%&%}/ »
epideifolpdiomglosa tilsedses (imcloding pembkigps), eﬁshatlwgierrﬁatﬁﬁgseborrhelc
mol ), HATU (181.7 ng, 0.478 20 mmol) and D EA (61.8
ng, 0.289 mmol). The resul t“f']g reacti on m xture was
stirred at roomtenperature for 12 h and diluted with
wat er. The precipitated solids were collected by
filtration and dried. Purification by chromatography
(Et OAc/ Hexane = 2:1) afforded
(S)-2-(2-(difluoronethyl)-442, 2-di et hyl -1, 3-di oxol an-
4- yOret hoxy) phenyl ) - N- (t hi azol 2-y1) - 1H benzo[ d] i m dazo
| e-4- carboxam de 68 (77 ng, 65%. MS (ESI) calcd for



10

15

20

25

30

25C24H22F2N404S: 500. 13; found: 501 [MtH . WO
2010/ 003048PCT/ US2009/ 049498 Step 6) Preparation of

W@ R)10203028 (di fl uor omret hyl ) - 4- (2, 3- di hydr oxypr opGRY»INEeHI498
y1) - N(t hi azol - 2-y0- 1H benzol dl i m dazol e- 4- car boxam de

s 8  Aer E  e

causé®Bhy the(stin € bfHerBglarptdeyd, Hisddif 2y cirythérhatasub, Gerohatomoloaitis,

psorégwmmyw@ﬁpayffm ofnatiyel azing Iy anathes SRPOFA i SHESY
mod%ﬁtlﬁ% E&ﬁv\g&ﬁﬁlﬁ el Sk B8 tH39eyal ancﬂoﬂa@gvmf a sﬁ’tﬂld\ﬁgﬁm may be

s added concentrated HCl and water (1
usedrfb) the Tivetrmems af wowedsrapdor bwnns m momo@e hmrls,t inglndigg ot example,

s, S i b AT S PO EIGHE e

formlitioh§ fidd e @Gm’iﬂlé‘tbﬂéﬂ@opﬁ@eﬁlye?btth@ﬂhﬁ@r wivkbsaEtiQe, The
conbi ned organic |ayers were dried (Na2SO4)  and

10d epicelrformae uorwmgmrlﬁ@@@@ear poessTia-mediHatinecepmnonngsythat

T
chenydprehNntihé, &bﬁipoﬁﬂyﬂs) W&nbﬁéﬂﬂ{aﬂheﬁﬂo@mh@vmﬂhbﬁmmﬁp’dﬁe

(Conpound 556) (67.nmg, 91%.. M5 (ESI) calc for
skin @Wﬁtff@vfm@w vigiblgeqnditipp in e pattizaler dndipidual.

1 Iy t
1y SoR SRt S IbREER I e ed kel il dad,
sub;éoe -14-ona einbrdimane, a(sGowponothlaHg 28MnpoBid dbblvd?cds]@aalm foon

hl b 77). NH2OCH3
tlssueﬂ@r%ae&é)%@gﬁh%ﬁéeftl%%ﬂ?o i ﬁ?@j?c'cf%%(Hoc)cozH 6970

ToTRanBihdr Wi oRfm R AdHhiH I RIdtmB ebMpboied hatinB&ases the level
0.347nmol) and copper-(I1) acetate nonohydrate (0. 9g,

and/ar @givitp oy a smtuMO(ellsm pe weadl fatitieating os prayeniang ®flisease pp

con RTINS AR M REPLAELAR L iy 20 A P

decrEdmg(th6 e4vd bf @he@:eﬁ‘ae maubﬁsuhtgl raﬁelf eaet (be;Bnem:eﬁcldf @ethads for
stirred at that tenperature for 3 h. It was t

exterdjag thedifesgan of arkiect; methads fog érewr%grprm%epmg afliscase or

condifo AFTE slliietodt i¥hodl 6 MR BEGOLARY iAol
relatjitgetd She molliﬂnﬁmee:apmlg ofiaslls akdamet]pds for Eite@dieg ann‘eventmg a
extracted with . epus The conbin ueoys
diseqsgpg P%“‘ﬁié‘?’éreé Flag Ogacq% q%ﬁlags RE A5t 4R 86‘?%im58d15% e
met}fbdad?)‘és hbest Sﬁ(ﬁéé&fsﬁ'%ad% bdte Bt QBGrrentROraReRc Bt g{cﬁéﬁ itige
ers were dried 2S504) and concentrat ed under
hfesp:edqucaeijb;ﬁce ds gergain gmbﬁdhmedts a method does not act by reducing the
1 hai akﬁ lla or o- 2- |troben20|c aci d 70(6 5g, 60.5%
ethajily SaLB?% ésﬁasfowc a5 ESFLp 2) Preparation of nethyl

3- f A AnetheNtMbStideh, & kieRenmoatiatifg’dompound G GRidédsed 1he level
H2SO4( 1. 5ml) was added to a mixture of

and/gr ativiip-062 stituin profein Aiay be BemiByered & o sybjest imowigr to generally

1ncréla§e ﬁ@gﬁ%ﬁaﬁ O [Y??ér_ﬁes (?}x Jréx)r tercePfaerlﬁ?c\ggﬁxgﬂ%egseﬁﬁfdr%g%mst

apo;itdﬂﬂm Inig beHaled 2led tz\&aﬁl’(g satbjocatvitt a&qn@ousd N&Bﬁﬂmi He@eiangsimilar

o R 0, 1L TR RO 15181 £

may%&%ﬁxa%e@r hip%%gdnfl cation by chronatography afforded
no- 5- chl oro- 2- ni trobenzoate 71 (3. 3g,
88. 5% as a yellow solid. Step 3) Preparation of

met hyl 3-am no-5-nor phol i no- 2- ni trobenzoate (72). ()
42
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CI NH2 48NH2 NO2 K2CG3, DMFNO2 COOMeCO2Me 71105C72 15To

a solution of 3-am no-5-chloro-2-nitrobenzoate (71;
W@28¢/003D48 35mMmmol ) in DMF (66ml) was added nor pPGI/U#2909/049498

(48; 7.12g, 81.78mmmol) and K2CO3 (11.28g, 81.78nrnol).

The. resul ti ' i Xt i . .
IoSH S AR AR AR 10 0T AP o
protib &Ehyﬂtje,aldﬁﬁﬁﬁsﬁlﬁdr ta@tsgbﬁew;jtb Ig)rd:_zéﬁ)boag)ingleg agrghictet congequences
organic |ayers were drie SHA nd cancentrate
or digerges sydscdgkphiead ewsased&ag%?@ﬁx%%%&%E(}Osﬂ?feéﬁla@oand
A0 A OB BB B A RRTE sl o,
assotlaedaritt theaging of 118-ajeaniches Satanactpiglbucomé; gid medai ¢

' hyl . (73). A soluyti f et hyl.
deaEifiphoy B tiOr R chingupd e Da it the BlengF stifvity of a
sirtu&?n 8 dar dlsFBOAdntih REI to\WaBje by doasafindif Of Biseises W Uhkonic

at roomtenperature. After 3h, 5the reaction

gy
diseasestansosiasesswith Felbdesth, amerdetioqunieetihe gelisrom celd dertled

xR St ioPbHelonc afprizgd nath nevsa el dshygposonpl efgetion
or n%@ctﬁ&,ceﬁ _ﬂeﬁ%ofr agsfandioa)wucl @k Pawirsoh’s diseSiegAlZhkimer’s disease,
Preparation o , _ .
mulignleralpesisi Hoaioyppio Jateral selarpsiv pafERGHIasSHgIYY: Hy[PEhBminant
4], - . - - r _ “
iS85 8 Mool 8 A, 153 ol T,
retinitis figinemtoteand(céBbeBalegeperaicd9 myelojlysphastt Gieh @6 Optagticveasmia;
. . added sodi um netabisuylfite (373 .ng,, 1,96mmmol.), H20 (2
ischifie dianes ST 13 BTSRRI g SHYere hepAc C@%aseﬁa?ch as
RIETRe it [ HePaitisf@Gbin®RisBAses S A4@StedhrtHritRd
alcog%lder rg%sl’ Sgﬁ]a?lg?%wﬁ.He?fgtlt\ql\sgﬁ%hgglscpol ed to rtgom
athetoselpmsiat alopeci® alathago tectba skiaded tauHY¥dight:dither dlapns syaply, of

the skl shpfch 250 gitu S0 PR AP aBh OB BREntag b e, S,
therég%?él%nﬁcél'e&%ﬁ@é(w ra@iafléh expoetddy| ester 75 (670 ny,

29 as a yellow solid. Step 6) Preparation of o
6- FFprerqdylating icomppyndsthat ingseaserEhergyel grdlay aotivitped A sistuin
' | - ' is . 0 . )o Z5
prot%?}é 91?8 b%\a?nrﬁg(r{?%%(réh lct:cg e}] ?Lgdr] %’c %\é@grlng':fro% %19 K%thghlségsg, e. Z., damage
to arbergat phtidsue,-edz.yd sidjdc? suffaringfoomo stedleydr-npyueaydigl idfekction or a
benzoj m dazol e-4-car hoxylic¢. acid hyl ester (75;.670
subjij sufer 12 §Pinal RATRARHEY- %mjmﬁﬁﬁau g cpmpgungs they insrease
the IE94] aﬁ&’/oml&iviti% alsEAGh F&@eim&ty%s% peagedRitepat bt SdoMIICh liver.
0% aqueous 1. The resultihg precipitate was
collected by filtration and dried to afford 6-

rphol i n-,4-y1-2-(2-trifluoronethyl-phenyl)-1H benzoi m
C“’%ggvfif‘}gfz)-’gﬁ%oxyl ic acid 76 (600 ny, 93% as a pale
yelh antB& enthodmek SRe Yr)veﬁiﬁ@g@galubpm mefhod for treatinﬁ and/or

6- nor phol i no- N-(t hi azol -2-y0-2-(2-(trifluoronmethyQphen |
prevgntingHbesidioveicler disgase by admanigiesiagiodesubishipoiesd thepef a sirtuin-

mod;dga‘r:f‘ilng g;o% glgrﬂﬁtg‘l%! dm@gb%? ggegg!gél '89(9’ opgc(?ﬁ/f@ W& s%ﬁ@ﬁ#o@gn.

moiIakdibvaseulbt disdtis@ztbht-can b yredted Br piteverdtbdiasingriichittyiphen

1) - 1Hbenzo[ d] i m dazol e-4- 10 car boxani de oun
moa‘éé%ipg pp@ﬁpén s ﬂ]l(:llt Ihcretse the level and/or activ%(ty ofa sir&;?r?gg)teliln 9nclude

= B BNV RV EES o (WA T : o nzoi

e e R A
cardinydgsthy, aladtudicfeardi@agdibd 3 NBRABIuctd ariomyapatiy; isglremic

[ MF11]. Exanple 23. Preparation of

N-(thiazol -2-y1)-2-(2-(tri fhyor onet hyl ) phenyl) - 3H m da

zo[ 4, 5-c] pyri di ne- 7- car boxanm de (Conpound 341). 15

Step 1) Preparation of 4-amno-5-nitro-nicotinic acid

ethyl ester (78). Potassiumnitrate (20.5g,

200mmvol ) was added to an ice-cool ed solution of 4-

am nopyri di ne- 3-carboxylic acid (77; 27.6 g, 200mmol)

in 200 nL of concentrated H2SO4. The resulting

reaction mxture was stirred at roomtenperature for

~ N o, —r— NN o~
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CO2Et COOEt 7879 A m xture containi ng
4-am no-5-nitro-nicotinic acid ethyl ester (78; 15 g,
wW@2092038 ) and 10% Pd/ C (500 ng) in MeOH ( 500PG/PS248%049498
stirred under 1 atm of hydrogen at 5 roomtenperature
e P A oy O Rsing
compeuhyls end pretwds desctibedhidreindirelatberdinatrius disoidsot ¢frthe mamr dlood

t 7 099 . { 3) P {1
vessEls (BogrPTIE el SivebRy RhRORSiep iRt Faraby s pAcass, A fArlidne
arterief; the dERBMWhsE R GiEri @ thelre®$ bREridsSML iliac arteries, thefemoral

m xt ure cont ai ni ng 4, 5-di ani no- ni cotinic acid ethyl
arterégst and thg goplited prigries. Gifxasvpscular diseases that can be treated or prevented

B TR
arterlad€s, Chefvaka Aévorunt joardidzeoletiogs,tand ramrriatalﬁaﬁﬂmwbals ofthe eye,

reaction m xtyre was oured nto 100 mL of d.water.
the kigeyy tgbert, r@ﬁélaq fegga F?rélcrteé&smwya@flﬁ Qﬁmﬂ%ﬂ-
modgﬁ?ﬁg ??%{)ﬁlg\rg%{rfag Er}] %@% %25\%@ eutxd?oIps,[c‘ﬁ\’dt§I 8f a sirtuin protein may also
be usemhfdalmfeaslﬁgﬂ@iytavd]smmplasmanﬁmxyidmdtmd;l d ethyl ester

t e parat.i o
5 O5f ot s e gieglon S St BeaDesieltine oppopeg e
1ncr€aZe tHeAERPUNA/bfactivitdl of §@ﬁ*tu1n protem include restenosis, e.g., followmg
202-(2-Trifl uoronet hyl - phenyl)-3Him dazo 5
coropgnyiintierusntion and disprdets rgtatiag éa #ryabneynalrleyd ol hlghslsnsgty apd low
taken up in 10% aqueous NaOH (40 nli) and
dens%k%lg%@r@%o m.). The reaction mxture was stirred

UN@iesnd @hbomeR a SiBtulfi-ModWpGiy €RODJuRg thad ifoPeises the level and/or
tenperature, the reaction mxture was acidified with

 activify qii@flftulfﬁ BTRIB Y] Bspdranisisiedsts PrE ST psprbingtip thegapepije with

anotgé c%Fcf} u%#%%eﬂﬁﬁ" %‘\ﬁéeg'g nylf‘[ Qg&&:f# I'n‘gaz Oﬁ’rfga&fn%&&nd that

1ncreas¢spthe laﬂrekmd?orcaaﬁh@xqﬂ a s:rtanm paot8ih rhdy. Be7adyninBEY8d as Biteyf a
Pr e aration of
comﬁznetlw gpewiq wiith ap anti-prrhythmis agcat iy BpHRsFaodim Rty guin-
moduhting c&hp UﬁddC{h&Qh&eé?a%§ Qﬁ’i@x"@l 48d/6RANAY BFla 3dhin pr-Bt'é‘?n may be
sane enera am de coupling procedure detailed above
admms;emg gsjparooﬁa g(palplgatmn therapeutic with another cardiovascular agent.
5(thiazol -2-y1)-2-(2-(trifluoronmethypphenyl)-3H i n daz
o[ 4, 5-c] pyri di ne- 7- car boxam de (Conpound 341) from
Cella)eQsz/Umééruor omet hyI phenyl ) -3H i m dazo[ 4, 5- c] pyr| di ne
-7- car bo%l ic acid 81 and_ 2-am qt hi azol e 4. (ESI)

calSEHIREHo mg roranguls that grese thedeivry an@’%athntb&uof a sirtuin
prot BB, R o D PR S m ey byresr s s e i

receib@ aclopy of ﬂdmﬁoﬂ ot txbo Xy bn&:erab:odﬂmblhtg ﬁm(nloséeﬁ/rlaélatldm or toxin is

( rrpound 693) par at.i on of
recelyeq 45 it 6F 6 Wl 14 @W(ﬁ%&%ﬁ&ﬁﬁmﬁﬁ%w - a{Pimitierad 83 @, 5-
proﬂh?béﬁﬂu%n@&‘sﬁr& 3 BRdtHer smid@lfer L thY kad@a’ifoﬁror (B expdstle URE3ived
m xture contai ning eth
unm&hnﬁonlalbaﬂmmh(acnasm dteeco@mund)lsag@feﬁa’wm@mlam@brad 44 wones

possfle Ay HPEE 1t SO SR et APt ohg 53t BB gout

radidd@syfi@ehieng to room tenperature, the reaction mxture
was diluted with ether. The resulting solids were
collected by filtration, washed with ether, and dried
to provide
2-(4-fluoro-2-trifluoromethyj-phenyl)-3Himdazo[4,5-c
] pyridi ne-7-carboxylic acid ethyl ester 83 (600 ny,
39% . WO 2010/ 003048PCT/ US2009/ 049498 Step 2)
Preparation of
2-(4-fluoro-2-trifluoronethyl-phenyl)-3Himdazo[4, 5-c
| pyri di ne7-carboxylic acid thiazol-2-ylan de (Conpound
693) .
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Compound 693 The sane general procedure outlined above
was used to prepare 2-(4-fluoro-2-

WGe10000d% onet hyl - phenyl ) - 3H i mi dazo[ 4, 5- c] pyrPCI/H82099/¢49498
arboxyllc acid thiazol -2-ylam de (Conmpound 693),

o Dyt Bdgtaing poppougts ey alio Ssssd oy sping anglor frsyeating
canc6q. Dy Edrehiim eémBodimehe xsittiie- rﬁ@dtﬂatﬁtgfbkbinpeaﬁdsrthﬁanﬁSasth& level

appropriate starting material, M5 (ESI) calcd for
and/gratigity RE® sﬁumow mey b ysedfopirealipgand/or prevestyjgagcer.

Caloéé res%({gfolﬁq‘%? ?E’éﬁ hndﬁeﬁ t%a re c&uctéon( 151 tle? 1rn|c B%er %f ; -ﬁglageg rﬁl(lesrcﬁr/ders
inclulling c]a(ﬁcdrl—lAbm‘rdmglyl almmtmsé m-the beaeloaod omiadiev (}Ozfrmﬂund protein

o el D o B S o

s, ffi & Ik, 82fc88 BxinphPyediblsithat %Y@' e tRARAIRISRES sirtuin-modulating
distiflation ap aratus The resulting m xture was

compamdede thos8of tbe graelealahlddnm hemaanerdspendeat cagicers jingleding breast,

oSl S R R S5 PR By 8 B R oo

with@blid tiore Qr Mo dE tigxdonzothd mp@eadmmaeﬂed d{8&x)y info the tumor,
solution of freshly distilled o-nethy Ih¥drox yl am ne
Cangeg ofblogd cels, 6. gmhﬂ mig, gargbe treated by administering 4 modulating

comWQn% tH%k/EE;? }I‘té%an[ﬂ mtzi fn\?\(gffl@ égh lalg:ﬁg@ d?grgl éelis grogvth 237 Owarts

can &lko be rehtsd) le&?&il@ﬂsesfthett Bax(bt {rdatedinchude aﬁro(rﬁlhumdlseases e.g.,
over 10 mi.n .at

(10
systqnétﬁg&ué@@ftgemﬁpwr S%%rP4WW@1t1§ iRSPE aitoimppppe cells
shodl & BPELIEE eVlréltmf‘é’@t‘i"orﬁléﬁ&PMrﬁ!st HI\V\BJd%ﬁm@HQ ﬁfﬂqtﬂgt'\/ 1

concentrated HCI was added to adjust the p
associgted Indlignamtiantl bewigndisosiety cantadss hmttelateEtb@/admlmhteatlon of sirtuin-

mbi ned dr 2501
e RS GheE, Ea BG e g i
to ref¥ve BBk LARRKable Gﬁﬁl 3p\VRAhtef6éM, andBadtniBisleredbdcR 6l ﬁﬁ same

3-am no- 5- net hoxy- 2 -ni trobenzoic acid as a dark yel | ow
Oradtffqr@t%bmﬁ 62 g). Step 3) Preparation of

55 e ABR R BRI G EnEls-S Rl mguiafing cqmpgugs
descm’!@d hermsas thiaGing Iaﬁﬁdamder agtvignak., cdpoundy thean thdlo&agghtdsis,
was iaded The re in C{ea on .ni Xture was
combemils Sk ies [RSEAT RGPS b Header B0la TR e
Cheﬁlggxeila?w \l%teﬁ T%%ﬁts %’:ﬁé &@?W%ﬁéﬂﬁs@lv\é@%ﬁl' |s§1%&1§@n5dﬂ1‘1é¥h‘1§t&oﬁlpound
pad o0 |

e and the trate was concentrated under
describeldibadinps ésduging detl dafther deducing lifespan or increasing sensitivity to

stres&)anyg)éggqog% 1%%@&%%&%& c %}n%th%(r:ap%ut?c% a%gnts ﬂ} add1 tmnS(t P

com@hﬂ@ﬁeﬂ QKé&n@théI%pédtfcb fthél ﬁ[‘t@ﬁﬁhb&’ beaselitid Heréa may
zol e4-carboxylic acid (87 37NH 2 F3C C F3

also mmltmrn@ww RNAeRNAgw pther papmKlEBFestp phidi the expression
2 3
of o eehits Gyoeeas B IR PRGIE ASHIF RS Pl R (4

eq @ovnbi@lidn SeFapied mlﬂtsﬁ@lﬁnftmhenddﬁlaemglc\z&)npbﬂnc@l\&d ]a5vvas
stirred under ref]Jux for 12 h, Upon cooling to ro

conyeafiped shemetherapaiticagent sy bh @évamégmg oy SerRHnagion ﬁheraples
knm}()}ﬁﬁrf{he a}—[rb%c{%ﬁg %C?trdo%gnﬁﬂ ohgfloW? bR Rl RRhALHBMotherapeutic agent

ration to a

to exerin@tdtexgffeet §tdotver ddshgro fmaptdigddomatrogimertt-thb efizef w$]dosé
dazol e-4-carboxylic acid 87 as dark yellow solid
(40%. WO 2010/003048PCT/u§2009/049498 Step 5)
Preparati on of
6- met hoxy-N- (pyridin-2-y1)-2-(2-(trifluoromet hyQphenyO
- 1Hbenzoki | i m dazol e- 4- car boxam de (Conpound 632).
Conpound 632 The sane general am de coupling procedure
detailed earlier was used to prepare 6-
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5met hoxy- N- (pyridin-2-y1)-2-(2-(trifluoronethyl)phenyl
) - 1H benzo[ d] i m dazol e-4- car boxam de (Conpound 632)
WO p@1003048 PCT/US2009/049498

6- met hoxy-2-(2-(trifluoronethyl)phenyl)-1Hbenzo[d]im d

EDFE & frRRPRELCREL by R e s TpRopKich! HpplherdfBucic

agerftdyiwien vBechimpuoenb2atioSywithheesitsinafiodulating compound is at least 2 fold
6; li,di n-1-yl hyl i.di n-2- -2-(2-

ess iird Bl Ry SRRSOk B AT P 20 PherEaP iy S

fold,gm fid 6CRRR2Y761dGe4) cOlﬁte%bl}heF%haéa %&%x&ﬁ@%ﬂch

-am nopi col i nate (91). HZNCO2H
cherpgtBe@pigtic agent or tombinatibw of seh ghemotherapeutic agent when used in

= am no-6-pyri.di necarboxylic acid (90; 6.0 43.
comBaR Bk B B Pl e el oy g ol
greaf8iBhah tBé TOfde.colViitibed Chérmbierapadic roginkhrilote 4Rl Vs more

stirred under reflux for 12 h. Upon cooling to room

preferaplyet dtfeldel0 fohd or egaiZSdpldarsatelr e was concentr at ed

under reduced pressure. Enough saturated aqueous

Na2CO3 sol uti on was added to adjust the pH = 9. The
Neurordl \DiseasaiDisordessnt r at ed under reduced pressure and

di chl or oret hane, (150 was added to the resulti

r S BRTEAD 439ECT SR En t‘é‘EiCPF‘é’B“‘_%f}Sdg?td%@P%?e 5 lf&%%rld/or
acti\&gimears@xtnﬂﬁ rdt6th 30 LS daD hehVRichts ki REeE frdh feliblitdeat tive

s 20concentrated under reduced pressure to afford

diseggtehand Granmiatio pi methanipbindiry %o tegentrd gprvoss eyste?) (CNS), spinal

Preparati.on of ethyl T . .
cordor pERPRerRl By s SYEURSTNR: Alsyipndeermerniive dissaye pieglly iggolves
redulcBdNs in themlads @R oMo ERE iidndh biafe BhidhkAZy be due to tRe &rophy

solution of ethyl 6-am nopicolinate (91; 5.5

, 33
and/andgah pibrainmglsd whictoargifar raerg paefebeshthap dwsedn a aa@,tha@@@@n that
. 0 i - L hut i
e BB O ing TR0 ks B ot S GEERD g o

periéd of a@ntal Bapefiattivng dioto pk8gmssivehdegsmdratét (eia hervenmeiled
by concentration undE)r .reduced pressure and a m xtu

dysfghctipmend deain L o Breefie O egiorgoAREmaiyely, RHOdSERRERUVY liseases
can flﬁx%uu% cidi(fl@or{&ﬁ)f:é hSshcke %Q%Bk%%dt\giﬂ%t;gxﬁgmf Bkind. The ayﬂfél onset of

res I ng So s were collecte [tration an
brainl degedetatiom frfag pdecetd hgliniéal expression by many years. Examples of

neurg%%%?lgrggg% 1)§( a%% gg@ﬁg,taq% Hr%)d'?)lt flgxlﬂt%crll gc%j Sﬁg}%izeirgm%rls' (gse%be (AD),
Paﬂﬁs&% %{@ﬁ?g@%’fﬁ\rﬁ%‘l tdi*%sﬂdﬁlgega}éél ggmp @ﬁ@bﬁ%ﬁ@)aterﬁ%l’&bsw (ALS;

a stirred
Louggshrigls discade).atifiyge Lewy body disease, chorea-acanthocytosis, primary lateral

6-(tert-but ox rbonyl am\n i Golin : - Q.33
sef Sk MO AR08 S B o o
vinc(istift) palitdhQQ baretomiby) didtetet-aiuted Adgroputisies andoBriddeelclof ataxia.
. 30 mn at 0 C. The reaction mxture was stirred at 0 C,
Sirtyigymastufating gomppads|thaf inarease Hisdevs) apdfer adyityioba sisfuin protein
can I?%{Js%ﬁ t& ?reQ[ tﬂés)e.d%gde}so%dl\&@_r‘ ‘EQHéégfiQfQi Kol m.‘) at 0 C.
e reaction mxture was fi Ftere and t?]e filtrate was
dr iAdD] is(ANAIR S@gordem that oesakninr mémoryunsie nnuseelibehalvior, personality

ressyre. The resulting. residue purified hy .
chafgs Gat e Sy ek gBRiHGT CioRES aredei i din depihy o specifi
type@bf Brath Bk land teWredkdb W G CiEBlibhs! ahB Yhdidupperting network (e.g.

15yl carbanate 93 (3.0 g, 41%. Step 4) Preparation of
glial(@lle) wtwedm themy Elzer dsolisgt symptoing yrdletierioss-of ceasnhwppmory, faulty
met hanesul fonate (94). BocHN N ,"..CF120F1 MsCl BocHNN
CH20Ms , 93.,. )94 To a solgtion of tert-butyl
6- (hydr oxynet hyl ) pyri di n-2-yl carbamate (93; 3.0 g,
13.4 20 mmol ) and DI PEA (5.0 g, 40 nmol) in
acetonitrile (30 nL) was added MsCl1 (2.0 g, 17.4 nmmol)
over a period of 30 mn at 0 C and the m xture was
stirred for 2 h at roomtenperature. The reaction was
guenched by addi ng saturated aqueous NaHCO3 and
extracted with ethyl acetate (3 x60 nlL). The conbi ned

1. AN PSNPI~NA
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96 A m xture containi ng

(6-(tert-butoxycarbonyl am no) pyri di n-2-yl ) net hyl
woreiinassedsil f onate (94; 1.30 g, 3.2 mmol), pyrreCT/UBI9E9/049498

(95; 0.46 g, 6.4 mmol) and K2COA3 (1.30g, 9.6 mmol) in

5L 900 s oot AR ERT LOIPT i
bodyrin)otfmnentnyasgldmn trembr,and dyskinksia, pedliiseewbchtquleils thealeathiod brain
NS TN P A T N

dlsofdéf‘ ?ﬁgﬁtfa%kﬁﬂlem% nduRSHC 8 PITR AR W hel ONS i@ bénnect the brain to
ert-butyl

the%(plﬁtafl'muS@lﬂm 1- yI met hyppyri di n- 2 yl car bamate 96 (0.75

of Hé) tspagn)ﬂ?lgf nekr ﬁ_ef_g é}ew\%hds %e)% at (ﬁ%ﬁi&% &%?ntr ?I(%gfr;‘ tvepnrénts loss

of nﬁarébwaﬂﬁbiﬂaéb hid Eﬁﬁé@w&? dibﬁifban’@e SThySheH difeadeainid- S@Mﬂh{dff
yrrolidin-1-yl methy % yridi n-2-yl carbamat e
dlse@%@rmlyc ipyd Pﬁﬁﬁg? disgasgp P@r%wétaaad@S(dfcﬁnmlatﬁﬁglmH@é
{
subsIrF fAs %(ﬁ CPO h ultrnéc[a\%gégcglma% gl tﬂ% ﬁ(—‘rzrgggnseﬁ}é%pﬁgéﬁéft tpig%er acute
neurbd@g@deﬂah@m concent rat ed under reduced pressure. Enough
sat urat ed aqueous Na2CO3 was added to the resulting
r edfiigwe!likgonathatapepiesip plays grole HeARRS pathagsnssis ph@ﬁ immune
t
syst&ff Irl@&éxgzg oprf%;am Iags() F%cg/uec?gﬁévt\gdrlgg%éll cé%é%%?yg% éreated with
sirtuamnmdmlhnng exdnpnmiﬁs ofﬂaelum@dnm essure to afford

92§>§ }gr e (sjs|7$ P @lﬁa %Q%Lg%irolf ghgﬁ fsgaryeg] esuc 7as Crggtzg%t Jakob
dised¥e(f hﬁrﬁﬂﬁ 'BRE i drtle (Ha’d%‘btl'ydlgéﬁyé)' SrBpié Didehse?in(sBeep and goats,

trifluoromethyl)phenyl)-1H benzo
and thnb spangifpuh encepbalopashn (0 if Casptivni-wodylating gemonnds that

d.620 20Th
inerfit el BRUEROOY B¢ SPPEUP R ey boEETElen R or
preveht@padieRrdial loss due to these prior diseases.
(6-(pyrrolidin-1-yl met I)pcfrldanyl) (2-(trifluor

o pRAthes WWQW@HW%@W Wating comeound: tetisseasea dhe level

and/ &ﬁ?v%]?rﬂg Rd '[1 g‘?@m agé‘i‘% %8 211% otf)c();t &gﬁé‘g&ﬁg A@hﬁg&%’a@ or disorder

invobrifi@yonobattly Mittay hxombpathy prya fygde of geriphieraén&ifopdilsy theStepults
%fé&g@/ﬁZS;%}%E gg}isagggggn? o% perlgh%yarl] (rjlervggsG S)ISMIII‘-D'_QPNS) neurons. It

is thNmdoRe fd?ﬁrﬁ@ﬁ 7% (5hst1: of heREM hyEdId di"t@mé’ al)stu%be(n%es and as such may

trifluoromethyl)phenyl)-1H benzo[ d]i m dazol e-4- car box
be caused by (Ctahobic de®Rd juchSs dinbtles,Perg) iauhxre,cmﬁorhn@t $ypdromes such

as mgg%gg%%%dogg sen&,( ggﬁ)l%?i’?egﬁslogfftc%rl}ls c|;|r2 rugs tI%OSE with distal

axordpaiMidl sl BYrksthNRRRkRAM¥trical @6l élstod8h %&oﬂﬂmﬁﬁr disturbances.
o nol) in e??}%nol (100 ni) vvasgadded 80%312 (8. 8 72. 4

Deemﬁyn mﬂe@escandm@mewnwwgs yysigBy Gﬁé\ﬁs)rﬁlthé so lost or
dlml?ﬁs'hé ﬁ,ga%g {lgfl ux for 12 h. Upon cooling to room
Ture, € reaction m xture was concentr at ed
u n dﬁaibene tegepathice laﬁblﬂeerc@ﬁﬂnd &lgdérdem Qheg laf]esat;chmaiédadnth diabetes
ous, Na2CO3 sol ut i on added to the
mellfils Relagively OB CANFEIGE dhiaj My, e pgegipies n@t%fﬁ%bﬂﬁp aguropathy
I
ncl 8 S B ERRA n oy l giysibest hopy
a paiafid pehatcinopathf; atdnomic neuropathy; and thoracoabdominal neuropathy.
6- (tert-butoxycarbonyl am no)ni coti nate (100). (B0020
pimp BocH N 99' CO2Et 100CC2Ej7 To a sol ution of ethyl
6- am noni cotinate (99; 11.3 g, 68.3 nmol) in t-BuOH
(120 15 nmL) and acetone (40 nL) was added DVAP (0. 17
g, 1.37 mmol) and di-t-butyl dicarbonate (30.0 g, 137
mmol ). The resulting reaction was stirred at room
tenperature for 18 h and then concentrated under
reduced pressure. A m xture of hexane/di chl or onet hane
(180 nL 3:1) was added and the reactlon mxture was

S o o NN O~ o
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Step 3) Preparation of tert-butyl
5- (hydr oxynet hyl ) pyri di n-2-yl carbanmate (101). BocHN
WORABIOBEE HN 100101, - - 2CH20 H To a stirregr/us2009/049498
sol uti on of ethyl
6- pLA 5ﬁer§]%ﬁf%ﬁﬂ’1&@@@%ln%&d&@}eﬁh%f adad g% 16 illglges &iOChQ pgmpheral
27. 3 In TH nm.) was added
nerVEOS @smmnlvx)hw}nmmﬂbe (:meaht)hem\be dise&sss pétheowdr\aform)mrthq sate-
react i Qn m.xtyre was,stirr
offegh, ot sy mid e Ao SR o PRl BB AR By ©
nutrAiddhnifoRheiEs, @hd GBIV thoagitl dikBdeNs Ot obtullkdeBtalige. 0 ML)

at 0C. The resultlng m xture was filtered and the

filn mwmﬁwm@dmmmwnan@d@@mamﬂ%thah@é?eases the
leveLSQH&eaQtlglgf lgizérjgélp glgggﬁe{:nﬁfi& be U tg ﬁ'egr ?ﬁanopﬁmﬂﬁﬂe %lerosm

ane me
MSh Qnaﬁﬁmg deltyssing WiStankd nfonosymptomatic MS, and other demyelinating

hydr oxynet hyl rdn2|arbarnae11 (4.5
coném%s SL§¥1@'§ @%/e) Pl rclg{qnélﬁ)l( ammatory demye matmg po ?yneuropathy

i1l d 3- yOret hyl
T A Ay R T S P (PN X0l " BociN 2012 OH 20
H1 02 G2 otr Smbaliment, a swuen-oodtlating ognpemd-thaitindreases the level
and SAcHnat  SEeR BYOREATYY G 5535 STt (s witHE e 3lypine

trauﬁ’ﬁ%lu@ﬂﬁ&gea% GhubyBERIuding @«Qgﬁaﬂﬂ@r@emﬂ%ﬁ)’ oPeBlonfEnRf tréfna

mn at C. The resulting Feaction m xfure was stirred
(e. ganem@f@mnﬁea%moaﬁmrmﬁor 12 h. The mixture was then

vva%hr%:l W' tcﬂl \f\%%gomgaguxnél 'Hr%’mc%asg ﬁiejlgvé}.%(%&%c)t ?%f a sirtuin

concent er-reduced preéssure e PeSult? ny

protéxﬁsm@wsd/msuseﬂn itd px@dezbytr@hraman@@ata Rhyipohty: of vadbiisP s m
efher/ethyl acetate) to aff

disoydsry: 1B tast Gy RREH dRYToRANHO ywlmﬁ%?s 3.Wiflg rpgR of disorders in
whlcgptgg ﬁ&%é%&t&ﬁgbgté% %lﬁ and siinal Q%l@——pﬁrﬁh@&l Rérves—have been

aration o
damdge@l- Pbrephereﬂ ntaopathy Itrmmallsmrherreﬁepy:d talaspedipheral neur1t1s or if many

ner TR 1 R8BS SRV aLe (A0 B KL

( 6-pisedibealdstRMMGRS WRR Vi @ATH- ﬁ@hﬂﬂﬁﬁ@éd’iﬂﬁd\]ﬁhg hat ﬁh)ﬁease the level
met hanesul fonate (102; 1.30 g, , benzyl

and/pi givity |oﬁesirt1mapn@w1y imh@ie 1«11]319&:th1lezpzosga irgotriiatig-Tooth disease,

Gui e cst iy BT PO rtied e Gfn B bt and

first igRadic f—lﬂ)t{nn&tv@ temk& Sofds] drlrReiphadl ddiee édrhfonahts o brachial
concentrated under reduced 20 pressure. ter (30 nL)

plexigas added and the mixture was filtered. The col |l ect ed

S 0;[1’1 ?rgpt el q%ﬁ@&? 4 #hiA 96 WHhD BRLEEnARGy 88 hEd tb Beat or

prevédt(aﬁpc(ly@nﬁahummy@aes xeynipsany polyplutanding dBeysexraichyiBxSippmbalbar
0,
mus% grgaé égorgg gé}%g'%s]g)df P{‘uzn'ti%gtog’ I?i(sse?sé (F?{)? Fbe?‘?‘ca‘corubral—

| at e
PSRRI RS dasecieny

Splrmf:erbbai}zty htaxig(tBpe( 2, Sipinasencbaliar atalsry badrl MeytpyloiJdsaph lisease),

erazi l-¢ 10
SpinfESel R o B IARE DS A A9 T i SPingHarg DR e
type(1¥. 4 g, 31.2 nmmol) at roon1tenperature The resul ting
reaction m xture was stirred at roomtenperature for
12 h and then concentrated under reduced pressure.
Enough saturated aqueous Na2CO3 was added to adj ust
the pH = 9. The resulting mygture was then extracted
wi t h di chl oronet hane (3 x25 nli). The conbi ned organic
| ayers were 5 dried (MJSO) and concentrated under
reduced pressure to afford benzyl 4-((6-
am nopyridi n-3-yl) et hyl ) pi perazi ne-1-carboxyl ate 105
(1.50 g, 89% . Step 7) Preparation of benzyl
446- (2-(2-(trifluoronethyl)phenyl)-1Hoenzol dl i m dazol e
-4 carboxan1do)pyr|d|n 3-yOnet hyl ) pi per azi ne- 1- car boxy

o, A NS\
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L. --NH Conpound 621 To a solution of benzyl
4-((6-(2-(2-(trifluoronmethyl)phenyl)-1Hoenzo[d]i m dazo
WO e140eehoxam do) pyri di n- 3- yOret hyppi per azi nePQF/E&30pYx49498

ylate (106; 280 20 ng, 0.46 nmol) in nethanol (20 niL)
wasgh &Gaadetsddimetsthdinveiprodidees )neth-BHQo EeAGE deﬁﬁal nervous
mxture was stirred under 1 atmof H2 for 12 h and

systenh e¢l] fo preeang dammedag%panq@atd agfecreadeiin dloodflpav foi the eelt. dypically

c y re. [ |
the s¢ Srlt& 8)g8 ége"ﬂ] r{gaynge %reve Qercfé\ﬁglt & gﬁ% nylgrge-mﬁ on%ﬁé'hégr@egof
reduétﬁbrmhﬂﬂ(bdm@d\h a0nthe el bﬁhth& daiationtof thafre@iddion. In one embodiment,

e A T AR o o e

med%gegl%}{ m%ésggﬂﬁss%ﬂ%g g&?oun r{‘?rﬁl d\éﬁ&'vugﬁrgte "ﬁs% afnegeéma may

be psyerthé dh sadf embodiment, the central nervous system cell rnay be a spinal cell or a
?Fg -fluoro-2-(trifluoronethyl)phenyl)-N(5-
braig ¢tk hhol i nonet hyl ) pyri di n-2-y1) - 1H benzo[ d] i mi dazol e- 4

- CAnBM%ARES ﬁ&l@%ﬁp&%ﬁdﬁﬁﬂ%’frmﬁg@slﬁﬁm%Eﬁ‘%fn@tcb%o%d toa

tert- butyl 5- (nmor phol i nomet hyQoyri d 2-yl car bamat e
subj¢ct @yireat a centdal Mervioxs syséene mhqgmmcngdmon A number of central nervous

R LYY T AT

herelr? & orle e3dbdflimdst; e #¥BEhic ISAGEBN (Pa StEbKE. thak PetFTDANY t@p&lof
Nal (0.12 g, O. 75 mmol) in DMF (30 nL) was stirred at

lschmceentml ngriqus EYSEIN EBREcH gRohs BBeRiPt e ppecERtiGresll darthegytoxic

cder? a8 A S50 KB B A 6Bt T 26 Sk

braimes lﬁe chubeithy( My30Bé)ogardmamndekiavat tbdeuﬂtﬁﬁnher edturrente of a stroke.
ssure. The resul ting residue purifi

In oraﬁ%mwgp wﬁe%@ telhisEpkfeis 2 V‘%@lﬁﬂ%ﬁa & Bmotr 1

alterf(\éhv:!: o@t ik Qm@f)fhﬁ{e% YRS §trolRU§sVel. ceebellar stroke. Iil Ostlll(anothgr

nor ph o I nonet hyl Ypyri di n- 2-yl car bamat e
emb@rﬁ%ent Bteegiroky sia:neq;dmlwstmk@ﬂn yet another alternative, the stroke may be a

d 25 NTFA
rem i B R o e R GG b S e
5- (it phethbnapedt hy sithinrde i fime-dshpateiay 8e ad@ifistédred ® reduce
g, 4.77 mmol ) in dichloromethane (10 nL) was_added TFA

infaxpmmofrrh; isclgmaicipose foHewings eenirpkreaves sy seimitchgimis wndition.

wor G 2 T 505 P BT SED fe
the studdfahd ©cheditic pesithtirh Bf trigstichabzdne fanbmg a2bnirdl@epldus system

9., The m xture was extracted wi th dichl oronmet hane (3
ISCh@&EcﬁE‘)‘lthWhe conbi ned organic Iayers were dried

Cc
D SR B o Y IISIME i foppo
for thg tr&2ffEnt or&@mnﬂc}n éfmmarchgertmato/fe dlsorders or secondary conditions
2- fl trifl t
asso S IHEN Pr ROy RO B O AL BN Y (e angor

more ﬁ?{ﬁﬁ%ﬁ%‘[gﬁ anPRHP GHHx@r%)-neurodegéi@ﬂﬁloiﬁd@n@ ener al
am de coupling procedure detailed earlier was used to

pr epar e 2-

trifluoromethyl)phenyl)-N(5-(norpholinom
Blodg AP RROHeL) 1y benzd
[ d]ﬂ orhelepees, %rraﬁnﬁ-hmdamndg coraponmly icht ﬁMe)asé th@l‘f&vel and/or
5- (nor phal i nonet hy L pyridi n-2- am ne 10(?
activaly (o AfsfI{faR BrofeIp CRR bY URSHSHEEMAT PEHERLA9O Waselﬁ%n figprders (or
i m dazol e-4-carboxylic acid 109. M5 (ESI) calcd for
C25H21F4N502: 499. 16; foundig 500 [MtII]. 10 Exanple
29. Synthesis of
2-(5-fluoro-2-(trifluoronethyl)phenyl)-N(6-
(ror phol i nonet hyl ) pyri di n-3-y1)-1H benzo Ed]
i m dazol e- 4- car boxam de (Conpound 686). Step 1)
Preparation of ethyl 5-am nopicolinate (111). sool 2
Et OH 110C 02H111CO2Et 15To a sol ution of
5 amnoplcollnlc aC|d (110 8.4 9, 60 8 rmol) in

A N~ o o N NA N A NSNS 1N o,
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20et hyl 5-am nopicolinate 111 (7.5 g, 75% . Step 2)
Preparation of ethyl
WG2{10680304Hut oxycar bonyl am no) pi col i nate (112).PERNpI0AY049498
BocH N (Boc) 20 111CO2Et 112CO2Et To a mi xture of ethyl
hemBst@ MORIER). | AMAIs8d {ntdrdhanfeablPherd i, THEREnS “hetnofiHsA?, €6@od
nm.) and acetone (20 nL) was added DVAP (0.1 9

.10 g, O.
coagmwtasion, zand “Hlootl chniting” refec tor tho wemteol (of blesdinmnclggingohe

)., The resulting reaction m xture s stirred at . .
phy PRk R il GPn iR A PG S okl spists in
maint@idiHpate P@SEY bEmalieieing sir¢ul &bnNdfler Wesryathdiathnaimidn | disease,

m xture was cooled to -20 C for_2 h. The precipitated
congssitaldlefegs dysiuppliaeradha disryntionaF wdier.dhe forpatign phblood clots

— 3 - I .
doelcs 85fy 1Gh Vg S bl B LA I RANAR W Ble B B s
orga@-datgge andy/deatthinl theyoritekit of 3thytoselelotindiseased b peclifibh dfléh
. COREt 113CH2 T0 sifjirre ol ut,i on of ethy]
impeyiang élﬁ?rywa%%o;lg%f@%’ﬁw éﬁﬁ%%g?‘lﬁf’é& of tl?aitzt?e g{f@ﬂ%‘f}me and
placg4. 0 mmol) in ethyl ether (200 n) was added Li AlH4
(1.80 g, 48 mmol) in ethyl ether (100 nL) over a
peKicoardofglyg Chapresent Miventichgovidsudrtticngguldmotand mntithranolpaic

ey Bl S oioR R SO R SRR B g e
bloobiREhb &t ot digrddrd, sclivhs méa'cﬁ?diﬂli At &Kkl lobLsRlimb be
filtrate was dried (Na2SO4) and concentrated under

peripheeil egeryplissesuietepulmondry smipolignt - but y|

6- |.di Ne 3- ANBY Satd »

78 %}3{1‘3&? M&éﬁa@é!&%}?y 'E},%rgfga rfg?‘?%%tﬁg& SatibhDf %émggags and
“reg(ifatif of teghlatiox v Renhasisl s ifhohe)ep Yiid ieltlictidonY(€RE stimblafibn or
. nmethanesul fonate (114)., MsCl 113CH20H114 ,j 1LCH20Ms
increpge)pThemestagip asrwallastt %@pWItlon (e.g., reduction or decrease) of
hem?-&%@/dr oxynet hyl ) pyri di n-3-yl carbamate (113; 4.20 g,

i ‘"ol ) and DIPEA (7.0 g, 56.4 mml) in THF (20 nl)
wan emoesgedvbite ifv2nBomprofitied a mrettold) fonwednciag peimhddting 30

hemgméterl]s(_i)sa % ag%l%fe&g— Q}?a%s%??getr{r%%gi ag%%?%g&amg%tcﬁégypﬁ%f th%‘} fnrcrregges the
leveﬁﬁdﬁ%r%%ﬁﬁitﬁ%ﬁﬁﬁinﬁ?m Thd B&npositidHs Aniasetifods daelo8é herein

with ethyl” acetate (3x60 nL). The conbi ned organic

are Ysaipé far thesireatmastha dravientionel theombnticalisofdeas Somsed herein, the term

o ent.r ated.under redu e f{. .
e O o FRSRS by PP B GORER shoiefif by rccssive or
unwhitd aapsiLitiba Pahemdstdid &tiSRy,B) a hiPesodmilald dhte WRlsrotbetic
in the next step without further purificatigon., 25 Ste

disoxlersipelyde dispasgs oy disaaders pyolying platelet adhesion and thrombus forr%ation,

! Li g N
o PR BT 15 L oAb
numbendfthentbostsathnombosis at an early age, a familial tendency towards thrombosis,
5- (t ert-butoxycar bonyl am no) pyri di n-2-yl ) net hyl
and&’é?‘ﬁé‘?ﬁé%ﬂl%ﬁlfi(élte@im; 1.70 g), norpholine (48; Lo g,
11 I@aﬂmﬁ’ér)en%@in@g%gc&%iﬁ’&ioﬁ’drﬂ@e%iﬂé}pﬁlﬁy {iélude drugs or

acetonitrile (30 nL) was stirred at room tenperature
compounds Zorrthe Weaateren( @prenentiova sf blddeé doaguthtioh diserderuerseormslary

tracted wt t hyl et at 3x30 nl).. The 5 conbined
condifbsitcR b fie oG, oo Entront e Resf Pe
inclWRARE of BRIUE SEtuPLRSSMAiEng donEpouasiihbl iAGrehRShel L& eM@sl/or activity of
urified by chromat ography (petrol eum ether: ethyl

a sirggpprpfein and one Qrdnqr_e@ytltcgagjflapt&ncprta@‘yltth@meis agents.
6- (nor phol i nomet hyl ) pyri di n- 3-yl carbamate 115 (1. 20 g,
71%for two steps). Step 6)sdreparation of
6- (nor phol i nomet hyl ) pyri di n-3-am ne (116).
BocHNNOH2NNcol TFA 10115N-----)" 116N To a
solution of tert-butyl
6- (nor phol i nonet hyl ) pyri di n- 3-yl carbamate (115; 1.20
g, 4.1 nmmol) in dichloromethane (20 nL) was added TFA
(6.0 m). The resulting reaction mxture was stirred
at room tenperature for 12 h and then concentrated

o p— T S
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H2N. . ..N. i 0:---,").N,,,-1 116 HATU

The sams general am de coupling procedure detail ed
w@a0ribjoedostvas used to prepare 2- PCT/US2009/049498

(5-fluoro-2-(trifluoromnethyl)phenyl)-N(6-(norpholinom

i din-3-yl1)-1H benzo
Wel![e tbf(glwzflzol e- 4- car boxam de (Conpound 686) from
(mmtqn}hmlasmtrmh’tmh )m)yluladng ec’ﬁnptﬁﬁnﬂmthw inttGsathd [&45and/or

-fI oro-2-(trifl uoronet H henzo, . o
etV A PSR UORFE 1oL G GAPre R DB ReJEhe grip g pbysity in
a su%@cﬁl E&Ine?(%@g%s 51?)1%% %@dulﬁ@ﬁ’g’]&m&ﬁgdﬁ MatHhcreddbihe RXRMRdPor
actxwxpytcﬁamny Iptdi¢inzady-1R-uged,-for ¢xample, itd freas 0o prevhy })epqdutam gbesity,

dleta% gsaé(sﬂ%ét i benéﬁ(}%ﬁ% Pg%sqsh&&suw?%% XA aéjmmgs B2 6F

mediaBorl t@réduederzaeagie of 4 k8ject, or tb“erLNﬂEr prkSent wel%ﬂi eintiy la
2- ami no- 3-ni trobenzoate (117; 3,2 g). was di sso ved in

subjegtoasubieedn regd efrfych ptrmimeshmay poagibigyt whess abesediketnto
beconfesckﬂe ¢ %gglrv&?eg%{r% (2{[1115513)% egor}ﬂ‘@gvé?%g{gﬁ? %ﬂﬁ%@% %da?é Bﬁely to

tenper at ur
beconid dhesedr derweight canbaddaitified)| fot examithe bﬁsddtdrﬁthmll\ylaﬁstory,
encED Rt S0 A EReCEpIA R I, O GFICRS £y pinaions thereof

g_ ?h%(t?)ﬂe? QRBBIRRNE, &kﬁm—ﬂa@dtﬁ%@r@g &nﬁuﬁ@@fh@i fn@féa§éf the level

| uor onret hy pyridin-3-y1)-1H benzoi dl i m dazo
and/beactivity af beixtplin progein thay be @jiministered to subjects suffering from a variety

of oﬁé&%fg%agéggagxﬁggéwxﬁ% NS Otﬁi\ﬁe %g‘%i% raérg‘ﬁédlt% t?}hoprﬁgltoﬁw weight loss
in thé ’sﬁlggéta%m%ﬁgé%QBﬁu&elﬁ erm'P@ Eb(ghfblc%ﬂ predle, hi’ib‘é-'r_tbhsmn high

(2 , 15 7 nnDI) and 82 nmL, 10.5
blooatwbohe&ta@ﬂ,u dyalipitlsmnias @/pwash&etqs; leaulm refigignsc; ghdﬁ@&eatl@kéance

bl oA P P e
galldosies Sdhokech QitRfaho bﬂoleﬁﬂhdﬁlsn@idn,}dsteﬁaamm oBstfudtive sleep apnea and

(trifluoromethyl)ni cotl nam do%benzoat e. This materi al
respifg{art l%ﬂ?ElﬁmﬁquT’?F P#ALO &Fn‘@r Schps gdometrialchrgasirpyostate, and

COIOQ’ ic!;){nggcegi:onggf % ﬁrﬁ’a[nc}ﬁsogafe ?&ﬁlb@% aﬁh l@lﬁh‘é@ﬁaenstrual

ona 8 was then
1rregmdmitmst infertilopniregnipessaiatios), éﬂuﬂidemmmm pmbhamsdmtﬂlras stress

T T T -
dlsm(dél%z @Q@rte@ ddg ﬁﬁ&@n bk Bfo@keHNEREm)) SRARY pRERSSWHE ATDS can

crude net

dev?of( hp‘@/smpmlfﬂf lh 3;¢S)Wb dh respenpe Jo agmbjaatios] therapies A IDS.
4 t
(S St o Bk, i n Rtk cORPap R Gy ket dle MEAELe

and/8t adtived oflh stfuid MOiA B1Ap BE abed for frdibifile hdipddwRedieactat el

m xture was concentrated under reduced gressure and
differentiatign. whethagiin Mitey qqiprivo. Jud methods may e uiedder ratiag or

prevEhd g by filtration and dried to

In other embodiments, sirtuin-modulating compounds that increase the level and/or

activity of a sirtuin protein may be used for reducing appetite and/or increasing satiety,
thereby causing weight loss or avoidance of weight gain. A subject in need of such a

treatment may be a subject who is overweight, obese or a subject likely to become

51
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afford 570 ng of
2-(4-(trifluoronethyl)pyridin-3-yl)-1H benzo[d]i m dazo
WO e14oemudhoxyl ic acid (35%yield fromnethyl PCT/US2009/049498
2, 3-di am nobenzoate) 119. Ms (ESI) calcd for
overg%@gg rglg{;{%g% T}%qzet%sd mfa? U&qprlgéoa%xﬂlmg{élmg daily §it %96r§)0ther day, or
once\: WEekmtdbyd tehy.,da die- ey DY a Pi[, 4o ¢ bubjédtuDireoduse mply)beyani“dppetite
yl) - 1H5 benzol dl i m dazol e- 4- car boxam de ( Conpound
redug@g) ose.
2- (ftad J}Eén(ﬂléf?reﬁiﬁ%ﬁﬂﬂ{éiﬁysﬁﬂtﬁhﬂn&hﬂalﬂqg %bhuB@ﬁHdé[tH’dt'nEEré’a%é e level
e-4-carboxylic acid 179 was cou
and/Qr antivitp 0ba mtumpnomnamly be mlummmg ag heomhmtlgeﬁeraab' for
treatam de COeU W%@éoeﬁeo esg T gboy Lo aft odulatin
A §1‘% P22 H? VAT TR U %’E‘?{yﬁﬁﬁ}‘.‘? giogulating
comgourﬂ;l@ that Incldds® areaedcl hhdrbdaziolt 'f ofta sidfubPpreEitifal 60 BRAHIdered
(tESI ) calcd for CL8H12F3N505: 403.07; found:
in cambmftml h enceRynerezmti-obysitagsns. of

2- .

2 3 SRt Ay B P POSES PSR Detd
and/6Canipayofia §i2@)n piStedpmiay bPadéparistticdmo iduce drug-induced weight
oS RIS e e e QL O
ofa ertui]xﬁpm thaf 'Bg adm(rgstex%@ |a§’5 Q&EBME‘QEMQHB%'R}/HF& medlcatlons that

hydr ochl ori de nT nol
mayatidmbhteb(a@@(elcﬁ causg walght@mm fir) parﬁtulan werght gaio mlual:o ﬁtctors other
h 3’658 fo the reaction m xture was quenched by
an ?rrtgﬂ %tf water and extracted with EtOAc. The
organi c |layer was dried over 20 Na2SO4 and

concentrated under reduced pressure. Columm
Metdmltgrﬁwge’aﬂwbetﬁs orded 2-

é'&ggﬁ% %gé%‘%{ Rigl ﬂqgﬁhﬁggé LQ@?&@dg g}gbgf a%f%aﬁégﬁe\%? and/or

actu41=y(ozfa(sﬁ~abﬁ Praveid ﬂﬁa@i Helused toreichyiphenoventiag byhgtatbic @ivtkder,
ne (123). .CHOcHF2 DAST CH2d 2 121LoRefl ux 3da s To a

SUChsaéIIE&WhBﬁe%‘Fta@eb? Brecrlisbetio stats bsi I ABRERD)§/8E H%Pléf‘@ﬁ%se

2
theréog %cthlng’rrl]s%rg on %\g §1@W%ﬁdﬁlﬁ%¥@%\ﬁagmﬁ g!\é?e%i%qﬁ%h and/or
activaty df aGirtuih @rateis utheyi ingreaseaculiosemsittityr andivaslesreaserigsilin levels in
er r n, .m xt.ure

Th
a subfihy A FieiH 05 bRt HseE T R Beag TR B Ly resistance
or offirt ﬁl‘eéﬂi‘?&]s mpldie OPQI?@ TNA&beEsIAb had BB TSdiNEE, 8F WRElis likely to

041) and conce at ed under reduced pressure
d

dev hgse senditjprsp F9r eampled ﬁhﬁs spbiept msll be aFehjget having insulin
I'CSlSé&H(Z%ﬁ% ?I’%;Bﬁlgg g)f&ﬁ?@[fﬂ?&ﬁ%&@q %llg%urf?lr %Ia Ia[s]s%cilatz % C()%dl 1§ns such

repara Ion O

as hﬁaeﬂ@blﬁémrar @ympbgen):mé }ﬁrgcmﬁdslaitaioldnﬁetlh@awdagm@dedelhmee high
((124). CH F2CH F2 OHC n-BuLi DWF -78C,_2h 124
bloog g@&ogﬁ sugar isyel, other manifestations of syndrome X, hypertension,

| uor onet hyl ) phenoxy) et hyl ) nor phol i

ather%sglgr %’% agg%gg?ﬁhgg% mmol) in THE (90 nl) was added

n Buin exXeinpBarlylesdblodinhamit, smumerxmimmmg ‘CFomippurkds 1Hat 2narease ke level

-78 C. The.resultin cti.on xture, was s e

an/G acifly SEpeirbih IR TRY bF Gim R Taﬁ%hlerapy%r
treatﬁqmaveﬂaﬁg adrethofs ARWRE Fofbkhpl8ldrelor Rbré SerH-mbii8ting

at™ - C for an additional 30 m n, saturated aqueous

NHAC1 was added and the mixture was extracted with

Et OAc. The conbi ned organic | ayers were dried (Na2SO4)

and concentrated under reduged pressure. Purification

by chromat ography afforded 2-(difluoronethyl)-4-(2- 20

nor phol i noet hoxy) benzal dehyde 124 (1.6 g, 67% as a

brown yellow oil. Step 4) Preparation of

2-(2-(difluoronethyl)-4-(2-norpholinoethoxy)phenyl)-1H

benzol dl i m dazol e-7-carboxylic acid (125). NH2 NH2
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COOH OHC 1241-,,, ... 0 2, 3-Di am nobenzoic acid (1;
222ng, 1.5mmol) and the correspondi ng 2-

WG LdnOes onet hyl ) - 4- ( 2- nor phol i noet hoxy) benz aPCBEH§2089/049498
124 were subjected to the sanme general procedure

com &hfi‘lﬁ Itl?a,q iRPONE tﬂe%ﬁeg Bﬁ’d/gr getivity 68h Sl SERED¥L) vé a@t%lmstered

noet hoxy) nyl) - 1H benzo| d] 1 mi dazol e- 7- car box
in cqzhlvmatm wiith gfe Qﬁﬁ@re@u—dﬂa}%m agmdp 5) Preparation of
2-(2-(difluoromethyl)-4-(2-norpholinoethoxy)phenyl)-N
(pyridin- 2-y0-1H benzol dl i m dazol e-7- car boxam de

Inﬂ&mymsezgeg) F2Hc NH2N\ 0 N H\+N H N COCH
Compound 723 10 The sane general am de coupling

pr brelbior aspads,sirtuie madulatiag compounsis that éncprasp thedevel and/or

(o (di § . )

s 0 SAAPEBNNL e et TREAISLaRe) Bl Bl Bl

with(if0arpeetich. mﬂlnfm&dﬁlaam@%t)ﬁ@bﬁﬂldmha ikdréast thefleted-and/or activity
nmor phol i noet hoxy) phenyl) - 1H benzo[ d] i m dazo]l e- 7- car box

of a §iFiun prefein maY ba AAMINISIAISE ATIAGI9R¢ @Pilsﬁ oigat; ox\ﬁtf(rémlmanon of

1nﬂ@g%% é%%%éy g&g:?ﬂﬁ%hél&mﬁdﬁﬂagare%?&ela%l)wded in

advanby eﬂar(whﬂﬂﬁmﬁlatbrj’l y@pmlsy:pr sypopip)r. Administration of the compounds
Sﬂrrllluororreth éry) g%rldln 2- 1)-1H—benzo[d]i
may prefbpTeAtipngae (@ﬂﬁ% P4 578 Step I)
Pr epaMAkdr@mhtRfliment, sutum—modulatmﬁ compounds that increase the level

(S)-4((4-brono- 3- (t rifluoronethyl)phenoxy) met hyO-2
and/@adtiivite ohg il-l'tlllIBp]@iQm( vlagi e ugerlXp)ireat or prevent allergies and resplratory

conc%u%ns 1n%§g§1%ra%"16\?a), gl%%é,cpg%nq?ﬁar}g%%%di3u?%e%xﬁlr {llletls o>éYgen

toxuﬁtyb e%ﬂysam(a; ¢lirbhiv OFaRBIRYAcHRYeHatdr 3@tre§s @ndx%ﬁld‘rﬁi&i any
8.30 g, 60 nnnl% in 20 nL

chrorl@sq!pﬁwcrﬁ@/e rPé‘hE‘?fiaé)ﬁ dispase (¢€ MSTI@tqomp@an%% m@Ob‘t“ﬁ’reSFO treat

m xture was
chroflc 1B IARCLSR hehudiBR R SRR BBt 6,0 T
c oddiditaalby, g&mlm-rﬂ(ﬁlmmtmg mmpmmds ¢lcht (rNa@E@éh)e lewedl and/or activity
concentrated under, reduced .pressuy The swtin
of a SigrRIEtCHkEAY BF 1rc Hsgt %9131%@%5836 ?f@ agmAtion
asso?ta{é@rvw%t th\‘ﬁnﬁ’mﬁ@ dideated salt Y Fihritis 1nclud1ng rheumatoid arthrltzls

4(4-brono-3-(trifluoromethyl)phenoxy) methyl)-2
psorgiticetthyitis, Bnd adkydocohgspendylitiy, abGel as Sgeptisue Rutopamane on

4- 2- 10
diseites {4 a0 R EOA sER e T Bgr ronb T Red R K Fayepis
scleIQaHFna BPVasthenia Srav, HhnsphnOfejstBoh, endBtoRBXHAEIS, séfsis! @sd’ﬁasw

Min hexanes) was_added dropw se to a sol ution of

ecze(r'@) dermyaiytisy mewHplg-Sclerasis, aﬁamv%ym%wym{ sfyyqeamczluzus
|
BT T N e

autoim®irhe ml;agaﬁchﬂamg&ddmmmaindmam gdisdad: (1.4 nL) was
added drop vww(g over a period of 10 The re uItln
b

r e&EeqTiSHn e e TR S%lweﬁvnf@@% S tjgpncrease
the 1§\t/é Lh&Fr éé%fvng Q)Et; HisPuid brof@s rrfag 8 t4eh '&ﬁﬂl@ &r WM E(ﬁnlyi’ﬁ&tf"cfn with

extract Et OAc. The Conbi ned organic | ayers
othemmmpcdmde dse(ﬁNatBSﬁ*)da)tmgnm poonrctiarg infamdhatinger reduced
pressure. The resulting residue was purified by
chromat ogr aphy (petrol eum ether: Et0OAc = 50:1) to
afford (S)-4-((2, 2-
20di met hy1- 1, 3- di oxol an- 4-yl ) net hoxy)-2-(trifluorometh
yl ) benzal dehyde 128 (2.3 g, 84% . Step 3) Preparation
of (S)-2-(442, 2-di net hyl-1, 3-di oxol an- 4- yOr net hoxy) - 2-
(trifluoronethyl)phenyl)- 1H5¥ enzol dl i m dazol e- 4- car box
ylic acid (129). NH2F NH2
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), DMF, 1 00C 15 h
(S)-4-((2,2-di net hyl-1, 3-di oxol an-4-yQret hoxy)-2-(trif
WO eapomdthypbenzal dehyde 25128 was reacted w tPCT/US2009/049498
2, 3-di am nobenzoic acid 1 follow ng the sane genera
Fludiipgedure WO 2010/ 003048PCT/ US2009/ 049498 out | i ned
eartfier in order to prepare
( SIn 2ndtHdr(aBpeet, dirtrt-myotiulhtide dompolmis 1k yoneiksé theygve? and/or

acti\éj{ylrcé‘ffagsgr%ég %gcgg ¥1 g%eg/g) s%%,fcgﬁg e (0 r[;}d nc[Heggez grl s%verlty of ?lué(hmg
and/()ﬂ)lot%]‘a(slge;(v%néu ghie Qyﬁ?%ﬂﬂﬁﬁﬁﬁaerzﬂﬁlﬁétgﬂdéoﬂhe'§§l§ B RS

din-2-y1)-1H benzoi dl i m dazol e- 4- carboxam d
incleleg Gempe wfisirtizinodulatifg compounds that increase the level and/or activity of

a sn{qni)l 9106%? cﬁ(lré}eh%ﬂn} %ﬁﬁh{%}énlwﬁﬁ dhQx gge% S, %or%e(}uré?r}ghlncﬁ(lzmce &
seveihky SEMEAl ) dndl o As Ol &hds BVREX Yhiidta th Sthé2EnPEEmERBCHE thethod

th 2-amonopyridine 89 using the sane reaction

provs@q deribe veuel sifda-meduistimgsompesndsdha gnaease they leyd mad/or activity

of RGPS Pty oo inpidenss iseuciy RO FyshiRg g onbet fgeain
menBpasylland bostraeapfaddal wodtanol e- 4- 10 car boxam de
70 BT gBeRS SR NS e mpY s 1t SypemeLede s andlor

i
actn%t? fﬁ%l’éflé éeo’%ﬁlq éﬂﬁ{% EQQ%Y%)?%MQI £zh§ 1réc1denec{c:,l OF 581 severity
of flastiinear(dCortpo ﬂasheﬁ’ 2hjch 28¢ sidedeffed?s ebaroaﬁnar drugtherapy, e.g., drug-

indug%ﬁ%s’_té%j IIrtx Qeel{ag% o ﬁ%ﬁglpgtb;éog{ﬁog %%% ng}lé;x:éa/orlgeégpltl%)g( rug-
induBBPIsh¥RScdndkiRBs sinintsteiFlio Qfpafidt I hQAShEMET AfopRd]avibh h

anhydrous pot assi um carbonate (4.96 g, 35.93 mmol) and
comprRying ai et ono fusiing induging cetnpenidyand pi Bastion sirawreiodslpting

18. 68 he resul ure
oot i ind psi® HTB) apdiEediFRY b h BubfRBlegitn Bt o e
embd@itheats{ # methdd. for ieathigWies indacdd fuzhi2@rotipriks separatelynsed

with water, filtered and extracted with

admigyiseing QIPeragTe compeungs that jndugs Jushing,pneeneci gagie sirtuin-

d
moc B S50 5,0 4 £ BRI R B e
indubingcigetrhat o goteehy formuﬂ‘egecbmhhd: smmlmsnmmt\ﬁhasumng separate

fomggéai g %ﬁel dﬁl%lg o%ijni%%ﬂy% %na?lsbe agmlmst%rredc(?; at the sa(r)rllel as
adm%r%%a;ﬁ()ﬁ &f aleqldﬁitn%Xﬂdulm% A5e R 0l fi‘ﬁ‘ter’fﬂﬁ‘t Wl}e‘svhﬁmé)%hlﬂgﬂﬁducmg

der ni trogen,

agendX3bdtaggendd rekatiore M—Mctmm(sz'a?.@l of the ﬂuangmﬁluscmg@g@t (4) prior to

adm rf_lé{ba?oE of fhﬁ.gh?glfg Anffl%glgrﬁgfep gﬂ éﬁ%@g‘%m{%%rﬁun?tr%tmn of the
flusiifg edatiaB@gérk3aid (8) Gartbus CoMBinatioN hefdE Exeftiplariifiibh€ inducing

of i sopr opanol water (30 nlL:10rnL). The reaction
agentg ioclude fwawmlwwnu relexifenss aniideprspsanty, Mi-Tyyeheticsde
Celite and the
Chelﬁafq?rr g@elcﬁ?cg%%tge @BQ&&@ Ejé?aﬂr&e ?th({ed pressure. The
r e$nibid ¢rgb@Etpment, Srthﬁymbdwlamlgaochmmhwmm inbrease the level and/or
st A S e S s SR R R sotoror
o0 o 48 R bk cgentsand liporaple agents) 1929
exer(l}llalzf anboddaent @kld)lm-mhéulnM&cmnaiouM@am gwikases the kevelesnd/or
step without any further purification. Step 3)
Preparati on of 54
(R -N(3-((2,2-di met hyl -1, 3-di oxol an- 4-yl ) net hoxy) phen
yl)-2-(2-
(trifluoromnethyl)phenyl)-1H benzo[ dJi m dazol e- 4- car box
am de (134).
152- (2-(Trifl uoromet hyl)phenyl)-1H benzo[ d]i m dazol e- 4
-carboxylic acid (3; 75 ng, 0.24 mol) was taken up in
NI\/P (2 m_) aI ong wi th

1. oA A ~ I L A . U T T L T
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(81 'IL, 0.49 mml) was added and the resulting
reaction mxture was stirred at roomtenperature for

W@ 201h/003Dk& t enperat ure was then raised to 60 (PERTSI00L049498
reactlon m xture 20 was allowed to stir for an

I Wi th
acu‘@ﬁt er grﬁg}x l]qt{ler eageoe'f'ﬁg&toorlg ﬁ%%lgl éla\?\ég r‘gﬁlfﬁ]re t her
adminiNtiatibe df hivciai | | ca gel chronatography to afford the

0,
deSI ;;n%tj qgkg%ggltgiq}lgﬁhq)m%enuone}:!rl)\(/)l\cllvessf rlnlet%o& ?olr' t?eaggg alél‘rc%o@ '
prev%t u gﬁy&) %f?deﬁhg WRRDE Q4R ‘H%}ﬁﬁ% RO eYh) 18 ahher representative

yOpheny0- 1H 'benzol dl i m dazole- 4- car boxam
embodime(lcdlqmauhdd #B®)ves Hheﬁﬁeof) sijtuiiBdodidatingsainpduods thit increase

the lgxf.)l eﬁd/gr ac 1‘V2t§' TR AN AY f)r%)’ce%r_l f r%é%e%fdsﬁfn%%te?féé%) PRGONAhe. In
anotﬁ&trép&ééﬁ%ﬁ%hmmMe riﬂéll)netllbﬂ heerrk dld ube ¢8 sPtuar-Aodalhheg
xarni de (134; 51. , 1mm|% in 3 nL of THF was
compeitheld that Ncrease thediml Qled/errﬁCiﬂlVltbb e piviincpisin ©Faduss, flushing side
d K iti f
et 2R o B R P TR BE B Bloobelpe®

comp@@ids H@ﬁﬂﬁ[’@k&lﬂﬁ 1&v@l adBotactiVhe of @@@ﬁﬂropfrotﬁrxéamﬂ& wad in
diluted with MeOH and then concentrated under reduced
conjpretion (rdminisiaed eparaisiy gr peptheniva i asrsgepigireiptaks nhibitor, or a

SHT?éoén%{O?qaag%%% pr eparb?t or dePLC \',I:E_et desi :r _eg ?ggdgct

oun was obtai ned as a ite soli . ,

64% cerfubh eﬁlﬁﬁl@lme]atls coirtdiormERdatidg I%Bh@@dndsétﬁalt ideteask dimwldngel
th

and/ar 5 5 O3 G RO BF OHG) BHGH,PLR e RSt 2ita ssrejqyin

reup@a!lilg ‘%ﬂﬁﬁii&'](SKl)Q@ ¥5ﬂu€e ﬂuﬁﬁﬁé) QX &4l %tﬁ&qgiﬁ‘gééﬁ%t@z @}nbo@ﬁ%t

Preparati on of 2-(3-bronopheny0 I oxane (136)
sxrtum-mpeﬂamg gompornds that imareasathn devel anddoraistivinpfresisitia protein

may g0 Gl P phenSpE PR gk petisahs £

cycl hangifié bixd famogifbigan- St ar k mater separator for 18 h.
pon cooling to roomtenperature, the mxture was

wa dhenpthgrem m&mnﬂé@@@% sowpends thet incgessniEdeys)
and/glgagct&/ﬁ? BFFtsirrﬁﬁr?}grt 1c] a{r‘llraz 959%?94&5 %gﬁ'iﬁg sii@ eftdiObfcalcium

chanﬁel(liiechkemmwd’lmyaﬁjlempﬁxe di oxane 136 as a yellow oil (25

arg)tﬂgqe ﬁg{hggrmpg:? ! %t&lug r!mdfblgg]?g pa@ay@@s (tlleé ﬂcrease the level
and/?l’ %f@tl)ﬂtg bEa Qﬁfﬂﬁrﬁgl‘&ke@@ m%g/ 63 u?ém%fe@ Yildhide S e A¥AD6GT

di met hyl nof phol i ne (122;
antitfioties. Hor egzam@lqmmm)wm@d@l@ﬁn@mnmcsmdﬁ@)at inke0se B 1qvel ggl/or

| 0~ of tol
st T i dearin B Pt ap osmne b AS0PRE R oom
tenperature, enough cold 1N HC1 (50 mL) was added to

adj ust the pH The resulting reaction m xture was
OCHWIDIF@de'a't roomtenperature for |h. NaOH(agq) was added

t .
o Pt i O RS M B o
othefwgatreahdgauﬁms intediendhit bg ddl@i;ﬁﬁﬁfhg tatracbauentcaethémpm&nt dosage of
urj ficati

sirtiT e oG P FaB SR Ao ST Aphemageptical

acceét’a(arfz I, ﬁb&f%%wlawtmwdeﬁmﬁﬂa@é@&hyde 137 as a
ow oi | .36 g, yield: 72% . Step 3) Preparation

of
2- (342, 6-di net hyl nor phol i no) pheny1) - 1H benzol dl i m dazo
| e-4- carboxylic acid (138)55 152, 3- Di am nobenzoi ¢
acid (1; 0.94 g, 6.2 mmol) and

3- (2, 6-di met hyl nor phol i no) - benzal dehyde (137; 1.36 g,
6.2 mvol) were subjected to the sane genera

conditions outlined earlier to prepare

2-(3-((2, 6-D et hyl mor phol i no) phenyl) - 1H benzo[ d] i m da
zol e4-carboxylic acid 138 in an 87%yvyield (1.9 g).
Step 4) Preparation of

T L N T . Y Al / 14 0. "~ AN
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The sanme general am de coupling procedure detail ed
earlier was used to prepare 2-
WG LBo0@3088 di met hyl nor phol i no) phenyl) - N- (t hi azoPCRU§P9/049498
H benzo[ d] i m dazol e-4- carboxam de (Conmpound 576) from
2- ol no. )= 1H-
el o APERTS Y TREROE b MRt ght s gpused by damage o
the cﬁ:rna fen@tonicamed] ﬁeﬁou&@s{e&ﬁlm paicaldr érabodi28ha pdp2iNGeBre damage
33..16; found 434 [ Mt+H]| npl e 35. Synthesis o .
is ca@;g)d by. lpg (rgqapplgérr}gﬁgpm pt’c&r?é%qt)crqq_e @y(gﬁatgzomf n ot{ler particular
embgalmeﬂ{soes tR:rr%g@é(%Qrﬂd:%g 5&1 s,k bk%lﬁn%lif @ﬂé%%hi'&h‘?sa@f?éne
- 4-car boxam ound 811 Preparati on of
assobiafeldvathoarRinfe@tign Br an infithuige (@g:,eiumnndm)nb)smmmnse awdhdhs in optic
gt140). 2- Am no- 5-fl uor obenzoic acid (139; 1.0 g,
NCUTEISA ol ) was taken up into 10 nL of 15anhydrous THF
angy tein pekis bNtheMhventbe, tHeSisfoAmPAirmentQs Eaused by retinal
2,2,2-Trifluoroacetic anhydrlde (3.6 nL) was then
damagid deipaftiewal eebediments; retiied drmagd 1icAesed &y distehanges inpleod flow
to thw%ﬁ g:}é &?e‘illg%lelr g(rgrQFatgglﬁﬁ géﬂﬂ kﬁgu%c{ll%f erill%]cﬁm%esi HSQ damage is

caustd badauptbit df the@ach k.g. aadldtahﬁe cmeﬁmLebcudgwrarrmuqutdag@eratlon)

was col lected by filtration, washed with water and
dr Cegmplsrnretigplfliseases include Exudative Age Related Macular Degeneration,

- 4. HOL Q- '
Non%gr&f 4w %g% Ré:f%t%iol%aglélf gtb%g%h%aﬁ@é, ?&?gﬁ@gﬁ?@?&P@gﬂhgm and RPE
Trarsplahtation Age Relatat Rla¢@aZDSeenenafibm ok awckiuitifockd Pheoziolfigment

.acid (141). . 2, fum H N 3 140141,
EpithSlPay oA Bitp Res S NGCi s, BT S A LB Srigg) delision,
Braxfcji%tm&l vag Oc@lu%fmotlndéﬁﬁs@é% anldRe4¥8d WuRPmbi@Bs, to

fumng nitric acid (7 nL) at 0 C. The resulting
Retm@wucs; ﬁleﬁtrath BatinaleAttery Céctcllusmd Cantrad R@tlﬁ@iran ﬁlmhxsxoneﬁentral

. suI t |
Ser G SHiplb e BARD Hisch ERlhaon SAGTE RS, Jdlice Pagepspation.
Mac%@ﬁry@:ﬁdDdibb@&Ma@ulaf Fadrth, MﬂdJGﬁSS -Macular Edema, Macular Hole,
nitro- 2-trifl uoroacet ani do) benzoi c_ aci d 141

Subreting I@eovgw%ar Minahyangs, Piffisg Unilatsral subacute Neuroretinitis,
Noné Oﬁ%g{)ﬁg}ga}](ﬁ:o@'sﬂﬂa Mavulte Eﬁ@ﬂﬁ%@éﬁne@%aﬂe{r% g'goplasmog19§9n&ome,

Exufativie Retinal3P etadhnoen? -RoRtoperdtive Rétdinad Demchmam Bo)ifeativod Retinal

Detagfinent Rosimafagties Kot Homrhmsns deLona fegae| pafiyent

Renﬁiﬁ% Pﬁ%ﬁéﬂt&ganew Retihifls, ItHbblaSloMASR Sitrioph@Y O@Pré&tﬁ}lﬁyor

on cool i ng to roomterrperat ure, thé reaction
Blrdﬁhmﬂntlaomlsy, cBmlsgnﬂmcthetmBemnqpeﬂlcrcﬁmhfm@tst@beﬂme

Retipppt HEghaRl o s RelimPGh By A Genst Rtpatof Mol
Retxﬂ@}é’&tﬁv ThRas RetifoseRis, éle({btiAdscisis) A¥son Sye@oMk and White Dot

Preparation of 2,3-di am no-5-fl uor obenzoi ¢’ aci d (143).
Symtmmﬂsno 5-fluoro-3-nitrobenzoic acid (142; 0.73 g) was

o s ESt ehAt (BB At Sl i RO KPR

keraWEi§, tuberculosis, syphilis, gonorrhea), viral infections (e.g. Ocular Herpes Simplex

Virus, Varicella Zoster Virus, Cytomegalovirus retinitis, Human Immunodeficiency Virus
(HIV)) as well as progressive outer retinal necrosis secondary to HIV or other HIV-

associated and other immunodeficiency-associated ocular diseases. In addition, ocular

56
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20 stirred at roomtenperature under 1 atm of hydrogen
for 18 h and then filtered through a pad of Celite.

wabeooIows at e was concentrated under reduced pPEBEHI089/049498
to afford 2, 3-di am no5-fl uorobenzoic acid 143 as a

B R BB S B P ELRBLALAR Py

infecgio@is (e.g. cxaxd;rbasyt}tdlsm) amib@ihéri 449oh as ocular toxocariasis and sarcoidosis.
SRR

impééigﬁ%t%‘gk@éﬁ&ﬁ %n&é}g&'ﬂg 3 RFRNPERE athehOMEpbRRSIAY K.k Ngd

rlier to prepar
neurB‘EOQ(R}- drdgfd dmg dmbtmds Jipheeayla) plﬁssfulrfumct) a4 kisteemd ) byl pidmirdstering

to th Fabigctin heed st ShikTeent £lptap i bt eyt Fogylrg

dlscfogmmgm [MtH] . Step 6) Preparation of
(2-(difluoronethyl)phenyl)-N-(3((2, 2-dinmethyl-1,
3 A11@ther aspect of the invention is a method for inhibiting, reducing or treating

VlSlogl ?rﬁo%lg%%gi?" %g%%ug eéhuﬁ%@yj%e néﬁ%gery Jn%lﬂc‘l) Bg %EEIQP&Zo%&'stheﬁé‘s

perf@mnied- 1ﬁ thef prose positidiydurh hespidgl <brd dungei-n bl Hdhdmzelidg toihdaubject
zol e-7-carboxylic acid (145; 250ng, 0.82 mml). was
in nf@é@é Seeh wattlﬁer(ts)th%e@ﬁg d@ﬁ%@t"ﬁ ¢ flnl%l%m&’ﬁblﬁ&f éiﬁswsed herein.

&P@Q@ ggé éeﬁ‘ﬁa&4§1fgg>§ﬁpﬁqugnﬁ%gﬂ§§rﬁ5ﬂt§ed for 133
except usi ng
(S%ﬁ@ﬂ@chqmcmﬁhhmywmﬁﬁmZSﬂwnamhyaﬁmn&u&mgthmenmnd
tep.1) as outlined rl
prorbis FrB et 4P YIBEIP Y RS sl arpeiny Ao £r8.agegeleted
e AT AU, by g i
in nepdtod |sn@utr¢mas%t§z¢rep@t1@zbsag¢g>f a siviirg E@d}dam Id@@kmi herein.

grzég'nzgﬂgf NSOét qﬁl}e 1nveﬂt10n 1S ﬁx prg)venh[)n 01!_greatmet e(g dQnage to the eye

cause®by Btrésé; ((Hétrﬁédll ek MdidtRRery ddmiisteling2o e subject in need of
di hydr oxztg; opoxy) phenyO 6-fl uoro- 1H benzol df i m dazal e-

suchqireaines odi a girtyn megalatog disglosest herein. Radiation or

AR S B 50 01 el
smﬂq@ﬁgfyﬁheghoxy)phenyl) 6- fIuorolH—bFnzo[d]lnldazFIe 4-
147; 20 391 15

T oA GRbERl b BRSO PSS o ags o domipounds

for tfl@ﬁ%tﬁl% b e;ﬁ‘&%ﬁoxfl ef oc%lal} cﬁ’s‘?)‘f{déri‘&nsee&ﬂﬁ?}nédrﬁhﬁﬁs Wi\d6dated with

reduced ssure to af
thes@ R)ndiac(lﬁ Thiust h umnbnnetldnydh)lg megimeh niy (igelude @e oxmnqre sn'tum

actlvahorg %%%h % nﬁﬁ %g&glislgor ?ﬁfglbela%en é’% @é dl L
C a'h@ fnd &ﬁb(@lﬁ%E&mﬂf‘moM&mi éan beoamsiniskelel lﬁlMﬁhjluncuon with a

Exanpl e 36. Synt hesi s of

therea:g(fgr TRSURINE pRirdogilar Iresspye. kp e@tbwrrm&mmweilwn)rmduﬂqﬂ@r can
ve ot 05 DAL T R0k SRRy B G ERAR U oma.

yet dnbff2} emBodimeBt, IVt olidRBint @ad be ddmimissabdiin @mmfctlon with a
3- br ono- 2- nethylpyrldlne (148;, ? g, 58.1 nrnol),
theragyjrfoy regsingiandigs SreyaRIE RUBIETIS 15,00 crBodimERY a a&rmmzs
r
mod@lgﬁ%gr%g?g rﬁg&;ﬁ?ﬁeﬁaﬂ é[’gfl\r/tri_;uﬁ@?&% gtlﬂrlhar tﬁgrv\g@ tf&rgi;]eﬁ'g g ang and/or pé*eventlng
the resulting reaction m xture was stirred for 1 h at
-78 C. The reaction was quenched by the addition of
ag. 20 Upon warm ng to roo[lr_)ﬁ.}; enperature, the m xture
was extracted with Et0Ac e conbi ned organic |ayers
were dried (Na2SO4) and concentrated under reduced
pressure. The resulting residue was purified by
chromat ography to afford 2-nethyl ni coti nal dehyde 149
(2.18 g, 31%. Step 2) Preparation of
2-(2-met hyl pyridin-3-yl1)-1H benzol dl i m dazol e- 4- car box
yI|c aC|d (150) 2- N@thylnlcotlnaldehyde (149 2 18

o Y L Y T T .
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2- (2- Met hyl pyridin-3-yl)-1H benzo[ d] i m dazol e- 4- car box
ylic acid 150 was coupled with
W@20m0/0p30¢8 | noet hyl pyri di n-2-am ne 172 ( pr epar RCI/HS208%049498
forth in Exanple 29, steps 1-6, except using
t - . '
CM Koy AR EE T, SHlinhg s er bR rered in
conjRatibnreithy theyapydontr&ting anddof preventing multiple sclerosis.
(rmor phol i nonet hyl ) pyri din-2-yl)-1H benzo[ d] i m dazol e- 4
- car boxam de (Conpound 814). MS (ESI) calcd for
Mltg,ﬁ?%m@%wﬂ?& BReasbOuEDistABrd MHH . Exanpl e 37.
nt hesi s of

2- (Bcerttimginpydimgits, Be yentipy proyiviss plediods forarenting digedses or
dlsog%é%/ &%‘2%0%? i}ﬁns%t %][9 mg)g}?eé%d dﬁﬁ%@aﬁgr?a)i %ggi\gney ([%‘0%%10%%1 involve

adméri§teritpylord S®djdchinl rded éesof &512&apeutlcallg effetBv@arBOhrit loif 8Birtuin
of 5-Dbrono-2-nethyl pyridine (151; 1 58.1 mmmol ) .in

activpting campowd) Ingaeasedilachngiel actipitgrefrs ’izsmerqw;lg agtivitypf the

mltoghondgrﬁa\%lﬁ?egﬂh R} nﬂhﬁ( Hél\(}% f(/é@%é%‘m n{%ﬁqv\rgg&cpﬁgcgﬁaa(g &z dmtocgondnal

mast)h fncreasmg tthengxmt@m:daﬁ mitodhiodria thewwhg istréasinginitethoddrel attivity

‘The reacti on enched by the addit] n of .
(e. gaay Stnmleﬁang opoRhendgial w&ew : PHER 1@%%\531% ntqf? ain
embUlh)ﬁ{éﬁ'Ese A Xtd agare@ks ol bvo'étcfmeﬁﬂ?&nm@ase@ gnﬁf:&ﬂﬂ'rl%l

ayers were dried (Na2SO4) and concentrated under
actm'e'duc:lede @m%smleilso“m@s resedibted rvgth mipchoadrialdyplunitiore d

gl ogg(gg/be}{tsging f)év;) f:ogpg?)tg}?g;cr ?eggés&?‘tdlis%%ers %Xt would
bene'%'rt @@nn&fcfwké&&ﬁitgmn&m hitivity(Bay BHpR! 1&&@@11% ﬁ@hﬁ%btdsluffermg

2-yl)- 10 1H benzoKi m dazol e-4-car boxam d ound

frongq tochMrMs@ggmmM@bﬁMQﬁ diagnesing a mitochondrial dysfunction
I
s S OB S R B AL B s e

disotderchssdadarsd céthahittoadroy dydfﬁ!ncﬂfoﬁ firoledd discaserand sixondtrnig
substituted henzi.m dazol e 153. The resu]ting

which deficie inpitpghondsisl respjreiory Fhaie ASHIiE) qomr%}&eotp dbgydevglopment of

P e gy PR AOUPHES nbi) Risees o fsders tha

woukt bandfit ﬂomrmcireascd uptqchqpcblabacexmy genayalpy mphade for example,

. 2-(6-net hyl '.d'-rl-N-ﬁ-.. . .
disefit pNBIE AT B T TN 9047 Inppvlgrdsdp dFrimdEisrion.
dise£RS Egﬁﬁl\%g%@ls( ﬁgﬁﬁ@ﬁ&%ﬁf %lg ﬁg@ie B@p&;ﬁ&hﬁ aﬁélh%gasgi’gl nvgllngh geélls fail
to uxsiﬁmqwm@swf

2-neth hal i '
26 S SuBAlRb ;i Yealod i PRE BB T RFGle e Rt o
disofilkf}hat Bl Hehefrl fegaa iddréa36d ifitochondrial activity that involves

2-met hyl i soni coti nal dehyde (156).
admyigteringtosriubisst in need theggod oge PLAIPESSIGHIN Activatigg icgmpeunds in

o g 83, R B S, 3 byt R
treaﬁg{@hﬁcb&%ﬂri&lhﬂﬂﬁﬁdﬁ&%ﬁl agbliﬁs;sefuda fmegcﬁtcmgi suygneﬁttrg\sas@mated
Withs%/‘#iﬁfiaé%l Sﬁ‘gs%g iave BngmltP 1*11 g&%{‘{‘%‘r?nms quenched by

t hey @&Qﬂlﬁwrbngfodﬁﬂentwwe%ve&mrbrma@ H&thd® fbpﬁ‘@atm diseases or
enperaturé, the mxture was extracted with CH2C

dlsomhes thatrisould @enﬁrfg divincincrppsadsmiieghendiigl @th‘(n\)la%’s@l)mssmmg toa
concentrated under reduced pressure to afford the
i ntermedi ate 5 enam ne 155. 4 To a solution of
Nal 04 (40 g) in water (200 n%) was added t he above
enam ne internediate 155 in CH2C12 (200 nmL). The
reaction mxture was stirred at roomtenperature for
18 h. Enough 2 N NaOH was then added to adjust the pH
of the m xture to 8. The m xture was then filtered,
separated and extracted with CH2C12. The conbined 10
organlc Iayers ver e drled (thSCﬂ) and concentrated

o .
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Exanpl e 39. Synthesis of
2-(4-(pyrrolidin-1-ylmethyl)-2-(trifluoronethyl)phenyl

WO 240003088 ol - 2-y1) - 111- benzo[ d] i m dazol e- 4- car POKEHA0AE049498
( Conpound 828) Step 1) Pr epar ation of

oG RAREN L g BRADAF o b BRI PRGRdy
disease§ 4r @Ebd)rdlél@-lﬁcl(lder ifdrl ebtampl’éeﬁdwd)ﬂmmw Hjsoiddrienpz, dfritHieiihds
azol e-4-carboxylic acjd (54;

Ataxdggpesaiar dysirophipaagltip EQCIﬁT_O;“S mgférgﬁﬂsfieré 2? mmwéénsa%&éa (g,
_ s g

sciziy SROMURL whigRine Oich (e ERBIALANIAR) el BRcdREr AN B orlers (e

Alem&némDisbaser%dkthm B Bashsen mnabtrm;dmﬁatamiweleaiswg etc ), ischemia,

ronab B A osis, R GAE P ERASRET SlsceBtivg ARy gimiotherapy
faug%etég%aféﬁfédl‘d@ 'el%mﬂaq})ym&tf n@fopahforaFg AN hitidsY Men¥@sal

dried over tered, and concentrated.
cyclmgrqrfowulatmmnmbqnhgndrwé mygetthishs witechogdugidamage (e.g., calcium
Ac/ ent afforde
sconyiofin PG R o7 b S e pvmyey o i wiysdprdea
deregdlati®n.4- car boxyl ate as an orange 15solid (structure

not shown) Sé n& ield: 75% . A sealed tube
coluserlpndysiehyiekers fea Similyeefidjseases igvalying dgtegoration of

1 A “
neur%@%&%dl%%&@%@ﬂf? %&%??%gﬁg@@ I[nS%%o‘iShQ B Wt e RUNd
myotartiial tiysfonctioas aichas Eﬂlblydnpy nretulal dystrils8 In 2dimmegmbddithints,

. | 03 I XPh 31 .ny,
srtogh G5 Hes SOmEE s 5y b i BbrANBnE Moty Ol 3eg B ussider
funchiBndl AR @n@%jr if H%ﬁﬂhwﬁlaﬂ'ﬁﬁ&i@ﬁﬂ s&éﬂléﬁ% paﬁéht!z H&h

m xture was added 0 (10: 4 m) .

mussmmgpmy vvas heat ed at 80 C overni ght and cool ed to

Wat e d and th
TR B irEp s g e B SR Bt A 1B o frsgtment
mltdéh&ﬁﬁiaﬁ mlyoy&hies Mt 6choRsa GnyWphthiddrhil, fréhh infld, @I‘éﬁvﬁy progressive
filtered, and concentrated. Purification

My SO4
wealknass etithg ekiredeplisrausgesaioryverebial ofpatie myonagies @N} multlsystem

| ence%é%lgfnglggr hig Iyé)knezsifn Il'omets [}%aYe) beé:n (dteir‘lfl l\JNétrhoSr?e eho)ygrlﬁ) bet%reen

them. Edtdbﬁs%ﬂ[sglim‘hﬂlmldaszécerlnggnusarehmdydkapxeg(esmwattemel not
el | oy sol i
wht%@k@pi s Kefrpe aypp ﬁsgmwm} ?‘2{? PP#"WB’&PW@@ ﬁfﬂﬁtﬂ%ﬁm)
retin é?ﬁﬁg%?c[lgd ¢RadeFR Rtéhas BERB ML @faﬁla&%eﬁ%nﬁﬁﬁl hédehtss), the
, mmol ) were dissolved in THF/ H20 (1:1, 24
MEIAY syiidreme éaitbclomduislsnsephalostyopady nliactivt acadosispand stroke-like

TN SN I M T R

disttYR#ieA -wehRiess, & dLBnile Snyfopk@h (bdhigovRt ek aad thtdle pH
was adjustecfto7 wi th 1IN HCL. After allownigulthe

mi Xu egreain @mb@dl_meé@, figpinpeating compoweisirary geysetul for treating
patie?ng% Ll#gfe%@g)ﬁk_%} fohldt Ja%a'gg b B’lﬂoa{()fn%ig, fich és', (RUL [1&%15&' dieto

calciulrt adchbhat=0idR] éxeitppRRIty nitrichbxdidnex@bsire, dragimdueedor@rdamage, or
yl.ic acid 159 as a pale solid (170 5ng, 2-step yield:
hYPQ?.@% WS (ESI) cal cd for C20H18F3N302: 389.14; found:

39

o ?sz: pa;iﬁ er:n(} gﬁ)s & {t\%ﬂaaﬁﬁf%tﬁg ?fn#))c/) grr%%?eh@se?l rf]oer rg/eatmg
diseas§ bhdlamdbrszisgor)atéﬂl-wblemmmdnai daepilgion- car boxani de

(Cbnpound 828). 159 NH2HATU, DI PEA, + NADMF

...... " 4 To a solution

2 (4-(pyrrolidin-1-ylmethyl)=2-(trifluoromethyl)phenyl

)-1H 10benzo[ d]i m dazol e-4-carboxylic acid (159; 60

ng, 0.154 mol ), 2-am nothiazole (4; 17 ngy, 0.169

mol ), and HATU (117 ng, 0.308 mmol) in DMF (1.5 nl)

was added dii sopropyl et hyl am ne (107 uL, 0.616 mol).

The reaction was heated by m crowave at 140 C for 15

mnutes The reactlon mxture was dlluted W|th EtOAc
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2-(4-(pyrrolidin-1-yl methyl)-2-(trifluoronmethypphenyl)
-1H benzo[ d] i m dazole-4- carboxylic acid 159 was

W@auploexd48v t h 4- (pyrroli di n-1-yl met hyl ) ani 1i nePQBU0S2009/049498
produce 2-

in-1-ylmethyl)-2-(trifluoronethypphenyl)-N
M”‘%zf‘“? "{7?’?‘%’ ?d| n-1- 15

y| frevthyt grmbetiménts,the hwarzmﬂmﬂrbmddsameihedﬂfm &nleoe angi mescle

perf&mqg?%gg aqirﬁlﬁ %f% 32 gégg%% )E ecr%@rgglg)@ fe adslilrrtueln activating
ﬂzg’lzé:x% , sethin %vaﬁ@é&npo@ﬂgs by bk use@ﬂaﬂp {Bpréding

nthesis o
phy@@ﬁd andygnoe g g diebility. tpl pesfotry la)physical taski such amexetnyise) phisinal labor,

spor%sé'%lﬁ%go%‘%%‘%)% grl-)hbl'?gég Iord Je%snaigaz | e%ai Sa%agﬁgso )égﬂ]a.m%%g blood oxygen
leveR; éftrah Mg egééfﬁ irhekttht mﬂﬁmxha)ls 2nkdnkck owlein® 683abiy hikheidance,

) - 1H benzo I m dazol e carboxylic acid 159 was
redu@@gml@gle\,ﬁa&lw regneing ,sﬁ@ss,lqpixa@c@n@qug@@ and cardiovascular function,

oGS SO0, e el A Th sl dusnmiegis sty

blood][ It defthithaezti odirdert s It}lmamaﬂi’mdiein(zﬁl@ﬁ‘admnﬂst&"i@ arLghowht bAe sirtuin
same general procedure outl | | n Exanpl e 39. t he

activgfigg P‘PTHBO‘Bldrfﬁ?téP‘FTS?SS ‘WB)CFESJT)E‘? E‘&Wé%f mswa@n?ﬁa@mﬁm

npl e 43. Synthesis of
b“’gég% L 2T (11 uol omet hy1) pheny1

- Npotts performangelrpfetHoliba zlm [ig] dfrthelathiztes Muscdasiio perforewhen

R RE AL i BBy B e

enddf@xc@ he8mbdslaed ifkredsedn nids@ifar dodtrablzdhStresth, increase in

, / Conpound 871 The same general procedure outl i ned
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and gon(t%cﬁcgﬂ ?e r(efeiréc tfoga%qgg ?@%Q%\!gﬂ(? ﬁ Ate%lﬁ' %%ﬂggeérﬂyg eq and

whowasksus eéhlé\ﬂa 0 § mW@:dZe\(eﬁi of syenpth, B}dded aitd yhdmeardvglin thir
(trifluoronmethypphenyl)-N(thiazol-2-yl1l)-1H benzo[d]im
perforangngs. such asa fuExaRPBebady huddeisobifge! létmsong Estanesrynners, short

dlsmé)% ﬁn%[ngl%m‘rg%%gl%gﬁ N? Péf?dlmljaﬁce F0H R fesd By MLty to

overbbrp ymisdi fiatRxug 13bi 12ty (& mampain abtidiynfol loplgeepdnipkdy ePtime, and have a

tLi f.I uor onet hyl ) pheny1l) - 1H benzo[ d] i m dazol e- 4- car box
moréﬁ{f &%%%ﬁnd 872). Conpound 872 The same gener al

pr T&?ﬁl@%&a@ﬁa{}ﬂé}@ thuBQe Yerfbr Ry @ TPis AesthblSto@Peate @Mditions that
Exanpl e 40, 20except for usin

perngit ¢@updhition or zfa(nung gthigheoleels ybqusmamyqfarmrbl@nmﬂ REioghiod time.

az gtl 1% gé’r&expﬁ ag %)%aat tg ei&-xggi/srcl) Olh% Ic’)?s@r%m\? E é 0% TR BE eﬁJeCtlve in

the ttdaythém loff eiulcle rothte® pasiblogital éondftl dﬁ@ rlﬁﬂaallng RPIE S lzyt’cdpehhk lfor
enzo[ d] i m dazol e- 4- car boxam de nmpound 872)

exampis) pusely aiepphy @n@izswbpsmmcm@é Vzuth b%% frgd r%é émg'm H .
1mm§@h%9&r9{, BPRAAR RtAdS 2883640 %ﬁ&/o%ﬁﬁ@eﬁwdsﬁrge@’. nthesi s

2- [ibedrmyn ernbodlinentk; the mhtycm prav(dbs ncwelh dietarg ttrypQ sty 1
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compositions for improvement of sports performance. Accordingly, provided are

therapeutic compositions, foods and beverages that have actions of improving physical

60



10

15

20

25

30

NN HATU, DI PEA, DMF CI HO 0 163 160 Conpound 873 5The
sane general procedure outlined above in Exanple 39,

W@ eap/0a3oghd Exanpl e 41, except for using PCT/US2009/049498
2-(5-chloro-2-(trifluoromethyl)phenyl)-1H benzo[d]imd

endL&érgcle %né/gr il bqgﬁé%glj}yéic%ﬁagg&eg%o%ogJ}?eoﬂeem%lo&i fﬂ%ge(dl?—ldeﬁned

exer&sc{sﬁnélﬁ&mg @bmb meqdiriif B‘ﬁddiyﬂc)a -and (4bors ﬂeqmrmgeéﬂewaﬂ anyl)
-N- (4- rrolidin-1- Imathyl phenyl ) -1H ben daz
exergpRs. &u@a%e@%?ﬁws @6%@&1@9 igongl. cvmrléﬁépﬁtrqzé&%&a

VIt@%{%glg@?g%%es}Qéﬂ 26; found: 548 [ M+H]. Exanpl e 46.

2-(4-chloro-2-(trifluoromnethyl)phenyl)-N(6-
hol i nopyri di n-2-y1)-111-benzo[d] i m dazol e- 4- car box
Oth‘gfﬁl?’g (Conpound 868). Step I) Preparation of
6- Bﬁ-ﬁﬂm{dd %ﬁ%b%go@fd@ﬂﬁd@ ShckehSSihe 10V BRI/ i BER sirtuin
)1V 11 I 7-*1 164165 15A m xture containing
protein @taydqeomed Eoritreaiing ¢ronrn‘een(m§ giraligfectionsAeuapcis infeptapedy

i1 er o BIPEY RAG SOt el e et s

sirtufiP@UtIeiRecahptuRds tHaeinceasd the fevel addsreciteisy of d s1iteid protein
with water (300 nL) and the resulting nmixture was

may beadménisigrodias Raw ohg corbiaaterediug therapyowith pnothgydherapeutic agent

for (LRSS HALYSersi B o SRS Wyl Mg climfunas
that jricessethe leveh ald/asamhtllt}fl of 4 dstuthysoteasmpy bée hdethiddgred as part of a
hro rap etro] eum.ef her:ethyl acetate=10:1) to
com 1?%%‘51@% T&ﬁ/}’ MO L?rdﬁnﬁ ftén%ln’ﬂ‘&%’ t165 (17 g, 47% as
?ﬁb]%ﬁcs gl?%h% y be %te%d 2} dEXRP& l?érélﬁrincq{lde eukaryotes such as

=(trifluoromethyQohenyl)-N-( -rmrpho I nop
manynalsiuerg lymaemsmfemsobwmm etpursis gpotciney; bandngs, Gdines, non-human

prlms?@ugf Qung {8 812 lﬂthgﬁ{ngy gl | ga?t@c\( {ncijucfg e%ﬂ<§gfnot?cece}ls e.g., $BFom a
subjgt(tfdééci'l'b@@ BISIRY Mlamems/ Ipasl belbend ofelaryotidasnd, @:d taatekel

¥I ic acid 54 using the sane general am de coupl | n]%
cellspForcexample, soslukatipe dombennds tupyfrecgariristered4o dxposmmals to

. i nopyridin-2-y1
impiplf B ABATES RYha R e o GER BE D0y G By N
( ESiriulﬁraicmldlafuﬁg céﬁﬂbﬂrﬁl@ﬂ{ﬁiﬁ Nﬁ:@&sl e Belevic? and/ouzmﬂlvnﬁ OPa sirtuin
iological activity

10Exanpl e, 47.
prot R b oD e A MG TR S B RefpTance to apoptosi
r
Rl Rl gy T T SECH PRI oo
to fungs il am:&tha&n‘fb@ﬂhmm plants are genetically modlﬁed to produce a compound

o S D R R S TR SR Ao e

hippi®h 't@'ih% e@&éﬂ Ms@ntStoafREt GG Plént REds inily dlso be
° lp{)l % ' h tshe fl ouc?r orghore % I\}Eﬁ(%xm tation 540

con‘cm’n‘:(émtb §Dmp0$8t§ desgribgd h@lﬁél, €t preserse thee sequence of

gx} $t?x n?%%d%%g?‘[ rgl%n 'ﬁoﬁﬁ%ﬁ% cglﬁlgpﬁé s\%a& 1nc§§asgc}'?elelevel

rtron Ionine resi

and/68ddtival by a Qiiﬁlﬁﬁ%\btellmnia? be seuen iR dwAting Hidspaeid yeadt bells.
t he norl euci ne because the (i]hl oni ne

y be
Situafipge dpwhishd! may bx fAereblsrio axfrnhiedifripae 3? yeaghgglls include any
N h t [ ;
procBith Al ip S nr T BaRAE pLATE ko Ao bk by floms, e
bread?.(@sqﬂfﬂ;@mﬂaavmg an egtehdddddfespian loar ﬁasnlt/llrsuﬁmless)yeazt&r in having
mnutes at 25C in a reaction buffer (50 nM
Tris-acetate pH 8, 137 m\/lN%Cl 2.7 MM KC1L, 1 nmM
MyCl2, 5 nmM DTT, 0.05% BSA)." Test conmpounds may be
added to the reaction as descri bed above. The SirT1
gene is cloned into a T7-pronoter containing vector
and transformed into BL21(DE3). After the 2525 mnute

added to stop the react| on. Reactions are seal ed and
frozen for Iater nmass spec anal yS| S. Determ nat| on of
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10 nMof sirtuin protein, with 1 4 of DMSO in place of
conpound, to determ ne the anobunt of deacetyl ation of

WO pE0sd9dt rate at a given tinmepoint wthin thePCT/HB209/049498
range of the assay. This tinmepoint is the sane as that

the }iéﬁ& g{lvet for ionggpgegféﬁg ot A, vyt &‘ &hérh‘ﬁaljnfngﬁ‘ﬁ{ ceglgﬂge% for

ol nt ents” a change in ve
recotbaatip pmdasmg;protﬁh&ﬁﬂay faisotbe |treamdsas dmnbsd;heztemn d

purlfled s follows. Th Serl n | oned..in
7 SR RBRIALER LIRS A Te v e R i b sfuin
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nM' | PTG as an N-term nal Hlstag usion protein
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sed Lo lysi.s rn -k
and % ots tFn@t % %)E%gtl%wl 1n%th061 Qg{?fl%%s snr Cl 1016;5111 1t, a
com&ﬁl@ﬁzwmﬂ@ Be B@ﬂ»lf‘dﬁ@&be@ﬁﬂv(ﬂu&d iA@he progadtiRe dﬂhbﬂey Generally, the
sonication for 10 mn for conplete lysis. The protein

methgds dpseribed bereigvagy be mphm% Y| UBHITR & akanjote fept may have
comfleRGA1 i Péﬁté‘%@; lﬁd&%’x%%pf%u{h@y REPHEL }ﬁ)él\é@ o(fﬁﬁ?@b@%ﬁhﬁérgé ;.1(nd birds

concen over’ a si zi
(e.g.S2Mitkea@hBFowl)obal ) . The peak containing sol ubl e
profein vvas ol | ect ealéland run on _ap | on-exc

co T ARESA & T BT WA IREWRIY BBDIFIRSS @?ﬁgvgrmnd/or
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ialyz fer (20

ncentrated and ed agal hst dialysis bu
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ensukdAQRd EdrhSshind ¢ BB- eiv‘aﬁatﬂ@ﬁﬁﬁﬁséie&@‘idebﬁﬁl Iaﬁ@yglaaﬂad are
shown below in Table 1. The EC1,5 values for the

ac it east ingyiowsebip ok betvween f?l@‘?fﬁ@@@ﬁ fedilopgevatyg sigpinsmodulating
compaunds W inc?eaggg{e 1‘%{% algcﬁ L“Mcmtgof Fhui x‘gény%@n&)eb{éﬁlﬁ\ed to
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Table 1. Conpd # [M+1-1]+ Structure ECL.5 Fold Act.
200 321 NNH OH s/1\1 --..--1 B A201 316 HB A 11/
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Yet other methods contemplated herein include screening methods for identifying
compounds or agents that modulate sirtuins. An agent may be a nucleic acid, such as an
aptamer. Assays may be conducted in a cell based or cell free format. For example, an
assay may comprise incubating (or contacting) a sirtuin with a test agent under conditions
in which a sirtuin can be modulated by an agent known to modulate the sirtuin, and
monitoring or determining the level of modulation of the sirtuin in the presence of the test
agent relative to the absence of the test agent. The level of modulation of a sirtuin can be
determined by determining its ability to deacetylate a substrate. Exemplary substrates are
acetylated peptides which can be obtained from BIOMOL (Plymouth Meeting, PA).
Preferred substrates include peptides of p53, such as those comprising an acetylated K382.
A particularly preferred substrate is the Fluor de Lys-SIRT1 (BIOMOL), i.e., the acetylated
peptide Arg-His-Lys-Lys. Other substrates are peptides from human histones H3 and H4 or
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Conmpd #

an acetylated amino acid. Substrates may be fluorogenic. The sirtuin may be SIRT1, Sir2,
SIRT3, or a portion thereof. For example, recombinant SIRT1 can be obtained from
BIOMOL. The reaction may be conducted for about 30 minutes and stopped, e.g., with
nicotinamide. The HDAC fluorescent activity assay/drug discovery kit (AK-500, BIOMOL
Research Laboratories) may be used to determine the level of acetylation. Similar assays
are described in Bitterman et al. (2002) J. Biol. Chem. 277:45099. The level of modulation
of the sirtuin in an assay may be compared to the level of modulation of the sirtuin in the
presence of one or more (separately or simultaneously) compounds described herein, which
may serve as positive or negative controls. Sirtuins for use in the assays may be full length
sirtuin proteins or portions thereof. Since it has been shown herein that activating
compounds appear to interact with the N-terminus of SIRT1, proteins for use in the assays
include N-terminal portions of sirtuins, e.g., about amino acids 1-176 or 1-255 of SIRT1;
about amino acids 1-174 or 1-252 of Sir2.

In one embodiment, a screening assay comprises (i) contacting a sirtuin with a test
agent and an acetylated substrate under conditions appropriate for the sirtuin to deacetylate
the substrate in the absence of the test agent ; and (ii) determining the level of acetylation
of the substrate, wherein a lower level of acetylation of the substrate in the presence of the
test agent relative to the absence of the test agent indicates that the test agent stimulates
deacetylation by the sirtuin, whereas a higher level of acetylation of the substrate in the
presence of the test agent relative to the absence of the test agent indicates that the test
agent inhibits deacetylation by the sirtuin.

Methods for identifying an agent that modulates, e.g., stimulates, sirtuins in vivo
may comprise (i) contacting a cell with a test agent and a substrate that is capable of
entering a cell in the presence of an inhibitor of class I and class Il HDACs under
conditions appropriate for the sirtuin to deacetylate the substrate in the absence of the test
agent ; and (ii) determining the level of acetylation of the substrate, wherein a lower level
of acetylation of the substrate in the presence of the test agent relative to the absence of the
test agent indicates that the test agent stimulates deacetylation by the sirtuin, whereas a
higher level of acetylation of the substrate in the presence of the test agent relative to the
absence of the test agent indicates that the test agent inhibits deacetylation by the sirtuin. A
preferred substrate is an acetylated peptide, which is also preferably fluorogenic, as further

described herein. The method may further comprise lysing the cells to determine the level
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of acetylation of the substrate. Substrates may be added to cells at a concentration ranging
from about 1uM to about 10mM, preferably from about 10pM to 1mM, even more
preferably from about 100uM to 1mM, such as about 200pM. A preferred substrate is an
acetylated lysine, e.g., e-acetyl lysine (Fluor de Lys, FdL) or Fluor de Lys-SIRT1. A
preferred inhibitor of class I and class II HDAC:s is trichostatin A (TSA), which may be
used at concentrations ranging from about 0.01 to 100uM, preferably from about 0.1 to
10pM, such as 1uM. Incubation of cells with the test compound and the substrate may be
conducted for about 10 minutes to 5 hours, preferably for about 1-3 hours. Since TSA
inhibits all class I and class Il HDACs, and that certain substrates, e.g., Fluor de Lys, is a
poor substrate for SIRT2 and even less a substrate for SIRT3-7, such an assay may be used

to identify modulators of SIRT1 in vivo.

5. Pharmaceutical Compositions

The sirtuin-modulating compounds described herein may be formulated in a
conventional manner using one or more physiologically or pharmaceutically acceptable
carriers or excipients. For example, sirtuin-modulating compounds and their
pharmaceutically acceptable salts and solvates may be formulated for administration by,
for example, injection (e.g. SubQ, IM, IP), inhalation or insufflation (either through the
mouth or the nose) or oral, buccal, sublingual, transdermal, nasal, parenteral or rectal
administration. In one embodiment, a sirtuin-modulating compound may be administered
locally, at the site where the target cells are present, i.e., in a specific tissue, organ, or fluid
(e.g., blood, cerebrospinal fluid, etc.).

Sirtuin-modulating compounds can be formulated for a variety of modes of
administration, including systemic and topical or localized administration. Techniques and
formulations generally may be found in Remington’s Pharmaceutical Sciences, Meade
Publishing Co., Easton, PA. For parenteral administration, injection is preferred, including
intramuscular, intravenous, intraperitoneal, and subcutaneous. For injection, the
compounds can be formulated in liquid solutions, preferably in physiologically compatible
buffers such as Hank’s solution or Ringer’s solution. In addition, the compounds may be
formulated in solid form and redissolved or suspended immediately prior to use.

Lyophilized forms are also included.
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For oral administration, the pharmaceutical compositions may take the form of, for
example, tablets, lozenges, or capsules prepared by conventional means with
pharmaceutically acceptable excipients such as binding agents (e.g., pregelatinized maize
starch, polyvinylpyrrolidone or hydroxypropyl methylcellulose); fillers (e.g., lactose,
microcrystalline cellulose or calcium hydrogen phosphate); lubricants (e.g., magnesium
stearate, talc or silica); disintegrants (e.g., potato starch or sodium starch glycolate); or
wetting agents (e.g., sodium lauryl sulphate). The tablets may be coated by methods well
known in the art. Liquid preparations for oral administration may take the form of, for
example, solutions, syrups or suspensions, or they may be presented as a dry product for
constitution with water or other suitable vehicle before use. Such liquid preparations may
be prepared by conventional means with pharmaceutically acceptable additives such as
suspending agents (e.g., sorbitol syrup, cellulose derivatives or hydrogenated edible fats);
emulsifying agents (e.g., lecithin or acacia); non-aqueous vehicles (e.g., almond oil, oily
esters, ethyl alcohol or fractionated vegetable oils); and preservatives (e.g., methyl or
propyl-p-hydroxybenzoates or sorbic acid). The preparations may also contain buffer salts,
flavoring, coloring and sweetening agents as appropriate. Preparations for oral
administration may be suitably formulated to give controlled release of the active
compound.

For administration by inhalation (e.g., pulmonary delivery), sirtuin-modulating
compounds may be conveniently delivered in the form of an aerosol spray presentation
from pressurized packs or a nebuliser, with the use of a suitable propellant, e.g.,
dichlorodifluoromethane, trichlorofluoromethane, dichlorotetrafluoroethane, carbon
dioxide or other suitable gas. In the case of a pressurized aerosol the dosage unit may be
determined by providing a valve to deliver a metered amount. Capsules and cartridges of
e.g., gelatin, for use in an inhaler or insufflator may be formulated containing a powder
mix of the compound and a suitable powder base such as lactose or starch.

Sirtuin-modulating compounds may be formulated for parenteral administration by
injection, e.g., by bolus injection or continuous infusioﬁ. Formulations for injection may be
presented in unit dosage form, e.g., in ampoules or in multi-dose containers, with an added
preservative. The compositions may take such forms as suspensions, solutions or
emulsions in oily or aqueous vehicles, and may contain formulatory agents such as

suspending, stabilizing and/or dispersing agents. Alternatively, the active ingredient may
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be in powder form for constitution with a suitable vehicle, e.g., sterile pyrogen-free water,
before use.

Sirtuin-modulating compounds may also be formulated in rectal compositions such
as suppositories or retention enemas, e.g., containing conventional suppository bases such
as cocoa butter or other glycerides.

In addition to the formulations described previously, sirtuin-modulating compounds
may also be formulated as a depot preparation. Such long acting formulations may be
administered by implantation (for example subcutaneously or intramuscularly) or by
intramuscular injection. Thus, for example, sirtuin-modulating compounds may be
formulated with suitable polymeric or hydrophobic materials (for example as an emulsion
in an acceptable oil) or ion exchange resins, or as sparingly soluble derivatives, for
example, as a sparingly soluble salt. Controlled release formula also includes patches.

In certain embodiments, the compounds described herein can be formulated for
delivery to the central nervous system (CNS) (reviewed in Begley, Pharmacology &
Therapeutics 104: 29-45 (2004)). Conventional approaches for drug delivery to the CNS
include: neurosurgical strategies (e.g., intracerebral injection or intracerebroventricular
infusion); molecular manipulation of the agent (e.g., production of a chimeric fusion
protein that comprises a transport peptide that has an affinity for an endothelial cell surface
molecule in combination with an agent that is itself incapable of crossing the BBB) in an
attempt to exploit one of the endogenous transport pathways of the BBB; pharmacological
strategies designed to increase the lipid solubility of an agent (e.g., conjugation of water-
soluble agents to lipid or cholesterol carriers); and the transitory disruption of the integrity
of the BBB by hyperosmotic disruption (resulting from the infusion of a mannitol solution
into the carotid artery or the use of a biologically active agent such as an angiotensin
peptide).

Liposomes are a further drug delivery system which is easily injectable.
Accordingly, in the method of invention the active compounds can also be administered in
the form of a liposome delivery system. Liposomes are well-known by a person skilled in
the art. Liposomes can be formed from a variety of phospholipids, such as cholesterol,
stearylamine of phosphatidylcholines. Liposomes being usable for the method of invention
encompass all types of liposomes including, but not limited to, small unilamellar vesicles,

large unilamellar vesicles and multilamellar vesicles.
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Another way to produce a formulation, particularly a solution, of a sirtuin modulator such
as resveratrol or a derivative thereof, is through the use of cyclodextrin. By cyclodextrin is
meant o-, B-, or y-cyclodextrin. Cyclodextrins are described in detail in Pitha et al., U.S.
Pat. No. 4,727,064, which is incorporated herein by reference. Cyclodextrins are cyclic
oligomers of glucose; these compounds form inclusion complexes with any drug whose
molecule can fit into the lipophile-seeking cavities of the cyclodextrin molecule.

Rapidly disintegrating or dissolving dosage forms are useful for the rapid
absorption, particularly buccal and sublingual absorption, of pharmaceutically active
agents. Fast melt dosage forms are beneficial to patients, such as aged and pediatric
patients, who have difficulty in swallowing typical solid dosage forms, such as caplets and
tablets. Additionally, fast melt dosage forms circumvent drawbacks associated with, for
example, chewable dosage forms, wherein the length of time an active agent remains in a
patient's mouth plays an important role in determining the amount of taste masking and the
extent to which a patient may object to throat grittiness of the active agent.

Pharmaceutical compositions (including cosmetic preparations) may comprise
from about 0.00001 to 100% such as from 0.001 to 10% or from 0.1% to 5% by weight of
one or more sirtuin-modulating compounds described herein. In another embodiment, the
pharmaceutical composition comprises: (i) 0.05 to 1000 mg of the compounds of the
invention, or a pharmaceutically acceptable salt thereof, and (ii) 0.1 to 2 grams of one or
more pharmaceutically acceptable excipients.

In one embodiment, a sirtuin-modulating compound described herein, is
incorporated into a topical formulation containing a topical carrier that is generally suited
to topical drug administration and comprising any such material known in the art. The
topical carrier may be selected so as to provide the composition in the desired form, e.g.,
as an ointment, lotion, cream, microemulsion, gel, oil, solution, or the like, and may be
comprised of a material of either naturally occurring or synthetic origin. It is preferable
that the selected carrier not adversely affect the active agent or other components of the
topical formulation. Examples of suitable topical carriers for use herein include water,
alcohols and other nontoxic organic solvents, glycerin, mineral oil, silicone, petroleum
jelly, lanolin, fatty acids, vegetable oils, parabens, waxes, and the like.

Formulations may be colorless, odorless ointments, lotions, creams,

microemulsions and gels.
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Sirtuin-modulating compounds may be incorporated into ointments, which
generally are semisolid preparations which are typically based on petrolatum or other
petroleum derivatives. The specific ointment base to be used, as will be appreciated by
those skilled in the art, is one that will provide for optimum drug delivery, and, preferably,
will provide for other desired characteristics as well, e.g., emolliency or the like. As with
other carriers or vehicles, an ointment base should be inert, stable, nonirritating and
nonsensitizing.

Sirtuin-modulating compounds may be incorporated into lotions, which generally
are preparations to be applied to the skin surface without friction, and are typically liquid
or semiliquid preparations in which solid particles, including the active agent, are present
in a water or alcohol base. Lotions are usually suspensions of solids, and may comprise a
liquid oily emulsion of the oil-in-water type.

Sirtuin-modulating compounds may be incorporated into creams, which generally
are viscous liquid or semisolid emulsions, either oil-in-water or water-in-oil. Cream bases
are water-washable, and contain an oil phase, an emulsifier and an aqueous phase. The oil
phase is generally comprised of petrolatum and a fatty alcohol such as cetyl or stearyl
alcohol; the aqueous phase usually, although not necessarily, exceeds the oil phase in
volume, and generally contains a humectant. The emulsifier in a cream formulation, as
explained in Remington 's, supra, is generally a nonionic, anionic, cationic or amphoteric
surfactant.

Sirtuin-modulating compounds may be incorporated into microemulsions, which
generally are thermodynamically stable, isotropically clear dispersions of two immiscible
liquids, such as oil and water, stabilized by an interfacial film of surfactant molecules
(Encyclopedia of Pharmaceutical Technology (New York: Marcel Dekker, 1992), volume
9).

Sirtuin-modulating compounds may be incorporated into gel formulations, which
generally are semisolid systems consisting of either suspensions made up of small
inorganic particles (two-phase systems) or large organic molecules distributed
substantially uniformly throughout a carrier liquid (single phase gels). Although gels
commonly employ aqueous carrier liquid, alcohols and oils can be used as the carrier

liquid as well.
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Other active agents may also be included in formulations, e.g., other anti-
inflammatory agents, analgesics, antimicrobial agents, antifungal agents, antibiotics,
vitamins, antioxidants, and sunblock agents commonly found in sunscreen formulations
including, but not limited to, anthranilates, benzophenones (particularly benzophenone-3),
camphor derivatives, cinnamates (e.g., octyl methoxycinnamate)’, dibenzoyl methanes
(e.g., butyl methoxydibenzoyl methane), p-aminobenzoic acid (PABA) and derivatives
thereof, and salicylates (e.g., octyl salicylate).

In certain topical formulations, the active agent is present in an amount in the
range of approximately 0.25 wt. % to 75 wt. % of the formulation, preferably in the range
of approximately 0.25 wt. % to 30 wt. % of the formulation, more preferably in the range
of approximately 0.5 wt. % to 15 wt. % of the formulation, and most preferably in the
range of approximately 1.0 wt. % to 10 wt. % of the formulation.

Conditions of the eye can be treated or prevented by, e.g., systemic, topical,
intraocular injection of a sirtuin-modulating compound, or by insertion of a sustained
release device that releases a sirtuin-modulating compound. A sirtuin-modulating
compound that increases the level and/or activity of a sirtuin protein may be delivered in a
pharmacéutically acceptable ophthalmic vehicle, such that the compound is maintained in
contact with the ocular surface for a sufficient time period to allow the compound to
penetrate the corneal and internal regions of the eye, as for example the anterior chamber,
posterior chamber, vitreous body, aqueous humor, vitreous humor, cornea, iris/ciliary,
lens, choroid/retina and sclera. The pharmaceutically-acceptable ophthalmic vehicle may,
for example, be an ointment, vegetable oil or an encapsulating material. Alternatively, the
compounds of the invention may be injected directly into the vitreous and aqueous
humour. In a further alternative, the compounds may be administered systemically, such
as by intravenous infusion or injection, for treatment of the eye.

Sirtuin-modulating compounds described herein may be stored in oxygen free
environment. For example, resveratrol or analog thereof can be prepared in an airtight
capsule for oral administration, such as Capsugel from Pfizer, Inc.

Cells, e.g., treated ex vivo with a sirtuin-modulating compound, can be
administered according to methods for administering a graft to a subject, which may be
accompanied, e.g., by administration of an immunosuppressant drug, e.g., cyclosporin A.

For general principles in medicinal formulation, the reader is referred to Cell Therapy:
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Stem Cell Transplantation, Gene Therapy, and Cellular Immunotherapy, by G. Morstyn &
W. Sheridan eds, Cambridge University Press, 1996; and Hematopoietic Stem Cell
Therapy, E. D. Ball, J. Lister & P. Law, Churchill Livingstone, 2000.

Toxicity and therapeutic efficacy of sirtuin-modulating compounds can be
determined by standard pharmaceutical procedures in cell cultures or experimental
animals. The LDso is the dose lethal to 50% of the population. The EDso is the dose
therapeutically effective in 50% of the population. The dose ratio between toxic and
therapeutic effects (LDs0/ED5o0) is the therapeutic index. Sirtuin-modulating compounds
that exhibit large therapeutic indexes are preferred. While sirtuin-modulating compounds
that exhibit toxic side effects may be used, care should be taken to design a delivery
system that targets such compounds to the site of affected tissue in order to minimize
potential damage to uninfected cells and, thereby, reduce side effects.

The data obtained from the cell culture assays and animal studies can be used in
formulating a range of dosage for use in humans. The dosage of such compounds may lie
within a range of circulating concentrations that include the EDso with little or no toxicity.
The dosage may vary within this range depending upon the dosage form employed and the
route of administration utilized. For any compound, the therapeutically effective dose can
be estimated initially from cell culture assays. A dose may be formulated in animal models
to achieve a circulating plasma concentration range that includes the ICso (i.e., the
concentration of the test compound that achieves a half-maximal inhibition of symptoms)
as determined in cell culture. Such information can be used to more accurately determine
useful doses in humans. Levels in plasma may be measured, for example, by high

performance liquid chromatography.

6. Kits

Also provided herein are kits, e.g., kits for therapeutic purposes or kits for
modulating the lifespan of cells or modulating apoptosis. A kit may comprise one or more
sirtuin-modulating compounds, e.g., in premeasured doses. A kit may optionally comprise
devices for contacting cells with the compounds and instructions for use. Devices include
syringes, stents and other devices for introducing a sirtuin-modulating compound into a

subject (e.g., the blood vessel of a subject) or applying it to the skin of a subject.
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In yet another embodiment, the invention provides a composition of matter
comprising a sirtuin modulator of this invention and another therapeutic agent (the same
ones used in combination therapies and combination compositions) in separate dosage
forms, but associated with one another. The term “associated with one another” as used
herein means that the separate dosage forms are packaged together or otherwise attached

to one another such that it is readily apparent that the separate dosage forms are intended

to be sold and administered as part of the same regimen. The agent and the sirtuin

modulator are preferably packaged together in a blister pack or other multi-chamber
package, or as connected, separately sealed containers (such as foil pouches or the like)
that can be separated by the user (e.g., by tearing on score lines between the two
containers).

In still another embodiment, the invention provides a kit comprising in separate
vessels, a) a sirtuin modulator of this invention; and b) another therapeutic agent such as
those described elsewhere in the specification.

The practice of the present methods will employ, unless otherwise indicated,
conventional techniques of cell biology, cell culture, molecular biology, transgenic
biology, microbiology, recombinant DNA, and immunology, which are within the skill of
the art. Such techniques are explained fully in the literature. See, for example, Molecular
Cloning A Laboratory Manual, 2" Ed., ed. by Sambrook, Fritsch and Maniatis (Cold
Spring Harbor Laboratory Press: 1989); DNA Cloning, Volumes I and II (D. N. Glover ed.,
1985); Oligonucleotide Synthesis (M. J. Gait ed., 1984); Mullis et al. U.S. Patent No:
4,683,195; Nucleic Acid Hybridization (B. D. Hames & S. J. Higgins eds. 1984);
Transcription And Translation (B. D. Hames & S. J. Higgins eds. 1984); Culture Of
Animal Cells (R. I. Freshney, Alan R. Liss, Inc., 1987); Immobilized Cells And Enzymes
(IRL Press, 1986); B. Perbal, A Practical Guide To Molecular Cloning (1984); the treatise,
Methods In Enzymology (Academic Press, Inc., N.Y.); Gene Transfer Vectors For
Mammalian Cells (J. H. Miller and M. P. Calos eds., 1987, Cold Spring Harbor
Laboratory); Methods In Enzymology, Vols. 154 and 155 (Wu et al. eds.),
Immunochemical Methods In Cell And Molecular Biology (Mayer and Walker, eds.,
Academic Press, London, 1987); Handbook Of Experimental Immunology, Volumes I-IV
(D. M. Weir and C. C. Blackwell, eds., 1986); Manipulating the Mouse Embryo, (Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y ., 1986).
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EXEMPLIFICATION

The invention now being generally described, it will be more readily understood by
reference to the following examples which are included merely for purposes of illustration
of certain aspects and embodiments of the present invention, and are not intended to limit
the invention in any way.
Example 1. General procedure to prepare 2-(2-(trifluoromethyl)phenyl)-1H-

benzo[d]imidazole-4-carboxylic acid (3).

NH; O CFs y F3G
+ H N
NH N/

1 2 0”7 ~oH

2,3-diaminobenzoic acid (1; 50 mg, 0.33 mmol), 2-(trifluoromethyl) benzaldehyde
(2; 57 mg, 0.33 mmol), and sodium metabisulfite (Na;S;0s, 82 mg, 0.43 mmol) were
taken up in DMF (5 mL) and stirred at 100°C for 17 h. The reaction mixture was cooled to
room temperature and diluted with H,O. The resulting mixture was stirred at room
temperature for 1h and filtered. The collected solids were washed with water and dried to
afford 2-(2-(trifluoromethyl) phenyl)-1H-benzo[d]imidazole-4-carboxylic acid 3 as a pale
brown solid (75 mg, yield: 74%). MS (ESI) calcd for C;sHgF3N,05: 306.06; found: 307
[M+H].

This general procedure is used to prepare any 4-carboxy derivatives of 1H-
benzo[d]imidazole using the appropriate aldehyde component as a replacement for 2-
(trifluoromethyl) benzaldehyde 2 in the above scheme.

Example 2. Preparation of N-(thiazol-2-yl)-2-(2-(trifluoromethyl)phenyl)-1H-
benzo[d]imidazole-4-carboxamide (Compound 208).
F3C,

H
FiC S
H'3 N
1 G IO
/ N 4 N
N
gfg;\u 07 °NH
0~ "OH
DMF S*N
3 \__;. Compound 208

2-(2-(trifluoromethyl)phenyl)-1H-benzo[d]imidazole-4-carboxylic acid (3; 75 mg,
0.24 mmol) was taken up in DMF (2 mL) along with thiazol-2-amine (4; 24 mg, 0.24
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mmol) and HATU (186 mg, 0.49 mmol). DIEA (81 pL, 0.49 mmol) was added. The
reaction mixture was stirred at room temperature for 18 h. The reaction mixture was
diluted with water and filtered. The collected solids were further purified by silica gel
chromatography to afford the desired product, namely N-(thiazol-2-yl)-2-(2-
(trifluoromethyl) phenyl)-1H-benzo[d]imidazole-4-carboxamide (Compound 208), as a
white solid (35 mg, yield: 38%). MS (ESI) calcd for C;gH;;F3N4OS: 388.06; found: 389
[M+H].

This general procedure is used for any of the amide derivatives shown in Table 1 by
substituting the appropriate carboxylic acid and amine components for 3 and 4,
respectively.

Example 3. Synthesis of 2-(6-(piperazin-1-yl)pyridin-3-yl)-N-(thiazol-2-yl)-1H-
benzo[d]imidazole-4-carboxamide hydrochloride (Compound 251).
Step 1) Preparation of 2-(6-chloropyridin-3-yl)-1H-benzo[d[imidazole-4-carboxylic acid

Na,S,05 =N
DMF g \ /¢

2,3-Diaminobenzoic acid (1; 200 mg, 1.31 mmol), 6-chloronicotinaldehyde (5; 186
mg, 1.31 mmol), and Na,S,0s (324 mg, 1.7 mmol) were taken up in DMF (10 mL) and

ZT

stirred at 100 °C for 18 h. The reaction mixture was cooled to room temperature and
diluted with H,O. The resulting mixture was stirred for 1h at room temperature and
filtered. The collected solids were washed with water, MeOH, and dried to afford 2-(6-
chloropyridin-3-yl)-1H-benzo[d]imidazole-4-carboxylic acid 6 as a pale solid (340 mg,
yield: 95%).

Step 2) Preparation of 2-(6-chloropyridin-3-yl)-N-(thiazol-2-yl)-1H-benzo[d]imidazole-4-

carboxamide .

H
H S N =N
Ly D OO
Cl
N/>—<\:_/)‘ N 4 EE[N

HATU/DIEA/DMF 0~ "NH
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2-(6-Chloropyridin-3-yl)-1H-benzo[d]imidazole-4-carboxylic acid (6; 340 mg, 1.24
mmol) was taken up in DMF (5 mL) along with thiazol-2-amine (4; 125 mg, 1.24 mmol)
and HATU (943 mg, 2.48 mmol). DIEA (0.41 mL, 2.48 mmol) was added. The reaction
mixture was stirred at room temperature overnight. The reaction mixture was diluted with
water and the resulting solids were collected by filtration. Purification by silica gel
chromatography (pentane/EtOAc) afforded 2-(6-chloropyridin-3-yl)-N-(thiazol-2-yl)-1H-
benzo[d]imidazole-4-carboxamide 7 as a pale yellow solid (215 mg, yield: 52%). MS
(ESI) calcd for C;6H;0CINsOS: 355.03; found: 356 [M+H].

Step 3) Preparation of tert-butyl 4-(5-(4-(thiazol-2-ylcarbamoyl)-1H-benzo[d]imidazol-2-
yl)pyridin-2-yl)piperazine-1-carboxylate (8).

H H
N =N o N =N /\
/ }——Q—N N—Boc
N O\ 7 v N/
DMSO
o )N\H 5 = 07 NH
S N 7 N/U\OJ< s SN 8

A mixture containing 2-(6-chloropyridin-3-yl)-N-(thiazol-2-yl)-1H-
benzo[d]imidazole-4-carboxamide (7; 30 mg, 0.084 mmol) and tert-butyl piperazine-1-
carboxylate (170; 156.5 mg, 0.84 mmo) in DMSO (1.2 mL) was stirred at 140 °Cin a
microwave reactor for 25 min. The reaction mixture was cooled to room temperature and
diluted with water. The resulting solids were collected by filtration, washed with water and
dried under vacuum to afford tert-butyl 4-(5-(4-(thiazol-2-ylcarbamoyl)-1H-
benzo[d]imidazol-2-yl)pyridin-2-yl)piperazine-1-carboxylate 8 as a pale yellow solid (20
mg, 71%). MS (ESI) calcd for CysH;7N705S: 505.19; found: 506 [M+H].

Step 4) Preparation of 2-(6-(piperazin-1-yl)pyridin-3-yl)-N-(thiazol-2-yl)-1H-
benzo[d]imidazole-4-carboxamide hydrochloride (Compound 251).

H H
N>_<iN)_N/—‘\N 5 N =N /™
jt =107
N e wemeon (I 9 )
"k L
s N SN
\—/ 8 S/

Compound 251
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A mixture containing fert—butyl 4-(5-(4-(thiazol-2-ylcarbamoyl)-1H-
benzo[d]imidazol-2-yl)pyridin-2-yl)piperazine-1-carboxylate (8; 20 mg, 0.039 mmol) in
methanolic HC1 (3N, 2 mL) was stirred at room temperature for 18 h. The precipitated
solids were collected by filtration, washed with MeOH and dried to afford 2-(6-(piperazin-
1-yDpyridin-3-y1)-N-(thiazol-2-yl)-1H-benzo[d]imidazole-4-carboxamide hydrochloride
(Compound 251) as a pale yellow solid (21 mg). MS (ESI) caled for Cy0H;9N70OS (m/z):
405.14; found: 406 [M+H].

Example 4. Preparation of 2-(6-morpholinopyridin-3-ylI)-N-(thiazol-2-yl)-1H-

benzo[d]imidazole-4-carboxamide (Compound 247).

H
p) Cl p
EE[N \_/ K C)
o) )N\H )
SN “DmMso g \N
\=/ 7 \=/ Compound 247

A mixture containing 2-(6-chloropyridin-3-yl)-N-(thiazol-2-yl)-1H-
benzo[d]imidazole-4-carboxamide (7; 20 mg, 0.056 mmol) and morpholine (48; 49 mg,
0.56 mmol) in DMSO (1.5 mL) was stirred at 140 °C in a microwave reactor for 25 min.
The reaction mixture was cooled to room temperature and diluted with water, The
precipitated solids were collected by filtration and dried. The solids were redissolved in
EtOAc and enough petroleum ether was added to precipitate the product out again. The
solids were collected by filtration, washed with MeOH and dried to afford 2-(6-
morpholinopyridin-3-yl)-N-(thiazol-2-yl)-1H-benzo[d]imidazole-4-carboxamide
(Compound 247) as a pale yellow solid (13 mg, 57%). MS (ESI) calcd for C50HgNsO,S:
406.12; found: 407 [M+H].
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Example 5. Preparation of 2-(2-morpholinopyridin-3-yl)-N-(thiazol-2-yl)-1H-

benzo[d]imidazole-4-carboxamide (Compound 250).

O
H Cl
N
N
O k/NH NN \ \N
=
DMSO N
0] )N\H
~
s’ N
=/ S \,J
9 = Compound 250

2-(2-Chloropyridin-3-yl)-N-(thiazol-2-yl)-1H-benzo[d]imidazole-4-carboxamide 9
5  was prepared according to the general procedure outlined above using the appropriate
aldehyde component. A mixture containing this material, namely 2-(2-chloropyridin-3-
y1)-N-(thiazol-2-yl)-1H-benzo[d]imidazole-4-carboxamide (9; 19 mg, 0.053 mmo) and
morpholine (48; 46 mg, 0.53 mmol) in DMSO (1.2 mL) were stirred at 140 °C in a
microwave reactor for 25 min. The reaction mixture was cooled to room temperature and
10  diluted with water. The precipitated solids were collected by filtration and dried. The
solids were redissolved in EtOAc and enough petroleum ether was added to precipitate the
product out again. The solids were collected by filtration, washed with MeOH and dried to
afford 2-(2-morpholinopyridin-3-yl)-N-(thiazol-2-yl)-1H-benzo[d]imidazole-4-
carboxamide (Compound 250) as a white solid (13 mg, 60%). MS (ESI) calcd for
15  CyoHigNgO;S (m/z): 406.12; found: 407 [M+H].
Example 6. Preparation of 2-(2-(2-(trifluoromethyl)phenyl)-1H-benzo[d]imidazole-4-
carboxamido)pyridine 1-oxide (Comound 329).

FaC

H E 3
9:'\‘ n
/ E\;: /
mCPBA N

NH
=z {\i*é
x ] 10 )  Compound 329

To a solution of N-(pyridin-2-y1)-2-(2-(trifluoromethyl)phenyl)-1H-
20  benzo[d]imidazole-4-carboxamide (10; 100 mg, 0.26 mmol) in CH,Cl, (10 mL) was added
mCPBA (140 mg, 0.81 mmol) under nitrogen. The mixture was stirred at room temperature
for 12 h. A saturated aqueous solution of K,CO3 (10 mL) was added and the mixture was

extracted with CH,Cl, (3%10 mL). The combined organic layers were dried (Na;SO4),
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concentrated under reduced pressure. The resulting residue was purified by
chromatography (CH,Cl;:methanol = 20:1) to give 2-(2-(2-(trifluoromethyl)phenyl)-1H-
benzo[d]imidazole-4-carboxamido)pyridine 1-oxide (Compound 329) (60.0 mg, 58 %) as a
colorless solid. MS (ESI) caled for Cy0H;3F3N40,: 398.10; found: 399 [M+H].

Example 7. Synthesis of N-(2-(3-(trifluoromethyl)phenyl)-1H-benzo[d]imidazol-4-
yl)thiazole-4-carboxamide (Compound 332).

Step 1) Preparation of benzyl 2-(3-(trifluoromethyl)phenyl)-1H-benzo[d]imidazol-4-

ylcarbamate (12).
FS H CF3

b . C0C

/ Y/

X DPPA N

BnOH HN o
07 OH 4, hd
_0 12
Bn

A solution of 2-(3-(trifluoromethyl)phenyl)-1H-benzo[d]imidazole-4-carboxylic
acid (11; 1.53 g, 5.0 mmol), diphenylphosphoryl azide (DPPA, 1.39 g, 5.0 mmol) and Et;N
(0.75 g, 7.4 mmol) in toluene (15 mL) was stirred at room temperature for 2 h and then
stirred under reflux for 2 h. Benzyl alcohol (0.54 g, 5.0 mmol) was added and the resulting
reaction mixture was stirred under reflux for another 12 h. After cooling to room
temperature, the mixture was washed successively with aqueous citric acid (10 % w/w),
saturated NaHCQs and brine. The organic layer was (Na;SOys), and concentrated under
reduced pressure. The resulting residue was purified by chromatography (petroleum
cther:ethyl acetate = 10:1) to give benzyl 2-(3-(trifluoromethyl)phenyl)-1H-
benzo[d]imidazol-4-yicarbamate 12 (1.45 g, 70 %) as a solid. MS (ESI) calcd for
CHi6F3N30,: 411.12; found: 412 [M+H].

Step 2) Preparation of 2-(3-(trifluoromethyl)phenyl)-1H-benzo[d]imidazol-4-amine (13).

13

To a stirred solution of benzyl 2-(3-(trifluoromethyl)phenyl)-1H-benzo[d]imidazol-
4-ylcarbamate (12; 1.45 g, 3.5 mmol) in methanol (20 mL) was added 5% Pd/C (0.20 g).

The reaction mixture was thoroughly purged with nitrogen and then stirred under 1 atm of
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hydrogen at room temperature for 18 h. The mixture was filtered through a pad of Celite
and the filtrate was concentrated under reduced pressure to give 2-(3-
(trifluoromethyl)phenyl)-1H-benzo[d]imidazol-4-amine 13 (0.90 g, 3.25 mmol, 93 %) as a
solid. MS (ESI) calcd for Cy4H;oF3N3: 277.08; found: 278 [M-+H].

Step 3) Preparation of N-(2-(3-(trifluoromethyl)phenyl)-1H-benzo[d]imidazol-4-
yDthiazole-4-carboxamide (Compound 332).

HOOC

14 b @
HATU

NH»
13 “ —//N

S

z\ zxT
2\ zT

e}

Compound 332

A mixture of 2-(3-(trifluoromethyl)phenyl)-1H-benzo[d]imidazol-4-amine (13; 0.28
g, 1.0 mmol), thiazole-4-carboxylic acid (14; 0.15 g, 1.2 mmol), DIEA (0.42 mL, 2.4
mmol) and HATU (0.79 g, 2.07 mmol) in DMF (10 mL) was stirred at room temperature
for 12 h. A saturated aqueous solution of NaHCOs (5 mL) was added and the mixture was
filtered. The residue was washed with ethyl acetate (3%15 mL) and the aqueous layer was
extracted with ethyl acetate (3x15 mL). The combined organic layers were dried (MgSOy)
and concentrated under reduced pressure. The resulting residue was purified by '
chromatography (petroleum ether:ethyl acetate = 10:1) to give N-(2-(3-
(trifluoromethyl)phenyl)-1H-benzo[d]imidazol-4-yl)thiazole-4-carboxamide (Compound
332) (0.30 g, 0.77 mmol, 77 %) as a colorless solid. MS (ESI) calcd for CigH;;F3N40S:
388.06; found: 389 [M+H].
Example 8. Preparation of N-(pyridin-2-yl)-2-(3-(trifluoromethyl)phenyl)-1H-

benzo[d]imidazol-4-amine (Compound 581).

Srav it e GO

OAc)2 BiNap, HN

B
t-BuOK N# Compound 581

A mixture containing 2-(3-(trifluoromethyl)phenyl)-1H-benzo[d]imidazol-4-amine
(13; 332 mg, 1.20 mmol), 2-chloropyridine (15; 138 g, 1.22 mmol), Pd(OAc), (120 mg,
0.53 mmol), BINAP (336 mg, 0.53 mmol) and +-BuOK (150 mg, 1.34 mmol) in toluene
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mixture was concentrated under reduced pressure and the resulting residue was extracted
with ethyl acetate (3 x 15 mL). The combined organic layers were dried (Na;SO4) and
concentrated under reduced pressure. The resulting residue was purified by
chromatography (petroleum ether:ethyl acetate = 1:1) to afford N-(pyridin-2-yl)-2-(3-
(trifluoromethyl)phenyl)-1H-benzo[d]imidazol-4-amine (Compound 581) (30 mg, 0.085
mmol, 7.1 %) as a colorless solid. MS (ESI) calcd for C;oH;3F3N4: 354.11; found: 355
[M-+H].

Example 9. Preparation of N-(pyridin-3-ylmethyl)-2-(3-(trifluoromethyl)phenyl)-1H-

benzo|[d]imidazol-4-amine (Compound ).

NaBH OAC)3
NH,
=

13 |
N

A mixture containing 2-(3-(trifluoromethyl)phenyl)-1H-benzo[d]imidazol-4-amine
(13; 120 mg, 0.43 mmol), nicotinaldehyde (16; 51 mg, 0.47 mmol) and NaBH(OAc)3 (143
mg, 0.67 mmol) in 1,2-dichloroethane (10 mL) was stirred at room temperature for 12 h
under an inert atmosphere of N». Saturated aqueous NaHCO; (10 mL) was added and the
mixture was extracted with ethyl acetate (3 x 15 mL). The combined organic layers were
dried (Na;S0O4) and concentrated under reduced pressure. The resulting residue was
purified by chromatography (gradient elution, petroleum ether: ethyl acetate = 1:1 to 1:3)
to afford N-(pyridin-3-ylmethyl)-2-(3-(trifluoromethyl)phenyl)-1H-benzo[d]imidazol-4-
amine (Compound) (70 mg, 0.198 mmol, 46 %) as a pale yellow solid. MS (ESI) calcd for
CaoH,5F3Ny4: 368.12; found: 369 [M+H].
Example 10. Synthesis of 2-(4-morpholino-2-(trifluoromethyl)phenyl)-N-(pyridin-3-
yl)-1H-benzo[d]imidazole-4-carboxamide (Compound 430).
Step 1) Preparation of 4-chloro-1-(dimethoxymethyl)-2-(trifluoromethyl) benzene (18).

/@cm Me
ci CFs CH(OEt) OMe
TsOH of 18

17
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To a stirred solution of 4-chloro-2-(trifluoromethyl)benzaldehyde (17; 4.20 g, 20.0
mmol) in methanol (25 mL) was added triethoxymethane (3.60 g, 24.0 mmol) at 0°C. The
resulting reaction mixture was warmed to room temperature and stirred for 12 h. A solution
of MeONa in methanol was added to adjust the pH=10. The solvent was removed under
reduced pressure and the resulting residue was diluted with water. The mixture was
extracted with ethyl acetate (3x50 mL) and the combined organic layers were dried
(NaS0y4) and concentrated under reduced pressure to give 4-chloro-1-(dimethoxymethyl)-
2-(trifluoromethyl)benzene 18 (3.20 g, 12.6 mmol, 63%).

Step 2. Preparation of 4-(4-(dimethoxymethyl)-3-(trifluoromethyl)phenyl)morpholine

(19).
OMe Me
@\)\OMe morpholine /@g\OM e
cl CFs W (\ N CF3
18 o 19

A mixture of 4-chloro-1-(dimethoxymethyl)-2-(trifluoromethyl)benzene (18; 3.20
g, 12.6 mmol), Pd,(dba);(0.30 g, 0.33 mmol), +-BuOK (3.50 g, 31.2 mmol) and morpholine
(48; 1.09 g, 12.6 mmol) in anhydrous toluene (50 mL) was stirred under reflux for 12 h
under an inert atmosphere of nitrogen. Upon cooling to room temperature, the mixture was
filtered and the filtrate was concentrated under reduced pressure. The resulting residue was
purified by chromatography (petroleum ether:ethyl acetate=10:1) to give 4-(4-
(dimethoxymethyl)-3-(trifluoromethyl)phenyl)morpholine 19 (0.40 g, 10.4%).

Step 3. Preparation of 2-(4-morpholino-2-(trifluoromethyl)phenyl)-1H-
benzo[d]imidazole-4-carboxylic acid (20).

OMe NHg H FsC,
N
N
ﬁN CFs
O\) 19 NaZSZO5 DMF

A mixture of 4-(4-(dimethoxymethyl)-3-(trifluoromethyl)phenyl)morpholine (19;
0.40 g, 1.31 mmol), 2,3-diaminobenzolic acid (1; 0.20 g, 1.31 mmol), Na;S,05 (0.33 g,
1.74 mmol) in DMF (10 mL) was stirred at 110 °C (oil bath) for 18 h. Upon cooling to
room temperature, the mixture was diluted with water (20 mL) and stirred for 30 min. The

mixture was filtered; the filter cake was washed with water (3x10 mL) and dried to give 2-
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(4-morpholino-2-(trifluoromethyl)phenyl)-1H-benzo[d]imidazole-4-carboxylic acid 20
(0.37 g, 72%) as a grey solid.

Step 4. Preparation of 2-(4-morpholino-2-(trifluoromethyl)phenyl)-N-(pyridin-3-yl)-1H-
benzo[d]imidazole-4-carboxamide (Compound 430).

i FoC NH2 FaC

N N

/4 /4

o 173 EE[N
HATU

DMF
™ N Compound 430

A mixture of 2-(4-morpholino-2-(trifluoromethyl)phenyl)-1H-benzo[d]imidazole-4-
carboxylic acid (20; 157 mg, 0.40 mmol), HATU (304 mg, 0.80 mmol), DIEA (207 mg,
1.60 mmol) and 3-aminopyridine (173; 37 mg, 0.40 mmol) in DMF (2 mL) was stirred at
room temperature for 12h. Water (20 mL) was added and stirred for 30 min. The mixture
was extracted with ethyl acetate (3x10 mL). The combined organic layers were dried
(NazS04) and concentrated under reduced pressure. The resulting residue was purified by
chromatography to give 2-(4-morpholino-2-(trifluoromethyl)phenyl)-N-(pyridin-3-yl)-1H-
benzo[d]imidazole-4-carboxamide (Compound 430) (64 mg, 34%) as a pale yellow solid.
MS (ESI) caled for Cy4H0F3N50,: 467.16; found: 468 [M+H].

Example 11. Preparation of 2-(5-morpholino-2-(trifluoromethyl)phenyl)-N-(pyridin-
3-y)-1H-benzo[d]imidazole-4-carboxamide (Compound 450).

F4C
FoC 3

OHC

z\ ZI

Cl
21

X !N Compound 450

The same general procedure outlined in Example 10, above for the preparation of 2-
(4-morpholino-2-(trifluoromethyl)phenyl)-N-(pyridin-3-yl)-1H-benzo[d]imidazole-4-
carboxamide was used, except that 5-chloro-2-(trifluoromethyl)benzaldehyde 21 was used
as the starting material to produce 2-(5-morpholino-2-(trifluoromethyl)phenyl)-N-(pyridin-
3-yl)-1H-benzo[d]imidazole-4-carboxamide (Compound 450). MS (ESI) calcd for
Ca4Hy0F3NsO;: 467.16; found: 468 [M+H].
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Example 12. Synthesis of 2-(2-(piperidin-4-yloxy)phenyl)-N-(thiazol-2-yl)-1H-
benzo[d]imidazole-4-carboxamide (Compound 428).

Step 1) Preparation of tert-butyl 4-(methylsulfonyloxy)piperidine-1-carboxylate (24).

OH Ms
2
+ /§MC|
0]
24 l\'j

N
['3 22 23
oc Boc

To a solution of N-Boc-4-hydroxypiperidine (22; 25 g, 124 mmol) and Et;N (20.7
mL) in CH,Cl; (100 mL) was added a solution of methanesulfonyl chloride 23 in CH,Cl,
(20 mL) dropwise in an ice-water bath. The mixture was stirred at room temperature for 18
h. It was then diluted with 100 mL of CH,Cl, and washed successively with saturated
aqueous Na,COj; (50 mL) and brine (50 mL). The organic layer was dried (Na;SO4) and
concentrated under reduced pressure to afford tert-butyl 4-(methylsulfonyloxy)piperidine-
1-carboxylate 24 (45 g, crude yield: >100%). This material was then used in the next step
without further purification.

Step 2) Preparation of tert-butyl 4-(2-formylphenoxy)piperidine-1-carboxylate (26).

HO CHO
OH 24 KoCO4 o
BocN OMs ————
25 DMF 26 NBoc

A mixture containing 2-hydroxybenzaldehyde (25; 4.2 g, 34.5 mmol), tert-butyl 4-
(methylsulfonyloxy)piperidine-1-carboxylate (24; 15.0 g, ~ 41 mmol), K,CO; (7.15 g, 51.7
mmol) and tetrabutyl ammonium iodide (500 mg, cat) in DMF (100 mL) was stirred at 70-
80 °C for 18 h. The solvent DMF was removed by concentration under reduced pressure.
The resulting residue was diluted with EtOAc (100 mL) and washed with water (50 mL).
The organic layer was dried (MgSO4) and concentrated under reduced pressure. The
resulting residue was purified by chromatography (pentane/EtOAc = 1:10) to give tert-
butyl 4-(2-formylphenoxy)piperidine-1-carboxylate 26 as a yellow oil (2.89g, 27%).
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Step 3) Preparation of 2-(2-(1-(tert-butoxycarbonyl)piperidin-4-yloxy)phenyl)-1H-
benzo[d]imidazole-4-carboxylic acid (27).

NH, O NBoc
CHO
HQN\©)LOH </ )

0
1@ ‘ 4
NBOC “Na,S,05, DMF N/>_©
26 N
oo A

The same general procedure outlined above for the preparation of benzimidazole
5  derivatives was used, employing 2,3-diaminobenzoic acid 1 and tert-butyl 4-(2-
formylphenoxy)piperidine-1-carboxylate 26 to produce 2-(2-(1-(tert-
butoxycarbonyl)piperidin-4-yloxy)phenyl)-1H-benzo[d]imidazole-4-carboxylic acid 27.
MS (ESI) calcd for C4H;7N30s: 437.20; found: 438 [M+H].
Step 4) Preparation of 2-(2-(piperidin-4-yloxy)phenyl)-N-(thiazol-2-yl)-1H-
10 benzofd]imidazole-4-carboxamide (Compound 428).

NBoc NH
é [, P n Q
? oy (}N/

DMF

Compound 428

The same general amide coupling procedure outlined above was used, employing 2-
(2-(1-(tert-butoxycarbonyl)piperidin-4-yloxy)phenyl)-1H-benzo[d]imidazole-4-carboxylic
acid 27 and 2-aminothiazole 4 as the starting materials. The resulting crude amide

15  coupling product (0.2 mmol) was treated with 4 mL of 25% TFA in CHyCl; and allowed to
stand at room temperature for 8h. The mixture was concentrated under reduced pressure
and the resulting residue was purified by preparative HPLC using aqueous acetonitrile that
has buffered with 0.1% TFA to afford 2-(2-(piperidin-4-yloxy)phenyl)-N-(thiazol-2-yl)-
1H-benzo[d]imidazole-4-carboxamide (Compound 428). MS (ESI) calcd for

20  CpHyNsO,S: 419.14; found: 420 [M+H].
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Example 13. Synthesis of 2-(2-(pyrrolidin-3-yloxy)phenyl)-N-(thiazol-2-yl)-1H-
benzo[d]imidazole-4-carboxamide (Compound 459).

Step 1) Preparation of tert-butyl 3-(2-formylphenoxy)pyrrolidine-1-carboxylate (30).

CHO
H CHO
LT s O
Boc 29 Noc K2COs 30 NBoc
5 To a solution of N-Boc-3-hydroxypyrrolidine (28; 2 g, 10.7 mmol) and Et3N (2.2

ml, 16.0 mmol) in CH,Cl, (5 mL) was added a solution of methanesulfonyl chloride (1.84
g, 2.52 ml, 16.0 mmol) in CH,Cl; (5 mL) dropwise in an ice-water bath. The mixture was
stirred at room temperature for 18 h. It was then diluted with 50 mL of CH;Cl,, washed
with saturated Na;COj3 (20 mL), brine (20 mL), dried (Na;SO4) and concentrated under

10 reduced pressure to afford N-Boc-3-(methylsulfonyloxy)pyrrolidine 29 (2.6 g, 92%). This
material was used in the following step without further purification.

2-Hydroxybenzaldehyde (25; 1.2 g, 9.8 mmol), N-Boc-3-

(methylsulfonyloxy)pyrrolidine (29; 2.6 g, 9.8 mmol), K2CO3 (2.0 g, 14.7 mmol) and
tetrabutyl ammonium iodide (300 mg, cat) in CH;Cl; (20 mL) was stirred at 70-80 °C for

15 18 h. DMF was removed by concentration under reduced pressure. The resulting residue
was diluted with EtOAc (100 mL), washed with water (50 mL), dried (MgSOs) and
concentrated under reduced pressure. The resulting residue was purified by
chromatography (pentane:EtOAc = 1:10) to afford 676 mg of tert-butyl 3-(2-
formylphenoxy)pyrrolidine-1-carboxylate 30 as an oil (yield: 23%).

20  Step 2) Preparation of 2-(2-(1-(tert-butoxycarbonyl)pyrrolidin-3-yloxy)phenyl)-1H-
benzo[d]imidazole-4-carboxylic acid (31).

NH, QNBOC
CHO EE[NHZ
©/0 ooH
mec NagS;05 >—©
30

A mixture of 2,3-diaminobenzoic acid (1; 350 mg, 2.3 mmol), tert-butyl 3-(2-

Z 2T

formylphenoxy)pyrrolidine-1-carboxylate (30; 670 mg, 2.3 mmol) and Na;S,05 (568 mg,
25 1.3 mmol) in DMF (30 mL) was stirred at 90 °C for 18 h. The mixture was cooled to room
temperature. The mixture was diluted with water (100 mL), stirred for 1h, filtered, and
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washed with water. The filter cake was dried under vacuum to afford 822 mg of the titled
compound 31 (84%). MS (ESI) calcd for Cp3H3sN30s: 423.18; found: 424 [M+H].

Step 3) Preparation of tert-butyl 3-(2-(4-(thiazol-2-ylcarbamoyl)-1H-benzo[d]imidazol-2-
yhphenoxy)pyrrolidine-1-carboxylate (32).

NBoc QNBOC
H2N H ©
\(J /' N
THATU N’: z >

DIEA
DMF o /NKH
S" N 32
\—/

To a solution of 2-(2-(1-(tert-butoxycarbonyl)pyrrolidin-3-yloxy)phenyl)-1H-
benzo[d]imidazole-4-carboxylic acid (31; 150 mg, 0.36 mmol), thiazol-2-amine (4; 35.5
mg, 0.36 mmol), and HATU (202 mg, 0.53 mmol) in DMF (5 mL) was added DIEA (137
mg, 1.06 mmol). The mixture was stirred at room temperature for 18 h. It was then diluted
with water (20 mL) and stirred for 30 min. The precipitate was collected by filtration, and
then purified by column chromatography to give 85 mg of the title compound 32 (yield:
48%). MS (ESI) caled for Cy6Hp7N504S: 505.18; found: 506 [M-+H].

Step 4) Preparation of 2-(2-(pyrrolidin-3-yloxy)phenyl)-N-(thiazol-2-yl)-1H-
benzo[d]imidazole-4-carboxamide (Compound 459).

QNBOC QNH

4 /
O~ 'NH 0~ 'NH
32
S/gN S/&N
e/ o/ Compound 459

A solution of tert-butyl 3-(2-(4-(thiazol-2-ylcarbamoyl)-1H-benzo[d]imidazol-2-
yD)phenoxy)pyrrolidine-1-carboxylate 32 in 8 mL of 4M HCI/MeOH was stirred at room
temperature for 2h. The precipitate formed was collected by filtration and washed with
methanol to give 72 mg of 2-(2-(pyrrolidin-3-yloxy)phenyl)-N-(thiazol-2-yl)-1H-
benzo[d]imidazole-4-carboxamide (Compound 459) (yield: 96%). MS (ESI) calcd for
C31H9N50,S: 405.13; found: 406 [M+H].
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Example 14. Preparation of 2-(3-(2,3-dihydroxypropoxy)phenyl)-N-(thiazol-2-yl)-1H-
benzo[d]imidazole-4-carboxamide (Compound 324).

Step 1) Preparation of (2,2-dimethyl-1,3-dioxolan-4-yl)methyl 4-methylbenzenesulfonate
(34)

o/</ TsCl, EtsN, DMAP o/%
0
Ho\)\/ DCM, RT Tso\)\/

33 34

(2,2-Dimethyl-1,3-dioxolan-4-yl)methanol (33; 7.56 mmol, 1.0g) was taken up in
20 mL of dichloromethane. Triethylamine (26.46 mmol, 3.687 mL) was then added,
followed by p-toluensulfonyl chloride (15.12 mmol, 2.88g) and catalytic amount of 4-
dimethylamino pyridine. The reaction was allowed to stir at room temperature for 18 h.
The crude reaction mixture was diluted with dichloromethane, washed successively with
saturated aqueous sodium bicarbonate solution, water, dried (Na;SO,) and concentrated
under reduced pressure. The resulting residue 34 was used for the next step without further
purification (89% crude yield).
Step 2) Preparation of 2-(3-((2,2-dimethyl-1,3-dioxolan-4-yl)methoxy)phenyl)-N-
(thiazol-2-yl)-1H-benzo[d]imidazole-4-carboxamide (36).

0/@ i OH  KiCOs Q\o
Tso\)\/o * HJ\@ DMF 50°c OHC \\C\//
34 35 36 0
To a solution of (2,2-dimethyl-1,3-dioxolan-4-yl)methyl 4-methylbenzenesulfonate

(34; 4.02 mmol, 1.15g) and 3-hydroxybenzaldehyde (35; 4.824 mmol, 0.614g) in 20 mL of
dimethylformamide was added potassium carbonate (10.05 mmol, 1.39g). The reaction
was stirred at 50 °C for 18 h. To the crude reaction mixture was diluted with water (10
mL) and extracted with dichloromethane (3 X 15mL). The combined organic layers were
dried (Na;SO4) and concentrated under reduced pressure. The crude material was purified
by flash chromatography (Pentanes/EtOAc). The desired product 36 was obtained in 84%
yield.
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Step 3) Preparation of 2-(3-((2,2-dimethyl-1,3-dioxolan-4-yl)methoxy)phenyl)-N-
(thiazol-2-yl)-1H-benzo[d]imidazole-4-carboxamide (37).

NH, O H
OHC HN 2 N
2 OH N/
O 1. 1, NayS,05, DMF
(S O H
o 2
P Ve !
w5 O N 4,  HATU DEEADMF  3_/ O)<
37

The same general procedure outlined above for the preparation of benzimidazole‘s
5  using 2,3-diaminobenzoic acid was used to prepare 2-(3-((2,2-dimethyl-1,3-dioxolan-4-
yl)methoxy)phenyl)-N-(thiazol-2-yl)-1H-benzo[d]imidazole-4-carboxamide 37. MS (ESI)
caled for Cp3H2N404S: 450.14; found: 451 [M+H].
Step 4) Preparation of 2-(3-(2,3-dihydroxypropoxy)phenyl)-N-(thiazol-2-yl)-1H-
benzo[d]imidazole-4-carboxamide (Compound 324).

H
N N
/
¢ 4N HCl N@
o THF 0
T 0”7 NH
. . )%N o s)*N OH
LU o)< \=/ OH

Compound 324
To a solution of 2-(3-((2,2-dimethyl-1,3-dioxolan-4-yl)methoxy)phenyl)-N-
(thiazol-2-yl)-1H-benzo[d]imidazole-4-carboxamide (37; 50mg, 0.111 mmol) in THF was

added 4N HCI dropwise until precipitation was observed. The precipitate was collected via

10

vacuum filtration and washed with anhydrous ethanol. The product (Compound 324) was
15  dried overnight under vacuum. (Product was pale yellowish in color and yield = 86%).
MS (ESI) calcd for Cy3H22N404S: 410.10; found: 411 [M+H].
Example 15. Preparation of 2-(2-(2-(pyrrolidin-1-yl)ethoxy)phenyl)-N-(thiazol-2-yl)-
1H-benzo[d]imidazole-4-carboxamide (Compound 482).
Step 1) Preparation of 2-chloroethyl 4-methylbenzenesulfonate (39).
o ~OH TsCL  ~_OTs
20 38 39
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In a typical run, p-toluenesulfonyl chloride (TsCl, 70.5 g, 0.37 mol) was added
slowly to a solution of 2-chloroethanol (38; 25.0 g, 0.31 mol) in pyridine (100 mL) at 0 °C.
The reaction mixture was stirred at 0-5 °C for 18 h. Ice water (300 mL) was added and the
resulting mixture was extracted with ethyl acetate (3 x 100 mL). The combined organic
layers were washed with 1 N HCI (3 x100 mL), water (100 mLx3), dried (Na;SO,) and
concentrated under reduced pressure to afford 2-chloroethyl 4-methylbenzenesulfonate 39
(64.3 g, 88 %).
Step 2) Preparation of 2-(2-chloroethoxy)benzaldehyde (40).
OH
OHC 25 o~

39 K2COs 40

A mixture of 2-chloroethyl 4-methylbenzenesulfonate (39; 27.0 g, 0.115 mol), 2-
hydroxybenzaldehyde (25; 14.0 g, 0.115 mol) and K,CO; (31.7 g, 0.23 mol) in DMF (100
mL) was stirred at 45 °C for 12 h. Water (200 mL) was added and the mixture was
extracted with ethyl acetate (3 X150 mL). The combined organic layers were washed
saturated brine (3 x 50 mL), dried (Na;SO4) and concentrated under reduced pressure. The
resulting residue was purified by chromatography (petroleum ether : ethyl acetate=10:1) to
give 2-(2-chloroethoxy)benzaldehyde 40 (16.8 g, 0.091mol, 79%) as a pale yellow solid.
Step 3) Preparation of 2-(2-(pyrrolidin-1-yl)ethoxy)benzaldehyde (41).

O/\/Cl QNH
OHC 172 oHC
40 KzCOg, Nal a1

A solution of 2-(2-chloroethoxy)benzaldehyde (40; 2.5 g, 13.5 mmol), pyrrolidine
(172; 1.9 g, 26.8 mmol), K,CO3 (3.8 g, 27.2 mmol) and Nal (0.6 g, 4.2 mmol) in DMF (50
mL) was stirred at 80 °C for 12 h. Water (200 mL) was added and the mixture was
extracted with ethyl acetate (3 X150 mL). The combined organic layers were washed brine
(3 x 50 mL), dried (Na;SOg4) and concentrated under reduced pressure. The resulting
residue was purified by chromatography (dichloromethane: methanol = 100:1) to give 2-(2-
(pyrrolidin-1-yl)ethoxy)benzaldehyde 41 (1.63 g, 7.43 mmol, 55%) as a pale yellow solid.
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Step 4) Preparation of 2-(2-(2-(pyrrolidin-1-yl)ethoxy)phenyl)-1H-benzo[d]imidazole-4-
carboxylic acid (42).

A mixture of 2-(2-(pyrrolidin-1-yl)ethoxy)benzaldehyde (41; 1.6 g, 7.3 mmol), 2,3-

5  diaminobenzolic acid (1; 1.10 g, 7.3 mmol), Na;S;05 (2.0 g, 11.0 mmol) in DMF (30 mL)
was stirred at 95 °C (oil bath) for 18 h. Water (30 mL) was added and the mixture was
filtered. The solids were washed with dichloromethane/methanol (50 mL, v/v=>5/1) and
dried to give 2-(2-(2-(pyrrolidin-1-yl)ethoxy)phenyl)-1H-benzo[d]imidazole-4-carboxylic
acid 42 (1.80 g, 5.1 mmol, 70%) as a brown solid.

10  Step 5) Preparation of 2-(2-(2-(pyrrolidin-1-yl)ethoxy)phenyl)-N-(thiazol-2-yl)-1H-

benzo[d]imidazole-4-carboxamide (Compound 482).

0 ,___,_,
2 B .AE‘;\U 0 NH
N / S

N DMF - ,, N

Compound 482
A mixture of 2-(2-(2-(pyrrolidin-1-yl)ethoxy)phenyl)-1H-benzo[d]imidazole-4-
carboxylic acid (42; 0.30 g, 0.85 mmol), HATU (0.42 g, 1.1 mmol), DIPEA (0.22 g, 1.7
15  mmol) and 2-aminothiazole (4; 0.17 g, 1.7 mmol) in DMF (15 mL) was stirred at 50 °C for
14 h. Water (30 mL) was added and the mixture was stirred for 30min. The mixture was
filtered and the filter cake was purified by chromatography
(dichloromethane:methanol:ammonia = 60:1:0.3) to give 2-(2-(2-(pyrrolidin-1-
yl)ethoxy)phenyl)-N-(thiazol-2-yl)-1H-benzo[d]imidazole-4-carboxamide (Compound
20 482) (70 mg, 0.16 mmol, 18.8 %) as a colorless solid. MS (ESI) calcd for Cy3H3N50,S:
433.16; found: 434 [M+H].
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Example 16. Synthesis of 2-(2-(difluoromethyl)-4-fluorophenyl)-1H-
benzo[d]imidazole-4-carboxylic acid (Compound 559).

Step 1) Preparation of 1-bromo-2-(difluoromethyl)-4-fluorobenzene (44).

HO F_F
Br DAST  Br
DCM
F

43 a4
To a solution of 2-bromo-5-fluorobenzaldehyde (43; 10g, 43.5mmol) in CH,Cl,
(100mL) was added a solution of (diethylamino)sulfur trifluoride (“DAST”, 10.5g,

65.2mmol) in CH,Cl, (50mL) at 0 °C. The reaction mixture was then warmed to room

F

temperature and stirred for 18 h. The mixture was poured into aqueous NaHCOs3 slowly
and the layers were separated. The aqueous layer was extracted with CH,Cl,. The
combined organic layers were dried (Na;S0O4) and concentrated under reduced pressure.
The crude material was purified by vacuum distillation to afford 1-bromo-2-
(difluoromethyl)-4-fluorobenzene 44 (7.9g, 71.3%).

Step 2) Preparation of 2-(difluoromethyl)-4-fluorobenzaldehyde (46).

F F
F F MgBr
Br A OHC
B ey
. THF F
44 45

Isopropyl magnesium bromide (30mL,1M in THF, 30mmol) was added dropwise to
an ice-cooled solution of 1-bromo-2-(difluoromethyl)-4-fluorobenzene (44; 6g, 26.7mmol)
in THF(100mL). The reaction mixture was then allowed to warm to room temperature and
stirred for 3 hr. Dimethylformamide (3.5ml, 45.2mmol) was added and the reaction stirred
for 3 hr. Water was added and the mixture was extracted with ethyl acetate. The combined
organic layers were dried (Na;SO4) and concentrated under reduced pressure. The resulting
residue was purified by chromatography to afford 2-(difluoromethyl)-4-
fluorobenzaldehyde 45 (3.2¢g, 68.5%)
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Step 3) Preparation of 2-(2-(difluoromethyl)-4-fluorophenyl)-1H-benzo[d]imidazole-4-

- o Q}

COOH
1 COOH Nazszos DMF

carboxylic acid (46).

The same general procedure outlined above for the preparation of benzimidazole
5  was used employing 2-(difluoromethyl)-4-fluorobenzaldehyde 45 and 2,3-diaminobenzoic
acid 1 as the starting materials to afford 2-(2-(difluoromethyl)-4-fluorophenyl)-1H-
benzo[d]imidazole-4-carboxylic acid 46. MS (ESI) caled for Cy5sHoF3N20,: 306.6; found:
307 [M+H].
Step 4) Preparation of 2-(2-(difluoromethyl)-4-fluorophenyl)-N-(thiazol-2-yl)-1H-
10 benzo[d]imidazole—4-carboxamide (Compound 559).

F

H F

[/>— NH; N
/ F
N

COOH I[.Jblol:::];\u
DMF © )N\H
46 SN

S
\=/ Compound 559

The same general amide coupling procedure outlined above was used to prepare 2-
(2-(difluoromethyl)-4-fluorophenyl)-N-(thiazol-2-yl)-1H-benzo[d}imidazole-4-
carboxamide (Compound 559). MS (ESI) calcd for CigH;1FsN,OS: 388.06; found: 389

15 [M+H].
Example 17. Synthesis of 2-(2-(difluoromethyl)-4-morpholinophenyl)-N-(thiazol-2-
yl)-1H-benzo[d]imidazole-4-carboxamide (Compound 551).
Step 1) Preparation of 2-(difluoromethyl)-4-morpholinobenzaldehyde (49).

FAHC, F2HC,
HN f—\
OHC F— =
K,CO5 DMSO
47
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A mixture containing 2-(difluoromethyl)-4-fluorobenzaldehyde (47; 3.50 g, 20.1
mmol), morpholine (48; 1.9 g, 22.1 mmol) and K,COs3 (5.5 g, 40.2 mmol) in 50 mL of
DMSO was stirred at 100 °C for 4 h. The resulting reaction mixture was cooled to room
temperature and diluted with water (200 mL). The precipitated solids were collected by

5 filtration and dried to afford 2-(difluoromethyl)-4-morpholinobenzaldehyde 49 (2.5 g,
52%).
Step 2) Preparation of 2-(2-(difluoromethyl)-4-morpholinophenyl)-1H-
benzo[dJimidazole-4-carboxylic acid (50).

49
N\ / \
N\_/O
NH,

NayS;05 DMF COOH

COOH
10 The same general procedure outlined above for the preparation of benzimidazole
was used employing 2-(difluoromethyl)-4-morpholinobenzaldehyde 49 and 2,3-
diaminobenzoic acid 1 as the starting materials to prepare 2-(2-(difluoromethyl)-4-
morpholinophenyl)-1H-benzo[d]imidazole-4-carboxylic acid (50). MS (ESI) calcd for
Cy9H;7F2N3035: 373.12; found: 374 [M+H].
15  Step 3) Preparation of 2-(2-(difluoromethyl)-4-morpholinophenyl)-N-(thiazol-2-yl)-1H-
benzo[dJimidazole-4-carboxamide (Compound 551).

F
H />—NH2 uh
N —\ N
Y N 0 O
” o
COOH DMVF
50 \ Compound 551

—

The same general amide coupling procedure outlined above was used to prepare 2-
(2-(difluoromethyl)-4-morpholinophenyl)-N-(thiazol-2-yl)-1H-benzo[d]imidazole-4-
20  carboxamide (Compound 551). MS (ESI) calcd for CyHoF2N50,S: 455.12; found: 456
[M-+H].
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Example 18. Synthesis of 2-(4-chloro-2-(trifluoromethyl)phenyl)-N-(3-(pyrrolidin-1-
ylmethyl)phenyl)-1H-benzo[d]imidazole-4-carboxamide (Compound 490).
Step 1) Preparation of 3-(pyrrolidin-1-ylmethyl)aniline (53).

NO, NO, NH,
— @O — @O
Br N N
51 52 53

1-(Bromomethyl)-3-nitrobenzene (51; 5g, 23.1 mmol) was taken up in 100 mL of
anhydrous THF along with pyrrolidine (2.3 mL, 27.72 mmol) and K,CO; (4.8 g, 34.6
mmol). The reaction mixture was stirred at room temperature for 18 h and then filtered.
The filtrate was concentrated under reduced pressure to afford 1-(3-nitrobenzyl)pyrrolidine
52. This material 52 was taken up in 100 mL of absolute EtOH and 10% Pd on C (300 mg)
was added. The resulting reaction mixture was stirred at room temperature under 1 atm of
hydrogen for 18 h. The mixture was then filtered through a pad of Celite and the filtrate
was concentrated under reduced pressure to afford 2.81 g of 3-(pyrrolidin-1-
ylmethyl)aniline 53 (70%).
Step 2) Preparation of 2-(4-chloro-2-(trifluoromethyl)phenyl)-N-(3-(pyrrolidin-1-
ylmethyl)phenyl)-1H-benzo[d]imidazole-4-carboxamide (Compound 490).

FaC H FaG
N

H
cl 4
N/ N
COOH — 0P NH

53
54 HATU O
N Compound 490

The same general amide coupling procedure outlined above was used to prepare of
2-(4-chloro-2-(trifluoromethyl)phenyl)-N-(3-(pyrrolidin-1-ylmethyl)phenyl)-1H-
benzo[d]imidazole-4-carboxamide (Compound 490) from 2-(4-chloro-2-
(trifluoromethyl)phenyl)- 1 H-benzo[d]imidazole-4-carboxylic acid 54 and 3-(pyrrolidin-1-
ylmethyl)aniline 53. MS (ESI) calcd for Cy6H3,CIF3N4O: 498.14; found: 499 [M+H].
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Example 19. Synthesis of 2-(4-fluoro-2-(trifluoromethyl)phenyl)-N-(4-
(morpholinomethyl)thiazol-2-yl)-1H-benzo[d]imidazole-4-carboxamide (Compound
681).

Step 1) Preparation of tert-butyl 4-(hydroxymethyl)thiazol-2-ylcarbamate (57).

in iH,Boc: NH,Boc
S\‘\;N\ . 8§\ s
o L
L 0 O\_~ OH
55 56 57

Ethyl 2-aminothiazole-4-carboxylate (55; 10.0 g, 58.1 mmol) was taken up in 150
mL of anhydrous THF along with di-tert-butyl carbonate (BOC,0, 12.67 g, 58.1 mmol)
along with 10 mg of 4-(dimethyl)aminopyridine (DMAP). The reaction mixture was
stirred at 50 °C for 4 h and then at room temperature for 18 h. It was then concentrated
under reduced pressure to obtain a thick oil. Pentane was added and the resulting
crystalline materials were collected by filtration and dried to afford 10.5 g of ethyl 2-(tert-
butoxycarbonylamino)thiazole-4-carboxylate 56. This material 56 (10.5 g, 38.5 mmol)
was dissolved in 300 mL of anhydrous THF and cooled in Dry Ice-acetonitrile bath. A
solution of 1 M Super HydrideTM in THF (85 mL) was then added over a period of 10 min.
The resulting reaction mixture was stirred at -45 °C for 2 h. Another portion of 1 M Super
Hydride™ in THF (35 mL) was then added and the reaction mixture was stirred for an
additional 2 h at -45 °C. The reaction was quenched at -45 °C by the addition of 50 mL of
brine. Upon warming to room temperature, the reaction mixture was concentrated under
reduced pressure. The resulting mixture was extracted with EtOAc. The combined organic
layers were washed with brine, dried (Na;SO4) and concentrated under reduced pressure.
The resulting residue was purified by chromatography to afford 6.39 g of tert-butyl 4-
(hydroxymethyl)thiazol-2-ylcarbamate 57 (72%).
Step 2) Preparation of 4-(morpholinomethyl)thiazol-2-amine (59).
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tert-Butyl 4-(hydroxymethyl)thiazol-2-ylcarbamate (57; 2.0 g, 8.7 mmol) was taken

up in 25 mL of CH,Cl, along with EtsN (1.82 mL, 13.05 mmol) and cooled to 0 °C.
Methanesulfonyl chloride (0.85 mL, 10.88 mmol) was added and the resulting reaction
mixture was stirred at 0 °C for 60 min. Morpholine (48; 3.0 mL, 35 mmol) was then added

5  and the reaction mixture was stirred at room temperature for 18 h. The reaction mixture
was concentrated under reduced pressure. The resulting residue was taken up in EtOAc
and washed with dilute aqueous NaHCO3, brine, dried (Na;SO4) and concentrated under
reduced pressure. This material was purified by filtering through a short column of silica
gel. The filtrate was concentrated to afford 1.88 g of tert-butyl 4-

10 (morpholinomethyl)thiazol-2-ylcarbamate 58. The Boc group was removed by treating
tert-butyl 4-(morpholinomethyl)thiazol-2-ylcarbamate 58 with 20 mL of 25% TFA in
CH,Cl, for 18 h at room temperature. After all the solvent had been removed by
concentrating and drying under high vacuum, the resulting residue was treated with a
mixture of pentane/EtOAc to afford 2.17 g 4-(morpholinomethyl)thiazol-2-amine 59 as a

15  white solid.

Step 3) Preparation of 2-(4-fluoro-2-(trifluoromethyl)phenyl)-N-(4-
(morpholinomethyl)thiazol-2-yl)-1H-benzo[d[imidazole-4-carboxamide (Compound

681).
H FaC HATU g FaC
N DIEA N
@@C, E;M}F
N N
COOH N 07 NH
= A
4
5 N\ S: N Compound 681
59 \\/O \_\<\
N )
P
20 The same general amide coupling procedure outlined above was used to prepare 2-

(4-fluoro-2-(trifluoromethyl)phenyl)-N-(4-(morpholinomethyl)thiazol-2-yl)-1H-
benzo[d]imidazole-4-carboxamide (Compound 681). MS (ESI) calcd for
C23H19C1F3N50283 521.09; found: 522 [M+H]
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Example 20. Synthesis of N-(5-(morpholinomethyl)thiazol-2-yl)-2-(2-
(trifluoromethyl)phenyl)-1H-benzo[d]imidazole-4-carboxamide (Compound 780).
Step 1) Preparation of 5-(morpholinomethyl)thiazol-2-amine (61).
NH,

NH,
S:gN SA\N
o~ 60 o N 61

5-(morpholinomethyl)thiazol-2-amine 61 was prepared using the same synthetic sequence
outlined above for 4-(morpholinomethyl)thiazol-2-amine employing ethyl 2-
aminothiazole-5-carboxylate 60 as the starting material.

Step 2) Preparation of N-(5-(morpholinomethyl)thiazol-2-yl)-2-(2-
(trifluoromethyl)phenyl)-1H-benzo[d]imidazole-4-carboxamide (Compound 780).

H FsC, F3C
/
EI N
HATU
COOH 07 > NH
3 /gN
K/ N \)\/ Compound 780

The same general amide coupling procedure outlined above was used to prepare of
N-(5-(morpholinomethyl)thiazol-2-y1)-2-(2-(trifluoromethyl)phenyl)-1H-
benzo[d]imidazole-4-carboxamide (Compound 780) from 2-(2-(trifluoromethyl)phenyl)-
1H-benzo[d]imidazole-4-carboxylic acid 3 and 5-(morpholinomethyl)thiazol-2-amine 61.
MS (ESI) calcd for Cy3HyoF3NsO,S: 487.13; found: 488 [M-+H].

Example 21. Synthesis of (R)-2-(2-(difluoromethyl)-4-(2,3-dihydroxypropoxy)phenyl)-
N-(thiazol-2-yl)-1H-benzo[d]imidazole-4-carboxamide (Compound 556).

Step 1) Preparation of (S)-2-bromo-5-((2,2-dimethyl-1,3-dioxolan-4-
yl)methoxy)benzaldehyde (64).

OHGC K,COs

DMF
ol )-on O OV
62 C'\\"'Q/
To a solution of 2-bromo-5-hydroxybenzaldehyde (62; 5 g, 0.025 mol) in DMF

(100 ml) was added (R)-4-(chloromethyl)-2,2-dimethyl-1,3-dioxolane (63; 4.87 g, 0.032

mol) and K,CO3(7.0 g, 0.05 mol). The resulting reaction mixture was stirred at 150 °C for
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10 h, cooled to room temperature, diluted with water, and then extracted with EtOAc. The
combined organic layers were dried (Na;SO4) and concentrated under reduced pressure.
The resulting residue was purified by chromatography (petroleum ether/EtOAc=10:1 to
afford the desired product, namely (S)-2-bromo-5-((2,2-dimethyl-1,3-dioxolan-4-
yl)methoxy)benzaldehyde 64 (4.1 g, 56%).
Step 2) Preparation of (S)-4-((4-bromo-3-(difluoromethyl)phenoxy) methyl)-2,2-dimethyl-
1,3-dioxolane (65).
F

OHC O\\/ F O%/
DAST
(1K [REX]
Br‘©‘0/ Co — & oo
!

65

To a solution of DAST (3.04 g, 0.019 mol) in 20 ml CH,Cl, was added dropwise a
solution of (S)-2-bromo-5-((2,2-dimethyl-1,3-dioxolan-4-yl)methoxy)benzaldehyde (64;
4.0 g, 0.013 mol) in 8 ml CH,Cl, at room temperature. The resulting reaction mixture was
stirred at room temperature for 10 h. It was then diluted with CH,Cl, (50 mL), washed
with water, dried (Na;SQ,) and concentrated under reduced pressure. Purification by
chromatography (petroleum ether/EtOAc=5:1) afforded (S)-4-((4-bromo-3-
(difluoromethyl)phenoxy)methyl)-2,2-dimethyl-1,3-dioxolane 65 (3.3 g, 75%).

Step 3) Preparation of (S)-2-(difluoromethyl)-4-((2,2-dimethyl-1,3-dioxolan-4-
yl)methoxy)benzaldehyde (66).
F

F F
F ABULi/DMF 0~*/'
0 e
Br o~ </o OHC © ©

66

65

To a solution of (S)-4-((4-bromo-3-(difluoromethyl)phenoxy)methyl)-2,2-dimethyl-
1,3-dioxolane (65; 3 g, 0.089 mol) in THF (30 ml) was added n-BuLi (2.5M solution in
hexane, 3.9 ml, 0.097 mol) at -78 °C. The mixture was stirred at the same temperature for
1 h and DMF (0.929 g, 0.103 mol) was added dropwise. After stirring at -78 °C for an
additional 20 min, saturated aqueous NH,4Cl (30 ml) was added. The resulting reaction
mixture was warmed to room temperature and extracted with Et;0 (3 x15 mL). The
combined organic layers were dried (Na;SO4) and concentrated under reduced pressure.

The resulting residue was purified by chromatography (petroleum ether/EtOAc=5:1) to
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afford the titled compound, namely (S)-2-(difluoromethyl)-4-((2,2-dimethyl-1,3-dioxolan-
4-yl)methoxy)benzaldehyde 66 (1.83 g, 72%).
Step 4) Preparation of (S)-2-(2-(difluoromethyl)-4-((2,2-dimethyl-1,3-dioxolan-4-
yl)methoxy)phenyl)-1H-benzo[d[imidazole-4-carboxylic acid (67).

E F

F

F H 0

o%/ N . A/

Al - />:<< >—o/ </o

omb»o </o N EE[N
66 1 1 NHy 0% “OH 87

0" OH
To a solution of (S)-2-(difluoromethyl)-4-((2,2-dimethyl-1,3-dioxolan-4-

yl)methoxy)benzaldehyde (66; 1.83 g, 6.40 mmol) in DMF (150 ml) was added 2,3-
diaminobenzoic acid (1; 0.97 g, 6.40 mmol), and Na,S,05(1.82 g, 9.60 mmol). The
reaction mixture was stirred at 110 °C for 18 h. It was then cooled to room temperature and
diluted with water. The resulting solids were collected by filtration and dried to afford (S)-
2-(2-(difluoromethyl)-4-((2,2-dimethyl-1,3-dioxolan-4-yl)methoxy)phenyl)-1H-
benzo[d]imidazole-4-carboxylic acid 67 as dark yellow solid (0.84 g, 51%). MS (ESI)
calcd for Cy1HyoF2N50s: 418.13; found: 419 [M+H].

Step 5) Preparation of (S)-2-(2-(difluoromethyl)-4-((2,2-dimethyl-1,3-dioxolan-4-
yl)methoxy)phenyl)-N-(3H-pyrrol-2-yl)-1H-benzo[d]imidazole-4-carboxamide (68).

F N
F H 0
H o%/ S N e %/
N/ HATU N
o7 oM o O/EH 68

(S)-2-(2-(difluoromethyl)-4-((2,2-dimethyl-1,3-dioxolan-4-yl)methoxy)phenyl)-1H-
benzo[d]imidazole-4-carboxylic acid (67; 100 mg, 0.239 mmol) was taken up in 10 ml of
DMF along with 2-aminothiazole (4; 28.7 mg, 0.289 mmol), HATU (181.7 mg, 0.478
mmol) and DIEA (61.8 mg, 0.289 mmol). The resulting reaction mixture was stirred at
room temperature for 12 h and diluted with water. The precipitated solids were collected
by filtration and dried. Purification by chromatography (EtOAc/Hexane = 2:1) afforded
(S)-2-(2-(difluoromethyl)-4-((2,2-dimethyl-1,3-dioxolan-4-yl)methoxy)phenyl)-N-(thiazol-
2-yl)-1H-benzo[d]imidazole-4-carboxamide 68 (77 mg, 65%). MS (ESI) calcd for
C4H2FaN40O4S: 500.13; found: 501 [M+H].
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Step 6) Preparation of (R)-2-(2-(difluoromethyl)-4-(2,3-dihydroxypropoxy)phenyl)-N-
(thiazol-Z-yl)—]H-benzo[d]imidazole—4—carboxamide (Compound 556).
F

H F \Y H F OH
Q/ HCl(con.) ) o/""ﬁ/ o
MeOH/H,0=10/1 N
0% >NH
N N%s
\Q/ \=/° Compound 556

To a solution of (S)-2-(2-(difluoromethyl)-4-((2,2-dimethyl-1,3-dioxolan-4-

5  yl)methoxy)phenyl)-N-(thiazol-2-yl)-1H-benzo[d]imidazole-4-carboxamide (68; 80 mg,
0.160 mmol) in MeOH (10ml) was added concentrated HC1 (1 ml) and water (1 ml). The
resulting reaction mixture was stirred under reflux for 2 h. It was then cooled to room
temperature and enough 1 N NaOH was added to adjust the pH=8-9. The resulting mixture
was extracted with EtOAc. The combined organic layers were dried (Na;SO4) and

10 concentrated under reduced pressure. Purification by chromatography (petroleum ether/
EtOAc=2:1) afforded (R)-2-(2-(difluoromethyl)-4-(2,3-dihydroxypropoxy)phenyl)-N-
(thiazol-2-yl)-1H-benzo[d]imidazole-4-carboxamide (Compound 556) (67 mg, 91%). MS
(ESI) calcd for Cy1H13F2N4O4S: Example 22. Synthesis of 6-morpholino-N-(thiazol-2-
yI)-2-(2-(trifluoromethyl)phenyl)-1H-benzo[d]imidazole-4-carboxamide (Compound

15  628).

Step 1) Preparation of 3-amino-5-chloro-2-nitrobenzoic acid (77).

NH,OCH; -HCI
Cu(OAc
cl (0A) NH,
t-BuOK
e
NO, DMF NO,
CO,H 0°C COzH
69 70

To a mixture of potassium tert-butoxide (38.9g, 0.347mol) and copper-(II) acetate
monohydrate (0.9g, 4.96mmol) in DMF (160ml) was added a solution of O-

20 methylhydroxylamine hydrochloride (8.3g, 99.3mmol) and 3-chloro-6-nitrobenzoic acid
(69; 10g, 49.6mmol) in DMF (160ml) at 0 °C. The resulting reaction mixture was stirred at
that temperature for 3 h. It was then quenched with water, acidified with 10% HCI and
extracted with EtOAc. The combined organic layers were dried (Na;SO4) and concentrated

under reduced pressure. The residue was taken up in EtOAc and extracted with 10%
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aqueous NaOH. The combined aqueous layers were acidified with concentrated HCl to a
pH = 3 and then extracted with EtOAc. The combined organic layers were dried (Na;SO4)
and concentrated under reduced pressure to afford 3-amino-5-chloro-2-nitrobenzoic acid
70 (6.5g, 60.5%) as a brown red solid.
Step 2) Preparation of methyl 3-amino-5-chloro-2-nitrobenzoate (71).
sto4
\@[ CH3OH \E;[N(Dz
CO,H COOMe
70
Concentrated H,SO,4 (1.5ml) was added to a mixture of 3-amino-5-chloro-2-
nitrobenzoic acid (70; 3.5g, 16.2mmol) in MeOH (120ml). The resulting reaction mixture
was stirred under reflux for 3 days. It was then neutralized with saturated aqueous Nay;COs
and extracted with EtOAc. The combined organic layers were dried (Na;SOj) and
concentrated under reduced pressure. Purification by chromatography afforded methyl 3-
amino-5-chloro-2-nitrobenzoate 71 (3.3g, 88.5%) as a yellow solid.
Step 3) Preparation of methyl 3-amino-5-morpholino-2-nitrobenzoate (72).

o™

cl NH, 43 LN NH,
; NO;  k,CO, DMF NO,

COOMe o CO,Me
71 106°C 72

To a solution of 3-amino-5-chloro-2-nitrobenzoate (71; 3.3g, 14.35mmol) in DMF
(66ml) was added morpholine (48; 7.12g, 81.78mmol) and K;CO; (11.28g, 81.78mmol).
The resulting reaction mixture was stirred at 105 °C for 4h. It was then filtered, diluted
with water (500ml), and extracted with EtOAc. The combined organic layers were dried
(Na3S0y4) and concentrated under reduced pressure. Column chromatography afforded

methyl 3-amino-5-morpholino-2-nitrobenzoate 72 (2.1g, 52.1%) as a brown yellow solid.
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Step 4) Preparation of 2,3-diamino-5-morpholin-4-yl-benzoic acid methyl ester (73).

[FUSSUSU——

T

NO H, rt NH,
COzme COzwle

72 73
A solution of methyl 3-amino-5-morpholino-2-nitrobenzoate (72; 2.1g, 7.5mmol) in
EtOH (100ml) was hydrogenated over 5% Pd/C (200 mg) at room temperature. After 3h,

5  the reaction mixture was filtered and concentrated under reduced pressure to afford 2,3-
diamino-5-morpholin-4-yl-benzoic acid methyl ester 73 (1.3g, 69.5%) as a brown yellow
solid.

Step 5) Preparation of 6-morpholin-4-yl-2-(2-trifluoromethyl-phenyl)-1H-

benzoimidazole-4-carboxylic acid methyl ester (75).

FsC
74
N NH,  OHC N N
/
N
; :NH?_
EtOH, Na,S,0
COzMe 2V2M5 COZMe 75
10 73 reflux

To a mixture of 2,3-diamino-5-morpholin-4-yl-benzoic acid methyl ester (73; 600
mg, 2.39mmol) in EtOH (60ml) was added sodium metabisulfite (373 mg, 1.96mmol),
H20 (2 ml) and 2-trifluoromethylbenzaldehyde (74; 990 mg, 5.69mmol). The resulting
reaction mixture was stirred under reflux for 3 h. It was then cooled to room temperature

15  and concentrated under reduced pressure. Purification by chromatography afforded 6-

morpholin-4-yl-2-(2-trifluoromethyl-phenyl)-1H-benzoimidazole-4-carboxylic acid methyl
ester 75 (670 mg, 69.2%) as a yellow solid.
Step 6) Preparation of 6-morpholin-4-yl-2-(2-trifluoromethyl-phenyl)-1H-

benzoimidazole-4-carboxylic acid (76).

FsC FiC

)
SO N,
N ‘\/N N
p 10% HC (aq) \@ >
N 76 N
75
COZMG COZH

20
A mixture containing 6-morpholin-4-yl-2-(2-trifluoromethyl-phenyl)-1H-

benzoimidazole-4-carboxylic acid methyl ester (75; 670 mg, 1.65mmol) in 1M NaOH
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(27ml) was stirred at 70 °C for 30 min. The reaction mixture was neutralized with 10%
aqueous HCI. The resulting precipitate was collected by filtration and dried to afford 6-
morpholin-4-yl-2-(2-trifluoromethyl-phenyl)- 1 H-benzoimidazole-4-carboxylic acid 76
(600 mg, 93%) as a pale yellow solid.

Step 7) Preparation of 6-morpholino-N-(thiazol-2-yl)-2-(2-(trifluoromethyl)phenyl)-1H-
benzo[d]imidazole-4-carboxamide (Compound 628).

N
\
HZN/Qj 0™ F.C
o) ] H T3
K/)\l HFSCS 4 (N N/: C
% > N
; N HATU, DIEA
COOH o /NKH

76 N=
[§/S Compound 628

The same general amide coupling procedure detailed earlier was used to prepare 6-
morpholino-N-(thiazol-2-yl)-2-(2-(trifluoromethyl)phenyl)-1 H-benzo[d Jimidazole-4-
carboxamide (Compound 628) from 6-morpholin-4-yl-2-(2-trifluoromethyl-phenyl)-1H-
benzoimidazole-4-carboxylic acid 76 and 2-aminothiazole 4. MS (ESI) calcd for
CqoH F3N50,S: 473.11; found: 474 [M+H].

Example 23. Preparation of N-(thiazol-2-yl)-2-(2-(trifluoromethyl)phenyl)-3H-
imidazo[4,5-c]pyridine-7-carboxamide (Compound 341).

Step 1) Preparation of 4-amino-5-nitro-nicotinic acid ethyl ester (78).

N] N KNO4/H,S0, rxg Ny V02
B —
7 NH, EtOH 7 NH,
CO,H CO,Et
77 78

Potassium nitrate (20.5g, 200mmol) was added to an ice-cooled solution of 4-
aminopyridine-3-carboxylic acid (77; 27.6 g, 200mmol) in 200 mL of concentrated H,SOj.
The resulting reaction mixture was stirred at room temperature for 20 min and then at 75
°C for 3h. Upon cooling to room temperature, ethanol (540 mL) was added with stirring.
The resulting mixture was stirred at 60 °C for 18 h and then slowly added to an ice cold
potassium acetate solution (800 g in 1500 mL of H,0). The resulting precipitate was
collected by filtration, washed with water and dried to afford 4-amino-5-nitro-nicotinic
acid ethyl ester 78 (14.6 g, 35%)).
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Step 2) Preparation of 4,5-diamino-nicotinic acid ethyl ester (79).

N Xy NO2 Pd/C o NHz
e
4
NH, MeOH 7 NH,
COREL g COOEt _

A mixture containing 4-amino-5-nitro-nicotinic acid ethyl ester (78; 15 g, 0.071
mol) and 10% Pd/C (500 mg) in MeOH (500 mL) was stirred under 1 atm of hydrogen at
room temperature for 18 h. The reaction mixture filtered through a pad of Celite and the
filtrate was concentrated under reduced pressure to afford 4,5-diamino-nicotinic acid ethyl
ester 79 (10 g, 80%).

Step 3) Preparation of 2-(2-trifluoromethyl-phenyl)-3H-imidazo[4,5-c[pyridine-7-
carboxylic acid ethyl ester (80):

HF3C
Na,S,0
NSy Nz 74 NS
| ] - /4
7 NH, DMF N
coogt 79 COEt 80

A mixture containing 4,5-diamino-nicotinic acid ethyl ester (79; 1.81 g, 10mmol),
2-trifluoromethylbenzaldehyde (1.9 g, 11 mmol), Na;S,0s5 (9.5 g, 50mmol) in 50 mL of
DMF was stirred at 120 °C for 18 h. Upon cooling to room temperature, the reaction
mixture was poured into 100 mL of cold water. The resulting solids were collected by
filtration, washed with water, and dried to provide 2-(2-trifluoromethyl-phenyl)-3H-
imidazo[4,5-c]pyridine-7-carboxylic acid ethyl ester 80 (2.35 g, 70%)

Step 4) Preparation of 2-(2-trifluoromethyl-phenyl)-3H-imidazo[4,5-c[pyridine-7-

carboxylic acid (81):
H FsC H FsC
NN 10% NaoH N7 SyN
| V/ P | - V.
N EiOH N
CO,Et 80 CO,H 81

2-(2-Trifluoromethyl-phenyl)-3H-imidazo[4,5-c]pyridine-7-carboxylic acid ethyl
ester (80; 2.35 g, 7 mmol) was taken up in 10% aqueous NaOH (40 mL) and ethanol (20
mL). The reaction mixture was stirred under reflux for 30 min. Upon cooling to room
temperature, the reaction mixture was acidified with SN HCl. The resulting yellow solids
were collected by filtration, washed with water, and dried to afford 2-(2-trifluoromethyl-

phenyl)-3H-imidazo[4,5-c]pyridine-7-carboxylic acid 81 (1.77 g, 85%).
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Step 5) Preparation of N-(thiazol-2-yl)-2-(2-(trifluoromethyl)phenyl)-3H-imidazo[4,5-
c/pyridine-7-carboxamide (Compound 341).

H

K} N

S\I / g /
HATU H

\:’,j Compound 341

The same general amide coupling procedure detailed above was used to prepare N-
(thiazol-2-yl)-2-(2-(trifluoromethyl)phenyl)-3H-imidazo[4,5-c]pyridine-7-carboxamide
(Compound 341) from 2-(2-trifluoromethyl-phenyl)-3H-imidazo[4,5-c]pyridine-7-
carboxylic acid 81 and 2-amiothiazole 4. MS (ESI) calcd for C;7H;oF3NsOS: 389.06;
found: 390 [M+H].

Example 24. Synthesis of 2-(4-fluoro-2-trifluoromethyl-phenyl)-3H-imidazo[4,5-
c]pyridine-7-carboxylic acid thiazol-2-ylamide (Compound 693).

Step 1) Preparation of 2-(4-fluoro-2-trifluoromethyl-phenyl)-3H-imidazo[4,5-c[pyridine-
7-carboxylic acid ethyl ester (83).

CHO FLC
NH 3
NS CFs NN
ZNH, — | % F
Z N
o)

F
EtO 79 82 EtO 5

A mixture containing ethyl 4,5-diaminonicotinate (79; 0.9g, Smmol) and 4-fluoro-
2-(trifluoromethyl)benzaldehyde (82; 1.0g, 5.2mmol) in nitrobenzene (50 mL) was stirred
at 220 °C for 18 h. Upon cooling to room temperature, the reaction mixture was diluted
with ether. The resulting solids were collected by filtration, washed with ether, and dried to
provide 2-(4-fluoro-2-trifluoromethyl-phenyl)-3H-imidazo[4,5-c]pyridine-7-carboxylic
acid ethyl ester 83 (600 mg, 39%).
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Step 2) Preparation of 2-(4-fluoro-2-trifluoromethyl-phenyl)-3H-imidazo[4,5-c[pyridine-
7-carboxylic acid thiazol-2-ylamide (Compound 693).

/ F {[ﬁ>-NH2 /
N 4 N
H

HATU
DIEA
DMF

N Compound 693

,

The same general procedure outlined above was used to prepare 2-(4-fluoro-2-

5  trifluoromethyl-phenyl)-3H-imidazo[4,5-c]pyridine-7-carboxylic acid thiazol-2-ylamide
(Compound 693), employing 2-(4-fluoro-2-trifluoromethyl-phenyl)-3H-imidazo[4,5-
c]pyridine-7-carboxylic acid ethyl ester 83 as the appropriate starting material. MS (ESI)
caled for C17HgF4NsOS: 407.05; found: 408 [M+H].

Example 25. Synthesis of 6-methoxy-N-(pyridin-2-yI)-2-(2-(trifluoromethyl)phenyl)-
10  1H-benzo|[d]imidazole-4-carboxamide (Compound 632).
Step 1) Preparation of O-methylhydroxylamine (84).

Methoxylamine hydrochloride was treated with an excess of 50% KOH in small
one piece distillation apparatus. The resulting mixture was heated to 80 degree and the
fraction that distilled over at 45-50 degree was collected in a receiving flask containing

15 KOH pellets.
Step 2) Preparation of 3-amino-5-methoxy-2-nitrobenzoic acid (85).

NO, NO,
COOH  NH,oMe  HaN COOH
DME
84 overnight 85
O 9 0

A solution of freshly distilled o-methylhydroxylamine (3.00 g, 53.6 mmol) and 3-
amino-5-methoxy-2-nitrobenzoic acid (84; 5.33 g, 27.0 mmol) in DME (100 mL) was
20  added dropwise to a stirred suspension of tBuOH (7 eq) and Cu(OAc), (10mol%) in DME
(50 mL) over 10 min at room temperature. After stirring for 4-8 hours at room temperature,
it was quenched with water and enough concentrated HCI was added to adjust the pH = 3.
The resulting mixture was extracted with EtOAc. The combined organic layers were dried

(NayS0y) and concentrated under reduced pressure. Purification by chromatography
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(CHCI3-MeOH-AcOH = 8:2:0.1) afforded 3-amino-5-methoxy-2-nitrobenzoic acid as a
dark yellow solid 85 (4.62 g).
Step 3) Preparation of 2,3-diamino-5-methoxybenzoic acid (86).

NO, NH,
HyN COOH Pd/C HoN COOH
MeOH, r.t.
overnight
> 85 g 86
- 0

3-amino-5-methoxy-2-nitrobenzoic acid (85; 1.6 g, 7.5 mmol) was dissolved in
methanol (100 mL) and 10% Pd/C (300 mg) was added. The resulting reaction mixture
was stirred under 1 atm of hydrogen at room temperature for 18 h. The reaction mixture
was filtered through a pad of Celite and the filtrate was concentrated under reduced
pressure to afford 2,3-diamino-5-methoxybenzoic acid 86 (0.7 g).
Step 4) Preparation of 6-methoxy-2-(2-(trifluoromethyl)phenyl)-1H-benzo[d]imidazole-
4-carboxylic acid (87).

_0 NH; CHO e
\@ N CFa NayS305 e N C
/
NH DMF, overnight N
COOH
86 74

o on 97

A mixture of 2,3-diamino-5-methoxybenzoic acid 86 (1.1lequiv) and 2-
(trifluoromethyl)benzaldehyde 74 (1 equiv) and sodium metabisulfite (3 equiv) in DMF
was stirred under reflux for 12 h. Upon cooling to room temperature, the reaction mixture
was diluted with water. The resulting solids were collected by filtration and dried to afford
6-methoxy-2-(2-(trifluoromethyl)phenyl)-1H-benzo[d]imidazole-4-carboxylic acid 87 as
dark yellow solid (40%).
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Step 5) Preparation of 6-methoxy-N-(pyridin-2-yl)-2-(2-(trifluoromethyl)phenyl)-1H-
benzo[d]imidazole-4-carboxamide (Compound 632).

e
H FaG O N
/O N NH2 /
\?: 7 NN _ DIEA, HATU N
N ]
= DMF 07 “NH
07 “OH
87 89 ~ A
™
Compound 632

The same general amide coupling procedure detailed earlier was used to prepare 6-
5  methoxy-N-(pyridin-2-yl)-2-(2-(trifluoromethyl)phenyl)-1H-benzo[d]imidazole-4-
carboxamide (Compound 632) from 6-methoxy-2-(2-(trifluoromethyl)phenyl)-1H-
benzo[d]imidazole-4-carboxylic acid 87 and 2-aminopyridine 89. MS (ESI) calcd for
C1H;sF3sN4O,: 412.11; found: 413 [M+H].
Example 26. Synthesis of N-(6-(pyrrolidin-1-ylmethyl)pyridin-2-yl)-2-(2-
10  (trifluoromethyl)phenyl)-1H-benzo[d]imidazole-4-carboxamide (Compound 620).
Step 1) Preparation of ethyl 6-aminopicolinate (91).
H,N_ _N._ _CO,H SOCl, H,N.__N.__CO,Et
N 920 X
To a solution of 2-amino-6-pyridinecarboxylic acid (90; 6.0 g, 43.5 mmol) in
ethanol (150 mL) was added SOCI, (12.0 g, 101 mmol) at 0 °C. The resulting reaction
15  mixture was stirred under reflux for 12 h. Upon cooling to room temperature, the reaction
mixture was concentrated under reduced pressure. Enough saturated aqueous Na;CO3;
solution was added to adjust the pH = 9. The mixture was concentrated under reduced
pressure and dichloromethane (150 mL) was added to the resulting residue. The mixture
was stirred vigorously at room temperature for 30 min and then filtered. The filtrate was
20  concentrated under reduced pressure to afford ethyl 6-aminopicolinate 91 (5.5 g, 76%).
Step 2) Preparation of ethyl 6-(tert-butoxycarbonylamino)picolinate (92).
(Boc),O

HaN N _COzEt pyap  BocHN.__N. CO,Et
] 91 |
N X 92

To a solution of ethyl 6-aminopicolinate (91; 5.5 g, 33 mmol) in ~BuOH (120 mL)
and acetone (40 mL) was added DMAP (0.08g, 0.66 mmol) and di-t-butyl dicarbonate
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(10.8 g, 49.5 mmol). The reaction mixture was stirred at room temperature for 18 h. The
solvent was removed by concentration under reduced pressure and a mixture of
hexane/dichloromethane (180 mL, 3:1) was added. The resulting mixture was cooled to -
20 °C for 2 h. The resulting solids were collected by filtration and dried to afford ethyl 6-
(tert-butoxycarbonylamino)picolinate 92 (11.0 g, 91%).
Step 3) Preparation of tert-butyl 6-(hydroxymethyl)pyridin-2-ylcarbamate (93).

BocHN /N CO.Et LAH BocHN /N CH-,OH
QTS

To a stirred solution of ethyl 6-(tert-butoxycarbonylamino)picolinate (92; 11.0 g, 33
mmol) in THF (120 mL) under nitrogen was added LiAlH, (3.80 g, 100 mmol) in THF (60
mL) over a period of 30 min at 0 °C. The reaction mixture was stirred at 0 °C for 6 h and
carefully quenched by the addition of water (2.0 mL) and 10% NaOH solution (4.0 mL) at
0 °C.' The reaction mixture was filtered and the filtrate was dried (Na,;SO4) and
concentrated under reduced pressure. The resulting residue purified by chromatography
(1:1 petroleum ether:ethyl acetate) to afford tert-butyl 6-(hydroxymethyl)pyridin-2-
ylcarbamate 93 (3.0 g, 41%).
Step 4) Preparation of (6-(tert-butoxycarbonylamino)pyridin-2-yl)methyl
methanesulfonate (94).

BocHN. _N.__CH;OH MsCl BocHN.__N._CH;OMs

U 93 T U 94

To a solution of tert-butyl 6-(hydroxymethyl)pyridin-2-ylcarbamate (93; 3.0 g, 13.4
mmol) and DIPEA (5.0 g, 40 mmol) in acetonitrile (30 mL) was added MsCl1 (2.0 g, 17.4
mmol) over a period of 30 min at 0 °C and the mixture was stirred for 2 h at room
temperature. The reaction was quenched by adding saturated aqueous NaHCO3 and
extracted with ethyl acetate (3x60 mL). The combined organic layers were washed with
brine, dried (Na;SO4) and concentrated under reduced pressure to afford essentially
quantitative yield of crude (6-(tert-butoxycarbonylamino)pyridin-2-yl)methyl
methanesulfonate 94.

Step 5) Preparation of tert-butyl 6-(pyrrolidin-1-ylmethyl)pyridin-2-ylcarbamate (96).

BocHN N._ _CH,OM
ocHN___ ] ,OMs CN o5 BocHN.__N | '\D
N 94 N 96
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A mixture containing (6-(tert-butoxycarbonylamino)pyridin-2-yl)methyl
methanesulfonate (94; 1.30 g, 3.2 mmol), pyrrolidine (95; 0.46 g, 6.4 mmol) and K,COj;
(1.30g, 9.6 mmol) in acetonitrile (15 mL) was stirred at room temperature for 12 h.
Saturated aqueous NaHCO3 was added and the mixture was concentrated under reduced
pressure. The resulting aqueous layer was extracted with EtOAc. The combined organic
layers were dried (Na,;SO4) and concentrated under reduced pressure to afford tert-butyl 6-
(pyrrolidin-1-ylmethyl)pyridin-2-ylcarbamate 96 (0.75 g, 2.7 mmol, 62% for two steps).
Step 6) Preparation of 6-(pyrrolidin-1-ylmethyl)pyridin-2-amine (97).

BocHN /N N HoN /N N
w L) O m WD

To a solution of tert-butyl 6-(pyrrolidin-1-ylmethyl)pyridin-2-ylcarbamate (96; 750
mg, 2.7 mmol) in dichloromethane (10 mL) was added TFA (4.0 mL) at room temperature.
The resulting reaction mixture was stirred at room temperatﬁre for 6 h and then
concentrated under reduced pressure. Enough saturated aqueous Na,CO3; was added to the
resulting residue to adjust the pH = 9. The mixture was then extracted with ethyl acetate
(3%x25 mL). The combined organic layers were dried (Na;SO,) and concentrated under
reduced pressure to afford 6-(pyrrolidin-1-ylmethyl)pyridin-2-amine 97 (440 mg, 92% ).
Step 7) Preparation of N-(6-(pyrrolidin-1-ylmethyl)pyridin-2-yl)-2-(2-
(trifluoromethyl)phenyl)-1H-benzo[d]imidazole-4-carboxamide (Compound 620).

FiC
H 3
H F3C N
N /
b o OL
N B
HATU 0 NH
O~ OH
3 l ~N
/ N

Compound 620

The same general amide coupling procedure detailed earlier was used to prepare N-
(6-(pyrrolidin-1-ylmethyl)pyridin-2-yl)-2-(2-(trifluoromethyl)phenyl)-1H-
benzo[d]imidazole-4-carboxamide (Compound 620) from 2-(2-(trifluoromethyl)phenyl)-
1H-benzo[d]imidazole-4-carboxylic acid 3 and 6-(pyrrolidin-1-ylmethyl)pyridin-2-amine
97. MS (ESI) calcd for CysH2F3NsO: 465.18; found: 466 [M+H].
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Example 27. Synthesis of N-(5-(piperazin-1-ylmethyl)pyridin-2-yl)-2-(2-
(trifluoromethyl)phenyl)-1H-benzo[d]imidazole-4-carboxamide (Compound 621).
Step 1) Preparation of ethyl 6-aminonicotinate (99).
HZN\ENJ\ E%iliz HZN\ENJ\

98 " co,H 99 "o,k

To a solution of 2-amino-5-pyridinecarboxylic acid (98; 5.0 g, 36.2 mmol) in

ethanol (100 mL) was added SOCI, (8.6 g, 72.4 mmol) at 0 °C. The resulting reaction
mixture was stirred under reflux for 12 h. Upon cooling to room temperature, the reaction
mixture was concentrated under reduced pressure and then enough saturated aqueous
Na,COs3 solution was added to the reaction mixture to adjust the pH = 9. The resulting
solids were collected by filtration and dried to afford ethyl 6-aminonicotinate 99 (5.64 g,
94%).
Step 2) Preparation of ethyl 6-(tert-butoxycarbonylamino)nicotinate (100).

(Boc),O

HZN\ENJ\ DMA)I-% BocHN\ENJ\
e .

99 NNpo,Et 100 "¢,k

To a solution of ethyl 6-aminonicotinate (99; 11.3 g, 68.3 mmol) in ~-BuOH (120

ml) and acetone (40 mL) was added DMAP (0.17 g, 1.37 mmol) and di-t-butyl
dicarbonate (30.0 g, 137 mmol). The resulting reaction was stirred at room temperature for
18 h and then concentrated under reduced pressure. A mixture of hexane/dichloromethane
(180 mL, 3:1) was added and the reaction mixture was cooled to -20 °C for 2 h. The
resulting solids were collected by filtration and dried to afford ethyl 6-(tert-
butoxycarbonylamino)nicotinate 100 (17.0 g, 68%).
Step 3) Preparation of tert-butyl 5-(hydroxymethyl)pyridin-2-ylcarbamate (101).
BocHN\ENJ\ LAH_ BocHN\E\N/\”\
100 COEt 101 CH,OH

To a stirred solution of ethyl 6-(tert-butoxycarbonylamino)nicotinate (100; 10.0 g,
27.3 mmol) in THF (40 mL) was added LiAlH4 (1.92 g, 50.5 mmol) in THF (60 mL) over
a period of 30 min at 0 °C. The resulting reaction mixture was stirred at 0 °C for 6 h. The
reaction was then quenched by carefully adding water (1.0 ml) and 10% NaOH solution
(2.0 mL) at 0°C. The resulting mixture was filtered and the filtrate was dried (Na,SO4) and

concentrated under reduced pressure. The resulting residue was purified by
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chromatography (dichloromethane:methanol = 40:1) to afford tert-butyl 5-
(hydroxymethyl)pyridin-2-ylcarbamate 101 (4.50 g, 74%).
Step 4) Preparation of (6-(tert-butoxycarbonylamino)pyridin-3-yl)methyl
methanesulfonate (102).

BOCHN\ENJ\ MsCl BocHN. N
|

101 7 CH,0H 02 X
To a mixture containing tert-butyl 5-(hydroxymethyl)pyridin-2-ylcarbamate (101,

4.5 g, 20.2 mmol) and DIPEA (16.0 g, 121 mmol) in THF (45 mL) was added MsCl (6.93

g, 60.5 mmol) over a period of 30 min at 0 °C. The resulting reaction mixture was stirred

CH,OMs

at room temperature for 12 h. The mixture was then washed with water (2x5 mL), dried
(Na;S0y4) and concentrated under reduced pressure. The resulting residue was purified by
chromatography (10:1 petroleum ether/ethyl acetate) to afford (6-(tert-
butoxycarbonylamino)pyridin-3-yl)methyl methanesulfonate 102 (3.0 g, 61%) .

Step 5) Preparation of benzyl 4-((6-(tert-butoxycarbonylamino)pyridin-3-
yl)methyl)piperazine-1-carboxylate (104).

H
N
[ ] 103
N 104

BOCHN\EN/\”\ (!)bg‘ BocHN . __N (\N
102 x CHQOMS \&J\/N\)
A mixture of (6-(tert-butoxycarbonylamino)pyridin-3-yl)methyl methanesulfonate
(102; 1.30 g, 5.4 mmol), benzyl piperazine-1-carboxylate 103; (1.42 g, 6.5 mmol), K2CO3

(2.30g, 16.1 mmol) and Nal (0.08 g, 0.54 mmol) in DMF (20 mL) was stirred at 60 °C for

2 h. The reaction mixture was filtered and the filtrate was concentrated under reduced

Cbz

pressure. Water (30 mL) was added and the mixture was filtered. The collected solids
were washed further with water and dried to afford benzyl 4-((6-(tert-
butoxycarbonylamino)pyridin-3-yl)methyl)piperazine-1-carboxylate 104 (2.20 g, 96%).
Step 6) Preparation of benzyl 4-((6-aminopyridin-3-yl)methyl)piperazine-1-carboxylate
(105).

BocHN. Ny Che EA.HZN\ENJ\/ N
104;@/,\1 A X N

105

To a solution of benzyl 4-((6-(tert-butoxycarbonylamino)pyridin-3-

yl)methyl)piperazine-1-carboxylate (104; 2.20 g, 5.20 mmol) in dichloromethane (10 mL)
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was added TFA (3.4 g, 31.2 mmol) at room temperature. The resulting reaction mixture
was stirred at room temperature for 12 h and then concentrated under reduced pressure.
Enough saturated aqueous Na,CO3 was added to adjust the pH = 9. The resulting mixture
was then extracted with dichloromethane (3%25 mL). The combined organic layers were
dried (MgSO;) and concentrated under reduced pressure to afford benzyl 4-((6-
aminopyridin-3-yl)methyl)piperazine-1-carboxylate 105 (1.50 g, 89% ).

Step 7) Preparation of benzyl 4-((6-(2-(2-(trifluoromethyl)phenyl)-1H-
benzo[d]imidazole-4-carboxamido)pyridin-3-yl) methyl)piperazine-1-carboxylate (106).
FaC

HN__N (\N,Cbz
s AT (R
O
P 105
N 0 "NH
HATU N
0 OH I N
3

ZT

=

N

2-(2-(Trifluoromethyl)phenyl)-1H-benzo[d]imidazole-4-carboxylic acid (3; 306
mg, 1.0 mmol) and benzyl 4-((6-aminopyridin-3-yl)methyl)piperazine-1-carboxylate 105
were subjected to the same general amide coupling procedure detailed earlier to prepare
benzyl 4-((6-(2-(2-(trifluoromethyl)phenyl)-1H-benzo[dJimidazole-4-
carboxamido)pyridin-3-yl)methyl)piperazine-1-carboxylate 106 (280 mg, 45.6%).
Step 8) Preparation of N-(5-(piperazin-1-ylmethyl)pyridin-2-yl)-2-(2-
(trifluoromethyl)phenyl)-1H-benzo[d]imidazole-4-carboxamide (Compound 621).

H F3C
E:N £ :H
, /
N N
0O~ "NH MO NH
Y N
Y =
N N
“Chz Compound 621

To a solution of benzyl 4-((6-(2-(2-(trifluoromethyl)phenyl)-1H-
benzo[d]imidazole-4-carboxamido)pyridin-3-yl)methyl)piperazine-1-carboxylate (106; 280
mg, 0.46 mmol) in methanol (20 mL) was added Pd/C (0.1 g, 5% on carbon). The reaction
mixture was stirred under 1 atm of H; for 12 h and then filtered through a pad of Celite.
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The filtrate was concentrated under reduced pressure. The resulting residue was purified
by chromatography (dichloromethane:methanol=5:1) to afford N-(5-(piperazin-1-
ylmethyl)pyridin-2-yl)-2-(2-(trifluoromethyl)phenyl)-1H-benzo[d]imidazole-4-
carboxamide (Compound 621) (28.0 mg, 13 %). MS (ESI) calcd for CysH,3F3NgO: 480.19;
found: 481 [M+H].
Example 28. Synthesis of 2-(5-fluoro-2-(trifluoromethyl)phenyl)-N-(5-
(morpholinomethyl)pyridin-2-yl)-1H-benzo|d]imidazole-4-carboxamide (Compound
624).
Step 1) Preparation of tert-butyl 5-(morpholinomethyl)pyridin-2-ylcarbamate (107).

SN S

1

BocHN. _N morphollne BocHN

L
102 "CH,0Ms

A mixture containing (6-(tert-butoxycarbonylamino)pyridin-3-yl)methyl
methanesulfonate (102; 1.21 g, 5.0 mmol), morpholine (48; 1.31 g, 15.0 mmol), K,COs
(2.10 g, 15.0 mmol) and Nal (0.12 g, 0.75 mmol) in DMF (30 mL) was stirred at 80 °C for
4 h. Upon cooling to room temperature, water (30 mL) was added and the mixture was
extracted with ethyl acetate (3x30 mL). The combined organic layers were dried (MgSO,)
and concentrated under reduced pressure. The resulting residue was purified by
chromatography (petroleum ether: ethyl acetate = 10:1 to 1:1) to afford tert-butyl 5-
(morpholinomethyl)pyridin-2-ylcarbamate 107 (1.40 g, 95%).

Step 2) Preparation of 5-(morpholinomethyl)pyridin-2-amine (108).
BocHN NN
107 \K/\L/ l/\ - 10&'@

To a solution of tert-butyl 5-(morpholinomethyl)pyridin-2-ylcarbamate (107; 1.40
g, 4.77 mmol) in dichloromethane (10 mL) was added TFA (10.0 mL). The mixture was
stirred at room temperature for 12 h. The reaction mixture was concentrated under reduced
pressure. Enough saturated aqueous Na,CO3 was added to the resulting residue to adjust
the pH = 9. The mixture was extracted with dichloromethane (3x25 mL). The combined

organic layers were dried (MgSQ,) and concentrated under reduced pressure to afford 5-

(morpholinomethyl)pyridin-2-amine 108 (0.85 g, 92% ).
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Step 3) Preparation of 2-(5-fluoro-2-(trifluoromethyl)phenyl)-N-(5-
(morpholinomethyl)pyridin-2-yl)-1H-benzo[d]imidazole-4-carboxamide (Compound

624).
FaC
H "8 FaC,
H '3
4
N N
HoN N o 108 F
UV (:(l) oM. d 624
S N HATU ] N ompoun
108 &
N
o}
5 The same general amide coupling procedure detailed earlier was used to prepare 2-

(5-fluoro-2-(trifluoromethyl)phenyl)-N-(5-(morpholinomethyl)pyridin-2-yl)-1H-
benzo[d]imidazole-4-carboxamide (Compound 624) from 5-(morpholinomethyl)pyridin-2-
amine 108 and 2-(5-fluoro-2-(trifluoromethyl)phenyl)-1H-benzo[d]imidazole-4-carboxylic
acid 109. MS (ESI) calcd for Cy5H,1F4N50;: 499.16; found: 500 [M+H].

10  Example 29. Synthesis of 2-(5-fluoro-2-(trifluoromethyl)phenyl)-N-(6-
(morpholinomethyl)pyridin-3-yl)-1H-benzo|d]imidazole-4-carboxamide (Compound
686).
Step 1) Preparation of ethyl 5-aminopicolinate (111).

HyN SOCl; H,N
x X
110 COyH 111 CO,Et

15 To a solution of 5-aminopicolinic acid (110; 8.4 g, 60.8 mmol) in ethanol (100 mL)
was added SOCI, (14.5 g, 120 mmol) at 0 °C. The mixture was stirred under reflux for 12
h. Upon cooling to room temperature, the reaction mixture was concentrated under reduced
pressure. Enough saturated aqueous Na,COj3 solution was added to adjust pH=19. The
resulting mixture was filtered and the solids were dried under reduced pressure to afford
20 ethyl 5-aminopicolinate 111 (7.5 g, 75%)).
Step 2) Preparation of ethyl 5-(tert-butoxycarbonylamino)picolinate (112).
(Boc),0

HoN = DMAP BocHN._~
=
M CO,Et 12 CO,Et

To a mixture of ethyl 5-aminopicolinate (111; 7.5 g, 45 mmol) in #~BuOH (60 mL)

and acetone (20 mL) was added DMAP (0.10 g, 0.9 mmol) and di-t-butyl dicarbonate (19.6
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g, 90 mmol). The resulting reaction mixture was stirred at room temperature for 18 h and
then concentrated under reduced pressure. Hexanes (150 mL) was added and the mixture
was cooled to -20 °C for 2 h. The precipitated solids were collected by filtration and dried
to afford ethyl 5-(tert-butoxycarbonylamino)picolinate 112 (8.9 g, 53%).

Step 3) Preparation of tert-butyl 6-(hydroxymethyl)pyridin-3-ylcarbamate (113).

BocHN
T =
N
112 CO,Et 113 " cp.0H

To a stirred solution of ethyl 5-(tert-butoxycarbonylamino)picolinate (112; 8.9 g,
24.0 mmol) in ethyl ether (200 mL) was added LiAlH4 (1.80 g, 48 mmol) in ethyl ether
(100 mL) over a period of 30 min at 0 °C. The resulting reaction mixture was stirred at 0 °C
for 3 h and then carefully quenched by carefully adding water (1.0 mL) and 10% NaOH
solution (2.0 mL). The mixture was filtered; the filtrate was dried (Na;SO4) and
concentrated under reduced pressure to afford tert-butyl 6-(hydroxymethyl)pyridin-3-
ylcarbamate 113 (4.20 g, 78%).
Step 4) Preparation of (5-(tert-butoxycarbonylamino)pyridin-2-yl)methyl
methanesulfonate (114).

BocHN@\ MsCI BOCHN@
NN NS
113 CH,OH 114 CH,OMs

To a solution of tert-butyl 6-(hydroxymethyl)pyridin-3-ylcarbamate (113; 4.20 g,
18.8 mmol) and DIPEA (7.0 g, 56.4 mmol) in THF (20 mL) was added MsCl (2.8 g, 24.4
mmol) over a period of 30 min at 0 °C. The resulting reaction mixture was stirred at 0 °C
for 1 h and then quenched by adding saturated aqueous NaHCO3. The mixture was
extracted with ethyl acetate (3x60 mL). The combined organic layers were washed with
brine, dried (Na,SO;4) and concentrated under reduced pressure to afford (5-(tert-
butoxycarbonylamino)pyridin-2-yl)methyl methanesulfonate 114 (5.50 g). This material
was used in the next step without further purification.

Step 5) Preparation of tert-butyl 6-(morpholinomethyl)pyridin-3-ylcarbamate (115).

BocHN
NN morpholine BOCHN__~ ,/\O
U 48 | \/‘
114 CH,OMs — M5 X N
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A mixture containing (5-(tert-butoxycarbonylamino)pyridin-2-yl)methyl
methanesulfonate (114; 1.70 g), morpholine (48; 1.0 g, 11.3 mmol) and K,CO; (2.30 g,
16.9 mmol) in acetonitrile (30 mL) was stirred at room temperature for 12 h. Water (30
mL) was added and the mixture was extracted with ethyl acetate (3x30 mL). The
combined organic layers were dried ( MgSO,) and concentrated under reduced pressure.
The resulting residue was purified by chromatography (petroleum ether: ethyl acetate = 1:1
to 1:3) to afford tert-butyl 6-(morpholinomethyl)pyridin-3-ylcarbamate 115 (1.20 g, 71%
for two steps).

Step 6) Preparation of 6-(morpholinomethyl)pyridin-3-amine (116).

BocHN N
o HN -~

To a solution of tert-butyl 6-(morpholinomethyl)pyridin-3-ylcarbamate (115; 1.20
g, 4.1 mmol) in dichloromethane (20 mL) was added TFA (6.0 mL). The resulting reaction
mixture was stirred at room temperature for 12 h and then concentrated under reduced
pressure. Enough saturated aqueous Na,CO3; was added to the residue to adjust the pH=9.
The mixture was extracted with ethyl acetate (3%x25 mL). The combined organic layers
were dried (Na;SO4) and concentrated under reduced pressure to afford 6-
(morpholinomethyl)pyridin-3-amine 116 (450 mg, 56% ).
Step 7) Preparation of 2-(5-fluoro-2-(trifluoromethyl)phenyl)-N-(6-
(morpholinomethyl)pyridin-3-yl)-1H-benzold[imidazole-4-carboxamide (Compound

686).
FiC

Hy N H
/
N HATU
2N Compound 686
N
Lo

The same general amide coupling procedure detailed earlier was used to prepare 2-

(5-fluoro-2-(trifluoromethyl)phenyl)-N-(6-(morpholinomethyl)pyridin-3-yl)-1H-
benzo[d]imidazole-4-carboxamide (Compound 686) from 6-(morpholinomethyl)pyridin-3-
amine 116 and 2-(5-fluoro-2-(trifluoromethyl)phenyl)-1H-benzo[d]imidazole-4-carboxylic

acid 109. MS (ESI) calcd for Cys5H31F4N5O,: 499.16; found: 500 [M+H].
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Example 30. Synthesis of N-(5-methylthiazol-2-yl)-2-(4-(trifluoromethyl)pyridin-3-
yl)-1H-benzo[d]imidazole-4-carboxamide (Compound 703).
Step 1) Preparation of methyl 2,3-diaminobenzoate (118).

o= e

Methyl 2-amino-3-nitrobenzoate (117; 3.2 g) was dissolved in EtOAc (100 mL) and
10% Pd on C (200 mg) was added. The resulting reaction mixture was hydrogenated under
1 atm of hydrogen at room temperature for 2 days and filtered through a pad of Celite. The
filtrate was concentrated under reduced pressure to afford essentially quantitative yield of
methyl 2,3-diaminobenzoate 118.
Step 2) Preparation of 2-(4-(trifluoromethyl)pyridin-3-yl)-1H-benzo[d[imidazole-4-
carboxylic acid (119).

FaC

H
HATU, DIEA, DMF N@
/
KA\
o 118 N
=

4-(Trifluoromethyl)nicotinic acid (88; 1.00 g, 5.23 mmol) was taken up in DMF (8
mL) along with methyl 2,3-diaminobenzoate (118; 0.86 g, 5.23 mmol), HATU (2.98 g,
7.84 mmol) and DIEA (1.82 mL, 10.5 mmol). The reaction mixture was stirred at room
temperature for 18 h. It was then diluted with EtOAc, washed with water, dried (Na;SO4)

and concentrated under reduced pressure to afford crude methyl 2-amino-3-(4-
(trifluoromethyl)nicotinamido)benzoate. This material was taken up in 5 mL of glacial
acetic acid and stirred at 60 °C for 18 h. The reaction mixture was stirred at 90 °C for an
additional 8 h. It was then cooled to room temperature and concentrated under reduced
pressure. The resulting residue was diluted with EtOAc, washed with dilute aqueous
NaHCOs, dried (Na;S0O4) and concentrated under reduced pressure to afford crude methyl
2-(4-(trifluoromethyl)pyridin-3-yl)-1H-benzo[d]imidazole-4-carboxylate. This material
was taken up in MeOH (8 mL) and H,0 (8 mL) containing LiOH (0.4 g) and stirred at
room temperature for 18 h. The reaction mixture was concentrated under reduced pressure

and neutralized with 6 N HCI. The resulting solids were collected by filtration and dried to
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afford 570 mg of 2-(4-(trifluoromethyl)pyridin-3-yl)-1H-benzo[d]imidazole-4-carboxylic
acid (35% yield from methyl 2,3-diaminobenzoate) 119. MS (ESI) caled for Ci4HsF3N30,:
307.06; found: 308 [M+H].

Step 3) Preparation of N-(5-methylthiazol-2-yl)-2-(4-(trifluoromethyl)pyridin-3-yl)-1H-
benzo[d]imidazole-4-carboxamide (Compound 703).

N =\ HATU, DIEA, DMF -

7\ 4 7\ 4

N N NH, N N
0~ "OH N/*S 171 0~ 'NH
119 \\Q N7 g

2-(4~(Trifluoromethyl)pyridin-3-yl)-1H-benzo[d]imidazole-4-carboxylic acid 119
was coupled to 2-amino-5-methylthiazole 171 using the same general amide coupling
procedure shown above to afford N-(5-methylthiazol-2-yl)-2-(4-(trifluoromethyl)pyridin-3-
yl)-1H-benzo[d]imidazole-4-carboxamide (Compound 703). MS (ESI) calcd for
CisH12F3N50S: 403.07; found: 404 [M+H].

Example 31. Synthesis of 2-(2-(difluoromethyl)-4-(2-morpholinoethoxy)phenyl)-N-
(pyridin-2-yl)-1H-benzo[d]imidazole-7-carboxamide (Compound 723).
Step 1) Preparation of 2-bromo-5-(2-morpholinoethoxy)benzaldehyde (121).

CHO
CHO Br
Br /\ KoLOs5
+ Q0  N-CH,CHCI ————> o
n_/ DMF \/\N/\l
OH 0
62 120 120°C, 2h 121 0

To a mixture of 2-bromo-5-hydroxybenzaldehyde (62; 3 g, 15 mmol) and 4-(2-
chloroethyl)morpholine hydrochloride (120; 5.6 g, 30 mmol) in DMF (75mL) was added
K,CO3(10.3 g, 74.6mmol). After reaction 2h at 120 °C for 3h, the reaction mixture was
quenched by addition of water and extracted with EtOAc. The organic layer was dried over
Na2S04 and concentrated under reduced pressure. Column chromatography afforded 2-
bromo-5-(2-morpholinoethoxy)benzaldehyde 121 (3.3g, 72%) as a brown solid.
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Step 2) Preparation of 4-(2-(4-bromo-3-(difluoromethyl)phenoxy)ethyl)-morpholine

(123).
CHO CHF,
Br Br
DAST
0 Tonon 0
121 O  Reflux 3days 123 0

To a solution of 2-bromo-5-(2-morpholinoethoxy)benzaldehyde (121; 4.7 g, 15
mmol) in CH,Cl, (30mL) was added a solution of DAST (3.63 g, 22.5 mmol) in CH,Cl,
(15mL) at 0 °C. The resulting reaction mixture was stirred under reflux for 3 days. The
reaction mixture was poured into saturated aqueous NaHCOs, and extracted with CH,Cl.
The combined organic layers were dried (Na;SO4) and concentrated under reduced
pressure. Column chromatography afforded 4-(2-(4-bromo-3-
(difluoromethyl)phenoxy)ethyl)morpholine 123 (3.13 g, 63%) as a pale yellow oil.

Step 3) Preparation of 2-(difluoromethyl)-4-(2-morpholinoethoxy)benzaldehyde (124).
CHF, CHF,
Br\@\ n-Buli OHC\@\
TowE

O\/\
N/\ .78°C, 2h

123 L o

To a solution of 4-(2-(4-bromo-3-(difluoromethyl)phenoxy)ethyl)morpholine (123,
2.8 g, 8.38 mmol) in THF (90 mL) was added »-BuLi (1.6 M solution in hexanes, 7 mL,

O\/\N/\

124 0

11.2 mmol) at -78 °C. The resulting reaction mixture was stirred at the same temperature
for 1 h and DMF (1.24g, 17mmol) was added dropwise. After stirring the mixture at -78
°C for an additional 30 min, saturated aqueous NH4Cl was added and the mixture was
extracted with EtOAc. The combined organic layers were dried (Na;SO4) and concentrated
under reduced pressure. Purification by chromatography afforded 2-(difluoromethyl)-4-(2-
morpholinoethoxy)benzaldehyde 124 (1.6 g, 67%) as a brown yellow oil.
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Step 4) Preparation of 2-(2-(difluoromethyl)-4-(2-morpholinoethoxy)phenyl)-1H-
benzo[d]imidazole-7-carboxylic acid (125).

NH,
1
; NH, F,HC

GHF2 COOH N C
OHC - . [ :I \ o
@ EtOH, H,0 N N
o\/\N/\ Na,S,0s5 COOHH N’\
124 o Reflux 1256 k/o

2,3-Diaminobenzoic acid (1; 222mg, 1.5mmol) and the corresponding 2-
(difluoromethyl)-4-(2-morpholinoethoxy)benzaldehyde 124 were subjected to the same
general procedure detailed above to afford 2-(2-(difluoromethyl)-4-(2-
morpholinoethoxy)phenyl)-1H-benzo[d]imidazole-7-carboxylic acid 125 (300 mg, 48%).
Step 5) Preparation of 2-(2-(difluoromethyl)-4-(2-morpholinoethoxy)phenyl)-N-(pyridin-
2-yl)-1H-benzo[d]imidazole-7-carboxamide (Compound 723).

FoHC
NH, N

N 3 0

Vo L o _omany ; \

H N 7 DMF o H N/»
COOH O 50°C, 24h NH K/o

125 o ® =\,  Compound723
N/

The same general amide coupling procedure detailed earlier was used to prepare 2-
(2-(difluoromethyl)-4-(2-morpholinoethoxy)phenyl)-N-(pyridin-2-yl)-1H-
benzo[d]imidazole-7-carboxamide (Compound 723) from 2-(2-(difluoromethyl)-4-(2-
morpholinoethoxy)phenyl)-1H-benzo[d]imidazole-7-carboxylic acid 125 and 2-
aminopyridine 89. MS (ESI) calcd for CysH;F4NsO,: 499.16; found: 500 [M+H].
Example 32. Synthesis of (R)-2-(4-(2,3-dihydroxypropoxy)-2-
(trifluoromethyl)phenyl)-N-(pyridin-2-yl)-1H-benzo[d]imidazole-4-carboxamide
(Compound 757).

Step 1) Preparation of (S)-4-((4-bromo-3-(trifluoromethyl)phenoxy)methyl)-2,2-
dimethyl-1,3-dioxolane (127)

CF3
Br

CF o
Br ’ C'/\E >< \©\
63
F
126 O 220 DM 127 \ﬁ
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(S)-4-(Chloromethyl)-2,2-dimethyl-1,3-dioxolane (63; 3.3 g, 20.5 mmol) was added
to a mixture containing 4-bromo-3-(trifluoromethyl)phenol (126; 5 g, 20 mmol) and K,CO3
(8.30 g, 60 mmol) in 20 mL of DMF. The resulting reaction mixture was stirred at 60 °C
for 6 h. Upon cooling to room temperature, the mixture was poured into water and
extracted by EtOAc. The combined organic layers were dried (Na;SO4) and concentrated
under reduced pressure. The resulting residue was purified by chromatography (petroleum
ether:EtOAc = 50:1) to afford (S)-4-((4-bromo-3-(trifluoromethyl)phenoxy)methyl)-2,2-
dimethyl-1,3-dioxolane (4 g, 56%).
Step 2) Preparation of (S)-4-((2,2-dimethyl-1,3-dioxolan-4-yl)methoxy)-2-
(trifluoromethyl)benzaldehyde (128).

CFs CFs
Br\©\ nBuli OHC\@
e
0",  THF.DMF I G
127 O\ﬁ 128 O\ﬁ

A solution of nBulLi in hexanes (6.76 mL, 1.6 M in hexanes) was added dropwise to
a solution of (S)-4-((4-bromo-3-(trifluoromethyl)phenoxy)methyl)-2,2-dimethyl-1,3-
dioxolane (127; 3.20 g, 9 mmol) in THF (50 mL) at -78 °C over a period of 30 min. After
stirring for additional 10 min, DMF (1.4 mL) was added dropwise over a period of 10 min.
The resulting reaction mixture was warmed to room temperature and stirred for 30 min. It
was then quenched with water and extracted by EtOAc. The combined organic layers were
dried (Na;SOy) and concentrated under reduced pressure. The resulting residue was
purified by chromatography (petroleum ether:EtOAc = 50:1) to afford (S)-4-((2,2-
dimethyl-1,3-dioxolan-4-yl)methoxy)-2-(trifluoromethyl)benzaldehyde 128 (2.3 g, 84%).
Step 3) Preparation of (S)-2-(4-((2,2-dimethyl-1,3-dioxolan-4-yl)methoxy)-2-
(trifluoromethyl)phenyl)-1H-benzo[d]imidazole-4-carboxylic acid (129).

-5 & othe

O
e e o

ZT

Z

(S)-4-((2,2-dimethyl-1,3-dioxolan-4-yl)methoxy)-2-(trifluoromethyl)benzaldehyde

128 was reacted with 2,3-diaminobenzoic acid 1 following the same general procedure
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outlined earlier in order to prepare (S)-2-(4-((2,2-dimethyl-1,3-dioxolan-4-yl)methoxy)-2-
(trifluoromethyl)phenyl)-1H-benzo[d]imidazole-4-carboxylic acid 129.
Step 4) Preparation (R)-2-(4-(2,3-dihydroxypropoxy)-2-(trifluoromethyl)phenyl)-N-
(pyridin—Z-yl)-IH-benzo[d]imidazale-4-carboxamide (Compound 757).

NH,

. F
F—{-F "N OH
H 0 X
3 < O ¥ <G
E;[/ d v A 89 v d o
N

DIEA, HATU DMF

COCH 50°C, 24h O "NH
129

z ,N Compound 757

(S)-2-(4-((2,2-dimethyl-1,3-dioxolan-4-yl)methoxy)-2-(trifluoromethyl)phenyl)-
1H-benzo[d]imidazole-4-carboxylic acid 129 was reacted with 2-amionopyridine 89 using
the same reaction sequence outlined in Example 25, step 5 to prepare (R)-2-(4-(2,3-
dihydroxypropoxy)-2-(trifluoromethyl)phenyl)-N-(pyridin-2-yl)-1H-benzo[d]imidazole-4-
carboxamide (Compound 757). MS (ESI) calcd for Cy3H;9F3Ns5O4: 472.14; found: 473
[M-+H].

Example 33. Synthesis of (S)-N-(3-(2,3-dihydroxypropoxy)phenyl)-2-(2-
(trifluoromethyl)phenyl)-1H-benzo[d]imidazole-4-carboxamide (Compound 725).
Step 1) Preparation of (R)-2,2-dimethyl-4-((3-nitrophenoxy)methyl)-1,3-dioxolane (132).

NO, /</ NO,
SRS sE ol
OH "

130 131 132 O\ﬁ‘

3-Nitrophenol (130; 2.0 g, 14.37 mmol) was taken up in 20mL of anhydrous DMF

along with anhydrous potassium carbonate (4.96 g, 35.93 mmol) and (R)-4-(chloromethyl)-
2,2-dimethyl-1,3-dioxolane (131; 2.55 mL, 18.68 mmol). The resulting reaction mixture
was heated in the microwave reactor, with stirring, at 160 °C for 4 h. The crude reaction
mixture was rinsed with water, filtered and extracted with dichloromethane (3 x 15 mL).
The combined organic layers were dried (Na;SO4) and concentrated under reduced
pressure. The resulting residue was purified by chromatography using ethyl acetate:

pentanes to obtain the desired product 132 as an amber-colored oil (52%).
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Step 2) Preparation of (R)-3-((2,2-dimethyl-1,3-dioxolan-4-yl)methoxy)aniline (133).

NO, NH,

@\ Fe, NH,CI @\
IPA/H20 (4:1
132 O‘% s O
Under nitrogen, Fe powder (2.38 g, 42.54 mmol) and NH4CI (2.38 g, 42.54 mmol)

were combined, followed by addition of (R)-2,2-dimethyl-4-((3-nitrophenoxy)methyl)-1,3-
dioxolane (132; 1.8 g, 7.09 mmol) and a 4:1 mixture of isopropanol:water (30 mL:10mL).

The reaction mixture was stirred under reflux for 18 h. The crude material was filtered
through a pad of Celite and the filtrate was concentrated under reduced pressure. The
resulting aqueous layer was extracted with dichloromethane (3 x 15 mL). The combined
organic layers were dried (Na;SO4) and concentrated under reduced pressure to afford (R)-
3-((2,2-dimethyl-1,3-dioxolan-4-yl)methoxy)aniline 133 (1.2 g, 79% yield). The material
was used in the next step without any further purification. '

Step 3) Preparation of (R)-N-(3-((2,2-dimethyl-1,3-dioxolan-4-yl)methoxy)phenyl)-2-(2-
(trifluoromethyl)phenyl)-1H-benzo[d]imidazole-4-carboxamide (134).

H FaC, NH,
N HATU, Humgs
/7 +
N
0" OH
133

2-(2-(Trifluoromethyl)phenyl)-1H-benzo[d]imidazole-4-carboxylic acid (3; 75 mg,
0.24 mmol) was taken up in NMP (2 mL) along with (R)-3-((2,2-dimethyl-1,3-dioxolan-4-
yDmethoxy)aniline (133; 64.3 mg, 0.288 mmol) and HATU (186 mg, 0.49 mmol). DIEA
(81 pL, 0.49 mmol) was added and the resulting reaction mixture was stirred at room
temperature for 12 h. The temperature was then raised to 60 °C and the reaction mixture
was allowed to stir for an additional 1 h. The reaction mixture was diluted with water and
filtered. The collected solids were further purified by silica gel chromatography to afford
the desired product 134, as a yellow solid (51.5 mg, 42%)).
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Step 4) Preparation of (S)-N-(3-(2,3-dihydroxypropoxy)phenyl)-2-(2-
(trifluoromethyl)phenyl)-1H-benzo[d[imidazole-4-carboxamide (Compound 725).
F3C

N
4N HCI /
Dioxanes N
NH 0] NH

/Y\ 0" "on

0\6 OH
Compound 725

To a solution of (R)-N-(3-((2,2-dimethyl-1,3-dioxolan-4-yl)methoxy)phenyl)-2-(2-
5  (trifluoromethyl)phenyl)-1H-benzo[d]imidazole-4-carboxamide (134; 51.5 mg, 0.1 mmol)
in 3 mL of THF was added 4 N HCI dropwise until observe color change, solution darkens,
at which point an additional 1 mL of HCL is added and the solution is allowed to stir at
room temperature for 18 h. The reaction mixture was diluted with MeOH and then
concentrated under reduced pressure. The resulting yellowish suspension is purified by
10  preparatory HPLC. The desired product (Compound 725) was obtained as a white solid
(32.5 mg, 64%). MS (ESI) calcd for Cy4HoF3N304: 471.14; found: 472 [M+H].
Example 34. Synthesis of 2-(3-(2,6-dimethylmorpholino)phenyl)-N-(thiazol-2-yl)-1H-
benzo|d]imidazole-4-carboxamide (Compound 576).

Step 1) Preparation of 2-(3-bromophenyl)-1,3-dioxane (136).

9 C
Br OH OH
TsOH.H,0

135
15

A mixture containing 3-bromobenzaldehyde (135; 18.5 g, 100 mmol), propane-1,3-
diol (9.1 g, 120 mmol) and TsOH (0.1 g) in toluene (200 mL) was stirred under reflux in a
Dean-Stark water separator for 18 h. Upon cooling to room temperature, the mixture was
washed with 5% aqueous Na,COs (200 mL), dried (Na2S0O4) and concentrated under
20  reduced pressure to afford essentially quantitative yield of crude 2-(3-bromophenyl)-1,3-
dioxane 136 as a yellow oil (25 g).
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Step 2) Preparation of 3-(2,6-dimethylmorpholino)benzaldehyde (137).

C 122 | N
sz dba)s, NaOt-Bu,

BINAP, toluene

A mixture containing 2-(3-bromophenyl)-1,3-dioxane (136; 2.0 g, 8.23 mmol), 2,6-
dimethylmorpholine (122; 1.14 g, 9.88 mmol), Pdy(dba)s (50 mg), NaOt-Bu (1.39 g, 14.0
5  mmol) and BINAP (100 mg) in 20 mL of toluene was stirred at reflux for 5 h. Upon
cooling to room temperature, enough cold 1N HCl (50 mL) was added to adjust the pH = 1.
The resulting reaction mixture was stirred at room temperature for 1h. NaOH(aq) was
added to adjust the pH = 11. The aqueous mixture was extracted with CH,Cl; (3 x 50 mL).
. The combined organic layers were dried (MgSO,) and concentrated under reduced
10 pressure. Purification by chromatography (petroleum ether:EtOAc = 10:1) afforded 3-(2,6-
dimethylmorpholino)benzaldehyde 137 as a yellow oil (1.36 g, yield: 72%).
Step 3) Preparation of 2-(3-((2,6-dimethylmorpholino)phenyl)-1H-benzo[d]imidazole-4-

QO
137 J«
(0] (0] H
NH, U NN N
) V.
NHZ —————- N
COOH o OH 138

1
15 2,3-Diaminobenzoic acid (1; 0.94 g, 6.2 mmol) and 3-(2,6-dimethylmorpholino)-

carboxylic acid (138).

benzaldehyde (137; 1.36 g, 6.2 mmol) were subjected to the same general conditions
outlined earlier to prepare 2-(3-((2,6-Dimethylmorpholino)phenyl)-1H-benzo[d]imidazole-
4-carboxylic acid 138 in an 87% yield (1.9 g).
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Step 4) Preparation of 2-(3-(2,6-dimethylmorpholino)phenyl)-N-(thiazol-2-yl)-1H-
benzo[d]imidazole-4-carboxamide (Compound 576).

T3 73

' L

N | N/%EHZ y

/ Y/

N HATU/DIEA/DMF N
0% “OH

138

0~ "NH
SAN Compound 576

\ ]
The same general amide coupling procedure detailed earlier was used to prepare 2-
5  (3-(2,6-dimethylmorpholino)phenyl)-N-(thiazol-2-yl)-1H-benzo[d]imidazole-4-
carboxamide (Compound 576) from 2-(3-((2,6-Dimethylmorpholino)phenyl)-1H-
benzo[d]imidazole-4-carboxylic acid 138 and 2-aminothiazole 4. MS (ESI) calcd for
Ca3HpsFoNsO3: 433.16; found: 434 [M+H].
Example 35. Synthesis of (R)-2-(2-(difluoromethyl)phenyl)-N-(3-(2,3-
10  dihydroxypropoxy)phenyl)-6-fluoro-1H-benzo[d]imidazole-4-carboxamide
(Compound 811).
Step 1) Preparation of 5-fluoro-2-(2,2,2-trifluoroacetamido)benzoic acid (140).

F (CF4CO),0 " o

NH,  THF N"CFs

COOH HOOC 140
139

2-Amino-5-fluorobenzoic acid (139; 1.0 g, 6.4 mmol) was taken up into 10 mL of
15  anhydrous THF and the resulting mixture was cooled to 0 °C. 2,2,2-Trifluoroacetic
anhydride (3.6 mL) was then added dropwise at 0 °C. The resulting reaction mixture was
stirred at room temperature for 16 h and then concentrated under reduced pressure. The
residue was treated with ice-cold, and the resulting precipitate was collected by filtration,
washed with water and dried to afford 5-fluoro-2-(2,2,2-trifluoroacetamido)benzoic acid

20 140 (1.3 g, 80%).
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Step 2) Preparation of 5-fluoro-3-nitro-2-(2,2,2-trifluoroacetamido) benzoic acid (141).

F . E NO,
O fuming HNO4 (0]
N/U\CF /U\
H 3 N™ "CF3
HOOC HOOC H
140 141

5-Fluoro-2-(2,2,2-trifluoroacetamido) benzoic acid (140; 1.29g, 5.1mmol) was
added, in small portions, to fuming nitric acid (7 mL) at 0 °C. The resulting reaction
mixture was stirred at 0 °C for 1 hand then poured into ice-water (10 mL). The resulting
precipitate was collected by filtration, washed with water and dried to afford 5-fluoro-3-
nitro-2-(2,2,2-trifluoroacetamido)benzoic acid 141 (1.2 g, 80%).
Step 3) Preparation of 2-amino-5-fluoro-3-nitrobenzoic acid (142).

NO
F 2
0 NaOH F NO,
” CF3 Water/EtOH NH,
HOOC COOH
141 142

To a solution of 5-fluoro-3-nitro-2-(2,2,2-trifluoroacetamido)benzoic acid (141; 1.2
g, 4.1 mmol) in ethanol (20 mL) was added 10% aqueous sodium hydroxide solution (20
mL). The resulting reaction mixture was stirred at 80 °C for 3 h. Upon cooling to room
temperature, the reaction mixture was concentrated under reduced pressure. The resulting
orange solids were acidified with dilute HCI, filtered and dried to afford 2-amino-5-fluoro-
3-nitrobenzoic acid 142 (0.73 g, 90%).
Step 4) Preparation of 2,3-diamino-5-fluorobenzoic acid (143).
F NO, H, F NH,
@[NHQ Pd/C \@N H,
COOH COOH
142 143

2-Amino-5-fluoro-3-nitrobenzoic acid (142; 0.73 g) was dissolved into methanol
(10 mL). To this solution was added 5% Pd/C (0.1 g). The resulting reaction mixture was
stirred at room temperature under 1 atm of hydrogen for 18 h and then filtered through a
pad of Celite. The filtrate was concentrated under reduced pressure to afford 2,3-diamino-
5-fluorobenzoic acid 143 as a brown solid (0.59 g, 95%).
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Step 5) Preparation of 2-(2-(difluoromethyl)phenyl)-5-fluoro-1H-benzo[d[imidazole-7-
carboxylic acid (144).

144 °HC
F,HC
NH 2
F\Qi 2 FzHC‘@ FI;[N\ :
NH, N
COOH Nay$,05 DMF hood M
143 145

2,3-Diamino-5-fluorobenzoic acid (143; 0.826 g, 5.29mmol) and 2-
(difluoromethyl)benzaldehyde 144 were subjected to the same general conditions outlined
earlier to prepare 2-(2-(difluoromethyl)phenyl)-5-fluoro-1H-benzo[d]imidazole-7-
carboxylic acid 145, which was obtained in 65% yield (0.7 g). MS (ESI) calcd for
Ci5HoF3N,0;: 306.6; found: 307 [M+H].

Step 6) Preparation of (S)-2-(2-(difluoromethyl)phenyl)-N-(3-((2,2-dimethyl-1,3-
dioxolan-4-yl)methoxy)phenyl)-6-fluoro-1H-benzo[d]imidazole-4-carboxamide (147).
NH,

F_F
146

F
F,HC o/”"EO>Z,
OO °

N HATU, DIEA, DMF 0™ "NH

2. ZT

145 Ay, (0]
147 0 [ >L—
o

2-(2-(difluoromethyl)phenyl)-5-fluoro-1H-benzo[d]imidazole-7-carboxylic acid
(145; 250mg, 0.82 mmol) was coupled with (S)-3-((2,2-dimethyl-1,3-dioxolan-4-
yl)methoxy)aniline 146 (prepared as described for 133 in Example 33, steps 1-2, except
using (S)-4-(chloromethyl)-2,2-dimethyl-1,3-dioxolane in step 1) as outlined earlier. (S)-2-
(2-(Difluoromethyl)phenyl)-N-(3-((2,2-dimethyl-1,3-dioxolan-4-yl)methoxy)phenyl)-6-
fluoro-1H-benzo[d]imidazole-4-carboxamide 147 was obtained in 48% yield (200 mg).
MS (ESI) calcd for Cy7Hp4F3N304: 511.17; found: 512 [M+H].
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Step 7) Preparation of (R)-2-(2-(difluoromethyl)phenyl)-N-(3-(2,3-
dihydroxypropoxy)phenyl)-6-fluoro-1H-benzo[d]imidazole-4-carboxamide (Compound
811).

F. F
H F
F N H F
P F N
N P
. HCl N
O~ "NH
MeOH O >NH
4, O
@o/ L .
147 [O O/Y\OH

OH
Compound 811

Ten drops of concentrated HCI were added to a solution of (S)-2-(2-
(difluoromethyl)phenyl)-N-(3-((2,2-dimethyl-1,3-dioxolan-4-yl)methoxy)phenyl)-6-fluoro-
1H-benzo[d]imidazole-4-carboxamide (147; 200 mg, 0.391 mmol) in methanol (15 mL).
The resulting reaction mixture was stirred at room temperature for 2 h and then
concentrated under reduced pressure to afford (R)-2-(2-(difluoromethyl)phenyl)-N-(3-(2,3-
dihydroxypropoxy)phenyl)-6-fluoro-1H-benzo|[d]imidazole-4-carboxamide (Compound
811) (160 mg, 87%). MS (ESI) calcd for Cy7H24F3N304: 511.17; found: 512 [M+H].
Example 36. Synthesis of 2-(2-methylpyridin-3-yl)-N-(6-(morpholinomethyl)pyridin-
2-yl)-1H-benzo[d]imidazole-4-carboxamide (Compound 814).

Step 1) Preparation of 2-methylnicotinaldehyde (149).

— |
P _
Br DMF 61c
148 149

To a solution of 3-bromo-2-methylpyridine (148; 10 g, 58.1 mmol) in THF (150

~mL) was added n-BuLi (2.5 M, 25.6 mL) at -78 °C. The reaction mixture was stirred at

this temperature for 1h. DMF (1.30 mL) was then added and the resulting reaction mixture
was stirred for 1 h at -78 °C. The reaction was quenched by the addition of ag. NH4Cl.
Upon warming to room temperature, the mixture was extracted with EtOAc. The combined
organic layers were dried (Na;SO4) and concentrated under reduced pressure. The
resulting residue was purified by chromatography to afford 2-methylnicotinaldehyde 149
(2.18 g, 31%).
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Step 2) Preparation of 2-(2-methylpyridin-3-yl)-1H-benzo[d]imidazole-4-carboxylic acid
(150).

NH,
1
NH, H
=N
NSy coom N
I/ . 7\
OHC
149 coon 150

2-Methylnicotinaldehyde (149; 2.18 g, 18 mmol) was subjected to the standard
conditions used to prepare substituted benzimidazoles by reaction with 2,3-diaminobenzoic
acid 1. The desired product, 2-(2-methylpyridin-3-yl)-1H-benzo[d]imidazole-4-carboxylic
acid 150, was obtained by purification using chromatography, followed by crystallization
from EtOAc (0.43 g, 11%).
Step 3) Preparation of 2-(2-methylpyridin-3-yl)-N-(6-(morpholinomethyl)pyridin-2-yl)-
1H-benzo[d]imidazole-4-carboxamide (Compound 814).

H NH,

N =N ZN 0 =N
CrO O ol
172

)
0O

2T

COOH

NH
Z "N
x ! N\) Compound 814

150 HATU

2-(2-Methylpyridin-3-yl)-1H-benzo[d]imidazole-4-carboxylic acid 150 was
coupled with 6-morpholinomethylpyridin-2-amine 172 (prepared as set forth in Example
29, steps 1-6, except using ethyl-6-aminopicolinate in step 1) by the standard amide
coupling procedure detailed earlier to prepare 2-(2-methylpyridin-3-yl)-N-(6-
(morpholinomethyl)pyridin-2-yl)-1H-benzo[d]imidazole-4-carboxamide (Compound 814).
MS (ESI) caled for Cy4H4NgO5: 428.20; found: 429 [M+H].
Example 37. Synthesis of 2-(6-methylpyridin-3-yl)-N-(6-(morpholinomethyl)pyridin-
2-yl)-1H-benzo[d]imidazole-4-carboxamide (Compound 815).
Step 1) Preparation of 6-methylnicotinaldehyde (152).

N N
| N BulLi =
% | yZ
Br DMF CHO
151 152
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To a solution of 5-bromo-2-methylpyridine (151; 10 g, 58.1 mmol) in THF (150
mL) was added n-BuLi (2.5 M, 25.6 mL) at -78 °C. The reaction mixture was stirred at this
temperature for 1h. DMF (1.30 mL) was then added and the resulting reaction mixture was
stirred for 1 h at -78 °C. The reaction was quenched by the addition of aq. NH4CIl. Upon
warming to room temperature, the mixture was extracted with EtOAc. The combined
organic layers were dried (Na;SO4) and concentrated under reduced pressure. The
resulting residue was purified by chromatography to afford 6-methylnicotinaldehyde 152
(5.0 g, 72%).
Step 2) Preparation of 2-(6-methylpyridin-3-yl)-N-(6-(morpholinomethyl)pyridin-2-yl)-
1H-benzo[d[imidazole-4-carboxamide (Compound 815).

NH,
H
L e
N —N \ /
= COOH 172
» \_/
CHO
COOH
152 153 2\ o}
o
AN
Compound 815

6-Methylnicotinaldehyde 152 was coupled with 2,3-diaminobenzoid acid 1 using
the same standard conditions detailed above to prepare the corresponding substituted
benzimidazole 153. The resulting 2-(6-methylpyridin-3-y1)-1H-benzo[d]imidazole-4-
carboxylic acid 153 was coupled with 6-morpholinomethylpyridin-2-amine 172 using the
same standard amide coupling procedure to prepare 2-(6-methylpyridin-3-yl)-N-(6-
(morpholinomethyl)pyridin-2-yl)-1H-benzo[d]imidazole-4-carboxamide (Compound 815).
MS (ESI) calcd for Cy4H,4N6O4: 428.20; found: 429 [M+H].
Example 38. Synthesis of 2-(2-methylpyridin-4-yl)-N-(6-(morpholinomethyl)pyridin-
2-yl)-1H-benzo[d]imidazole-4-carboxamide (Compound 816).
Step 1) Preparation of 2-methylisonicotinaldehyde (156).

n-Buli N\ N
EtzNH NalO4 A
S — |
THF =
A CHO
156
/N\

To a solution of 2,4-lutidine (154; 10 g, 93.3 mmol) in THF (150 mL) was added n-
BuLi (2.5 M, 41.1 mL) at -78 °C. Diethylamine (8.19g, 112 mmol ) was then added at this
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temperature, followed by DMF (10 mL). The resulting reaction mixture was stirred at -78
°C for 1 h. The reaction was quenched by the addition of ag. NH4Cl. Upon warming to
room temperature, the mixture was extracted with CH,Cl,. The combined organic layers
were dried (Na;SO,) and concentrated under reduced pressure to afford the intermediate
enamine 1585.

To a solution of NalOy4 (40 g) in water (200 mL) was added the above enamine
intermediate 155 in CH,Cl; (200 mL). The reaction mixture was stirred at room
temperature for 18 h. Enough 2 N NaOH was then added to adjust the pH of the mixture to
8. The mixture was then filtered, separated and extracted with CH;Cl,. The combined
organic layers were dried (Na;SO4) and concentrated under reduced pressure. Purification
by chromatography afforded 2-methylisonicotinaldehyde 156 (4 g, 35%).

Step 2) Preparation of 2-(2-methylpyridin-4-yl)-N-(6-(morpholinomethyl)pyridin-2-yl)-
1H-benzo[d]imidazole-4-carboxamide (Compound 816).
NH,

@NHZ \ N
Ny COOH >_<:( 172
p [;[ 9 -

CHO COOH Cy o

156 157 N

Z\

Compound 816

2-Methylisonicotinaldehyde 156 was coupled with 2,3-diaminobenzoic acid 1 using
subjected same standard conditions detailed above to prepare 2-(2-methylpyridin-4-yl)-1H-
benzo[d]imidazole-4-carboxylic acid 157, which was then coupled with 6-
morpholinomethylpyridin-2-amine 172 using the same standard amide coupling procedure
to prepare 2-(2-methylpyridin-4-yl)-N-(6-(morpholinomethyl)pyridin-2-yl)-1H-
benzo[d]imidazole-4-carboxamide (Compound 816). MS (ESI) calcd for Cy4H24NgO:
428.20; found: 429 [M+H].
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Example 39. Synthesis of 2-(4-(pyrrolidin-1-yImethyl)-2-(trifluoromethyl)phenyl)-N-
(thiazol-2-yl)-1H-benzo[d]imidazole-4-carboxamide (Compound 828).
Step 1) Preparation of 2-(4-(pyrrolidin-1-ylmethyl)-2-(trifluoromethyl)phenyl)-1H-
benzo[d]imidazole-4-carboxylic acid (159).

H FoC 1. (COCI),, MeOH/CH,Cl, H FaC,
P cl 2. Pd(OAc),, XPhos, Cs,CO3 P
N KFSB_\N N b
HO™ Y0 158 Q HO™ S0
159

54 3. LiOH, THF/H,0O

2-(4-Chloro-2-(trifluoromethyl)phenyl)-1H-benzo[d]imidazole-4-carboxylic acid
(54; 500 mg, 1.46 mmol) was suspended in CH,Cl, (15 mL). Methanol (2 mL) was added
to solubilize. To the reaction solution was added dropwise oxalyl chloride (130 uL, 1.46
mmol). After having stirred the reaction at room temperature overnight, the reaction was
concentrated. The residue was taken up in EtOAc and washed successively with saturated
NaHCOs and then brine. The organic layer was dried over MgSOQsq, filtered, and
concentrated. Purification by silica gel chromatography (EtOAc/pentane) afforded methyl
2-(4-chloro-2-(trifluoromethyl)phenyl)-1H-benzo[d]imidazole-4-carboxylate as an orange
solid (structure not shown) (390 mg, yield: 75%).

A sealed tube containing the mixture of methyl 2-(4-chloro-2-
(trifluoromethyl)phenyl)-1H-benzo[d]imidazole-4-carboxylate (390 mg, 1.10 mmol),
potassium 1-trifluoroboratom-ethylpyrrolidine (158; 212 mg, 1.11 mmol), Pd (OAc), (22
mg, 0.03 mmol), XPhos (31 mg, 0.06 mmol), and cesium carbonate (1.0 g, 3.3 mmol) was
evacuated and filled with nitrogen twice. To the mixture was added THF/H,0 (10:1, 4.4
mL). The suspension was heated at 80 °C overnight and cooled to room temperature.
Water (2 mL) was added and the reaction was extracted with CH,Cl, twice. The combined
organic layers were washed with brine, dried over MgSOy, filtered, and concentrated.
Purification by silica gel chromatography (MeOH/CH,Cl; + 1% Et3N) afforded methyl 2-
(4-(pyrrolidin-1-ylmethyl)-2-(trifluoromethyl)phenyl)-1H-benzo[d]imidazole-4-
carboxylate (structure not shown) as a yellow solid (544 mg).

Methyl 2-(4-(pyrrolidin-1-ylmethyl)-2-(trifluoromethyl)phenyl)-1H-
benzo[d]imidazole-4-carboxylate (544 mg) and LiOH (95 mg, 4 mmol) were dissolved in
THF/H,0 (1:1, 24 mL). The reaction was stirred overnight at room temperature, then
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heated at 50 °C overnight. The solvents were removed in vacuo. The residue was taken up
in water and the pH was adjusted to 7-8 with IN HCI. After allowing the mixture to stirred
for 1 hour, the solids were collected by filtration to afford 2-(4-(pyrrolidin-1-ylmethyl)-2-
(trifluoromethyl)phenyl)-1H-benzo[d]imidazole-4-carboxylic acid 159 as a pale solid (170
mg, 2-step yield: 40%). MS (ESI) caled for CyoH,3F3N30,: 389.14; found: 390 [M+H].
Step 2) Preparation of 2-(4-(pyrrolidin-1-ylmethyl)-2-(trifluoromethyl)phenyl)-N-
(thiazol-2-yl)-1H-benzo[d]imidazole-4-carboxamide (Compound 828).
FaC FoC

N NH,  HATU, DIPEA, N
) ) DMF p
N N N= S N N
S g
HO" o H/Nk 0
159

4
S _: N Compound 828

To a solution of 2-(4-(pyrrolidin-1-ylmethyl)-2-(trifluoromethyl)phenyl)-1H-
benzo[d]imidazole-4-carboxylic acid (159; 60 mg, 0.154 mmol), 2-aminothiazole (4; 17
mg, 0.169 mmol), and HATU (117 mg, 0.308 mmol) in DMF (1.5 mL) was added
diisopropylethylamine (107 pL, 0.616 mmol). The reaction was heated by microwave at
140 °C for 15 minutes. The reaction mixture was diluted with EtOAc and washed
successively with water and brine. The organic layer was dried over MgSQOy, filtered, and
concentrated. Purification by prep HPLC and subsequent lyophilization with dilute aq.
HCI afforded the HCI salt of 2-(4-(pyrrolidin-1-ylmethyl)-2-(trifluoromethyl)pheny!)-N-
(thiazol-2-yl)-1H-benzo[d]imidazole-4-carboxamide (Compound 828) as a tan-colored
solid (24.3 mg, yield: 31%). MS (ESI) calcd for Cy3H30F3Ns0S: 471.13; found: 472
[M+H].

Example 40. Synthesis of N-(pyridin-2-yl)-2-(4-(pyrrolidin-1-ylmethyl)-2-
(trifluoromethyl)phenyl)-1H-benzo[d]imidazole-4-carboxamide (Compound 838).

H FaC NH2 H FgC
N N
O\ CJ O
N @ - 89 N b
0 HATU, DIPEA, HN™ ~0
DMF
“ "N

159 | Compound 838
N
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2-(4-(pyrrolidin-1-ylmethyl)-2-(trifluoromethyl)phenyl)-1H-benzo[d]imidazole-4-
carboxylic acid 159 was coupled with 2-aminopyridine 89 using the same general
procedure outlined above in Example 39 to prepare N-(pyridin-2-yl)-2-(4-(pyrrolidin-1-
ylmethyl)-2-(trifluoromethyl)phenyl)-1H-benzo[d]imidazole-4-carboxamide (Compound
838). MS (ESI) calcd for CysH»F3NsO: 465.18; found: 466 [M+H].
Example 41. Synthesis of 2-(4-(pyrrolidin-1-ylmethyl)-2-(trifluoromethyl)phenyl)-N-
(4-(pyrrolidin-1-ylmethyl)phenyl)-1H-benzo[d]imidazole-4-carboxamide (Compound
869).

FsC, NH F3G
] 2 HATU, DIPEA, y
) . DMF )
" O " O
HO™ 0 D HN (o]
159 160

D Compound 869

2-(4-(pyrrolidin-1-ylmethyl)-2-(trifluoromethyl)phenyl)-1H-benzo[d]imidazole-4-
carboxylic acid 159 was coupled with 4-(pyrrolidin-1-ylmethyl)aniline 160 to produce 2-
(4-(pyrrolidin-1-ylmethyl)-2-(trifluoromethyl)phenyl)-N-(4-(pyrrolidin-1-
ylmethyl)phenyl)-1H-benzo[d]imidazole-4-carboxamide (Compound 869) using

The same general procedure outlined in Example 39. MS (ESI) calcd for
C31H3F3NsO: 547.26; found: 548 [M+H].
Example 42. Synthesis of 2-(4-(pyrrolidin-1-ylmethyl)-2-(trifluoromethyl)phenyl)-N-
p-tolyl-1H-benzo[d]imidazole-4-carboxamide (Compound 870).

F3G, H F4C
y 2 HATU, DIPEA, N
) + DMF p
HO” S0 HN" 0
159 161

Compound 870

135



10

15

20

la IN n NNH 391 406 1) BA IV O Nit
HNO Nr \LS 392 387 O N O\ B A
WO 2010/003048 PCT/US2009/049498

2-(4-(pyrrolidin-1-ylmethyl)-2-(trifluoromethyl)phenyl)-1H-benzo[d]imidazole-4-
carboxylic acid 159 was coupled with p-toluidine 161 to produce 2-(4-(pyrrolidin-1-
ylmethyl)-2-(trifluoromethyl)phenyl)-N-p-tolyl-1H-benzo[d]imidazole-4-carboxamide
(Compound 870) using the same general procedure outlined in Example 39. as the starting
material. MS (ESI) calcd for Cy7H5F3N4O: 478.20; found: 479 [M+H].
Example 43. Synthesis of 2-(5-(pyrrolidin-1-ylmethyl)-2-(trifluoromethyl)phenyl)-N-
(thiazol-2-yI)-1H-benzo[d]imidazole-4-carboxamide (Compound 871).

H FaC, y FaC
N 1. (COCl);, MeOH/CH,Cl, HATU, DIPEA, N
N/ 2. Pd(OACc),, XPhos, Cs,CO4 N/
NH :
I KFaB—\N /{ 2 NG
HOO 158 Q N HN"0
163 4 Py
3. LiOH, THF/H,0 87N

\—/ Compound 871
The same general procedure outlined above in Example 39, steps 1 and 2, except

for using 2-(5-chloro-2-(trifluoromethyl)phenyl)-1H-benzo[d]imidazole-4-carboxylic acid
163 as the starting material, was used to prepare 2-(5-(pyrrolidin-1-ylmethyl)-2-
(trifluoromethyl)phenyl)-N-(thiazol-2-yl)-1H-benzo[d]imidazole-4-carboxamide
(Compound 871). MS (ESI) calcd for Cy3HgoF3NsOS: 471.13; found: 472 [M+H].
Example 44. Synthesis of N-(pyridin-2-yl)-2-(5-(pyrrolidin-1-ylmethyl)-2-
(trifluoromethyl)phenyl)-1H-benzo[d]imidazole-4-carboxamide (Compound 872).

FaC FaC
1. (COC),, MeOH/CH,Cl, HATU DIPEA,
2. Pd(OAc),, XPhos, Cs,CO;

KF3B—\
The same general procedure outlined above in Example 39, step 1 and Example 40,

2T

=z
z 2T

158 b

3. LiOH, THF/H,0 l

™ Compound 872
except for using 2-(5-chloro-2-(trifluoromethyl)phenyl)-1H-benzo[d]imidazole-4-
carboxylic acid 163 as the starting material, was used to prepare N-(pyridin-2-yl)-2-(5-
(pyrrolidin-1-ylmethyl)-2-(trifluoromethyl)phenyl)-1 H-benzo[d]imidazole-4-carboxamide
(Compound 872). MS (ESI) calcd for CysHyF3NsO: 465.18; found: 466 [M+H)].
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Example 45. Synthesis of 2-(5-(pyrrolidin-1-ylmethyl)-2-(trifluoromethyl)phenyl)-N-
(4-(pyrrolidin-1-ylmethyl)phenyl)-1H-benzo[d]imidazole-4-carboxamide (Compound

873).
HATU, DIPEA,
1. (COCI),, MeOH/CH,Cl, DMF
o 2 Pd(OAC),, XPhos, Cs;COs

KF3B—,
N
&3 158 ()
3. LOH, THF/H,0
Q 160

The same general procedure outlined above in Example 39, step 1 and Example 41,

F3C

e

2T

zZ 2T

P4

I
Q g
O

-

Compound 873

except for using 2-(5-chloro-2-(trifluoromethyl)phenyl)-1H-benzo[d]imidazole-4-
carboxylic acid 163 as the starting material, was used to prepare 2-(5-(pyrrolidin-1-
ylmethyl)-2-(trifluoromethyl)phenyl)-N-(4-(pyrrolidin-1-ylmethyl)phenyl)-1H-
benzo[d]imidazole-4-carboxamide (Compound 873). MS (ESI) calcd for C31H3,F3Ns0:
547.26; found: 548 [M+H].

Example 46. Synthesis of 2-(4-chloro-2-(trifluoromethyl) phenyl)-N-(6-
morpholinopyridin-2-yl)-1H-benzo[d]imidazole-4-carboxamide (Compound 868).
Step 1) Preparation of 6-morpholinopyridin-2-amine (165).

NH; morpholine NH,
~
N 48 ‘ N
l —

cl N
164 165 L_O

A mixture containing 4-chloro-2-aminopyridine (164; 26g, 0.20 mol), K,COs (0.40
mol) and morpholine (48; 0.6 mol) in DMSO (150 mL) was stirred at 190 °C for 10 h.
Upon cooling to room temperature, the reaction mixture was diluted with water (300 mL)
and the resulting mixture was extracted with ethyl acetate (4 x 150 mL). The combined
organic layers were washed with water (3 x 25 mL), dried (Na;SO,) and concentrated
under reduced pressure. The resulting residue was purified by chromatography (petroleum
ether:ethyl acetate=10:1) to afford 6-morpholinopyridin-2-amine 165 (17 g, 47%) as a

white solid.
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Structure

Step 2) Preparation of 2-(4-chloro-2-(trifluoromethyl)phenyl)-N-(6-morpholinopyridin-
2-yl)-1H-benzo[d[imidazole-4-carboxamide (Compound 868).

b FsC NH,
EEE P@"' @

FsC

2\

|
N

K/O Compound 868

X

6-Morpholinopyridin-2-amine 165 was coupled with 2-(4-chloro-2-
(trifluoromethyl)phenyl)-1H-benzo[d]imidazole-4-carboxylic acid 54 using the same
general amide coupling procedure described above to prepare 2-(4-chloro-2-
(trifluoromethyl)phenyl)-N-(6-morpholinopyridin-2-yl)-1H-benzo[d]imidazole-4-
carboxamide (Compound 868). MS (ESI) calcd for Cy4H;9CIF3N50,: 501.12; found: 502
[M-+H].
Example 47. Biological activity.

A mass spectrometry based assay was used to identify modulators of SIRT1
activity. The mass spectrometry based assay utilizes a peptide having 20 amino acid
residues as follows: Ac-EE-K(biotin)-GQSTSSHSK(Ac)NIeSTEG-K(5TMR)-EE-NH2
(SEQ ID NO: 1) wherein K(Ac) is an acetylated lysine residue and Nle is a norleucine. The
peptide is labeled with the fluorophore 5TMR (excitation 540 nm/emission 580 nm) at the
C-terminus. The sequence of the peptide substrate is based on p53 with several
modifications. In addition, the methionine residue naturally present in the sequence was
replaced with the norleucine because the methionine may be susceptible to oxidation
during synthesis and purification.

The mass spectrometry assay is conducted as follows: 0.5 uM peptide substrate and
120 uM BNAD" is incubated with 10 nM SIRT1 for 25 minutes at 25°C in a reaction buffer
(50 mM Tris-acetate pH 8, 137 mM NaCl, 2.7 mM KCl, 1 mM MgCl,, 5 mM DTT, 0.05%
BSA). Test compounds may be added to the reaction as described above. The SirT1 gene is
cloned into a T7-promoter containing vector and transformed into BL21(DE3). After the
25 minute incubation with SIRT1, 10 pL of 10% formic acid is added to stop the reaction.

Reactions are sealed and frozen for later mass spec analysis. Determination of the mass of
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the substrate peptide allows for precise determination of the degree of acetylation (i.e.
starting material) as compared to deacetylated peptide (product).

A control for inhibition of sirtuin activity is conducted by adding 1 pL of 500 mM
nicotinamide as a negative control at the start of the reaction (e.g., permits determination of
maximum sirtuin inhibition). A control for activation of sirtuin activity is conducted using
10 nM of sirtuin protein, with 1 pL. of DMSO in place of compound, to determine the
amount of deacetylation of the substrate at a given timepoint within the linear range of the
assay. This timepoint is the same as that used for test compounds and, within the linear
range, the endpoint represents a change in velocity.

For the above assay, SIRT1 protein was expressed and purified as follows. The
SirT1 gene was cloned into a T7-promoter containing vector and transformed into
BL21(DE3). The protein was expressed by induction with 1 mM IPTG as an N-terminal
His-tag fusion protein at 18°C overnight and harvested at 30,000 x g. Cells were lysed with
lysozyme in lysis buffer (50 mM Tris-HCI, 2 mM Tris[2-carboxyethyl] phosphine (TCEP),
10 uM ZnCl,, 200 mM NaCl) and further treated with sonication for 10 min for complete
lysis. The protein was purified over a Ni-NTA column (Amersham) and fractions
containing pure protein were pooled, concentrated and run over a sizing column (Sephadex
S200 26/60 global). The peak containing soluble protein was collected and run on an
Ion-exchange column (MonoQ). Gradient elution (200 mM - 500 mM NaCl) yielded pure
protein. This protein was concentrated and dialyzed against dialysis buffer (20 mM Tris-
HCI, 2 mM TCEP) overnight. The protein was aliquoted and frozen at -80°C until further
use.

Sirtuin modulating compounds that activated SIRT1 were identified using the assay
described above and are shown below in Table 1. The EC, 5 values for the activating
compounds are represented by A (EC; s <1.0 uM), B (EC;5 1-25uM), C (EC,5 >25 uM).
The percent maximum fold activation is represented by A (Fold activation >200%) or B

(Fold Activation <200%).
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631, 640, 641, 642, 643, 644, 645, 646, 647, 672, 674, 675, 677, 678, 679, 680, 681, 689,
690, 691, 692, 698, 699, 700, 701, 706, 717, 718, 719, 720, 721, 722, 723, 724, 725, 734,
735,736, 737, 740, 741, 742, 743, 744, 745, 746, 749, 751, 767, 768, 769, 770, 774, 775,
776, 782, 785, 786, 789, 798, 811, 817, 818, 819, 820, 824, 825, 827, 829, 831, 832, 833,
834, 836, 839, 840, 841, 845, 847, 849, 851, 852, 853, 854, 855, 862, 863, 865, 866, 867,
or 868 from Table 1, above.

EQUIVALENTS

The present invention provides among other things sirtuin-activating compounds
and methods of use thereof. While specific embodiments of the subject invention have
been discussed, the above specification is illustrative and not restrictive. Many variations
of the invention will become apparent to those skilled in the art upon review of this
specification. The full scope of the invention should be determined by reference to the
claims, along with their full scope of equivalents, and the specification, along with such

variations.
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864 544 CF3 N\ 0/ it NO\ NH 40 A A 865 446 CF3 /\
O 1\l it NNO\ NHI A A 866 463 CF3 O N\ NMNM/O0 ii \
WORDIOMDIM4A 867 453 F O N\ NO // \/ \ NH NSPCT/US2009/049498

INCORPORATION BY REFERENCE

All publications and patents mentioned herein, including those items listed below,
are hereby incorporated by reference in their entirety as if each individual publication or
patent was specifically and individually indicated to be incorporated by reference. In case

of conflict, the present application, including any definitions herein, will control.

Also incorporated by reference in their entirety are any polynucleotide and
polypeptide sequences which reference an accession number correlating to an entry in a
public database, such as those maintained by The Institute for Genomic Research (TIGR)
(www.tigr.org) and/or the National Center for Biotechnology Information (NCBI)

(www.ncbi.nlm.nih.gov).
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What is claimed is

1. A compound of the formula (II):

4
T R
Z12/ N
| l R12
11 Y,
Z X N
X\R11

(1),
or a salt thereof wherein:

one of Z!' and Z'? is CR", and the other of Z!! and Z'? is selected from N and
CRB, wherein

R" is selected from hydrogen, halo, -OH, -C=N, fluoro-substituted C;-C, alkyl, -O-
(C4-C; fluoro-substituted alkyl), -S-(C;-C; fluoro-substituted alkyl), C,-C,4 alkyl, -(C;-C,
alkyD)-NR'"Y(R), -0-CH,CH(OH)CH,0H, -0O-(C;-Cy) alkyl,

-0-(C1-C3) alkyl-NRMR™), -NR"™) R, -S-(C;-Cy) alkyl and Cs-C; cycloalkyl;

R is selected from hydrogen, -(C,-Cy) alkyl, -(C;-C4) fluoro-substituted alkyl, -(C;-
Cy) alkyl-N(R(R), -(C1-Cy) alkyl-C(0)-N(R(R), -(C2-C4) alkyl -O-R’, and -(C5-Cy)
alkyl-N(R7)-C(0)-R, wherein:

each R is independently selected from hydrogen, and -C;-C4 alkyl; or

two R’ bound to the same nitrogen atom are taken together with the nitrogen atom
to form a 4- to 7-membered saturated heterocycle optionally comprising one additional
heteroatom selected from N, S, S(=0), S(=0),, and O, wherein the saturated heterocycle is
optionally substituted at a single carbon atom with -OH, -C,-C4 alkyl, fluoro, -NH,,
-NH(C;-C4 alkyl), -N(C;-C;4 alkyl),, -NH(CH,CH,OCH3), or -N(CH,CH;0CH3)y;

R* is selected from hydrogen, halo, -C=N, fluoro-substituted C;-C; alkyl,
-S-(C;-C,) fluoro-substituted alkyl, C;-C4 alkyl, -S-(C;-C,) alkyl and C5-C7 cycloalkyl;

X is selected from -NH-C(=0)-}, -C(=0)-NH-7, -NH-C(=S)-T, -C(=S)-NH-T,
-NH-S(=0)-t, -S(=0)-NH-1, -S(=0),-NH-t, -NH-S(=0),-1, -NH-S(0),-NR "*-1,
NR"-8(0),-NH-1, -NH-C(=0)0-t, 0-C(=0)-NH-, -NH-C(=O)NH-1,
-NH-C(=0)NR'">-¥, -NRP-C(=0)NH-1, -NH-NR "*>-t, -NR"*-NH-1, -O-NH-*, -NH-O-1,
-NH-CRPR'S-4, -CR*R!-NH-t, -NH-C(=NR'®)-t, -C(=NR"®)-NH-,
-C(=0)-NH-CR"’R!®-1, -CR"*R!6-NH-C(0)-1, -NH-C(=S)-CR’R'6-%,

269



10

15

20

25

30

HF3CSI N* NHNO AAS871 472 HF3CO Nit NN-----

\-- Hy SIrNBA872 466 HF3C flIV e 1W NN ---
WORO003048N A A WD 2010/ 003048PCT/ US2009/ 0494 9BCTZURDHI/¢:49498

[ MtH Structure EC1.5 Fold Act. HF CN O Nit

-CRPR!®-C(=S)-NH-+, -NH-S(0)-CR R !¢, -CR*R!-S(0)-NH-1,
-NH-S(0),-CRPR!-%, -CR®*R6-$(0),-NH-1, -NH-C(=0)-0-CR°R -1,
-CR"*R!$-0-C(=0)-NH-1, -NH-C(=0)-NR"*-CR"*R -, -NH-C(=0)-CR°R "%, and
-CRPR'$-NH-C(=0)-O-*,wherein

t represents where X is bound to R'!, and:

R" and R'® are independently selected from hydrogen, C;-C; alkyl, CF3, and -(C)-
C4 alkyl)-CF3;

R is selected from a carbocycle and a heterocycle, wherein R''is optionally
substituted with one to two substitutents independently selected from halo, -C=N, C;-Cs
alkyl, C3-C5 cycloalkyl, C;-C, fluoro-substituted alkyl, =0, -O-C,-C4 alkyl, -S-R™, -(Cy-Cq4
alky])-NR"HR"™), -NR"(R'™), -0-(C2-C4 alkyD)-NR')R'), -C(O)-NR'")R'*,
-C(0)-0-R', and -(C;-C;4 alkyl)-C(O)-N(R'*)(R'*), and when R'! is phenyl, R'! is also
optionally substituted with 3,4-methylenedioxy, fluoro-substituted 3,4-methylenedioxy,
3,4-ethylenedioxy, fluoro-substituted 3,4-ethylenedioxy, O-(saturated heterocycle),
fluoro-substituted -O-(saturated heterocycle), and
C;-C4 alkyl-substituted O-(saturated hetérocycle), wherein
each R' is independently selected from hydrogen, and -C;-C4 alkyl; or

two R'* are taken together with the nitrogen atom to which they are bound to form a
4- to 8-membered saturated heterocycle optionally comprising one additional heteroatom
selected from N, S, S(=0), S(=0),, and O, wherein:

when R' is alkyl, the alkyl is optionally substituted with one or more -OH, -O-(C;-
C; alkyl), fluoro, -NH,, -NH(C,-C4 alkyl), -N(C;-C,4 alkyl),, -NH(CH,CH;OCHj3), or
-N(CH;CH;0CHyz); and

when two R' are taken together with the nitrogen atom to which they are bound to
form a 4- to 8-membered saturated heterocycle, the saturated heterocycle is optionally
substituted at a carbon atom with -OH, -C;-C4 alkyl, fluoro, -NH,, -NH(C;-C4 alkyl), -
N(C;-C4 alkyl),, -NH(CH,CH,0OCH3), or -N(CH,CH;0CHs),; and optionally substituted at
any substitutable nitrogen atom with -C;-Cy4 alkyl, fluoro-substituted C-C4 alkyl, or
-(CHy),-O-CHgs; and

R'? is selected from a carbocycle having at least five ring atoms and a heterocycle
other than piperazine, indazole, triazole or pyrazolopyridine, wherein R'? is optionally

substituted with one to two substitutents independently selected from halo, -C=N, C;-C4
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Nr------ HNO\ -- O 548 NJ873 A A In
anot her enbodi nent, the conpound of the invention is

W@ 20100039d8 f r om any one of Conmpound numnbers 202PCRUS009/049498
208, 226, 243, 247, 254, 262, 269, 287, 288, 289, 290,

£S5 80 c i i 8 I 20 P2
SR, 3(@1043&6@1>-N<R‘4>(R” NR¥)(R™), -0-(C2-C alky) NRHR'™,
-C(O)-NR"(R™), «(C1-C4 alkyl)-C(0)-NR")R'*), -O-phenyl, phenyl, and a second
heterocycle, and when R'? is phenyl, R'? is also optionally substituted with 3,4-

5  methylenedioxy, fluoro-substituted 3,4-methylenedioxy, 3,4-ethylenedioxy, fluoro-
substituted 3,4-ethylenedioxy, or -O-(saturated heterocycle) wherein any phenyl, saturated
heterocycle or second heterocycle substituent of R'2is optionally substituted with halo;
-C=N; C,-C, alkyl, C;-C; fluoro-substituted alkyl , -O-(C;-C; fluoro-substituted alkyl), -O-
(C1-C4 alkyl), -S-(C;-C4 alkyl), -S-(C,-C, fluoro-substituted alkyl), -NH-(C;-C4 alkyl) and

10 -N-(C,-C4 alkyl),, wherein:
when X is -C(O)-NH-t, Z'' and Z'% are each CH, R is optionally substituted
phenyl, and R and R* are H, then R'? is not pyridinyl or, quinolinyl; and
when X is -NH-S(O),-t, Z'" and Z'? are each CH, R'! is 4-methoxy phenyl and R
and R* are H then R'"? is not pyridinyl.

15
2. The compound of claim 1, selected from:
Rtl
'3 R R* R
RS = l N>__ . N7 N
R
R'l 3 N
K
R N
RH
(IIa), (Ib),
R* R
R'] 3 N
/>___ R12
R1 3 N
/X
R'I'l

(Ilc).
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361, 362, 368, 369, 370, 371, 372, 376, 377, 379, 380,
381, 382, 394, 395, 396, 398, 399, 409, 411, 412, 413,

WA 10/088@08 432, 440, 446, 448, 451, 452, 455, BGGUSHHY049498
458, 461, 464, 465, 478, 479, 480, 481,

3. The compound of claim 2, having the formula:

R4 !:Q

N
/>__R12
N

4. The compound of any one of claims 1-3, wherein R is hydrogen.

5 5. The compound of any one of claims 1-4, wherein X is -C(O)-NH-f.

N
| £
6. The compound of any one of claims 1 to 5, wherein R is selected from: ST,

SANSANNES AU IR R
w@w«@}%ﬂvgvﬁj“ayﬁﬁ

=, - O™ b Jone" e
AYERYa oS
EO O?NJ % OO
o G ey e
f‘"@ R asLeactsas!

10

,f
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492, 493, 494, 495, 514, 515, 516, 531, 540, 541, 549,
550, 551, 552, 553, 554, 555, 556, 557, 558, 559, 560,

woomo/0epds 574, 575, 589, 590, 591, 592, 593, BOHUSHIB(49498
596, 601, 603, 604, 620, 622, 623, 628,

Jo o O g, -
N N_N _N N——N g-@—\N
o\)N I \——/N I \ 7/ [—ON IO , O
@ | g\) 1= B V\Nj CCNQ
oo “@ asekhsk e
O TG e e

N” A / /N A
G R G,

5
_(/\” Me~n" S N~y
Me | Me | and Me, wherein R!' is optionally further
substituted.

7. The compound of any one of claims 1-6, wherein R is selected from: g _@ ,

) gQ;@{ngbﬁédF av
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629, 630,
672, 674,
W@ 20 0/06083
722, 723,

631,
675,
699,
724,

640,
677,
700,
725,

641,
678,
701,
734,

642,
679,
706,
735,

643,
680,
717,
736,

644,
681,
718,
737,

645, 646, 647,
689, 690, 691,
719, BQUUSTPY(49498



740, 741, 742, 743, 744, 745, 746, 749, 751, 767, 768,
769, 770, 774, 775, 776, 782, 785, 786, 789, 798, 811,
_wW@1no/o808 819, 820, 824, 825, 827, 829, 831, BGRUSBEF(49498

834, 836, 839, 840, 841, 845, 847, 849,

ol O
bqibd o,

O 2
HF,C FaC
i ‘Q t@ EQ
/N O 0
{ ° N C I\ =N
&} NuO, NL/O, N
R F -g\
Qo 70
A /N : sl
| )—Me :[,}—N 0 7N
}‘6 Me { , Me” "N \“/,g SJ\, ;
Me f; X 1’; \N O
;’f NN f‘\@\l / ] ~N \Q\j I - H\C(N\)
| & Z Z Me, Me | Me | =N ,
0]
oo S8 PY
N/ N L — == N-<
,\l},lle, ,\he,! N\ AN i NN ,‘ W ,[M,and
R
R F
=N
|
—~Cl.
Cl , wherein R'? is optionally further substituted.
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851, 852, 853, 854, 855, 862, 863, 865, 866, 867,
EQUI VALENTS The present invention provides anong
W@eHeno3os ngs sirtuin-activating conpounds andP@EURSA%S049498
of use thereof. Wile specific enbodi nents of the
subj ect invention have 20been di scussed, the above
specification is illustrative and not restrictive.
Ma [ ki OMER Il becone apparent
w%&{@dtﬂ 'h?ﬁﬁg?llgenétth%ghart ut‘)lga:tmrMew ew of this
3speC|f|catHon The full scope of the invention should
R qeAdetrerniMed by reference to the clains, along with
1of equival ents, and the
, along with such variations.
ON BY REFERENCE Al'l publications and
gnts nentioned herein, including those itens |isted
beL;M/ ar§1hereby |ncorporated by reference in their
eoti refy as if each individual publication or patent
was specifically and individually indicated to be
i ncorporated by refeggnea: |n case 50f conflict, the
pr esent appllcatlon i ncl udi ng any deflnltlons hereln
R’ igwdl¢ctesoliem diydrogen, ﬂuom,s@%@@g dia-bylir ef erence in
their entirety are y olmnucleotl e and pol ypgpti de
sequences whi ch ref Ee(en]ac es@ n nugb II
cor elat1 % to an e y'ins uch as
3 SR o8y by

he Instltute for hontc Resear ch

WW. T and/or the hbtlonal nter for
?tec noPo or Je
%@l/z\rﬁw | all I2—<§/3| ds OrN@
sal t theredf wher ei n: 50he of Zz' and z12 is CR13, ahd
the ot her of ZZlZ is selected frontN and CngNtmhereln

Iectﬂ

nNthro ennN-hal
_$ d e a Ey \«Cl
oro subs ed aPky OH .

fl uoro-substituted aIkyI) CI C4 al kyl , (Cl
al kyl')-N R14)(R14) - 0- CH2CH( OH) CH20H, -0
al kyl , 1QH0- (C1- C3) aIkyI N( R14) (

- S (& al ky C3-
ct ed f I‘ﬁ‘gen
oro sub ; (G C4) aIkyI N 7)(

-(Gi - C4) alkyl C(0) - N('7)(R7) -(C2-C4) alkyl -0-R7,
C2 CA) al kyl -N(R7)-C(0)-R7, wherein: each R7 is
eIected fronthydrogen and -G-C e
b d to the sane pitrogényatom are
tak ogether 0 Nform to
nb red satur te het yclé optional Ly conprising
one di,ti onal hef%roatonNselect from¥ .S, S(=0),
S(=0)2, and 0, wherein pfje saturated heygrocycle is

ionally su tut t ngle ar bon at n1MAth
: ap \”0(;}23 ﬁ(\er%zl a? /\
d{/bkyl) . NH( )/ or -N@@Hz q:ws)z o
en, ha

20R4 is Sel ected™from hydrog lo, -C ==N
fluoro-substituted C-C2 al kyl, =8 (Cl C2)

Vel . R |s
-4 [, N Cl C4 N

10

fluoro-substituted al kyl, Cl-CA I, -S(C1-C4)

al kyl and C3-C7 cycl oal kyl ; |s nged@ed fro

“NH O(=0)-t, -C(=0)- NH-t, NH- =S)X NH-t ?—_)
IS NH S O)t fs ~Q) - S(=0) 2 NH-t - )2tN

-N

TS 0) , _0)0 O
. toQZ;sJ-NH 5-t

5-O(Z0) NH-t, - NEF NRL5- 1. ~NR15- REF £, = 0- NB-t |
NH-0-t, -NH CRISRI6-t, - CRABRIG- NH-t, - NH C(=NRL5)-t,
_C(=NRI5)-NH-t, -C(=0)-NH CRI5R16-1

- CRI5R16- NH- C(0) - t, - NH-C(=S)- CRI5R16-1, 269

- CRI5R16- C(=S)- NH-t, - NH- S(0) - CRI5RI6-t |

- CRI5R16- S(0) - Nb-t, - NH- S( 0) 2- CRI5RI16-t .

- CRI5R16- S(0) 2- NH-t, - NH- ( =0) - 0- CRI 5R16- 1. ,



- CR15R16- 0- C(=0) - NH-t, - NH C(=0) - NR14- CR15R16-t,
-NH C(=0) - CR15R16-t, and - CR15R16- NH C(=0)-0-t, wherein

WG R01pEM0esent s where X is bound to R', and: PCT/URNE9/049498
and R16 are independently selected from hydrogen,
Cl-a alkyl, CF3, and -(Cl- C4aIJg,yJ) CF3; R' is
sel ected from a carbocycle and a teroc wher &j
R’ ption y substituted wt

=z
subst it utent in ep ently sele al o, Cl CSIN
e—t@w—t\ c2 f uoro subgtitute
|, CANat kyI N (Cl
=R ) -

10alkyl ,
R14) “N(RKN @f} (f,to) [N
a yl) -N( Ri4), C(O) (R1 (R14) - >0- R14, -

(CI 4 yI) C(0) - N(R14)(R14) and vvhen R" 'S
phe , R11 i aI SO opti onaIIy substltut ed

- met hylhenedi o / ~N
Nnet en dloxy]3 -e e|o y, j | J
or g- su t uf ed Net hyl e,ned}‘ 0- (sat g N,

het er ocycl e), 15fl uoro substi tuted O (sat ur at ed

Cl b t ted
/ hg'? (Ne);/artdﬁ\bl / % }%SI nq%pe derura e
ﬁectelﬁi

oge
two 'R14 are’ taken together vv|th the n|trogen atomto
whi ch they are bound to forma 4- to 8-nenbered

sglturat ed h ,@cy Lle optio aIIy conpri si ng J /N]
t 0is
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manberHad ,sat iy

are bNUHdtoBl rma 4- o
"B, halleerocycl e, thMe saf upat ed®
het er ocycl eis opti onaIIy subst#tut ed at a carbon atom
wth -OH -Cl-Cl alkyl, fluoro -NH(Cl-
al kyl), - N(C-C4 al kyl) CH2CHZOCI—|3)
- N(CH2CH20OCH3) 2; and—efpt %on
I

hy Relen
substitutabl e nitr at om W %ﬂy
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30R12 is selected from car bocycl e haV| ng at | east
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Foi per azi ne, daz% i gzol e orClpyrazo
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§ E??t it L§t &
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B VoS e SR L R
ase he%eq @ ﬁ T\WOBP
: 5nethy
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/ e| rFa‘ﬁyn?l\(@;teH ‘?oc cycl ¢ se}:o‘/ 3
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-S-(Cl-c4 alkyl), -s-(C1- 2% uor o- substi t uted al kyl ),
-NH (C1-C4 alkyl) and 10-N-(Cl-C4 al kyl) 2, wherein:
when X is -C(0)-NHt, Z11 and Z12 are each CH RII is
optionally substituted phenyl, and R and R4 are H,
then R12 is not pyridinyl or, quinolinyl; and
when X is -NHS(0)2-1-, Z11 and Z12 are each CH RI11
|s 4 rret hoxy phenyl and R and R4 are Hthen R12 is not
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FMe,S-- MeN, IC1 r NCO NN 1 ONl NIl SSNNS\,N
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\ /7 , wherein R 2 is optionally further substituted.
c WD 2010/ 003048PCT/ US2009/ 049498 8 . A conpound

whasipmgposhe Structural Formula 111:  R12 , wheP&l/HS20RB049498
is selected from hydrogen, fluoro, -OCH3 and
rEorphoI in-4-y1; Me S5RI | is selected from SSFMe, S |

N 1--e/ .SMBFSEN (1) O,/'the, .",."--iN M O]
1

eel H)>=N,,.,~. N .-- NO, -
.ﬁlJT@oﬁx@?}@of—%{i@?m N\

b

FsC
< Ky %
ol 0 OXO A
I Cm =N IS}M
N © HN, N 7N
/ N~ , Me N ,

N 0
/

o .

/- S /- N K\O o A Y (N—_O)
P e Y
R F
(Nj . Q gF *

e — N
5 % \ /N ,[ \ /N ,%‘U,and Cl \;and

Me PN
H/@ N 1\/©/ 12 | /N.

when R is , , is not

9. A pharmaceutical composition comprising a compound of any one of claims 1 to §,

or a pharmaceutically acceptable salt thereof; and a pharmaceutically acceptable carrier.

10
10.  The pharmaceutical composition of claim 9, further cbmprising an additional active

agent.
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oWI M\l VW 9. A pharmaceuti cal conposition conprising a
conpound of any one of clains 1 to 8, or a
wW@bapiesddtit i cal | y acceptabl e salt thereof; andP@I/US2009/049498

pharmaceutically acceptable carrier. 1 0.The

11. Phal pBESHELCRlay g %9@ bl sﬁffex% bl o[psgsce}g%é Bsulin resistance, a

conprrsing an a Ral - act 1% e agen
metﬂﬂh@bﬁ%@ﬂSﬁﬁﬁMdﬁZMﬁé@&sIﬂeréoﬁmt fmodlcie:asingrimﬂihmgnsitivity
subj ect sufferi.ng f.rom or susce tib to.insulin
in a Pu3Fe oty EARSTING W h SRR Ih ArDrEat & Gaposttion of claim
g conplications thereof, or for increasing insulin
sensitivity in a subject, conprising admnistering to
t he subject in need thereof a conposition of claim9.
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