WO 2010/ 071853PCT/ US2009/ 068865 THI AZOLOPYRI DI NE SI RTUI N MODULATI NG
COVPOUNDS REFERENCE TO RELATED APPLI CATI ON This application clains
t he benefw0 20fo/0d1833 Provi si onal Application No. 61/ 203, Pe6/uskedvmessEecenber
19, 2008, the disclosure of which is incorporated herein 5by reference

t heret o. BACK ND Th ilent Info i.on ator (SIR) famly of
genes represenT %ZHW¥%Bm§r$§i%Wﬁ%MMhUN§St he genones
of organi sns ranging from archaebacteria to higher eukaryotes. The encoded
SI R pr ot eREFERENCHPOMRELATED YPraachlriesecesses from regul ati on of gene
silencing to DNA repair. The proteins encoded by nenbers of the SIR gene

fam |y show hi gh‘ sequence conservation in a 250 anmino acid core domain. A
wel | - char act er Thisdppkedion glaims therbgpefitypfilsS Progisioagt ApplecaBpRNo. which is

i nvol ved | i i HM |.ocii ot [ nfornmat i R east
mat i ng- ty SO AR GHAEOERRT 4n' b RNl b RIS AN D
protei s bblefgenddbtherctn.fam |y of hi stone deacetyl ases. The Sir2 honol og,
CobB, in Sal nonella typhinmurium functions as an NAD (ni cotinanm de adeni ne
di nucl eot | deg-ge endent ADP-ri bosyl transferase. The Sir2 protein is a
class I11B ﬁ?‘é@? whi ch uses NAD as a cosubstrate. Unlike other
deacetyl ases, many of which are involved in gene silencing, Sir2 is

20i nsensi tive trge gli@fInfor@br RedlHbORER FRAGEIIN RES epfabditd Phisnly ke
trichostatin A (gl'SA). e Deaecéeyt Irgqgi oﬁ ofgltacegt%yl 4% ne byI%Siylrz IS

tightly coupkeddgouralbdgiyamstsgsi v, thpgoworssedorgassmsmanginieframd a novel

acetyl - ADP ri bose .c ound. . The epen deacetyl ase activity of Sir2
O Y sent Pt B BN SR O REn TR AT RSP g ersle w f i
cel lul@r pricalRed &M rkful¥@RSIf.geMB bk inano BN A rdaidTRIsrofayLendod ¥y dependent
hi stone deacetylase activity. Mst information about Sir2 nediated

f unct i onsmEBwEE G tlPihecnstiymile shqw highgegquence conseRatemin ¢4 am8inadi es have

shown t hat .9 - iy - 1:00< ker jJ s of

hi st ones }1&%{’,‘% @%Ql‘?ggg}fs{l.c%%%?%ﬁ%%{e& %grléra%l %ﬁh@]ﬁ S ?'— é—%ﬁ%k?%%ﬂ bose and
ni cot i namvi&h iSinvaived inkildncagdiVi lociahateopiagsinfrmSli? spticEpingyehddicr eased
rDNA sil encing and a 30% | onger _life span. It _has recently been shown that
addi t i onaMagBBHHPS: t§FoM e Pesitiql) effestiand RY agingo T byyeass SrDprptein helopge D,

mel anpgaster faqagrr(%f HEHT &Haf& ﬂaﬁ’es&fﬁ@%‘lﬁ2 M)rﬁlgloggt@ﬁbv%gnésgﬁﬁcﬂleﬂﬁgam sms. This

inplies that t | R2- dependent regul atory or aging arose early
i n evol ut iyphirndirthdsnéeas aned NAJY (meemusdde abeday dirfictedtiderdepeatont bel | eved
to have e\@ipveﬁ tg elgs?ance an organisms health and stress resistance to
i ncrease EAAWCEAUBECTESr vi vi ng adversity. In humans, there are
seven Sir2-1ike genes (SIRT1-SIRT7) that share the conserved catalytic

domai n of Sir2ThSKRT brdtSinds NUGEERT dRESYREOwMchRistheAD gheskusieatee of
sequence simlarity to Sir2. SIRT1 regulates nultiple cellular targets by

10deacet yMalikonathenedagetyliges: any afhichuippieelyed ipgaic stipreireiSidliar si gnal i ng
fact %0 NFIn‘égﬁSit?V%dto tcﬂl?s F%I tlll{s?(g}lsecd’elagetblllg& ililﬁll‘f)gt&rs'like trichostatin A (TSA).

Deacetylation of acetyl-lysine by Sir2 is tightly coupled to NAD hydrolysis,
producing nicotinamide and a novel acetyl-ADP ribose compound. The NAD-
dependent deacetylase activity of Sir2 is essential for its functions which can connect
its biological role with cellular metabolism in yeast. Mammalian Sir2 homologs have

25  NAD-dependent histone deacetylase activity. Most information about Sir2 mediated

functions comes from the studies in yeast.

Biochemical studies have shown that Sir2 can readily deacetylate the amino-
terminal tails of histones H3 and H4, resulting in the formation of 1-O-acetyl-ADP-
ribose and nicotinamide. Strains with additional copies of SIR2 display increased

1



SIRT3 is a honmol og of SIRT1 that is conserved in prokaryotes and
eukaryotes. The SIRT3 protein is targeted to the mtochondrial cristae by a
uni que dowaiznilocssBed at the N-term nus. SI RT3 has NAD+Pdeasaee0688pF ot ei n
deacetyl ase activity and is 15ubi quitously expressed, particularly in

met abolicglly active tissues. Upon transfer to m tochondria, SIRT3 is
bel i eved ?%Néesalevféa%@??@’%ﬁan@%@qwn Tidas e ﬁ?ﬁw itk chondr i al
matri X prQ&i%ﬁ&ia%olﬁ@@éf'tﬁ@@eel(e%@a)SIR%bﬁlblo(‘g 51e§t1r hﬁ& {h%rD hRAQalpafteknown for
over 70 years to I nprove the and extend the |ifespan of mammals.

Yeast |ifdSshaene grﬁaetb' axited 10€ sprat ia zlossn 91 ganssnzl s"liillszmmhteetidedlelﬂm}

i nterventi,ons .t ori.c restriction, such l.ow cose. The
i scover y deTaEe GRS TR o Pele PRk P iiao g plhe BRIV ve

| ongers wheghseAke@! Teddyl, Birk @8hdsi ¢ BEliREPW BIRS cOVIvEERE@hhAGt anIrEFhigRBes

medi ate the beneficial health effects of a restricted calorie diet.

Mor eover , healthamid shgssirpsistanceda drcrease ity eldnge pfsuspivingeadyerssy.

gl ucose-responsi ve cAMP (adenosi ne 3',5' - nobnophosphat e) - dependent ( PKA)
25pat hway exte I I et 1 sir2
strains, dermngglrugdtulglﬁg&tg % tlré %ﬁ\}% Slgrs2 1?1‘%%5?% (ItSZRJggtSHQEZ) 1']hgtosj\?\%nultseta} [r}éeam conponent
of the Cab@rsenzedesthryltlctdbmlanmtS‘iWaﬁIRII(D 18 maa&w&ms&mmmmgl 068865

SUMVARY Pr ovi ded he ein novel Sirtuin-np ounds and
met hods ofiegx%o{ Kapse simi lartty 10 Sir3.p rld sgyatcs muﬂtﬁg %h@%%&gﬁ Yovi des
Sirtuy@- nﬁgéékﬁidtﬁﬁ 11?&urmﬁgz/ﬂféstuﬂ5r é@%{‘éﬁg&‘ 5@' thggélm'lluaﬁ%t{alh)l% EX4ar NS KBl e

described In tail ano her aspect nventi on prOV|des
met hods f@miﬁ@ﬁ%@ﬁ@nmnunmnnmﬁwkat|ng conpounds, or conpositions conprising

sirtuin-nndula ' tain _enbodi men |rt - ul ating
conpounds ¢ hat et BadEries LB IR FRERRY 11 Joseyals by BIHTRTOt of n ay
be used f@pe slm I%Ean gftarftg@eaa@%tmﬁoﬁeﬁaﬂmhm@@gy hmlﬁlqaeldaﬁlalmeeaté@exarml e,
i ncreasing the espan of a cell, and treating and/or preventing a w de

vari ety ofttf %@Q‘e@uanSI&IT%laﬁSdéAE+rd¢@md¢nhgroteﬁmdeaemlqs¢ ectiviygaddes or
di sor 9? r Su{) ul% sﬁre Xé)r ef‘(p %al%c I%%lg?%feta%loﬁc actlveo Hsesﬁlest y[rl]%ont n%fje? enerative

di seases, neur o neuropat associated with

an i schemhce @V@hbndr@@@ﬂlaﬂ Chl&ﬁas&isto&)ﬂdidaﬁiedjin@ii gasnlsar, zcoaﬂ’vélf@malswl ar

di sease, bl ood cIottlng di sorders, _inflammti on, 15and/ or flushing, etc.
Si rt ui n- nBYQrkANdHg! BaFduRessinaRePtidiss @ABR)- t he | evel and/or activity of a
sirtuin protein may al so be used for treating a disease or disorder in a

subj ect that “@Hi&c@%@#&io&ﬂa&%@dﬁ%@ﬁ?gv@% Q&%‘E q}' eve‘é‘aftﬁ(anci or

enhanci ng nuscl e perfornmance I ncreasi ng sc e or for
treating oxtepd éwéiftspagofmsmiels i $suelidapagdikasisoof akcedoast is akyppoxi a or

ocheg 2. L Pt S Mo s, 205 gk o i, comounds it
vari ety ofjisthRiamatbdtr yaRPhihd flck RRidgNRE YR NGneld@moe X dMRnger when
calorically restricted provides evidence that SIR2 genes mediate the beneficial health
effects of a restricted calorie diet. Moreover, mutations that reduce the activity of the
yeast glucose-responsive cCAMP (adenosine 3',5'-monophosphate)-dependent (PKA)
25  pathway extend life span in wild type cells but not in mutant sir2 strains,
demonstrating that SIR2 is likely to be a key downstream component of the caloric

restriction pathway.
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increasing cellular sensitivity to stress, increasing apoptosis, treatnent

of cancer, stinulation of appetite, and/or stimulation of weight gain, etc.

As descriweadofun7igser bel ow, the nethods conprise adm ni PCEMSAE9N68885 subj ect

in need thereof a 25 pharnaceutically effective anobunt of a

si rtuin- i conmpound. In certain aspects, the

sirtuin- gggﬁ%ﬁﬁlﬂg conpounds nmay be adm nistered al one or in conbination

wi t h ot her conpounds, including other sirtuin-nodul ating conpounds, or

ot her t her apeupjdifAaRtsn arc\Wovakl@id MGRIRED WRpa R 0RE 38khddk bilukED

DESCRI PTI ON 1. Definitions As used herein, the followng ternms and

phrases sHardofhave the neani ngs set forth bel ow. Unl ess defined otherw se,

all technical and scientific terns used herein 5 have the sane neani ng as

'(':omTDn'I' y under§ edasibé)ct onE dRJent;?&f’gﬂE&@{%%s §1Ft'u1n moﬁ'ulﬁmrﬁj@orrﬁapound of The term
agent" is use ere nto tlre of chenical

conpoufds Stracthiad Fogul ad (I)Iﬁzlr)ramﬂeaiésdr&)edsludétalaselawnucI ei ¢ acid, an anti body,
a protein or portion thereof, e.g., a peptide), or an extract nade from

bi ol ogi cal materials such acteri a, Iant or animal, .
(particularly IbFRotheEEMRe, ¢ a}e%mvgltwp e adgiauet Mé&%&?l@l%@"@ﬁ&%ﬂ%gent s
may rendeEorh{aOLﬁl‘dk LRRb&pBStiSns (AR RRGUFin 3RS Matindtbfpolifdsd IRtk LRI cal Iy,
physi ol ogi cal ly, or pharnacologlcally active substance (or substances) that
acts | ocabipodimesisssigmineabdylating @nmoppécthat increase tihvelandlorbicoatedf abl e
when ref err%?grhto a co oundd%s art-tre ni zed ani refers lt<f OtIorm of a
corpound £ FEETLPTOSRE T PCUPe Faé(ard%P/tO THRUEHRPPAGRUHE B U YB2dRbound
adm ni@t epashplt,anda w@&pmofa 8O0 LROTradtRY anBloP re%ntq{gfwwmese

physi ol ogi cal I y available to a subject or patient Fo whom i t

adni ni st eveRty UBﬂlé¢3<§gﬁ | disorders inedudies, ﬁ@rcﬂxampl%dlssﬁ&swpmdlsqréerérrglaRGé a
portion o | i ch. as the
abi ity t to %elg%&t el esst Ia{a%é%k %bgﬁ%élaﬁigurgd%e%r%gv ea%gst cﬂérﬁgtherﬁﬁefunc TRy
conpri se tdaiac&m@elrdiﬁﬂw ﬁelﬁt)pe&hy assbmtedanml a@gs@ﬁhhyewht io¢ela2Bisges i ons of
SI RT1 havi ng GenBank Accession No. NP 036370 that enconpass the NAD+

bi ndi ng d Pﬁﬁlﬁﬁ’féerﬁ*@r@%@wl&l{ dsessadilony deffag fisordses, EXRAINZIONRY i ncl ude

i ch e o oo, BT, BB R R P P SRR e R AR R ol N

012238. Tlax&mﬂymfe sirtin prat@ginay dle warved forescatied e disedbetoo dasrdehe £or e donmai n.

25Q her bi caIIy ctiye.portions of SIRT1, also spnetinmes referred to
as core d ? that wop} é’b%‘g‘f' ingrra16d grtogRonsigial §vAYs f%BPnl@é‘ﬁlBénk Accessi on
No. NP 03§3¢le lebﬁ'ﬂn@é FoLERIGH sl %”Iqﬂltebg§ Sr %Mréaﬁn% %@Te@éntﬁ%n Bank
Accessi on No. about am no acids 242 to Bank "Accessi on
No. NP 036®l‘$’¢1¢ tinhicclamage asncieidd avithyhyporslagotiiciewia7 17 othr ¢BBedigfenGenBank

30. No. 012238 254. t o 495. of GenBank

ﬁggggg(? OI’]SINBIH rnodllﬁwmg cornpdunas thaP ge%treaas'e heqevaecf IaI(lj(?/or activity oéa Sirfuin

protein may be used for a variety of therapeutic applications including, for example,
increasing cellular sensitivity to stress, increasing apoptosis, treatment of cancer,
stimulation of appetite, and/or stimulation of weight gain, etc. As described further
below, the methods comprise administering to a subject in need thereof a

25  pharmaceutically effective amount of a sirtuin-modulating compound.

In certain aspects, the sirtuin-modulating compounds may be administered
alone or in combination with other compounds, including other sirtuin-modulating

compounds, or other therapeutic agents.



NP 036370, which are encoded by nucl eotides 813 to 1538 of GenBank
Accession No. NM 012238. The term "conpani on aninmals" refers to cats
and dogs.weouwggmsBerein, the term "dog(s)" denotes anyPgEMsee0068s6he
species Canis famliaris, of which there are 5a | arge nunber of different

breeds. T e ) " rs to a feline animal including donestic cats
and ot hergm%%)bf%é(ﬁ%'ﬁéﬁﬁy Fel i dae, genus Felis. "Di abet es”
refers to high blood sugar or ketoacidosis, as well as chronic, general

met abol i cjabnopkhition§s ari sing froma prol onged hi gh bl ood sugar status or
a decrease in glucose tolerance. "Di abetes" enconpasses both the type |I and
type Il 10 (Non Insulin Dependent D abetes Mellitus or NIDDM) forns of the
di sease. The rAsks¢drareinsthe dollatyiaséarms apghehigers shplbhavs thewieagingsst or s:

wai stline ' r ' . bl ood
pressure g hllg%(;\g'Smnfﬁgfgé%ﬁdeﬁi%gﬁ%ﬁsgt arllfrtg yngéear1 ?lg%g&%gg%eé%o%ngﬁ gﬁeflpf asting
bl ood 3l ubpaehgrand eraidih@ns dEmoBlydindestobd ghottedSdrtiiatyl shiipinaheun. of | ess
than 40 ng/dl in men or 50 ng/dl in wonen. 15The term "ED50" refers to the
means. e dose TBY CAMAEEN R SR BrGaUEAEn 0o bFTIcE CooRat At FESSRSS o

ef fect, OEhe?JliEﬁchﬁipbﬁﬁdsY a bidi@gi@ﬂ%c%ﬁ&@clﬂé E&géﬁ:@ssa Fuddigdelesm ned response
in 50% of test subjects or preparations. The term "LD50" refers to the

ar t - r ecogaitdedy neprotmirooportien Hercodlose, a peptele), vabmexidsodiade frosy  LD50 neans

t he 20dose. of .a.drug. which is leth i n.50% of te subjects. The term
“trer apeuioPa el Wi a1 Sachlao aplslREL PRIURELIPFUFLFS to ¢ ne

t her apgut hfaniniulix) &flisdr d54i@s. URS AdiRely 8 shdRAUMAPDy render it sTRSLIE 85 N
"hyperinsulinem a” refers to a state in an individual in which the |evel of

i nsul i n i nthereewicogant” svinehyierbielhgisalho mhusiologETHe or ehpmacalogicaly r esi st ance”
refers to_a.sta i i 1 t of . in pr es a subnor mal
bi ol ogi c ?glsv%osﬁfs)sgaﬂrcg I(g‘%u@%aﬁcggfﬁﬂﬁto O%Bcoe{l Sy?%@%%ﬁ &' ?%&j&gu bj ect that
does not have insulin resistance. An "insulin resistance disorder,"”
as di scussed h&hetdmn ‘befagaisable iy icse@s® adong@ndd i @nrdcbaiizédsanclaused by
or contri Ft%tg;t ed tlg[) by insulin resistance. Exanples include: 5  diabetes,
obesity, ?rélS‘bP'Qi’nh‘iﬁlr?d‘%oé‘F%)}lniiH?&P]il‘thr iits P PYIQY AHHGHEVUNEYhdr ome X,

i nsul {91 T e5hS5EAAGAmIRLORIDIARLIREBSE U SncdtyHaIERR! Hbthdivk bl ood

chol est er oﬁﬁd}g‘sl Il dem a, 0hyper{)i p;édgé’mn%d,}iéat her osé&ebr otic disease

i ncl udi ngpkysiadégcalorvarably taa sdyjsct di pgmaetoorhery ddsadinmlist¢md.ar ct i on,

hyper gl ycem a, hyperinsulinem a and/ or 5hyperproinsulinema, inpaired

gl ucose tol erange, delayed insulin.rel ease, . diabetic conpl.ications,

Pncl udi ng cor ondFyPaEl _taCﬁY%%QaﬁaI} B AT SBETaP iAo EHY LI PRast
failure, BiViRKe bioledEulbitiatyl sithids @Satlintyds dedtetydate I Bidlo@eakietiveer i pher al
neur opat hy, nephropat hy, glonerul onephritis, glonerul osclerosis, nephrotic
syndr one, Pjigas eehyitvia apemmeicdhoeire depp of ypaunsofBiglegiceHy pefiteh as

endon% ri Bl)rtiogg SPSIRTI having GenBank Accession No. NP_036370 that encompass the

NAD+ binding domain and the substrate binding domain, for example, may include
without limitation, amino acids 62-293 of GenBank Accession No. NP_036370,
which are encoded by nucleotides 237 to 932 of GenBank Accession No.
NM _012238. Therefore, this region is sometimes referred to as the core domain.
25  Other biologically active portions of SIRT1, also sometimes referred to as core
domains, include about amino acids 261 to 447 of GenBank Accession No.
NP_036370, which are encoded by nucleotides 834 to 1394 of GenBank Accession
No. NM_012238; about amino acids 242 to 493 of GenBank Accession No.
NP_036370, which are encoded by nucleotides 777 to 1532 of GenBank Accession

30 No.NM_012238; or about amino acids 254 to 495 of GenBank Accession No.
4



10prostate, and colon), conplications of pregnancy, poor fenale
reproductive health (such as nenstrual irregularities, infertility,

i rregul arwowvoloa7igsa, pol ycystic ovarian syndrone (PCOS) PCTIUSp@dipeissdphy,
chol esterol related disorders, such as gallstones, cholecystitis and
chol el i t hi asi out, . obstructjve sleep apnea respirator r obl ens,

ost eoart ht\&pbz@@nﬁhﬁg 3 grseded by 340,160&5%%0%0&333 of ﬁ]e@é?‘ﬂi Refestion 15The 1 er m
"1i vest ockjoania)is53g efers to donmesticated quadrupeds, which includes those
being raised for neat and various byproducts, e.g., a bovine ani nal

including cattle and other nenbers of the genus Bos, a porcine aninal
i ncl udi ng donedh¢ ermwicampanan aninals”reletrep saisfand Hegy dnwsedigreinathcovi ne

ani mal i ng¢l] udi,ng sheep and ot her ers.of-th 2NUS iS.. domestic goats
and ot her CHnReT oo iR 15 A 0R5 B S8 bRl e IR 1

rai seds f ok Igpegiabdragdiff@skoredds MTiRscts ecA@) acReatla Rfinbudigan, e.g., an
equi ne ani mal i ncludi ng donestic horses and other nenbers of the famly
Equi dae, HeHgéngedmestic cats and otherrmempeis of thegfiaally Felidaq gemtis Felist he art, and
exenpl ary manmal s i ncl ude humans, primates, |livestock animals (including
bovi nes, porci 'C PR i I - L - felines,
etc.) and rodeg?gm?§$g¢%ﬂ%ﬁke aggB?;%%?g&E@%§m&&%%g%g§ﬂ?%gﬁépghalS or

i ndi vi duagsnesalifictatiohig abnamabbesarisyngfremgeneloagd¢d/highdlooddugdrstadtawirng a body

mass i nde BM) of at |east 25 0 reater. Cbesity ma r may not be
associ at e ef_&ﬁSﬁ " UGN RRPS e & eShpassX B gy el gy & eral

adm ni@t r gl PmhsudBep@ABAHRbAEEMRALEHIGITDLY Tordls®raid didsE. etRanized and
refer to nodes of adm nistration other than enteral and topical

admi ni st r &ctass forgeabatels yndiydeithg edlomwamng fagieds: iwaedtimees!, mevictthen A0 inchdstfar i on,
intravenous, iRptramusgular, ipntraarteria Lptrathecal. . intracapsul ar,

|t r aor by 15 o PRaRAES RN B, R ERESlk 8113 P pEIE St AR e
subcut anegitsic 150RELIEI, €44tiag blobBighrRody dresit @bn 160/REAND h%vh, edbiBar achnoi d,
intraspinal, and intrasternal injection and infusion. 5A "patient",

" subj ect " liponraiginefdess tharpd0 mgeh ir mee pep@ medlldp egIna human or a non- human
ani mal . . The term "pharmaceutically acceptable carrier” is
art-regogni z edTﬂ@ﬁmfhe*E%sos’ Feﬁeré‘to“tﬂé‘ﬁﬁ%@oghlz%&‘h{e%ﬁgg ?Ffllff@ctﬁlvg 4o gfial,
conposition or vehicle, 'such as a [iquid or soli iITer, diluent,

exci pi ent certanh vr@bddioensnERpsntaas thegdasabéa dalg, whinlv ptodeckesi 50%caf ityyi ng 10 or
transporting. any subject conposition or conponent thereof Each carrier mnust
be "accepf4BIng M Fespp asffee %alﬁm%e%@ﬁ%?w@wm UCHeA Bibj ect

conposi ti gie@fted fe%ﬁ)&%gﬁ)r?ﬁ'@%to?tépgﬂﬁ'&tts S HriffarQibhs L Phel tB8n PEDL &M fersSOMe
exanples of materials which may serve as pharnmaceutically acceptable
carriers imtbkadeccqghized myasge of lathal desd. brtarke crgbatimsiets.dridsosunothe; (2)
starches, ,such as corn.starch.a pot at o.starch; . (3)..cellul.ose, ,15and its
der 1 val s veS e g ShBudh BT DR PR Gl il st e Eiesi 826 and
cel I ul osea@g@trédo@niztderMOVBIER Bder taBhRaRHhFbutic MdeARI b idrid HeB@ddadsi n; (7)
talc; (8) excipients, such as cocoa butter and suppository waxes; (9) oils,
such as pb®hudEDei|, cottonseed oil, safflower oil, sesane oil, olive oil,
corn oil and soybean oil; (10) glycols, such as propylene glycol; (11)

pol yol s, such cerl 0. bit @)oo TR LR L 203Ny gl ycol
(12) esters, sﬁgﬁa%%’g&%§Fm§ﬁ%%@% gﬁé etﬂy%%fgégatef8%¥§§k§égﬁgg(14)

buf f er i ngleaglesttissuliaun theddoohg hégictthahywdrmadi de and al um num hydr oxi de; (15)
alginic acid; (16) pyrogen-free water; (17) isotonic saline; (18) Ringer's
solution; (19). ethyl .alcohol; (20) phosphate .buffer solutions; and (21)

ot her “hon- 1 oxi & EEHBALFHIIE FeINAEan LS Bhbha R Y HETphao TR e 4T

‘; glr g}[“ gfqi ?igﬁlgln gl%ﬁhé'estaesﬁlﬂhgrﬁ{a?B%Méi@&épérﬁe 1htivel6 Mié%‘éica%gpdﬁﬂ@ﬁl gsed in
[
subject that does not have insulin resistance.

An “insulin resistance disorder,” as discussed herein, refers to any disease or

condition that is caused by or contributed to by insulin resistance. Examples include:
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condition, such as a local recurrence (e.g., pain), a disease such as
cancer, a syndrone conplex such as heart failure or any other nedica

condi t i orwoi2s1veghids3understood in the art, and includes &dmiuse@voetshdpn of a
conposi tion which reduces the frequency of, or delays the onset of,
synptons qQf .a ne |cal 0 tion in a subj ect relative to a, subject 30 which
does not g’ééét% FHE: E’SW%BQ? PGP, m6F%§}%IFFF|SBW%‘T8W%§HE@PH}GR§I udes, for
exanpl e, ﬁﬁéyﬁhﬂﬁu%B@lﬂgﬂﬁﬁédﬁﬁmﬁﬁé@&ﬁéﬁh%,QQEEE%RMﬂxﬂbQﬁkﬁﬁ ina

popul ati on of 7 patieéents receiving a prophylactic treatnent relative to an
unt r eat eddggdipideotia,gypedligideony, athedésoleratl (hgaaﬂglmh@n@m@h@,mwaqf arthey ect abl e

cancer ous ,gr owt ersus .an untreated control
populatioﬂ%mgeﬁrnuﬁ 1@”@?@?”2?1@%5@§%5 ﬁ“%r ‘PH&PP?a(ﬁ%%lflcant anount .
Prevens i oRygrprdthshiih@gib] igfpairbé bHdeR, tolfe@rnc@mm%@msﬁhﬁ RIdgE,NGatdchie nunber  of
di agnoses of the infection in a treated popul ati on versus an untreated
control pepuplkeations, inphylieg cefenaryhagt dleaspranginagicceyisproaaestive hedie i nf ecti on
ina ”ea%a‘%ﬂre"?i%&l aEbé%ﬂm\/ fuﬁ&%nr%g HOhLAAL ﬁe%nﬁg?ﬂfr# %leggﬁé%?lll I?ehko%’él Preventi on

of pain includes uci ng or a érnatively

del ayi ng, n@shirépasien gRin@nidnEtpRis) @amedﬂcksylemslm aeﬁlﬁomms@dtdr@@t ed popul ation
versus an untreated control 10popu|at|on The term "prophyl actic" or

" t her apeuhYROrtepsiua AFABIRPSCle§OskT Yomealy BefrAfLapecs htich af é@@@%ﬂﬁdl?ﬁe?ﬁtst ration of a
drug j@ a hosy I @fg: B bR obPferlal PR &b ati on of
t he udaanpnﬁ é%% é%é%n %%/g?iggﬁggorby Oérfhﬁvg%?ﬁ%NStatg of the host
ani mal ) t fseoh bhmechyteat nrmgularmespunfplfmyﬂtﬁcﬂregnlanQvalanon,tpqmymmo\mr'tahe host
agai nst 15devel o ndltlon as if adm nistered after
rani  est aFTGHBY Bl o res et Ehisch b sich & SR apRut | <
(i.e., | tclﬁcﬁedy@ﬁ@éqgﬁidchfofbll@ihﬁ@lg"ﬁﬁt oBIRICHPE 4§ BhcABhdHe@pifatdlye exi sting
unmanted condi'tion or side effécts therefrom). The term "pyfogen-free"
wi th ref eprabtans, osteoasimpiesindibong lasefeeg. SOS¢®par0@t$np@3Htltcubn that does not
contain a pyrogen in an anount that would | ead to an 20adverse effect
(e.g. cirritat an iarrhea, re to di stress,
endot %)Sx i ShOCERe tetrm ¥VGStOC annﬁals %ef?rs ’t%\ﬁ %stltcﬁted uacﬁ”ﬁ) iofr’ll%%as been
admi ni st eﬁﬁmdeEafoseKaﬁ@kaesedtfhﬁmteﬁramrdlvarm@amprddmcsn@gnp@aslne@ﬁmﬁ| tions that
are free of, or substantlally free of, an endotoxin such as, for exanple, a
i popol ys kit eélq amthernmapbars af the genysrBaspaporcare aipdinclidipgrs to t he
nunber of t I di.v
Chronologlcgﬁﬁégﬁ%§ﬁkhﬁh%§ﬁrono g@?@épigf?gS&thﬂg%ﬁmgﬁégggﬁﬁﬁkhg)d
refers t Oaﬂl(hethblalngﬂnbembf thergenas @mudlamésdn godits Iamdlatﬂbﬁlmdmth@ékHesgelnBMI ns
viablﬁ n de rived of nutrients. "lncreasin gf Iifesgan of a cell" or
ext efldli n@ai’rﬁe PPELSHAH Abtarapeds Pring r%zée%fﬁbﬁpe@ (@89 WCBAS BYGHri snrs,
refers tOb&ﬁﬁéﬁﬁﬁﬂﬁﬂe%h%n%ﬂﬂﬁéﬁnﬁﬁﬂ%ﬁ%ﬂﬁﬁf&mﬁ&#&%mﬁk?%ﬂ?&ﬂmﬁﬁmﬁﬂ&sCe'
i ncreasing the abil 30 of cells or organisnms to cope with stresses and
conbat daQﬁ@@meﬂgEgm@&:@MMSEqmmelns and/ or increasing the ability of
cells or organisns to survive and exist in a Iiving state for | onger under
a particular c tiaq »e SLIESS for heatsh snotic
atFess. “hign onds by Bariefos eI 1. ARGl PG hage.
i nadequat BuBans, phﬁ’l‘d%ls,, livieBi@elie aniatads Bodlﬁaase orcies,ichay] e@mp&rﬁomut rient

| evel ). Lifespan can be increased (y east about 10% 20% 30% 40%
50% animals (e.g., canines, felines, etc.) an rodents (e.g., mice and rats).

“Obese” individuals or individuals suffering from obesity are generally
individuals having a body mass index (BMI) of at least 25 or greater. Obesity may or

may not be associated with insulin resistance.

The terms “parenteral administration” and “administered parenterally” are art-

30  recognized and refer to modes of administration other than enteral and topical
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5 60% or between 20% and 70% 30% and 60% 40% and 60% or nore using

nmet hods descri bed herein. "Sirtuin-activating conpound” refers to a
conmpound wbabiwaicsseases the | evel of a sirtuin protein &a0/Useo0v6ssenses at

| east one activity of a sirtuin protein. In an exenplary enbodiment, a
sirtuin-ac |vat| n nd. may, | ncrea e at | east. one 1Qbj ol ogi cal acti vi ty
of a sirt @%ayw& 0.6 e oy i3k tllgtst%w%%ra% ¥ or nore.
Exenpl ar yerﬂaﬁ{u@wl&aintﬁﬁﬁérYdltlhﬁ‘@theéal %ht"rédéb%lz&r Hlftr%bﬁb%tal netddgieideacet yl ation,
e.g., of histones and p53; extending |ifespan; increasi ng genomi ¢

stabi | i t yinteidémmmd, inganerigonsel; irptitenhcadmdbadarteons, Isibaytichler, sgpr-agatlaon of

oxi di zed pr.otei ns betwe ther.a er.cells. 1 rtuin protein”
ot er ot o bR B e €D e pirah nd BHOR LBl Rt B a0 O Phret erabl y
to the sir2 famly, which include yeast Sir2 (GenBank Accession No.
P53685), C. el aggagerd sibjdct? ConBaidkalAGE eifst 0RfNto dNBeBHRYEZ) or #nd human
SI RT1 (GenBank Accession No. NM 012238 and NP 036370 (or AF083106)) and

S| RT2 (Geﬁ%rhkm%é@g@i -on No. NM 012237, NM 030593, NP 036369, 20 NP 085096,
and AF083107) pr oteins. OQher famly rrerrbers i ncl ude the four additional
yeast Sir2-1ikeg S« hono T1,
leT2, HST3 and PEra™ ; hﬁmﬁgut C:ﬂﬂa%‘t% E‘Blehc(ﬁrran Lsgﬂng og%fase%h dt&% tﬁgl RT4,
hSl RT5, hSpmiﬁlaamdlchﬂsymckp(abtmmanccﬁnpc&htlon(dt%ﬁl)cleeamsas@dxqu1c9012888 and
Frye et al }({%1?99(1 BBRC 260: 2731} Preferr d sirtui. nl; t hose t.hat share
more sim MY ibienfex HPePiRyQlvent of encapey ﬁ%ﬁg Mt VEIVEd TR RRYIE t h SI RT2,
such a5 thpgsm Rg&mgraﬁy Qﬁ&jbdﬂ@oﬁﬁaoilﬁ&%r RfifonSht th&%oNEaFeh%ﬂ%k rrfu@ﬂ%ence
present in S and absént in SIRT2 such as SIRT

protei n" rafceptable’d ndhﬁecmsepf béing h@mmtrme Wah]tlhwswjecmcrmmsmoa@@detSyl ases I n
one enbodi ment . F rot e| n i n¢ east 2 ‘ﬁ&‘(‘ I?fa Tq ﬁccesm on No.
30 P5368550 B 88:?8 1%“02‘5 (et % o SRl TS i human

SI RT1 ( GepdBadks @ﬁ&@duﬂ@alwoaccéﬁﬂ%ﬁéga%ﬁgrs(lﬁclhﬂ?e Qﬁﬁs%%@rs(@bh%%ﬁ%@@) and 9
equi val ents and fragments thereof |n another enbodinent, a SIRT1 protein

i ncl udes aluseioandFuETaEs: EDMFRISNYICh a8 sefuetreh suhatapisiechof3) csHulesnsi st i ng

NP 0365 70 b arhOBsA IR B ShduR RITRTRSRE! il B RUPRMaAL CESP LS T
i ncl ude podlipeptacetes; G0 poptesd nggadahtho (5)annI(6) geiatof (Theca@®) no aci d

sequence set forth jn GenBank Accession Nos. NP 036370, NP 501912 NP
085096, NPXQUEEREFUCHAS prropdnticrand supRATHOROYaKesdGletht sudiets Peahttvili n GenBank

Accessi ongscdfiQ3RERer OF SOAG. o 9@5&99011wﬁd9@@ég9011 1pP53685 wi th 1

t o about 75 or nore nserva I've amno acid
subst i t ut glynsls, such anpropyoe dlysel) (N pelyohsasudhsis alyceansorifi®],6084nitd0% 80%

0363780 NP EOETSY NP RRaI0H) N oS8R 8S sl e B AR L R

fragnent s (4 eugefind ememclhca@%a%hesﬁﬂﬁ ;yﬂr‘b%ﬂfe' 20 aﬁin%ﬁumngﬂdf&&déﬂg | ogs
(e.qg., orthol 0gs an par al vari an or fragments, of GenBank
n\%em

Accessi onalgiodc agud (A8BE0ge 291,21 T NFOtOBS 6aBIc; KES) RIBSBBHS sobtioP53885. 15As

used herel roteln otein | RT 5
oot o bl kRO, B it Prasg BAFEERRORLERT AL ol b RS bR Tan
e.g. hurrambseametswrﬁpldya@clﬁtphh@&eemdat ﬁirﬂ&lahbﬁst are honol ogous to SIRT1

protein, particularly in the approxi mately 275 am no acid conserved
cat al t|c dormai n. For exanple, "SIRT3 protein” refers to a nmenber of the

sirtuth deacety h%lgeémppm@n%ng dﬁ?ﬂ?e@@n’czﬁ‘étanﬁé"l}%Né?‘b’é‘dﬁlé‘“%toaa SI RT1

protein r GenBank

Accessi onh%%%%za %%T%%gl}é?@g p%fﬁo%c%%ég%% angm’rﬁ;’ugﬂ%ﬁgl%

(GenBank Amuoplssisurh Meaﬁﬂ&’aiﬁﬂél&?&)y @hotmeédic] cantitiegus well emdlesstaafdjinfthag ment s

t hereof In an t.h odlrrent SI RT3 . rot ll’l |nclugges ag eptide

conpri si nfte"gd a‘ﬁ BOHETALn ] agpmpsitigpRGi DurdiFes LedranEIMAor ¢ he
delays the onset of, symptoms of a medical condltlon in a subject relative to a subject

30 which does not receive the composition. Thus, prevention of cancer includes, for

example, reducing the number of detectable cancerous growths in a population of
7



25 am no acid sequence set forth in GenBank Accession Nos. AAH01042, NP
036371, NP 001017524, or NP 071878. SIRT3 proteins include pol ypeptides
conpri si nyoablo/oussa portion of the ami no acid sequence PET/USIWINGESAS GenBank
Accessi on AAHO1042, NP 036371, NP 001017524, or NP 071878; the ami no acid
sequence set forth in Ge(%gagﬂk Accessi on Nos. AAH01042, NP 0363?1., NP
001017524 PalntNeCving APrapvifctin rpatmenbishiiive jo anguntgcated copfyol papulagign. 30, 50,

75 or MOT &n 7 ONGELN 1h% 8 @éﬁiraﬁf%e%@ngéh'ttl@Ulﬂd&dL@%?éwtﬁQiMr@ﬁe@Ci d sequence
that is at | east 60% 78/0 80% 90% 95% 96% 97% 98% or 99% i denti cal

t 0 GenBankopd@emsicoyus o sntrodedddaid] poNfat3B68 21 by NBtetiGllysRd/oror NP 071878,
and functipnal,fra nts thereof. Pol ypepti.des of .the invention al so

Cnel Lo neRDR RRREM RpbiRt el P RIGHRy Mo hTEEMIET, agment s, of
GenBank Acisink @i Masber OAHRERGEs oNRe @B Toh in MRrAREGbABRAoN Qérsi¥A071878. I'n

one enbodinent, a SIRT3 protein includes a 5 fragnent of SIRT3 protein that
i s producegiresiedetoatio bpppuldtion, andmrdstayiedhe anschaf HimptpnseedsilHgetpant i dase

(MPP) and{o i rj i i i e . The terns
ayor em o TSR Ry b IR Gy DBRMRRT PhMeon o i 2
adm ni st r aicluales, fanekanmplkyiredueingrteelmagiitplei adrlajtermatiecladtaydgogdin zed and
refer to the admnistratjion of a subject conpagsition, therapeutic or other
mat eri al SROSEHONS KAPFTIROETG BEtubjectsin g trartedgontlation Nerswoisundsraicd gpnt&lch t hat
it enjgrs (t,%ﬁat%ti ent's systemand, thus, is subject to netabolism and
other 1ikBprocesses. The term "tautoner” as used herein is
art-regcogni zed and refers to the formal mgration of a hydrogen atom
i.e., proton, 3dbctmpdiprapdiybytid’ evithaipeofic’atrsitmghtes bibirecogneddpdicent doubl e

bond. When wused herein.to describe a c ound .or gepus of 15 conpounds,
Cautoner 9% AR EAYaHGT of SEHO & SR GT T EHE a2 EBfflound such as
a singl e glaRFEdtdtlRAYS 1S ufv S Hion To L dRk& e bRl UhRMSd GhtedréRMpound or,
for exanple, the entire conpound. For exanple, the tautomer of a conpound

that i ncl hetgniandh)diensheltrogtmest it propky psic te-nié pratents (hahosteigaingonpound t hat
IHn %l u?@ S Ei@v%lokp%goﬂl% Ql%l’val%t%g %BI‘l&lH(t)ne, %vﬂe're%g ii(a%)[ﬁim%{ere%}lte% %%n}fgslf;it?orrrl%f th€ CSS ON
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
20  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
25  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
30  of cells or organisms to cope with stresses and combat damage, ¢.g., to DNA,

proteins; and/or increasing the ability of cells or organisms to survive and exist in a
8



The term "therapeutic agent"” is art-recognized and refers to any chem cal
noi ety that is a biologically, physiologically, or pharmacol ogically active
subst ancewohato/Eesss | ocal |y or systenmically in a subj ecPCTse0e58868 SO
means any substance intended for use in the diagnosis, cure, mtigation,
treatnment .or prev ion of disease 25 o n the enhancenent of desirable
physi cal Bwnﬁ«érﬁeaﬁeorl%\g@wm%ﬁpa%ﬁam%ﬁm Eiorter AP &NPIal or human. The

term "t hepan@istk ostlotie Glress! ﬁgﬁEﬁergﬁF&Edﬂo%e&le%ﬁélalfy%iﬁuc%dts&eﬁ b@ﬁ%@' or
systemc effect in animals, particularly mammals, and nore partlcul arly

humans 11doayse mabgqlatqﬂaétrlﬁwd;ohw:mab hyrogcn lavel, subetenet. nulthet phrase

that prodlieed: LREeaet PERFERal b TEPLR S0%r PR Up WhehBRor e

benefi4/r ek drdbiveaRPY] £RT1080,13090Md 60962407 Bhd 60N hiveé aass hcarlds y
effective amount of such substance wil |l vary dependi ng upon the 5subj ect

and di seadescebertihartidn being treated, the weight and age of the subject, the
severity of the disease condition, the manner of administrati on and t he

|i ke, which cangiagdday, B E’o%lgd %“Fe%@(% g&ﬁgcﬁun%rtﬂét’lﬁ‘& astlflcl|ctdp the art.
For exanple, certain corrp Itrons descri rein may be adm ni stered in a
suf fi ci endf anmuit pro@irpareiderdecraasde st lced oné hesityaf aairteaponabl & benefit/ri sk

ratio applicahle tqQ such treatment. 10"Treating" a conditjon or disease
refers to“tMRHY eérg)ox%ﬁ?nt’a?ss%\*ﬂé‘rch%ttl}grf@né{oup‘éa‘é‘@’ IRHEASE PhSEBRNBf t he

condi {p ONpRfoHa3 8AREe of a sirtuill ?otélﬁrb at Mo §t a‘BBut' 1@/@'15%%@% F768,£1 5040

di m ni shed vi'sion, 'S oteno y partially reversible or irreversible
upon tr eabmente. (Fesemplarslbr@@ys)l acil?‘atlbﬂ @&shlaulhprcseuemludﬁsiﬁmtylatpm rment is

t d "bl d " h f t t e. 15I f
LTeen, vher ok inEeSind s soPatse Besr b it e g SR s et v
| enses, Ofraﬁ’scﬁ;)ﬁéﬁi'ana 'C@ILt%lHIflg 1h8 S8k Paidn 7 ol R A§Potdind BBkREN (ihgegr ees

r adi us) Sirtuin dulators In one aspect, the invention provides novel
si rt ui n- meetbdaughieg cenpounds for treating and/ or preventing a wide variety
of di seases and disorders including, for 20exanple, diseases or disorders

relat %j to agi N Qfn &B{e%?’srefe% %%eﬁlgrﬁberoﬁecﬁé {idtuin deacetylase protein family,
or preferably to the sir2 family, which include yeast Sir2 (GenBank Accession No.
P53685), C. elegans Sir-2.1 (GenBank Accession No. NP_501912), and human
SIRT1 (GenBank Accession No. NM 012238 and NP_036370 (or AF083106)) and
SIRT2 (GenBank Accession No. NM_012237, NM_030593, NP_036369,

20 NP 085096, and AF083107) proteins. Other family members include the four
additional yeast Sir2-like genes termed "HST genes" (homologues of Sir two) HST1,
HST2, HST3 and HST4, and the five other human homologues hSIRT3, hSIRT4,
hSIRTS, hSIRT6 and hSIRT7 (Brachmann et al. (1995) Genes Dev. 9:2888 and Frye
et al. (1999) BBRC 260:273). Preferred sirtuins are those that share more similarities

25  with SIRT1, i.e., hSIRT1, and/or Sir2 than with SIRT2, such as those members
having at least part of the N-terminal sequence present in SIRT1 and absent in SIRT2
such as SIRT3 has.

“SIRT1 protein” refers to a member of the sir2 family of sirtuin deacetylases.
In one embodiment, a SIRT1 protein includes yeast Sir2 (GenBank Accession No.
30  P53685), C. clegans Sir-2.1 (GenBank Accession No. NP_501912), human SIRT1

(GenBank Accession No. NM_012238 or NP_036370 (or AF083106)), and
9



neur odegenerati ve di seases, ocul ar di seases and di sorders, cardi ovascul ar
di sease, blood clotting disorders, inflammation, cancer, and/or fl ushing,
etc. Sirtwornmdalsssi ng conpounds that increase the | evelPCansb@m/oessss vity of
a sirtuin protein may al so be used for treating a disease or disorder in a
subj ect that. uld nefit from.25i ncreas m t ochq lal activity, for
enhanci ngemga\é\o s f;%cf ﬁagfﬁ%%@er%r q %@rf@agwgadlmfge |ae4?ﬁ%rl>pr<§9@u§clu f or
treating 98 %@p’t?d%tdoﬁﬁbrﬁhh%% s%qﬁén%é H@ns‘?s%ﬁ@% cf’i‘%é&s%tﬁ‘i‘g%@sé{’{tlﬁﬁy by aRxi a_or
I schem a. her  compounds di scl osed herern may be suitable for use in a
phar rraceutamuml acgbyegogiceiserforthdi GienBark Aecennore NoethiIS6476G NRBSEWO Rer ei n.

20r opr esoRTell By Pa Pt o oA <SR TR R o s KoV D maceut i cal 1y
acceptabl @orﬁﬁﬂlsﬁné mebfe@f)@rtﬂah @f ﬂierhrmﬁd) BEd Aedun&eice &rBtinfG@MBankg NN
ssroser: A'ccessmnEf)\Pos NB 036370 NP 501852 NPS 085096, NP_036369, or P53685; the

amino acid sequence set forth in GenBank Accession Nos. NP_036370, NP 501912,

NP_085096, NP_036369, or P53685 with 1 to about 2, 3, 5, 7, 10, 15, 20, 30, 50, 75

or more conservative amino acid substitutions; an amino acid sequence that is at least

10 60%, 70%, 80%, 90%, 95%, 96%, 97%, 98%, or 99% identical to GenBank

Accession Nos. NP 036370, NP 501912, NP_085096, NP 036369, or P53685, and

functional fragments thercof. Polypeptides of the invention also include homologs

(e.g., orthologs and paralogs), variants, or fragments, of GenBank Accession Nos.

NP_036370, NP 501912, NP_085096, NP 036369, or P53685.

15 As used herein “SIRT2 protein”, “SIRT3 protein”, “SIRT4 protein”, SIRT 5
protein”, “SIRT6 protein”, and “SIRT7 protein” refer to other mammalian, e.g.
human, sirtuin deacetylase proteins that are homologous to SIRT1 protein,
particularly in the approximately 275 amino acid conserved catalytic domain. For
example, “SIRT3 protein” refers to a member of the sirtuin deacetylase protein family

20  that is homologous to a SIRT1 protein. In one embodiment, a SIRT3 protein includes
human SIRT3 (GenBank Accession No. AAH01042, NP_036371, or NP_001017524)
and mouse SIRT3 (GenBank Accession No. NP_071878) proteins, and equivalents
and fragments thereof. In another embodiment, a SIRT3 protein includes a
polypeptide comprising a sequence consisting of, or consisting essentially of, the

25  amino acid sequence set forth in GenBank Accession Nos. AAH01042, NP_036371,
NP_001017524, or NP_071878. SIRT3 proteins include polypeptides comprising all
or a portion of the amino acid sequence set forth in GenBank Accession AAH01042,
NP 036371, NP_001017524, or NP_071878; the amino acid sequence set forth in
GenBank Accession Nos. AAH01042, NP_036371, NP_001017524, or NP_071878

30 with 1toabout?2,3,5,7,10, 15, 20, 30, 50, 75 or more conservative amino acid
substitutions; an amino acid sequence that is at least 60%, 70%, 80%, 90%, 95%,
96%, 97%, 98%, or 99% identical to GenBank Accession Nos. AAH01042,

10



5; wherein ring Ais optionally further substituted, R is selected
from-H or an optionally substituted nitrogen-containing heterocyclyl nethyl
group; WO 20RA71853sel ect ed at each occurrence from a haCo/uS2@m 068885 C4

al kyl, and fluorosubstituted Cl1-C2 al kyl; 10n is selected from O-5;

R3 i | t f i - | | - C6 k | C2-C6 al k |, C3-C8
cyc: gaisEyﬁ%—ﬁg@gﬁg@?g}i’vﬁngﬁa& ﬁiésglyg[%ﬁt Hn%etjlno}{lé?fr%ﬁwts, t%@e}é?% al koxy and
het er OCYCPMI'yp@ti‘a@@oPih’éXﬁven’ggﬁ%l?B %g%moﬁ%lég%r(@.%)é)hthongké(%Wﬁaralggs)?' kynyl, R3

is optionall'y substituted - al koxy, I's heterocyclyl-Cl-C6
al kyl , R3varganigopfragmentsof SiehBeink dcedsioy NOg- £AHAIRY2, Nt 086306 al koxy- Ci - C6

al kyl. In.ce i oqj i ng A | S,Selec rom.optional |y

Subst ¢ u b OpRs s RGP R B2 s, h Bl Gabiuient S sTRe RATRR SR a0  om

opti onal | Yragmbsitdftsur el Frotein that iJ RBHQRE My T1daREzPOIth b eltRhoddrdg@mArBound to

phenyl, and the squy&% e ( xrPrr.) represents 5 the portion of ring A bound

to C=0 i nprosesstgmsotituse (MFd) and/er gmitochondriphingesmedipty nsptidase AP, R i s

selected fromoptionally substituted nitrogen-containing

het er ocycl yl ne n Al ich enbogy ner i gen: i ni ng

het er ocycl yl m{fﬁgtm&k oﬁg%?:ﬁ%ﬁyﬁq&@?ﬁp%@@ %e%é%ger{ﬁl C%ﬂesg er‘gobéftbgfgn}agel ected

from ni t r edyeimistindowXyge ndmiidsteed peppksrall fearh ettec@yzky hiktdigt to grcoup can be

an 10 (optionally substituted non-aromatic heterocyclyl)mnmethyl group, such

as opti pnaqimyn%@ﬁglep fiPWICGEPHAGT T oTb ARATHRAIC B PthEN gficHg BRI “and

pi per jgli nwré@gtho-thef xait&@he@&kgﬁ%yweﬂ@ BtchdhAUPS e R e diichtls SRichl kad, and Cl-C6
Co al kyl . | enbod H In

al koxy-Ci - n ot her I certal n enbodi nents,

. iments, R i1s -H
R3 i s sel dusadsieorntCine@ohsrkyhd o Ii6e mokesngs., C2- C6 15al kynyl ,
fluoro-substituted G -C2 al kyl, and heterocyclyl-C -C6 al kyl, and when R3
is al kyl, alkenyl. or, alkynyl is.optionally.substituted, by. Cl-C6
ai koxy, or whenPRETs T g5 arinels it Rl Gy dni B WY S HTS AR ey
subst i t ut aighdorCaf LBy bl atedi. Clprelondddeemparied 6% adlvikyh of 4 BinpRMboheul ar
enbodi nents, R3 is selected fromC -C6 al koxy-C C6 al kyl, C1-C6
al koxy- G achadiscenydoubty bapgaMhsnyisebhasiali fesgribe erompowid@arn of 2006
al kyl 1 het Lyl G- C6. - - | Ky -
al kyl I{:e i g&rrg]g%@ldél tgl%mglﬁm@iuiagg anyhfotr%ﬁ) GVE J:éﬁlnpOQnd%?tl?e éﬁ%e co%lpoggd

such as a single substituent of a compound, multiple substiutents of a compound or,

for example, the entire compound. For example, the tautomer of a compound that

includes a hydroxyl-substituted pyridine ring (A) is a compound that includes the

keto-enol substituted ring (B):

ejj Xy tautomerize ‘Sé =
[ ) Luonere |
HO N O N
H

20 A B
The term “therapeutic agent” is art-recognized and refers to any chemical
moiety that is a biologically, physiologically, or pharmacologically active substance
that acts locally or systemically in a subject. The term also means any substance
intended for use in the diagnosis, cure, mitigation, treatment or prevention of discase
25  or in the enhancement of desirable physical or mental development and/or conditions

in an animal or human.

The term “therapeutic effect” is art-recognized and refers to a local or

systemic effect in animals, particularly mammals, and more particularly humans

11



C -C6 al kyl, heterocyclyl-C -C6 al kyl, fluoro-substituted Cl-C2 al kyl and

Cl-C6 al kyl. In other enbodinents, R3is -H 1In certain enbodinents, nis
0. wol2n1008185ai n enbodi ments, n is 1, 2, or 3 and RETius2000eg3¢hdent |y
sel ected at each occurence fromhalo and fluoro-substituted G -C2 alkyl. In

certain enbodipents, R of.sﬁructura forng%a &I) i.s h drog?n, R2 is
hydr ogen, Cahed R82 Paagcalogisally Aghican s iReeud e Phiese GRGRHBRIG: uct ural
formul a (bifectivi apRuRemERd ad lﬂi‘ﬁlﬂﬁrﬁ’of @llclpef sublsfaH&L ﬂlﬁtaﬂrlo%l&reg%rﬁe Gisirchs @

ni trogen-contai ning heterocyclylmethyl group optionally conprising a second
het er oat olncgledresystentidf eféaet afi & ncasponblabdna i gl matiRipplisalily tir aydreatraend. R3 i s

sel ected om any value_.of .R3 given.for structural fornul [ ).

h cer tai hg TRt SaR T ar R AR MR e e hin ound
bei ng 40r gyj&s and 8leddy cShditieh bEiak tERBMUhAwEigh) and 4gN MNthe subjedt, #e RIN
(la); or a pharmaceutically acceptable salt thereof, wherein: ring Ais

sel ect ed pavgHy of the discase conditipn; dke mamier o§ adraingstiagion pirbihe ke wjeh calH3C, ON (J
10 R8T R88) B HET kb Y R 8RS inalFiP RV RE QRY For BEMRXYRESR 1 -ynyl. TN

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.

10 “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

15  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

20  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

25  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

30  represented by Structural Formula (I):
12



H3CICONH3CON ' , rNcss5 H3CY N CD)CH3, (5,), and at | east one of

Rl or R3 conprises a nitrogen-containing saturated heterocyclyl portion.
Certai n cwopowndsssenconpassed by Structural Fornula (1) parase@pnessent ed by
5Structural Forrmula (I1): HN or a pharmaceutically acceptable salt

t hereof, wherein Rl and R3 are as defined above for Structural Formula (1).
In certain enbodi nents, R (ﬁyhi} n. In other enbodinents, R is a 10

ni t rogen-cont ai ni ng heterocyclyl hyl _greeip optionally conprising a second
het er oat om sel ected from nitrogen gen, such as an (optionally
substituted non-aromati c heterocyclyl) h% group. Exanpl es of such groups
include r N rNsss cij\los H3C, c)hDand In certain enbodinents, R3 is

selected from Cl-C6 al kyl, C2- C6 | ke C2 C6 15 al kynyl,
fluoro-substituted Cl-C2 aIkyI et clyl-G-C6 aIkyI and when R3
is alkyl, alkenyl, or alkynyl, /opt IIy substituted by Cl-Co6

-C6 a k

al koxy, or when RS IS heterocyQi R3 is optionally
substituted by Cl-C6 al kyl or Cl1- CB aIkoxyCl al kyl . In particular
enbodi nents, R3 is selected from Cl-C6 al koxy-C -C6 al kyl,

Cl- C6al korya flar@Bedutienly accCitaldsahlk deyeot2wiBgeial kynyl , Cl1- C6 al koxy-C - C6
al kyl -

ring A is selected from:

AV IRR 00 2w 0o b e Ibe

s o~ o~ o Y Y ~ and
N
~N
pe,
5 ~": wherein ring A is optionally further substituted;

R' is selected from —H or an optionally substituted nitrogen-containing

heterocyclylmethyl group;

R? is selected at each occurrence from a halo, -CN, C;-Cs alkyl, and fluoro-

substituted C,-C, alkyl;
10 n is selected from 0-5;

R’ is selected from H, C;-Cs alkyl, C,-Cs alkenyl, C,-Cs alkynyl, C3-Cs
cycloalkyl, heterocyclyl, fluoro-substituted C,-C; alkyl, C;-C¢ alkoxy and
heterocyclyl-C,-Cg alkyl, wherein when R is alkyl, alkenyl, or alkynyl, R® is
optionally substituted by C;-Cs alkoxy, or when R is heterocyclyl-C;-Cy alkyl, R* is

15  optionally substituted by C;-Cs alkyl or C,-Cs alkoxy-C;-Cs alkyl.

In certain embodiments, Ring A is selected from optionally substituted

13



20het erocyclyl -G -C6 al kyl, heterocyclyl-GC -C6 alkyl, G -C6
al kyl - heterocyclyl -Cl1-C6 al kyl, heterocyclyl-G -C6 al kyl,

fl uor o- siwwetntun7es$3Cl- C2 al kyl and Cl-C6 al kyl . | RCTATISR@I91068865
enbodi ments, R of structural formula (I1) is hydrogen and R3 is sel ected
fromany v Iue of RB given for structural forrmula (11). In other

enbodi nmen B of ctural formula (Il) is a nitrogen-containing
heterocyclyhﬂe hyl 1\gﬂgoptlonally conprising a second heteroatom sel ect ed
fromnitrog and oxygen and R3 5is selected fromany value of R3 given for
structural forrub@ (11)~1.n certain enbodi ments, R of structural fornula
(I'l') is selected fromrNcss'N,s.ss H3C 0 fron1hydrogen nethoxypropyl

met hoxypr op-1 - R3 conpri ses

o oI astai e dimas e Uns el sebERo Troly oAl substitlig, ot o

conpounds enconpassed by Structural Formula (I1) are represented by

Structuraﬁxgpsnula s 15 @& pharmaceutical |y acceptable salt
t her eof s d de aboﬂa/f structural formula (I). In
certain enbda{nents, Té ?@mederﬁ?
e o e g . .
, , , and , wherein the asterisk (*)

represents the portion of ring A bound to phenyl, and the squiggle ( o ) represents
5  the portion of ring A bound to C=0 in the compound; and n is 0.

In certain embodiments, R' is selected from optionally substituted nitrogen-
containing heterocyclylmethyl. In certain such embodiments, the nitrogen-containing
heterocyclylmethyl group optionally comprises a second heteroatom selected from
nitrogen and oxygen. For example, the heterocyclylmethyl group can be an

10 (optionally substituted non-aromatic heterocyclyl)methyl group, such as optionally
substituted morpholinomethyl, pyrrolidinylmethyl, and piperidinylmethyl. Typical
substituent groups include C;-Cg alkyl and C,-C; alkoxy-C;-Cg alkyl.

In other embodiments, R'is -H.

In certain embodiments, R is selected from C,-Cs alkyl, C,-Cs alkenyl, C,-Cs
15 alkynyl, fluoro-substituted C;-C; alkyl, and heterocyclyl-C,-Cs alkyl, and when R is
alkyl, alkenyl, or alkynyl, R” is optionally substituted by C,-Cs alkoxy, or when R is
heterocyclyl-C,-Cs alkyl, R® is optionally substituted by C,-Cs alkyl and C,-Cs
alkoxy-C;-Cs alkyl. In particular embodiments, R is selected from C;-C alkoxy-C)-
Cs alkyl, C;-Cs alkoxy-C;-Cs alkenyl, C,-Cs alkoxy-C,-Cs alkynyl, C;-C¢ alkoxy-C;-
20  Cg alkyl-heterocyclyl-C;-Cs alkyl, heterocyclyl-C,-Cg alkyl, C,-Cq alkyl-heterocyclyl-
C,-Cs alkyl, heterocyclyl-C,-Cs alkyl, fluoro-substituted C,-C; alkyl and C;-Cs alkyl.

In other embodiments, R*is —H.

In certain embodiments, n is 0.

14



0,CH3 0,CH3 CH3 N %,<Mn ,z50,CH3 CH355 5'L. NO,CH3 5 -CF3 and CHS.
In a nore specific enbodi nent of Structural Formula (Il11), R3is t,z.0,CH3
Certai n cwopowndsssenconpassed by Structural Fornula (1) parase@pnessent ed by

Structural Formula (I1V): or a pharmaceutically acceptable salt thereof,
wherein R and R3 are ef i ned. abqve for uctural For In
certai n enbodi Heffr@n aqug ﬁ%’rlb’ég 8 Py Mrlsé‘ff‘tﬁ equclf‘?d ‘i‘tse)a%\h

ni trogen- G%tféﬂc@'ﬁ%&l E%ﬁ&@ﬁd)ﬂt{&ﬂo)@uﬁﬁitﬂﬁéh (9L@uUKApt i onal | y conprising a second
15het eroatom sel ected from nitrogen and oxygen, such as an (optionally

substituted non-
In certain embodiments, R' of structural formula (I) is hydrogen, R? is

hydrogen, and R” is selected from any value of R* given for structural formula (I). In
5 other embodiments, R' of structural formula (I) is a nitrogen-containing

heterocyclylmethyl group optionally comprising a second heteroatom selected from

nitrogen and oxygen, R” is hydrogen, and R’ is selected from any value of R given

for structural formula (I).

In certain embodiments of Structural Formula (I), n is 0, the compound being

10 represented by Structural Formula (Ia):

(la);

or a pharmaceutically acceptable salt thereof, wherein:

\

S
N/ N§<
ring A is selected from and

N/\; NN
/\/N\) (\ 9;

15 R' is selected from hydrogen , O\) and

oy

2

R’ is selected from hydrogen, methoxypropyl, methoxyprop-1-ynyl,

N N A~
HaC o/\/f H3C\O/\/N\) C/“ /

2 2

15



aromatic heterocyclyl)nmethyl group. Exanples of such R groups include
cs-cscsss H3C, ON5 (1)) and 18 In certain enbodinents, R3 is

sel ect ed wopamo@r1€38 al kyl , C2-C6 al kenyl, C2-C6 al kynyl pCTiuses9/sssbst i t ut ed
G -C2 al kyl, and heterocyclyl-C -C6 al kyl, and when R3 is al kyl, alkenyl,

or alkynyl, R3 is_optionally substituted by G -C6 al koxy, or when R3 is

het erocycl yl - Clf-CoNal Kyl , R3 is optionally substituted by G -C6 al kyl and

G -C6 5 alH® J\Q/bG al kyrl/.\,\yzn\garti cul @ ~efidediMgnts, R3 is selected from
C -C6 al kyl, fluor o-subsbi tufed®Cl-C2 ky), heterocyclyl-G -C6 al kyl and
G -Co6 al koxy-Qﬁ'3- C6 al kyl - ero cyollyl -CG=C 6 al kyl, and In certain

enbodi nents, R, of structurals fornula (| IS dr oge nd. R3 is selected
From any. val o bFsaneRUR RO CBilies s btk o R e e P ey 5

10enbodi mpaptiipn. R of structural fornmula (1V) is a nitrogen-containing

het er ocycl yl net hyl group optionally conprising a second heteroatom sel ected
fromnitrogen and oxygen and R3 is selected fromany value of R3 given for

structural for kaftancpypounds encompasseddat ptapdiuie bigyomhald) aisaenrpseasddyby
St ructyr ahtrﬁﬁﬁﬁ't'b@nﬂ\{l% gy:e represented by 15Structural Formula (V): HN

(V), ‘or a pharnaceu | y acceptable salt thereof, wherein R and R3 are
as defined above for Structural Fornmula (I). rNs ,) In certain aspects,
R of Structural Fornula (V) is ZA(:)NL 20In certain aspects, R3 of
Structural Forrmula (V) is sel ect on$-CIF-{|§ and

\

or a pharmaceutically acceptable salt thereof, wherein R' and R” are as defined above

for Structural Formula (I).

In certain embodiments, R' is hydrogen. In other embodiments, R' is a
10 nitrogen-containing heterocyclylmethyl group optionally comprising a second
heteroatom selected from nitrogen and oxygen, such as an (optionally substituted non-
aromatic heterocyclyl)methyl group. Examples of such groups include
N
I GANS SN 8
, and .
In certain embodiments, R is selected from C,-Cs alkyl, C,-Cs alkenyl, C,-Cs
15 alkynyl, fluoro-substituted C,-C; alkyl, and heterocyclyl-C,-Cg alkyl, and when R is
alkyl, alkenyl, or alkynyl, R® is optionally substituted by C;-Cs alkoxy, or when R is
heterocyclyl-C,-Cs alkyl, R? is optionally substituted by C;-Cs alkyl or C;-Cs alkoxy-
C,-Cs alkyl. In particular embodiments, R” is selected from C;-Cy alkoxy-C;-Cy alkyl,
C,-Cg alkoxy-C;-Cg alkenyl, C;-Cg alkoxy-C,-Cg alkynyl, C,-Cs alkoxy-C;-Cs alkyl-
20 heterocyclyl-C;-Cs alkyl, heterocyclyl-C;-Cg alkyl, C,-Cs alkyl-heterocyclyl-C;-Cs
alkyl, heterocyclyl-C;-Cs alkyl, fluoro-substituted C;-C; alkyl and C;-Cs alkyl.
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-CF3 . Certai n conmpounds enconpassed by Structural Formula (1) are
represented by Structural Formula (VI): RL (V) or a pharmaceutically
accept ablwozalwo7isser eof , wherein R and R3 are as defi n@dTalseas/06$365
Structural Fornmula (1). In certai n enbodi ments for corrpounds of Structural

Formula (V1), IS.r A csss sel e d f ogen H3C, ON
and R3 is sel eg{%ﬁ'ﬂtafq?iﬁﬂ’%{}@ Ofsﬁl@ural%f? larré )H%Q%% 1?'na“tshoxyprop 1-
at | east Qé”lé‘ct&f frbn Y vﬁﬁe%@@%i@ﬁ?o@stﬁbﬁu&ﬁ%ﬂnﬁ@ (![tl)ah{‘bﬂﬁgr éﬁle{ﬁﬁEﬁg

het er ocyc;&?( portion’ |7 certain enbodi ments, R of Structural
Fornmul a ( ))f gorppurilsiesmualall) segeegwntaaitaining hsiatqswalwbdethseltg@mycl yl
conponent ecific a

o et upmionall? hRR 1%%?5?%@@51@%&%%@8%@@ Ry ke bild B Bordnd R

5 s selected from any value of R’ given for structural formula (II).
In certain embodiments, R' of structural formula (I) is selected from
N
b

HiCu o~ N N
from hydrogen, methoxypropyl, rnethoxyprop-l-ynyl

HsC /\/N\) HaCw O/\/N
R
H,e N _J ~¢ N
10 E3 O , and O\)

2

and hydrogen; R’ is selected

2 2

: and at least one of R!

or R* comprises a nitrogen-containing saturated heterocyclyl portion.

Certain compounds encompassed by Structural Formula (II) are represented

by Structural Formula (III):

-5
C\ J/\/I (11D),

15  or a pharmaceutically acceptable salt thereof, wherein R? is as defined above for

structural formula (I). In certain embodiments, R* is selected from:

17



, and In certain enbodi nents, R3 of Structural Formula (VI) is
sel ected from hydrogen, -CF3 and -CH3. In a nore specific aspect, R3 of

St ruct ur avoRoromTigs3( V1) is hydrogen. In certain aspectspCrhs2aonpssehd of
any of structures (I)-(Vl) is a free base. 5Conpounds of the invention,

i ncl udi ng novel COQRPUQQ§\$LNjh invention, can also be used in the nethods
descri bed Eg%g*?ho 3 Y'SiTtuiM-nmpdul ati ng f the invention
advant age y nodul ate the IéV@LNapdﬁ (Chctrvity o sirtuin protein,
particularly the deacetylase activity of the sirtuin protein. 10Separately
or in addh%kss t he above properties, certain sirtuin-nodulating
conpounds of Lgit nvgntion do not substantially have one or nore of the
fol | owi ng actiWw Ngs ?nthTmeW Q%/Pl i nase, inhibjtion of

al dor educt ase, i nhigpj,tion okaxoos ne i a&gf\pfﬁns’ 3i vati on of EGFR
tyrosi ne kinase, coronary dilation, or spasnolytic actrvity, at

concentra Lﬁﬂﬁ/OH t he conpoggd\gbal,ang effective for nodul ating the
n

15deacetyl ati ¢n tivit f sirtdy rotein (e.g., such as a SIRT1 and/or
a SIRT3 prote?hyjf\/”\oX%ﬁ al kyl gr | SCR, &ld'@ight chained or branched

non-aromati ¢ hydrocarbon which is conpletely saturated. Typically, a
strai ght chai ned or branched al kyl group has from 1l to about 20 carbon

atoms, pref er abl serieiopmbodigents ol pf Soucturbigrmada G, )98 selecied fremai ned and
branched al kyl groups incl ude neé;é;?/QIhEH3 n- propyl, iso- propyl,
e

n-butyl, sec-butyl  tert-bkytyl, |, hexyl, pentyl and octyl. A Cl1-C4
strai ght ﬁﬂ@bg&ﬂ r bfar@hed %%5 group is also referred to as a "l ower

al kyl "~ group. ~The terns al kenyl and al kynyl tefer to unsaturated aliphatic
groups anal ogous in length and possible substitution to the al kyl
groups descri bbua mioovspecifigtenttiodimas ob Btra¢tnrabFoinads (IR idoubl e or tri pl e
bond respectively. c[he terns al koxyl or al koxy as used herein refers to an
al kyl gro Ravi Y an oxygen radical attached thereto. Representative

al koxyl groups includée nethoxy, ethoxy, propyloxy, tert-butoxy and the

li ke. A cycl oal kyl group is a cyclic hydrocarbon which is conpletely
sat urat ed. TypiCerhihycpmpoundslcnadkydssgt uPtrinasraf Famuda (lpambeputsch@®ddgr bon

at ons, m)gtemétﬁ aillggllnlu}/la%\})? 8 carbon atons.

0
HN
ﬂNj[S*{ )
/
R NF TN

or a pharmaceutically acceptable salt thereof, wherein R' and R” are as defined above

10 V),

for Structural Formula (I).

In certain embodiments, R' is hydrogen. In other embodiments, R' is a
nitrogen-containing heterocyclylmethyl group optionally comprising a second
15  heteroatom selected from nitrogen and oxygen, such as an (optionally substituted non-
aromatic heterocyclyl)methyl group. Examples of such R' groups include
S
TS SANS R Re .
) ) and :
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Het er ocycl i c includes 4-8 nenbered nonocyclic and 8-12 nenbered bicyclic 5
rings conprising one or nore heteroatons selected from for exanple, N, O,
and S at owe.20l0m7¢ss8t ai n enbodi ments, the heterocyclic grouuS2@Isesdsett ed

fromsaturated, unsaturated or aromatic. In a saturated heterocycle, atons

of the heterocycle are bound to one ano g bonds.

Fl uor o- subst i t Ut &R e?@ %ﬁ@e@?%g' QUS ﬂYLgh(?dg“?ﬁlﬁéﬁkfluoro-
10substi t I CFH2,
Losubet e, SRsgmmbalsl LI bl Bl plttesy 1,

G -C2 al kyllkyl fabqenselxalrmk:elyl,llhals oreenallgEshstiautad b E2Ck3lkosyi erabhea RUbSt i t uent s

o0, RNl Breohel B R Ry SRR e £ 00, B
- COORas Ql@@?ﬁ@q C&ﬂ@ﬁl\i icutdd ShBhNnaRR, R 803HctedMdn O JdRBky1.- N( RaRb) ,

- COORa, HRa, - CON( RaRb), - NHCORa, - NRCORa, - NHOONH2,
- NHCO\I\/\H ﬂumﬁmtﬂuﬁaﬁ1-Cmm¢zerocm§dﬂ€wlkywm(®a@b9xy-ceczNH) NH2,

=NH) - N =NRc) - NH2, NRc) - NHRa,
C( NEDC) ﬂ?%lh-%%o %@E—Baa)@INHZC( - NHE:)C( NH) NHRa, gg) Nlciz C(=NH) - N( RaRb) ,
- NH- C(=NRc) - NH2, - NH C(=NRc) - NHRa, NH- C( =NRc) - N( RaRb) ,
- NRdH- C( =NH) - l\II-ﬂchrt—aWnﬁdd;de)ts NHRﬁfstructural fOMRAH O ¥NE) hyNgdeenRingl R is

- NRd- C(=NRg) - N - NRd- NR) NH NRd- C(=NRc) - N( RaRb), - NHNH2,
- NHNHRa, sqiﬁ@gfzsom a@m&iﬂg 0 Rs@mm ' structural f@@lﬂ&ﬁa; n-@ECHRa, - CH=CRaRb,

- CRe={RaRpy,, %ﬁwﬁ:ﬂ"Rﬁ of et nul a&%%ﬁﬁro Silc ont%@a (kis 0, 1or 2),
-S(0)kORa (k is O, or 2) and - f Ra- Rd are each independently

an optio nh¢tblgocs¢lblslmtln§dtgemi1pgmbmpalse¢®nmesmg‘ F mmahh@tbnopﬂwat jetgctdddeimary| , or
aromatic grou eferabl an a

oo Lo B B LGP e AR Bl B IR b Bl RS O

N( Cl4al i phatiutad @v).hal ogen, G _4aliphatic, OH, 0(C|4aI|phat|c) NO2, CN,
CO2H, CQ2(C1_ %4allphat|c) O(hal oG _4 aliphatic), or haloC1
_4aliphatic, wherein each of the foregoing C _4aliphatic groups of is
Unsubst i t ut ed. CRriaiag@ampPwRis cnsaRssed bk stuctegBE oratula dhpreaprygsepsed by

15  Structural Formula (V):

N\S
S

/
R’ N V),

or a pharmaceutically acceptable salt thereof, wherein R' and R” are as defined above

for Structural Formula (I).

(\)\l/\;
HsC. N
In certain aspects, R' of Structural Formula (V) is o

20 In certain aspects, R of Structural Formula (V) is selected from -CHj; and
-CFs.
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forma substituted or unsubstituted non-aromatic heterocyclic group. A
substituted aliphatic or substituted aryl group can have nore than one
subst it uew0.2010/071853Conbi nati ons of substituents and var Pablusgooenessss oned by
this invention are only those that result in the formation of stable
conpounds. As used herein, the termpb "stable" refers to conpounds that
possess st abi | g}alg&Pmpev%dﬁten%na%ﬁ%ﬂ?m@wt%% FRrenulin) B AEDTRAERRCARN ¢ he
integrityggfcthersemmepng: for a sufficient period of time to be useful for

t he purposes detail ed herein. The conpounds di scl osed herein al so
include partially and fully deuterated variants. In certain enbodi nents,
deuterated variants may be used | kinBtic studies. 100ne of ordi nary
skill in the art can select the &i_tgs _ghk which such deuterium atons are
present. Al so included in the prase invention are salts,

particul arly pharmaceutically acceptaB?e salts, of the sirtuin-nodul ating
conpounds descri bed herein. The conpound the present invention that

possess a sufficiently acidic, a suffidiNently 15basic, or both functional
groups, can react with any of agnlsbex o organi ¢ bases, and inorganic
and organic acids, to forma sa|t,,‘ erR vel y, conpounds that are

i nherently charged, such as tRbse”wi th a quat¥bnary nitrogen, can forma
salt with an appropriate counterion (e.g., a halide such as brom de,
chloride, or fluoride articularly bramde). 20Agids co |y empl oyed to
For m ac: dolheTareERiOReraah S erie el R 1S S B e PPt g,
hydr obg ont& SRictiralPeen@laqdl ¢ acid, sulfuric acid, phosphoric acid, and the
| i ke, and organic acids such as p-tol uenesul fonic acid, methanesulfonic
acid, oxalic acid, p-bromphenyl-sulfonic acid, carbonic acid, succinic

acid, citric ableertapeemndimgess dor caewopedsefi dructyiyl Hoaulaj(¥d), Retanpl es of
such 25salts include the sulfate, p uk%ate, bL&QIfate, sulfite,

bi sul fite, phosphate, nnnohydrogendﬁggﬁha ehgé? drégen Npﬁgge,
netaphosp§§&§m19¥&> Rﬁgﬂawégyfﬁﬁ%MN . bro i odi,gg.\ adet dt e,

propi onat e, decanoate, caprylate, acrylate,” formate, | sobutyraté, caproate,
hept anoat e, pr Bpissichiced faxahpdregeryaC HRaCE;, rsetheiypadpg], rsethetyptep-1-sebacat e,
fumarate, nmleate, buty e-;«ﬂ;ngate, hexyne- 1, 6- di oat e, benzoate,

30chl or obenzoat e, nethy?\ nzoatef dinitrobenfoafle, ﬁyd ﬁybenza te,

met hoxybenzoatigC. h , sulfonawecxiykgnmsyﬂfonatéggghenyl cetate,
phenylpro%ﬂﬁnate, phenyl butyrate, citrate, |actate, ga - hydr oxybut yr at e,
glycolate, tart 6 t hanesul f onat e, propanesul fonate,
naphthalene-l-%EZipna e, napht hal ene-2- sul fQnat.e,, mandel ate, and the |ike.
5Base addfb?aﬁ' ts incl These deriﬁéﬁNfﬁbﬁf? organi c bases, such as
annnnhgn1or qﬁ%ali or al \LUne eartg néL@LJhydroxides car bonat es,

bi car Bdnat es, and the |ike” Such B%8es useful in pré¥hring the salts of

this invention,fBue oh&6f RUS ROGHIASBY 8 hR¥6oEe coM@nfRSdaHMBY HEeXHcP8y1 anmoni um
hydr oxi de, potassium carbonate, and the |ike. 10According to anotzer

enbodi menportiohe present invention provi des nethods of producing the
above-defined sirtuin-nodul ati ng conpounds. The conpounds nay be

synthesi zed us F&&r&?{%&@é&&gﬁ' : Iile&*ﬁ?}ugﬁ\?é-Foﬁ%‘ﬁf&gﬁﬁg&gﬁﬁﬁs‘és a gﬁf%%n-c onpounds

are conveni ently synt hesize romrea avai artin erials.
Synt het i cce@hsimingtsatirdte@hatocyayl onpoant. Mk tlvasdgicodicespaseRibofi n

synt hesi zi ng
N N
H3C\O/\/N\) ((\)

15  Structural Formula (V1) is selected from and

Y
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15 the sirtuin-nodul ati ng conpounds descri bed herein are known in the art
and include, for exanple, those described in R Larock, Conprehensive
Organi ¢ Twansfoorrmesi ons (1989); T. W Geene and P. G WCTMs2&9/06836% ect i ve
G oups in Oganic Synthesis, 2d. Ed. (1991); L. Fieser and M Fieser,

Fi eser and Fieser's.Reagents for; ani c nt hesi| 1994); .and L. Paquette,
ed., Encycl opedlt 6" @B PRLS ré%ﬁﬁﬁﬂV@§§@§9ﬁﬁh§%ﬁ§G%Té§§??1In an

exenpl ary a8, FBAL andd CH,! Thth rdiD Shcfid d@ge&,qmmﬁwﬂﬁm HorRYRI($4) kshe
cytoplasmt nenbrane of a cell. For exanple, a conpound nay have a

cel | - per nhabbgéty of at | east about 20% 50% 75% 80% 90% or 95%

Si rtui n-nodul ati ng conpounds descri bed herein nay al so have one or nore 25
of the foll ow characteristics: the.co nd, na sseptially non-toxic
Co o cel | or " sUEr i APREC.4R eifnods oy PR Lol eRE FSFBE! Bhedr gani c

nol ecul e or a small nol ecul e of 2000 amu or |ess, 1000 anu or less; a
conpouiid may havmpauldldfihd iheecntivaehchdingaloval sopsphads of thondichiie)samf at

| east about 30 days,. 60 days, 120 days, 6 nonths or 1 year; the conpound
may have &SPAF#sq '1Péhqme@95%@qseﬁb®fheé%m-| east about 30 30 days, 60 days, 120
days, 6 nonths or 1 year; a sirtuin-nodulating conpound nay be nore stable

I n solution thgpfieMbRLALLS boffodds b ARlinfentiBh b@¥an®loc8M modlfte Bef ol d, S
fold, 10 fold, 30 fold, 50 fold or 100 fold; I

| fol ' ' a sirtudin-nodul ati ng conpound
may pronoteckeddetagtiaty o oftuinipeotBNAparepairy freatcacctidasOyctizity of the
sirtuin-nndulati&ghconpound may pronote deacetyl ation of RelA/ p65; a
conpound MRV R8KTUhse Sgeneral turnover rates and enhance the sensitivity
of cells to TNF-induced apoptosis. In certain enbodi nents, a

si rtuim- modul agengatel9THR oM AdHidOE® thOhbARYRoiess tlrtlimsFthidlmadilhtidgy t o
inhibit a histone deacetyl ase (HDACs) class I, a HDAC class Il, or HDACs I
and |1, afoepeidpef Hiciipyaation dg not supstantadly hayve epe praoref thotpllogtngg t he
deacetyl agg: act i Vi by, 1S I I o g i: [ L - odi ment s
tho 10’ s PRI o A e o A S o 1 s
chosen t okimase tramsabBxdioh @f EGHR tyadsintgkisase] coronade didetionl esgasadiyticty that is
at least 5 fold less than the EC50 for, jnhibition of an HDAC | and/or HDAC
I, and ed¥H rodteopreararian §f tht corapand fept iy ?{%e%@?orrmﬂu&ﬂﬂné&% 1000 fol d
| ess. et hogsyffion ééaw&@aéﬂ%ﬁﬁ#ot@a%g, SHRAG d $1rAatdndidey kg3 vel | known in
the art and kr'ts to perform such assa may be 15 purchased conmerci al ly.
See e.g., pBitoM.sion, Inc. (Muntain View, CA, world w de web at

bi ovi si on. com) and Thomas Scientific (Swedesboro, NJ; world wi de web at

t omassci . com . I n _certai.n, epbodi,nent s sirtui n-mdul ating conpound
does not " have ARISHBETRS o R B, DB thRaPa 4P nii B eREtgEs . Th one
enbodi mentyhichns 8sthpNalPiatethted 0T yRieAmY) aSshriafoht ChadicAt RibRan®Ryd £IRYI dtaye any
substantial ability to activate a sirtuin protein fromlower eukaryotes,
par ti cul ahds/frgmdde abputQrearPopatdiny erferably fewnd daebatilOn&xpmplys of j n” vi vo)

ef fectd ve ] ' I tivity L sirtuin. For
exarpts, S EE AR R BRT St SRRt . AN 00 T or
act i vat i ngropyhurmnylSsdetbuityl, tegtaiylasenbRIckyh pdhot afel &TE, Adeachtsirhighte

chained or branched alkyl group is also referred to as a "lower alkyl" group.

The terms alkenyl and alkynyl refer to unsaturated aliphatic groups analogous
in length and possible substitution to the alkyl groups described above, but that

25  contain at least one double or triple bond respectively.

The terms alkoxyl or alkoxy as used herein refers to an alkyl group having an
oxygen radical attached thereto. Representative alkoxyl groups include methoxy,

ethoxy, propyloxy, tert-butoxy and the like.
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25activity that is at least 5 fold I ess than the EC50 for activating a
yeast sirtuin, such as Sir2 (such as Candida, S. cerevisiae, etc.), and
even nor evprefoar7atsBy at | east 10 fold, 100 fold or evenPC@AB24600l0688b&ss. | n
anot her enbodi nent, an inhibitor of a sirtuin protein from/lower

eukaryotes, particuyul ar yeast or. human path ns, does not have any
subst ant i al abmytc&aﬁal'émm%%l@%gﬁ%r%ap&?@?_ SePRRIcHRPraterazd.

concent r afri, GRS &-JeloaRPl Frodp UY fr&hREE bY@ ToQartddhitdhd, nitge e ?@cet ylase
activity of a sirtdin protein froma |ower eukaryote. For exanple, a

si rt ui n-i hd barbeémetosenpound may be chosen to have an 1 C50 for inhibiting
a human sirtuin, such as SIRT1 and/or SIRT3, deacetylase activity that is
at least 5 fol {ess .han e, 1.Co0 for,inhihit.i ng, @ %east si({ such as

e & % -1

. erocyclic ch;[dhs 4-8membered monocycli membere %ui &
Sir2 (such as N dg, < 8 EEY évi'STae efnc.?, a ven nore’ pr 1fcgracbly at

least 30 figpdeondfidife0did @imcy abeddnd RlddtddeBs, fof Bxapglé,aN, 0. fadi ments, a
sirtui n-nodul ati ng conpound nmay have the ability to npdul ate one or nore
sirtui n priomsi i s Godingenn thehetergey dicrpnns selaged froppiairgedhuman Sl RT1,
SIRT2, Sl LRT4 I I . i a

si rtuin-no ufug?ﬁe%r %%%%ﬁ& aﬁ%@%ﬁ%ﬂggﬁfﬁgf attéotﬂsrrggtﬁf ggégﬂ%ggﬁ glée SIRT1 and a
S| RT3 pr obeiml to bt anahérdry emflotdomint s, a SI RT1 nodul at or does not have any
substantial ability to nodulate other sirtuin protein honol ogs, such as,
for exanpl e, oEﬁPor r.e of. glu n. SI RT2,. Sl RTE .SI RT4, Sl §15, SI RT6, or
SIRT7, at concblPFapisHtgdingludey fromongflugtorsupstityent i to RFGHSPT ng t he
deacejy! aggsafikioN] Menﬂa‘larplf%fb-ﬁb?ﬁﬁned@r-c%mgnln@lud@s SipH,UCR;HRdyl at i ng
conmpound may be chosen to have an ED50 for 15modul at i ng human SI RT1

deacet yl aseHddtify r¢K.GCHBL -CHFaH ] €FsCHE:. fRsr-dlubwssubstitatediGieC Ry, fasr
modul atin ong or re gf hg_ RT2, SIRT3, SIRT4, SIRT5, SIRT6, or
SIRT7, an &Nl g esp'(r: P& E@Z *least 10 fold, 100 fold or even 1000
fold Il ess. In one enbodi nent, a SIRT1 nodul ator does not have any

substanti al abBhitdtye §ubstifaditk aha hatcBd¥EB/1 pr BéteiobyclZdlcthydigheip igsthasi ments, a
SI RT3 nodul at or does not have any substantial ability to nodul,ate other

sirtuin pPshéplegeimBrobd, -1 e i) aORs §P-CORRgF @R oh O ¥eN& > human SI RT1,
SI RT2;< Sl S a S a Q b t r@d ik on e ain vivo
effec%sl ve orH’rm ul"at ﬁ?l@?%éog(eég\gg gl’a?g(g??iﬁ:}l@f yS%S;H? Eﬁ%ni\%{%B For )
exanpl e, N(RIR"),uCOORSdLIOI AEONHApGONHREYCORN (RT3, eNHEGORSYERAOEDS0 f or

it e L N e N R
o even 1000 G a1 Reha T T < o a0 ot have.
any subst &AENES)-ABTRY tG(=NR DR TR, e N&l-S(-RYH )-pitht eVH-C(=NH)-NHR?,
20  -NH-C(=NH)-N(R'R"), -NH-C(=NR®)-NH,, -NH-C(=NR°)-NHR",
“NH-C(=NR)-N(R"R"), -NR*H-C(=NH)-NH,, -NR*-C(=NH)-NHR?,
“NR*“C(=NH)-N(R*R"), -NR*-C(=NR°)-NH,, -NR*-C(=NR°)-NHR?,
“NR-C(=NR)-N(R'R"), -NHNH,, -NHNHR?, -NHR*R", -SO,NH,, -SO,NHR,,
-SO,NR"R", -CH=CHR?, -CH=CR'R", -CR*=CR"R", CR*=CHR", -CR*=CR'R", -
25 CCRY -SH, -SOR* (kis 0, 1 or 2), -S(O)yOR" (k is 0, 1 or 2) and -NH-C(=NH)-NH,.
R*-R? are each independently an optionally substituted group selected from an
aliphatic, benzyl, or aromatic group, preferably an alkyl, benzylic or aryl group.
Optional substituents on R*-R are selected from NH,, NH(C)_qaliphatic), N(C\.
saliphatic),, halogen, C,_jaliphatic, OH, O(C,_saliphatic), NO,, CN, CO,H, CO,(C;.
30  saliphatic), O(haloC;4 aliphatic), or haloC,_saliphatic, wherein each of the foregoing

C_saliphatic groups of is unsubstituted. In addition, -NR*R", taken together, can also
22



In certain enbodi nents, a sirtuin-nodul ati ng conpound may have a binding
affinity for a sirtuin protein of about 10-9M 10-1on 1041-5

m 10- 12MWO 2851858 si rt ui n- nodul ati ng conmpound nay r edkCe/USa@iogssbdr ) or
increase (inhibitor) the apparent Kmof a sirtuin protein for its substrate

or NAD+ (qr other cofactor b%/ 5factor .of at I?ast about 2, 3, 4, 5, 10,
20, 30, SEPBY? WOBLUIGT EaPIdRSRUESHHIE HRRELS heReeuseoWr & 8B T hed usi ng
the mass spAGEE SPRIUsHLARSRY H695 EdRSe BRIt JRE §liRtinRd: act i vating
conpounds reduce the Kmof a sirtuin for its substrate or cofactor to a
greater extent than caused by resveratrol at a simlar concentration or
reduce the Km 6pmyimtipnypisubgitu¢ntsantipsiables engpionet bicthéy ing¢ntionawe t o t hat
caused by resveratrol at | ower,. 10 entration., A si,rtuin-nodul ating
Sompound KA Torer it Sesufin T 0 jon o SRR IRMB ] A BT UL TALIET R "ot Teast
about 2, Sstatle” Rferd b codbhoud@s thalpdkess 8Abiliky siffitidhineRdvlvahididact@spagnd nay
have an ED50 for nodul ating the deacetylase activity of a SIRT1 and/or

SI RT3 pr othaf mapitaip gresintegty efisbeicompepnd Triessuffipigpt pasedof timednpe usefil t han
about 100 - .1 ILLM less than about 10 ILLM | ess than
about 100f#%iﬁlﬁ;{6§%% ?@g%pg%%&t 1-10 nM from about 10-100 nM from about
0.1-1 ILLM from about 1-10 ILLMor from about 10-100 ILLM A

si rt ui n- nodul aThegoropegds ddclvagd Inveiuladsoendlhde pheadbt anldadsly dedtemicdy of a
SIRT1 and/or SIRT3 protein by a factor of .at |east about 5, 10, 20, 30, 50,
or 100- a8 e paatin coOdan fCdudie arion ny e p oD S Sy
SIrtuyg- aghk %%fdi‘&rf QRGN B AFBanGRMEEhALitds@RNhi QLR ddRMHud AmoPY 2080%
2 fold, 5 fold, 10 fold, 50 fold or 100 fold greater induction of the
deacetyl apesedti vity of a sirtuin protein relative to the sane
concentration of resveratrol. A sirtuin-nodul ating conpound may have an

N L e

3. Exenpl angtcplabR salts, of tHe sti@uih-@hdtudsing Chmpoliis desortbat iherid Ml des met hods
for nodulating the | evel and/or activity of a_sirtuin protein and nethods
of use t heprapgunds of the|preseplyipxgniion s gpsness ssuffigientinicadie; o isielixes met hods

for usingssi boirad i i .t i i ting
corrpoﬁéndsbigé{’ito\&/lgt e aﬁléstll%trn%1 1[#} H&I%gg%gﬁrﬁm%@d}ai Iﬁ%}%géfefﬁlto f%]ﬂ}%gj\‘/ég “and/ or
activity edd mosdantcuind opgamieaaids, &i fotmiarsaltp dddeatatingly canmmundsthbhat i ncr ease
the | evel . nd/qr Ecti%it of a sirtuin grotei.n may be_.usef uJ f.g{ 27 a
variety of PEFREHYGRBEE SHEHtS tRae Wik ArRtPaaiyirosdy caniorpiasaltiity@asi ng t he
li fespan %pr pr_@eﬁ& Eourﬁé}ibnt(l’e.%f?}ta! HAGd@ Q% bRERNMENtHI g0 Glstidear | ety of

di seases and di sorders including, for exanple, diseases or disorders

rel at ed t paraigilady brormsitieless, di abet es, obesity, neurodegenerative di seases,
cardi ovascul ar di sease, blood clotting disorders,

20 Acids commonly employed to form acid addition salts are inorganic acids
such as hydrochloric acid, hydrobromic acid, hydroiodic acid, sulfuric acid,
phosphoric acid, and the like, and organic acids such as p-toluenesulfonic acid,
methanesulfonic acid, oxalic acid, p-bromophenyl-sulfonic acid, carbonic acid,
succinic acid, citric acid, benzoic acid, acetic acid, and the like. Examples of such

25  salts include the sulfate, pyrosulfate, bisulfate, sulfite, bisulfite, phosphate,
monohydrogenphosphate, dihydrogenphosphate, metaphosphate, pyrophosphate,
chloride, bromide, iodide, acetate, propionate, decanoate, caprylate, acrylate, formate,
isobutyrate, caproate, heptanoate, propiolate, oxalate, malonate, succinate, suberate,
sebacate, fumarate, maleate, butyne-1,4-dioate, hexyne-1,6-dioate, benzoate,

30  chlorobenzoate, methylbenzoate, dinitrobenzoate, hydroxybenzoate,
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5 inflammation, cancer, and/or flushing, etc. The nethods conprise
adm nistering to a subject in need thereof a pharnaceutically effective
anmount ofwaea 28iwd7i858- nodul ati ng conpound, e.g., a Sirtui RCAAS2MAHIBGS

conpound. Wthout wi shing to be bound by theory, it is believed that
activators e |nst%E 1|nve i on Leract mn sirtuin at the sane
| ocat i on Wef Pi Freate; ptha'Fe 15, PB%RW%@‘Q na’&c?@% agﬁtﬁ@ or site affecting

the Km or oNoBorBfiohRE, ARhY 6B Rlirard Yadkic %Wﬁ?d%%ut}rﬁesglkgovlg@? reason

why certaln Cllasses of siTtuin activators and I nhibitors can

subst ant i tdrtratermethancaiilfaiag, prapiangsulfonate, naphthalene¢-disnlferdso diapkthelspeLhe
sirtuin- | at i ng o] scribed herein may be taken alone or in
cont)lnatlﬁ)‘fcl%I a%hHEPﬁggg %ﬁﬂﬁ%ﬁ@% I n one enbodi nent, a 15 m xture of two or
nore sirtui n-nodul ati ng conpounds may be adninistered to a subject in need

thereof |n anoBa&yadeitpdiai®iiicluda tisdst dutiveddshd lidirpaide BaRPaUeKlad hat increases
the I evel and/or act|V|ty of a sirtuin protein may be adm nistered with one

or more ofMREIYYPT Phplhel dbrepats matd dydroxides car'm@eﬁ rpicarbanstqspand

pi ceat ann r t % dul ati ng
conpound ?ﬁé$%2%lncr%§sg§ﬁ%hgm%€ an%ﬁ%rf?“??&%ﬁ%ﬂh?ugngpg%g?%ugﬁotein
may be adhydibsideymdassinncloydsoxids, |amn<wiit1ﬂn hytoaiden petassdinm carbon@aainb elie
enbodinené a sirtuin-nodul ati ng conpound that decreases the | evel and/or
activity k°a sirtuin protein may be administered with one or nore of the
fol l ow ng conpounds: nicotinam de (NAM, suranmin; NF023 (a G protein

ant agegi st);  Nw2{Gd( 18 Hﬁétﬁ&f&%‘odﬁrﬁ@rﬁ%@ t)re%@ttqg%h%ﬁ }arov%fem%t%s of
(6-hydroxy-2,5,7,8,tetramet hyl chroman- 2- car boxyl i c acid

epi gal | ocatogdoting ﬂ(d’%b@l"@)d?ﬁ %ntltlesn@i%atmgxom@buncﬁ The Qorylptemdgatab'(b@at echin

gal late ( roxy . .sites 5 5. an al |l ate r.on 3 cyani din

Ohi o1 de tTaa B Ropueidh ecuBiap PRV ArinEieio S s BTG n
chloride é@nv%m%nﬁy antheilzedwtwdﬂpmtlhmxtm @blcaibisde) ; nyri cetl n
(cannabi sceti n; 5' - 30hexahydr oxyf avone)

3,7,3,4",5 pentahydroxyflavone gossypetin (3,5,7,

hexahydr oxyf | adBHB§c dicbsthoiransigimaons %nérﬂlehwolcrgﬁewf%ﬁbm&esemgom nent ,
one ofs Mfe i A TRAUL B b B S ABARE AR a REnSUM IR LALAE it dde one or
more therapeutic agents-for the treatnent or prevention of various

di seases, ﬁnm@mmﬁkngmyfmmcnmﬁhpﬂelanamcébmdeaMnWB@aneﬂhudeEMﬂnmk|ve

diseases, car di scul ar dj se dclott i f1 ushi ng,
obesity, Qé)%ﬁb 19&? §ne Wy Cl?rst\%vg}r‘jﬁtstaz)sméﬁﬂ’éd#rﬁﬁﬂt’sl %ﬁ@ﬁlﬁnj#her api es
CO”DV'S'”Ed%ﬂ§9fﬁﬂlFw&%%ﬂh%&Hﬂ&mPQﬂHQPBQdFﬁ%eﬁﬁﬁ ek@{V@bgﬁQQT”aCGUt'Ca|
conposi tions that conprise one or nore sirtuin- nD i ng conpounds in
conbi nat| (Syntiamstﬂ%@ and Ihotaguttihe cdp Eutlichopadiony Re@gengs for 6mgarge  nor e

t her %% (éé‘gescribed herein); and (2) co-adm nistration of one or
nor e ’ﬁ ? ting conmpounds with one or nore therapeutic agents
mherein the sirtuin- 10 nodul ati ng conpound and t herapeutic agent have not
been fornul at eth ameiehq)mzréﬁlbe@lmsiatsmﬁﬁ -nhdtilatii@ycobpopiesantravetdi n t he
sanme kit or package, as a blister pack or other mul ti - chanber package;
connect edthesainplasmac @egeaqne@fé@ﬁt aFplepempde, g compgppd payibesy calhat can be
Separ at ooy i SEl el ylhio 9L o RSBl o, gyl at) g compound(s)
and ot her? erapeuti c agent are I'n'sépardte vessel's). Wen using
15separate formul ati ons, the si rtui n-nodul ati ng conpound may be

adm ni stered aSirtdinerrm&irrkatih'g nempsynds dberiid henainl gy sisabgerand,or praror t o,

subsegquent .t o,. or .conpi nati.ons t her eof respect. to the adm njstration
of aned bt i o Sl CRaragemies: O SRR ind b ihd SSRERY HeniSTe RE tlbe f or
reduci ng, opitﬁ))'e%mth@ﬂrtﬁfn rtlt)&ﬁtﬂnrggcdttp%%% By e a@l'o‘%@d}l‘ij@ﬁl%le'dﬂ'e%@ a@mau

si rtui n-nodul ati'ng conpound nmay al so conpfise increasing t 20 protein

| evel of eokicnteuif?008 ek oaéesmﬂr@@ﬂ aBIuRT 1¢ss St eorapamd /ey I@IVEamalfdrfe honol ogs
t her eof Inc easin evel be a hi intr into a
corl Sone. DR EPLAE sBh e Rk ashifihs BT B Mol S0 ERun hahis. A B’ Ror
exanpl e, hhathseyelyesf, it ®nffodhdmay have a half- hfe in solution of at least about 30

30  days, 60 days, 120 days, 6 months or 1 year; a sirtuin-modulating compound may be
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can be increased in a mammalian cell by introducing into the manmmalian cell
a nucleic acid encoding the sirtuin, e.g., increasing the level of SIRT1 by
i nt roduciwg 2a1026185acl ei ¢ aci d encodi ng the am no aci d sequarsc@9Inessés orth in
GenBank Accession No. NP 036370 and/or increasing the level of SIRT3 by

i ntroducin cl. ei cid encoding . .the amino acid seq C t_forth in
GenBank ABCESSRR INEP TR DS veratrol by o4 Gt éﬁ@ra Pt RAPo 7 ik r oduced
into a cekidt@ ﬂo[bp@@@@ﬁ 56%1@5101@ f31d; %\éﬁjtun?fmd’ﬂuﬁa'tlhéldbg (ypamaﬁggcode a protein

that is at |east about 80% 85% 90% 95% 98% or 9 30identical to the
sequence plfonabt@dwcmytatloe ofj the BNRTEpantictor KS/RT@sipnotmpdulatieg exanpl e, the

nucl ei ¢ acid encodin rote east abput 80‘V 85% 90% 95%
089 Cor oSur N anroy Rt e B RN aAT e W RS GenBank
Accesss on MraanQ&&%@t%@ aeahccTthRIghs(tRitd-of cERNBANE N ESSAFPtIN.

BC001042) prot ein. The nucleic acid may also be a nucleic acid that

hybridi zes, preferably under stringent hybridization conditions, to a

nucl ei ¢ aci d eHtesdaHYCrAbRGIMELtS \ArErtinrmeddating, C@mpossqi FTes e BRVSTang)| RT3

pr ot ei n. I i & ion and a
wash in O. S{aﬂg%%tbﬂwg(ynghﬁ%%ﬁr%{aagﬁg% g}lér%g?flel C %y]d ﬁa}tﬂy ‘ggco é?ta protein
that is dof Hmfﬂ‘stl dnddimaacovckatrdtiope (esgrhlu\nno)mf&b&vmformudhlaasg theprotei n t hat
is afrag f a w.ld-t pe sirtuin, the protein is preferably

bi ol og caHE s peviey gt ew@w@aﬁgbwta&ﬁe a%a@éqrgﬂda@[mh%hmmwﬁ@ onl y
neces?@ry51}tﬁltleff1881§1§§n%: Iﬁ‘pcﬁl‘ﬁhlls AsiPALA @R aGle I RRInGlahd W dholAb Habe

bi ol ogically active or ‘exanple, a protel n that differs fromwld- type

SI RT1 havam@CEﬁeﬁoBacrti«aAngmlrndeawylaNPac@@Bsﬂmt gt éfast 2bilg lseHtaaitins t he core

tructure_thereof. .The r tryctuyr i refers t i no, aci d
62 265 of FearmamrtiarebTUiPRS: i 63080 i et oS baaty BoloRic! oot i des
237 to 9320 afld GonBankorAc e 60001 d\NRss. Nbfk%aaﬁﬁasga@ung@@ﬂeqrﬁaaﬁﬁes the NAD

bi nding as well 15as the substrate bind |nlg<) dormai hs. The core domai n of
SI RT1 rrayHé)fsfaHr@n@ﬁym vadl bknoverminribe ag pad kipstd nesfonn Budt asgpBagikbAc cessi on

No. NFS 03 ﬁ%gaﬁgﬁ ﬁglfg%gll}{e r‘sce%deg%j ﬁ%\/nsl’llgn %ﬁ’é é%ﬂﬂ%ﬁf\/ Ko 24 Hd drelBank

Wi
Accession o about am no ’aci of ank

Accessi onwib at BBvRdAF66h) andd Thbmas SciemefudSeh caysbatts NJO voele Svidd %eb at 1532 of
GenBank Accessi.on No. NM 012238; or to about am no 20 acids 254 to 495 of
GenBank AKERSEGISAMNO. NP 036370, which are encoded by nucl eotides 813 to
1538 of GenBank Accession No. NM 012238. Whether a protein retains a

bi of ogi cal f ung L8fin &nbhdimBRRCRLMALONLIAHAARdobhERoeiGRR NG Gt er mi ned

according to net novvnlnt e art. Inc alne i ments t hods for
reduci ng, syrsemaaltdbilgy oo modelate saguidihsmates. Rbowr cnobhaiomeer n argivagr af

sirtuj ul ati ng.conpound al so ¢ I’IS ecreasing the protein | evel
o o TRl e S TRy Pt e S8y R Aalial e T e D! age. {her eot
Decr easi ”?ro@elﬁ 'fﬂohyloﬂzepéﬂ&a?ﬁzd’ieé ﬁé(r%ibulﬁ Rﬁlx%t aﬁlﬂlrﬁé&ﬁlshﬂ%‘g%ﬁﬁ Qi ng to net hods
known in the art. For exanple, an si an antisense nucleic acid, or a

ri bozyme @(ngeﬂrféwn‘séeghm \@W)tﬁfqutl‘ceaﬂ)rI@etl\élklpgé@sd;‘dcfttﬁlasmtwéy of A doni nant
negative ﬁl rtuj. no

Hoget yF animit Sty ERL 80kpI€ adiuif Rk cbABbud PP be SRR rhelh apy

descri bedEC@o @r actwauhgl@ h@fnadkirtu(rd 80dh) asGIRIT1 k8d/o1 SIRTR AR tHSR.
Alternatively, agents that inhibit transcription can be used.

Met hods f Mthdeta% atdepss P deldiless ghantthe KChaelpBReivaliaga yerst sieinnBediGls f or
Stabi i 21 a7 dash aRTRREURS. SRRl RAET RAEREl ARG o BB MRRAGE cnown
in the ar00 fold or even 1000 fold less. In another ernbodlrnent an inhibitor of a sirtuin
protein from lower eukaryotes, particularly yeast or human pathogens, does not have
any substantial ability to inhibit a sirtuin protein from humans at concentrations (e.g.,
30  invivo) effective for inhibiting the deacetylase activity of a sirtuin protein from a

lower eukaryote. For example, a sirtuin-inhibiting compound may be chosen to have
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5 Aging/ Stress I n one enbodi ment, the invention provides a nethod

extending the |lifespan of a cell, extending the proliferative capacity of a
cel |, sl owDregroagissg of a cell, pronoting the survival ofPCa/usedod/oesses ayi ng
cel lular senescence in a cell, mmicking the effects of calorie

restriction ncreasin the resistance o cel] t preventing
10apopt osfBIGp Gdind tm%@;}i%%@amrﬁgwb oS T nd TR TS fRgoioau at i ng

conpound Qétnﬁt@%ét RY&NLdsPH f&lﬁ%ss Iﬂﬁﬁl&ﬁ@‘?@g% f&hﬁhﬂbﬁiﬁ%' y%'aQ/ suiRGlubiyhd y of a
sirtuin protein. In an exenplary enbodiment, the methods conprise

cont act i n§ir sich eb Canditllh Sa ceievisuenstagtand awrnglorﬁcmpf@m’ody atThast e fdldds

descri bed &@£ én ma ]@g g@g? to i ncrease the anmount of tinme 15that cells,
partlcula} (g Pﬁ?mé P , cells obtained froman organism e.g., a
human), may be kept alive in a ceII cul ture. Enbryonic stem (ES) cells and

pluripptent celd &rtagnénb@limentd] 4 fign@nhb@tl&thgt oerpRuh@MayMaye kewbiliee treat ed
wth a sirtuin- nDduIatlng conpound, that increases the [evel and/or activity
of a sirt tfi HodHaeonp of mogeERuInHEOteEY hognolegs, prhgenipr eraRRlBfonciof MAL¢ t ure f or

| onger pegfﬁﬂﬁaﬁlﬁﬂ”gll}?@@fﬁ% kTS §g{*1%5a's§li’ré’%r‘$ﬁﬁ'7f o anspl antati on

into a subject ér ex Vvivo hodifrcation. Tn one enbodi nent, cells
t hat are cmbedidedt, hslrb&n-moelamltmgdompouﬂdmg thxedbiiligtgo afodulanebariay be treat ed
with a sirtuin- | ati ng conpound that increases the |evel and/or activity
of a sirt§ﬂ%fgwgﬂ%§ﬁ¥1ﬁmsf%%||s may be in suspension (e.g., blood cells,
25serum biological growth nedia, etc.) or in tissues or organs. For

exanp{@, bl oodycohbeshiSdiheR ARTIGhydduael dcfe%opwvecaa%umantuﬁfinsf usi on may
be treated with a sirtuin-nodul ati ng conpound i ncreases the | evel

and/ or acebilifyttp naddudate pﬂlteuslrtumrmo@milcm@olpgsesmm foméxamdeobmeﬂrm)re or | onger

periods of .11 ne. Il u faren urposes may
al so be pP£@5P@5§%ﬂg!§89§? I%? Bﬁﬁﬁgdgﬁg&?ﬂbgﬁggéﬁ%% f%%ﬁm S¥%rteases the
l'evel andioyiv@cdectivey f@imaufiting WhaddatayRbdactiith oF h@hh SIRDRFor My be
treated to extend their |ifespan or@grotect agai nst apoptosis include cells

f or consufpMA,a wrtgn- m@@latglgfwampn Y e shosgmiahave( 0d@" meat) or plant
cells {su dﬂﬁn Vﬂ%@?§§§%1dé%é&ﬂ&@aﬂRﬂ@kﬁﬁh@ﬁ1&%F?ﬁﬂﬁi%sﬁﬁ%§héncrease the

| evel and/ o
ED50 for modulating one or more of human SIRT2, SIRT3, SIRT4, SIRTS, SIRT6,
or SIRT7, and even more preferably at least 10 fold, 100 fold or even 1000 fold less.
In one embodiment, a SIRT1 modulator does not have any substantial ability to

modulate a SIRT3 protein.

20 In other embodiments, a SIRT3 modulator does not have any substantial
ability to modulate other sirtuin protein homologs, such as, for example, one or more
of human SIRT1, SIRT2, SIRT4, SIRTS, SIRT6, or SIRT7, at concentrations (e.g.,
in vivo) effective for modulating the deacetylase activity of human SIRT3. For
example, a sirtuin-modulating compound may be chosen to have an EDs for

25  modulating human SIRT3 deacetylase activity that is at least 5 fold less than the
EDs, for modulating one or more of human SIRT1, SIRT2, SIRT4, SIRTS, SIRTS,
or SIRT7, and even more preferably at least 10 fold, 100 fold or even 1000 fold less.
In one embodiment, a SIRT3 modulator does not have any substantial ability to

modulate a SIRT1 protein.
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5sirtuin protein may al so be applied during devel opnental and growth phases
in mammal s, plants, insects or mcroorganisns, in order to, e.g., alter,
retard orwacowlEiste t he devel opnental and/or growth pr®@CE&dams$2009/068865 | n

anot her enbodi nent, sirtuin-nodul ati ng conpounds that increase the |evel
and/or activit 5|rt in protein may be used to, treat useful for

transpl ant at | oﬁﬂcl%”@rn cbadr IRRE AT UINARP R THg, Corlaﬂpu@%aw Ve%Emﬁalgt. ssue
grafts, OLATR v 6 NS RL A SteirCsH dboRURPRMSIO NG, 1@11%11@6?1{4% 1Qen@ marrow cell's,
etc. The cel Is or tissue may be an autograft, an allograft, a syngraft or a
xenograft&ﬂihenmémMBngwmmmxmdemnuydME(amgaughmwnmhwmﬂeﬁSMthmn nmodul ati ng

d / I.mpl
aam i st r BeTea KiPERL RO bRy o HBe Eds Y hr QA EL at i on i nt o

a subject faclhiereelchst aBoutl 3SHS, MBY20080,t 508100, P E@faid Emb&dIR¥Ads, Rfn t he cel |'s
fromthe donor individual, ex vivo after removal of the cells or tissue

fromthe HdHevarp daﬁevnmeéusm@theg@ms spepproaretratasssy deparibed herciecirgfeaise. For
exanpl e, i i t mcally with
a sirtui n%&%aﬁﬁ?%mﬁéundg%d%cg Klﬂ%lf\é ﬁHlve a suﬁ@ ]{ C%gﬂ ?%&lgssue treated
local |y wgidateac20st thﬁmcamsm@ufeatzerﬁlgolcawpmm cbﬂitaehtruﬂitﬁf@aﬁ@s;ettm@Khevel

and/ or act|V|ty of a sirtuin protein. In certain enbodi nents, the cells or

tissue (oPf yHEHY oBE &@Hﬁtel%GPﬁ?P@H&lﬁEW tniaberdped BhEpYSRtEd af # XEd wi t h
anot heg tP&{c@H@éﬁdnC 2G50 HS&IHin eg uﬂhmg,uﬂ&eweaﬂé ViKY &liguch as,
for exanple, an I mmunosuppressi v oki ne, an angi ogenic factor
etc. 25l npmlnbyhéactmcﬁﬂmtmut 2‘,e“sl HsS, ri@yz(héOt f@at HD. vwA sintuin-

si rtuin- tin und that increases the |eve] and/or acIivty of a
S rtuin pRodeRng RobRuBa Tt 2ps HROTRE ERdk REns Tefteedin e Eib b

apopt osi s, skt @M%I?\Tﬁﬂ%bﬂéuﬁmeﬁ‘%haq{ o8F1 8N, 140 MALBG: 10enNd; 1,essdevel opi ng
winkles, loss of elasticity, etc.) by treating skin or epithelial cells

with a si thaulahewtd@QInM,l lesy thamgbouht uvh dess itheorabasied) mMeldSEtl@h abowd/10P activity

R N A N

Cormound taﬂst;m 1L Mas €ont fsvuk @920 anl/ ArsirdGh invdduyatidl ca: n%bﬁﬁdlﬂnﬁy protein.
Exenplary skin afflictions or skin conditions that nay be treated in
accor dancBogilate thpdegpetylse gctéiatcafiand B TH eneion STRE? B@éﬁlmbﬁérféré@@f@ﬁ di seases

associ at e n %Pﬂ? S gi ng. For
exanpl e, %ﬁga&)gu %é}lﬁf‘?{gﬁg #tyr?%:llg(% taklﬁgd éé@eéﬂﬁa@%%fy%%nﬁ?&%[?ﬁesg ment of
contact deysapt Atslmlﬁma@dzauﬁgmgmpbﬁndmay cmahalfeﬁstdbmﬁﬂt()% i38%@8d%al | er gi c
contact dernatiti pic dermatitis nown as allergic eczem),

Som agh BT b e el ST ol A IS el Gn el e gy lans
epi der nol X@tlv?t Ritlalg A Cgtﬁ&ﬁ?&é‘u\(é BGhg 'nﬁﬁboﬂ@éﬁ?ﬁ'ﬂ%’%?res@éﬁt%l' ative

dermatitis, borr ermatitis, eryt (including erythema nultiforne
and eryt hanmlmmddu;lam)g ccdnpmgénmdmdabﬁ%lﬁefosmndﬂl@ﬂng BIRIErthhiiight sour ces,

di scoid | ypus.er h , r mat itis ski.n cancer and
the effec eg StGPOoW Qﬁg{ftzﬁg&ﬁgyg?oﬁgg)ﬁg% gé??ﬁg&F tﬁ?‘?taf%gp‘rofiﬁ fH%odul at i ng
conpoundssippt addistgrsg. the | evel and/or activity of a sirtuin protein may
be used for the treatnent of wounds and/or burns to pronote healing,
including, for exanple, first-, second- or third-degree burns and/or a

thermdd, 8neni EapmplargiUsesrical burns. 15The formul ations may be
adnmi ni st er ed topically to the skin or nucosal tissue. Topi cal

formul ations CﬂFPeIfr{ é(}geé%ﬁ“?he?fnvlgﬁ?{o% C}frb{n‘dé’é ﬂﬁBQé‘fo?Ho’aﬁla%ﬁgﬂ%Pg t hat

i ncrease the | eve or ’'ac A sl rturn 0 be used as
prevent|vmmﬂan@nvnpbém@@mﬁy@ﬂkmyﬁuhmampm§mmmemﬁxamhen used in a
chenopreventi ve

In certain embodiments, the invention provides methods for using sirtuin-
modulating compounds wherein the sirtuin-modulating compounds activate a sirtuin
30  protein, e.g., increase the level and/or activity of a sirtuin protein. Sirtuin-modulating

compounds that increase the level and/or activity of a sirtuin protein may be useful for
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met hod, susceptible skin is treated prior to any visible condition in a
particul ar 20i ndi vi dual . Si rtui n-nodul ati ng conpounds may be

del i ver edwbaoald7ysser systemcally to a subject. In one echas2enn6836H

si rtuin- nDduIating conpound is delivered locally to a tissue or organ of a

subj ect b ion, to f or nul at. etc n anot he odi
Si Tt ui n- mBABTE o et AT lfrré&nsmrér 5% errwe%rlwamaﬁé?ﬁfb armv.ty of a
sirtuin ppatgifg %th%%ﬂdl%%rés%ﬁﬁ%@%dlé‘@arf%ffy O BYEMJ AE dotlicsgase or

condi tion induc or ‘exacer bat ed | ul & senescence in a subject;

met hods f orcludles, étarsaxaglptehélsﬁeaﬁeomﬁlscgéﬂegdemd@ @glngossltqseduabemg , after

onset of sgnescence or ext ndi ng t he ect;
ot hods. BNy e g egr e o L st st SRR ofine Bistiikg o
l'i f espan; infRhedon! @nctr, 8at/bNBushing3 Bl ENEMEIhBEs SorfihrseadministcGRNE 4 1 on
relating to the proI iferative capacity of cells; and nmethods for treating

or pr evensubigrt & Bhedehereofar phesmascutientlyrefigtive moyt ofa sstuin-medulgeing3 or
death. In in d does not act by decreasing the
rate of oc(grﬁ é@rﬁit n?%%%ﬁgétéfgtlbgg?%%%raten the lifespan of a subject. In
certain enbodi nents, a nethod does not act by reducing the lethality caused
by a disease, SVidfuawishapaebe bbund/by thenot ites beibod ihaeadtivatrs of the
si rtui n-npdul at i ng. conpound that increases the 5level and/or activity of a
si rtuin pHSEE RVREPIHBOLENGTAT SHEY 2T aét@u%p@ércarlﬁnar@er thesirfeher al i y
i ncregge H)%elh'(é %Sﬁ)@fﬂie%ﬁe bi ﬁt&ﬁfécﬁn?ﬂ%ﬁxﬁo?ﬂ%a@%f thd Sctiels 1t§) figai nst stress
and/ or ag |nst apopt osi s eved that treating a subject with a
corrpound tesored ﬂedthnersehmrea@nswlm tarit dasabpvttuingctiveeors ubd editbitoss hor mesi s,

e., mld stress t to organisns and may extend their
Irfespan CaHEY, Ftsﬁl?srjia qr%gs ﬁ?‘FbatHunds that increase the |evel and/or
activity of a sirtuin proteln may be adm nistered to a subject to prevent
agi ng and agi ngr élapt @ALEDMERAUBE SiedirmodiIaBAS ESmpdiMald&eribéd tein heart
di sease, heart failure, arthritis, high bloo pressure and Al zheiner's
di s ecase. WANOF teSAAacERE eomahingtinn Wuh piheneaepdunds. daenoembedingnsar der s,

1 2551 ALET W LD e Bl PBoRlIablec Y SunBUE, B3 GRALASS 4 15 9! aucom,

and macul ar egenera ion r urn- ? ng conpoun i ncrease the
| evel andéuifjecdd hoddtterodf. mmorﬂtaniembpdmteet . str@arin-ahcinldiagadnipoisd keed t o
subj ects for treﬁt ment of di seases, .e.g., chronic djseases, associated with
cel | deat Hicrqapesdhel sy ek Bdgr gedwty ?fwleeprpéotﬁmdﬂw@ gdnpfaistared witk op¢ aF v

di seases |pgel Merfél%fagéérﬁﬂlﬁ%iggte e}a{iro” Fé}h fglih, HeatdngneHr Onal

dysfunction, or nusc unction, suc Oas Parkinson's
di sease, qnerbﬁinnﬁr arsemnm’ayembndimanplaesusmhenmhllestl,nganmpbnmpﬁlat | at er al

scl er and st r.aph ALDS, fulmn itis; diseases
ket 1 o MHBgSRap R G GO AR O regilarose Teoth S ERBIShob o Seace,
retiniti s pheBidPwah andtifRreRell Aotite IadeaRIdne R sififlishisRingsi a such as
apl astic anem a; ischem c diseases such as nyocardial infarction and

stroke; heqramtmddh@eiagle@ses tshlewd] aad/ovpwivity diepatuiin pwteiBrepgetitis B and

a1 bpect o T S REERE MR T Y FE B e BN AT hy of che

skin; cat gurain; NFO33 @4 @t‘f] rotedd aﬁagcmms%) NE27b (glpatitereiaRecdb®e al@edAstyed by
dr ug therapy em cal osure or radiatign exposure.

%:J; 19 35% noEUPafG- h@remﬁéﬂnﬁ?t&aﬁ@fh E@é‘?f@%‘se cefpexyligagidafrd or activity of a
223 ;t 3: 2 e@gﬁe{?o%la{%cﬁﬁQh%régy B siad 9 SLAT 80 (5, R AYRk&Sin Siffer T ng froman
(Hydroxy sites 5,7,3',4",5' and gallate ester on 3); cyanidin chloride (3,5,7,3',4'-
pentahydroxyflavylium chloride); delphinidin chloride (3,5,7,3',4',5'-
hexahydroxyflavylium chloride); myricetin (cannabiscetin; 3,5,7,3',4",5'-
30  hexahydroxyflavone); 3,7,3',4',5'-pentahydroxyflavone; gossypetin (3,5,7,8,3",4'-

hexahydroxyflavone), sirtinol; and splitomicin. In yet another embodiment, one or
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e.g., damage to an organ or tissue, e.g., a subject suffering from stroke
or nyocardial 34 infarction or a subject suffering froma spinal cord

i njury. Svotoion7mssdul ati ng conpounds that increase the PETAIS2&09068365
activity of a sirtuin protein may also be used to repair an alcoholic's

| iver. Cardiovascul ar Di.sease 5In ano%her enbodi ment, the invention

provi des HOKRHHBE-PAAulEngGamRpuadimAY bp pdRIMITTRY WAthORe §F B\AS cul ar di sease

by adm ni §cpiei ﬁg%n% t%lv'ﬁ’ﬂe%ﬁtrﬁéﬁt BesdviMRh e hafo Rl diddidd; edilRt fgpg compound
that increases the | evel and/or activity of a sirtuin protein.

Car di ovas @mrmle,chasws@sbettmnewadﬁg@eeraw@aﬂlwser cgd@vefmléid dwsasngblbhfé sirtuin-

10 nodul atll B& n (Lq]{l nc se t.he Jﬁfls nd/or act. V(f XtOf a
sirtuin pf8 gn1 lgnc \a h%gnbgr’ 8(:%1? PR REEOUS RIS opat hi ¢
cardi OS'WO@@hbMatldfpﬂl@ﬁ@ie's %oﬁa@ﬁﬁihg’ B%RRAG-ROduRtEE b@fhp@mﬁiaﬁsy RIBrapahhy,

drug-i nduced cardi omyopat hy, ischem c cardi onyopat hy, and hypertensive

car di omyopkarmpceuticslromneattians @abeormr@@@ﬁ@ abmerqyithig-wedpdintds and net hods
descri bed &ﬁé&ln il gor&l?ﬁ!lttb \9%8 ng%rfe;%ﬁé%%%tﬁ %&R?ge Y Al 21294 Vesse' S

(macr ovasc Psea suc arteries,

carotid aticeapestic agche cteecrr&iadcbms&src)uhlar (2acbd-adin@gstrdtiog of enabr mblteeyiﬂuﬁﬁ-, t he
iliac arteries, the fenopral arteries, and the liteal arterjes. O her
vascul ar @iodekating C‘?fﬁﬁ?unéiéwl@eonﬁPé&toé?jﬂ’ﬁFaPﬁWéR/ngNh%@PﬁlﬁeS“ﬁ%se related to

pl at e| gt &4 et +ah 'h 5 RIgUh 2 Lrioles,
t he va(ga ﬁg)r%or %&81%%0 car Pacérg&luégl Qvee&o bgg[gc?gl%lgt eéi capei%'Jél ary beds of
t he eye, b(b'rapcbmm;(buttﬂm g@eient amtﬂmtthe samsnknt at pewkalgq:) sudhpdsertdistaner vous

systens. The sirtuin-no tin ounds,t hat crease the | evel and/or
ety B B PR RO, etk Brer g Cal e (HBe. | evel s i n

pl asma of f(ﬁpli)ddaﬁ‘és\f kighd @hn bY&paidasyy #HE SQ A& Skit Rabre TRYsiRGinthERlfheW th
si rtui n-nodul ati ng conpounds 25that i|ncrease the | evel and/or actl vity of a

sirtui n pronpeund(siehdidther tstapaas agents)qurs inf ssbhratel vegsebor Whan ysingt er vent i on,

d di d I b I hi I densi
ol ot ar trereed B8y SRR ins e P da PP BRbnd that

I ncr eases sdhetilng s linRAfiteAtIAGlagéred, fHor o, Subdcliidht b, @k €bmbimaNortke
adm ni stered as part of a conbination 30 therapeutic w th another

car di ovastheresf. wigermspedt tp beedeibgition of anetheytherapeytic agent.
In certain embodiments, methods for reducing, preventing or treating diseases

or disorders using a sirtuin-modulating compound may also comprise increasing the

20  protein level of a sirtuin, such as human SIRT1, SIRT2 and/or SIRT3, or homologs
thereof. Increasing protein levels can be achieved by introducing into a cell one or
more copies of a nucleic acid that encodes a sirtuin. For example, the level of a sirtuin
can be increased in a mammalian cell by introducing into the mammalian cell a
nucleic acid encoding the sirtuin, e.g., increasing the level of SIRT1 by introducing a

25  nucleic acid encoding the amino acid sequence set forth in GenBank Accession No.
NP_036370 and/or increasing the level of SIRT3 by introducing a nucleic acid
encoding the amino acid sequence set forth in GenBank Accession No. AAH01042.

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%
30  identical to the sequence of a sirtuin, ¢.g., SIRT1 and/or SIRT3 protein. For

example, the nucleic acid encoding the protein may be at least about 80%, 85%, 90%,
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nodul ati ng conpound that increases the level and/or activity of a sirtuin
protein may be adm nistered as part of a conbination therapeutic with an
anti - arr hwohmio7asg§ent . 1 n anot her enbodi nent, a sirt ui nPeodisk@iosggetonpound
that increases the Ievel and/or activity of a sirtuin protein may be

adm ni st er, g part nblnatlonihera eut i not her

car di ovaségg §§ég‘érn%9 E@P 10%(5%?%“@196‘8#‘16“00 ng%ﬁi@ﬁw ng conpounds
that incrags&siblend. W'Ol@@@éﬁndﬁ’&@lﬂﬂ Ye. gf GRnBAK NECRsR6 PRSI BCG@}’O@?

admi ni stered to subjects who have recentlTy received or are ik o]

recei ve aputge Bfe mabiaadidmagrlsodxiamuclenc mtlehbyﬂmMIprefemhdmr of

o cSa el SFBEE G5 ROy et LB P ™

enbodi srenKIR T hand/RE BB T PHroRin. ISWihEnE KPR Rioh Sofi@ESIMASY WRlvatentional ly. In
fﬁ

such a case, the conpound is preferab adm ni stered as soon as possible

after t hehfélﬁﬁbé’moé ane ajvwash i -2 XpoYst @tsﬁ% Cal’fﬂhqllhéllﬁﬂo@l@dﬂ]‘éml el opnent of
?CUt e radialison, %?eqﬁa{g?ls %ﬁé‘eﬁ%%rﬂ P4 cf rﬁ ﬁ@%@%@ %’ gf%lte?f? be used
or treating and preven cancer . cart ai ,

sirtuin- rrthziu{saatﬂra@nemo@@Mldaypéﬂaﬂumnmrememtlhprelf@melbz bavlegioallyertivyi ty of a
sirtuin protein may he used for_treating and/or preventing cancer. Calorie

restricti &8 h%l%apb@éﬁf Ae3eREydption- Iél%@ﬂmeweéwwrp PHECS He i adhe BoEPNfe- r el at ed
di sor ger syl .nGhHEHNY ;A0 fcauf\s&%d%&%x a pRAIRIRE diferd ﬂsgl gl 20and/ or
acti vi ty of a sirtuin pr tEI n may e use OI‘ treati ng an / or preventl ng
t he inci depeSIRT 1 hgeng €lcaBeuk Acswside N, N§uﬁ$1635§ prefarabéx eonphies theaooer .

Exenpl ary cancers t may be treated.using a Sirtuin: ti.ng conpound
e e oL B sl E e Rt SoRa e Bl st cih o amg) oo
breast, pgRaBaieacdssbh NGl ®Pp, 059390 Os)éﬁi"ch Ut SROGSI B ndcYé@SHBW to @@Q of
Ieukem as. In cancers associated with solid tumors, a 25 nodul ati ng

conmpound ﬁiayBalé( Advession Ner DY dil22E, thﬁmommsswﬂmﬁ\ml@dmmz% gfwdl ood
|1 be. t t ed d ti
o moling fits STRESH BaaRE PoRid o e MR B SIREE MBS s BT o1 owe

e.g., Warh&inoCRisa6s o he7 bf@aﬁmhk A3ReiorING e]B eB 6B h@itwitiamaentérat ed
i ncl ude aut oi nmune di seases, ., Systemc | u& ) eryt henmat osus,

scl er oder hunuelpetidgs 84 fa 1394 qf@qnﬁnaelﬁA&mS@pmNm N 11233850 sheiflagnine r enoved.
Viral infechi ngétr?szfé‘é Q)g "(‘}%nﬁgﬁlpg%cesﬁ'o}( No gfﬁg{;@%’ f?’dswgﬁg%ré'%k}{aéd soci at ed

mal i gnant “and isorders can a reate m nistration of 36
sirtuin- nndué(atdemgnmmanﬁGeﬁBaﬂt Aatdsyieh Wo. NMI(}slzaam dveo atfidudiangido f rom a

subj ect gat ed ex vivo to renove or_elinm nate cer hél n undesirable cells,

e.g. ,2Q:an&‘é &3 10495 oh PeaBankapsecsrion Noad¥e P03 Revhicrerosncaded ¥ er ent
subj ect . S@i&g@@fa%? APRUEI3] RLRA ﬁn@&&ﬁoﬁ%am 15988 88h&thi ISFB%'IH ating

5conpound escri ed herein as having anti-cancer activity, e.g., conpounds
t hat i nduocaiapa piobeic] fiomnpourng sddabetylatien vgeblliticespabe deteunmpd)unds t hat
render cells sensitiye,to stres Chenot herapeuti c agents may be used by

t hensel ved“SRf lﬂgﬁ)@FtX’Pﬁ% lﬁloPPB’d]E}Itg? f‘rﬁg conpound described herein as inducing
cell death or reducing |ifespan or increasing sensitivity to stress and/or

in conbinati 0nIM&érﬁuQérﬁ@ddn&a@ﬁtBQﬁ@thB@srf@p%é{hbﬁg et g b tragtitigt diQAsdsO
conventi onal chenot herapeutic t he sirtuin- nDduIatlng conmpounds descri bed

her ei 2 magr @B@rdertﬁelsmg@osnv\wutlmmat@gr@‘g@lpmmi mPW\jso ePmpELpfedecpebpatld eot i des
L‘;MI;E["e 3' eolﬁfrhﬁ JePors fi@fﬁ Q chtaQ %u%ofﬁgkﬁf‘ %H&/’% IR, ﬁ&% %P”t eto
profliterati |on hera Tes ¢onpri's

Si rt ui n- naddodlt D&geSHFROJiMGCIS p@di’tém&evel can be achieved accordlng to rnethods

known in the art. For example, an siRNA, an antisense nucleic acid, or a ribozyme

targeted to the sirtuin can be expressed in the cell. A dominant negative sirtuin

30 mutant, ¢.g., a mutant that is not capable of deacetylating, may also be used. For
example, mutant H363Y of SIRT1, described, e.g., in Luo et al. (2001) Cell 107:137
can be used. Alternatively, agents that inhibit transcription can be used.
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15 conventional chenot herapeutic agent may be advantageous over conbination
t herapies known in the art because the conbination allows the conventional
chenot herwipeoatowisgsgent to exert greater effect at | ower PODABQ@I/ 068365
preferred enbodi nent, the effective dose (ED50) for a chenotherapeutic

agent, or conbjpation_of cqgnventional chenotherapeutic agents, when used in
conbi nat i on w {HFEeds] foffumﬁ&rﬁétﬁnw&fmwrﬁ&%m o Sckycty meliods BB) d | ess

than the ERa0ifieg the chatmihehapsut ien@gedcodln@nesirdfd, eWRMJIMRI efor
preferably at 5 fold, 10 fold or even 25 fold | ess. Conversely, the

t her apeut stebilinthgideftabijizingrthe getesphedrog hdtps anidothgentthods lowmn matht on  of
such chenot herapeuti c agent when used in conbination with a
sirtuin-nﬁ%ulating conmpound descri bed herein can be at |least 2 fold greater
than the 25 TI for conventional chenotherapeutic reginen alone, and even
nore psef ggalpysrras 5 fold, 10 fold or even 25 fold greater. Neurona

D seases/ D sorders In certain aspects, sirtuin-nodul ati ng conpounds

that increase the level and/or activity of a sirtuin protein _can be used to
treat patients!sQiFERbadimentothe deycnton Ppalisnamathedexdrdingstas lifespgh ¢ r aumat i ¢
or nmechanj | nj . : Y ifnal cord or
peripheraFP%g?%gﬁgﬁégg?gﬁ??%%%?g%%gﬁgggégg%giéﬁﬁﬁgég%?gggg%g&picalIy

i nvol ves pedutingsmssumivale angsdamdngy odllnie sofiestédree huaraell, miaiickingdhech may be
due to the atrgphﬁgand/or.death of brain. cells gﬂich are far nore profound
than t hos&TFetS of HRTISIRYTIREOTS Srreasie thy Eesistnrs Bla cill 1@ S{rssagy pgveming

Neur ofege Rsd R diver ddHIeBs Bont&@M o NOt I Bw AR 8 iRl -YoodBhlifE cémpAaRQ J7eKd od of
normal brain function, due to progressive degeneration (e.g., nerve cel

dysf unct i orvenfieh tetingrcassh tf@d@@élfahg/ObMivriteré gisohen paltdierinanicxemyplary

neur odegener at.i ve, di seases can have a qui.ck set, such _as t.hose associ ated
Wt o aoEeatimeE MR ARRE: Gy (Endaftybe sP0RTb g BURE AR HAE my "o ecede
clinical expp&sgi on by nmany years. Exanples of 10neurodegenerative di seases
i nclude, but are not limted to, Al zheiner's disease (AD), Parkinson's

di sease (PD), Huntington's disease (HD), anyotrophic lateral_ sclerosis
(ALS; Lou Gehr iTHe gctjoda dewsyibedihgreingnay awsch (yipcerasthg @mount of time

chor eas ac y i I Y, : i . di seases (ocul ar
meur 1) o) L REYbRRL R PR Ve L AP R Eh0T 1om AFGRA SERTCY Lo
pacl i t axehumhoy tnayg dbokbpt, alisie &be tdbeultutkel dmcbriénio steno(it) kelessandnd Fri edrei ch' s
ataxia. Siyptuin-nodul ating cqoopounds that increase the |evel and/or
activity | ers an

ivity BRIBOP: eeﬂlﬁrﬁn&rcsﬁ%ﬁﬁgp@ﬁaﬁg ﬂa&r%‘%omdnw ? Of Heged 4 d d
ot hers asiastmbaRdiRetAMpouhl that ifbrédNS b wefi@r{d/érm%‘éivﬂ’tfép& Liftyin" menory
| oss, unusual behavior, personality changes, and a decline in thinking
abi | i t i esproféiesekécpsbescllar e pregaydhiertef, trhail@6d®aldngef papds bf fimet ypes of
brai n,cel s .and t he breakd f connecti.gns and their _supporting network
(o271 SierE sl RS e Rin S RRREER 8 M ror B R ErBREL | Sseof
recent nmempdificafigy! ty judgnment, and changes in personality. PDis a CNS
di sorder that results in uncontrolled body novenents, rigidity, trenor, and
dyskinesia, and is associated with the death of brain cells in an area of
the brain that Ipersairelaslimentgeshls that are infegdgdristbgrpresstiredforgions agegdsiod a NS
di sorder f; { - t hat connect
t he brai nh{thgtr?ﬁ{aﬁegtﬁééal%eedt\gﬁh gnggﬁnesgaﬂ%ﬂﬁ% C%ﬁ@@ﬁgﬁﬂﬁzﬁéﬁ%ﬁ%@ﬁ%’% i ve di sease
t hat causesd/omn@oRity of & eidtuimpretdntThe cells may be in suspension (e.g., blood cells,

25  serum, biological growth media, etc.) or in tissues or organs. For example, blood
collected from an individual for purposes of transfusion may be treated with a
sirtuin-modulating compound that increases the level and/or activity of a sirtuin
protein to preserve the blood cells for longer periods of time. Additionally, blood to
be used for forensic purposes may also be preserved using a sirtuin-modulating

30  compound that increases the level and/or activity of a sirtuin protein. Other cells that
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| oss of intellectual faculties, and enotional disturbance. Tay-Sachs

di sease and Sandhoff disease are glycolipid storage di seases where GW
gangl i osiwe 2ardh7issBat ed 30gl ycol i pi d substrates for | 3-Rrexasamonsssase
accunul ate in the nervous systemand trigger acute neurodegeneration.
Itlswell-known at a 0s plays a role.in Al DS. path S in the

i mune syBR§RF! % %?thﬁ)@e hiffsgan HRAQESE G BIBES AelifSEelSdor whi ch can
be treat eE'oﬁ%ﬁlBtléﬁ retg"&ng%m A - R SPARANDUS s8Eh dNRedtVSH 1At BHs Neur onal
loss is also a salient feature of prion di seases, such as Creut zfeldt-
5Jakob di éwalses vegchableah, BSE in cattle (mad cow di sease), Scrapie Di sease
in sheep and goats, and feline spongi form encephal opat hy (FSE) in cats.

Si rt ui n- modul at,i nds t hat nerease 1 and/or, a t|V|ty of a
sirtuin protei E@%ﬂ/ reégféﬁe u?mpoun rea Illcﬁegas%?lel Veegen(g/o?fécnr\’etﬁrognal | oss due
to these piktuflprdiciemasalso bb applddniiring rieOslbpradital add réwihi phagiRdnl at i ng
conpound t hat |ncreases the 10l evel and/or activity of a sirtuin protein
may be usBWMIRALS, PEHLS, HISCHP By BRITOYEHNINNS R §EICH fO. gigs i retridhd| vi ng

axonopat h eri pheral neuropathy that
results f)r{%cr%gé%%rg{e %g@g@@%ﬂ ré%glgjrgéleggrrent of peripheral nervous
system (PNS) neurons. is the m)st common response of nerves to netabolic
or toxic distubbamtles enﬂmdinmt ;Surahn-modubing aonedurtaly tlnmﬁlaincﬂsédledbwases such
as di abetes,, renal failure, deficiency, syndrones su utrition and
al cohol i sAIY/RFAANEY 7% Sepdl GPRERLE piiget ol U0 Al

axonopgt hb@éemﬁe@bI YinAL&RE Nor Mnhblé WOTIB Hi5due haflh OM8n BhRGIINAY c8@nsori - not or
di st ur bances. tendon reflexes and aut onom ¢ nervous system (ANS)
functi ons swpensaﬂ@osttmwllsnbom miarrpwists,iote. dht eellseat tas@amaybx abet i c

neur opat hl% K Et o t hi ¢ 1rd sar o}l{ersréﬁ aﬁg oSC| ate WI ttIé 20 di abetes
mel litus 8$§‘I%I‘ el e e e A 8%%‘8 58 t h

di abeti c qeHrRPSLHN- m&@dlbltd% édmlfo@nmgﬁmomhﬁmstrmmma@hhy nononeuritis
mul ti pl ex; diabetic amyotrophy ai nful pol yneuropat hy; autonom c

neur opat hWnC&ﬁGmﬂm‘dﬁb@é@w@Fﬁtlﬁaﬁmﬁ ‘Faéipﬁtw/orpéﬁtl pheral neuropathy is the
medi ¢ te t I stem
et S o AT, A LG TR
si de- ef f eednsovaf ofstjis telis fEorh ItlIermmsr irldiyidiial Cexugesatad r@ﬁdwan)bﬁmalcemecotr opat hy

I I f HYV, th h h
Imr;gt u??kzrel%s%g élir e%rés thlicuaclitoi‘llort 1In(Ci)ll’\];laduai:i gr Iaglslt g%gﬂ%g'%&pg ?Ig(ﬁﬁ@d‘pﬁt@}?gy %gr glia%lbpeé es is the

St rtul n- gyl bl HGeGATAPHAR A BETARES, J0hNeI) GYRl: Aghor activity of a

sirtuin protein nmay be use at or prevent I'tiple sclerosis (M),
i ncl udi ngmodhlapsg ngmimart maydmsryapukmaof cliMBssuaricbatti Herallgevithed | nat i ng

condi tions,, such for exanpl chronic.in tory d elinatin
pol yn‘é: ro &PH\/HP@%&}% CWPWHEQ% Fﬁcr%% FéﬁVELa h?fgr %ﬁogaf%rﬁy]é]t anotg'.J her
enmbodi Menpyot@n SiinlckHhiR-cAMOEInRintd) theCRMPBERGUE (GHdohbSFeR%es iddMaddigvel and/ or

activity of a sirtuin protein my be used to treat trauma to the nerves,
may additionally be treated with another therapeutic agent useful for prolonging graft

survival, such as, for example, an immunosuppressive agent, a cytokine, an

angiogenic factor, etc.

25 In yet other embodiments, cells may be treated with a sirtuin-modulating
compound that increases the level and/or activity of a sirtuin protein iz vivo, €.g., to
increase their lifespan or prevent apoptosis. For example, skin can be protected from
aging (e.g., developing wrinkles, loss of elasticity, etc.) by treating skin or epithelial
cells with a sirtuin-modulating compound that increases the level and/or activity of a

30  sirtuin protein. In an exemplary embodiment, skin is contacted with a pharmaceutical

or cosmetic composition comprising a sirtuin-modulating compound that increases
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i ncluding, trauma due to disease, injury (including surgical intervention),
or environnental trauma (e.g., neurotoxins, alcoholism etc.).

Si rt ui n- mvoubara7mgF3conpounds that increase the | evel an@#Corusaawioesssy of a
sirtuin protein may al so be useful to prevent, treat, and alleviate

synptons Qf various 10. PNS_di sorders e term”. pher al peuropat hy"
enconpass&¥ lavGhe 0?%@@8#&&?%}@@?@93‘%%8@ @ﬁl}e?w% Psi de of the

brai n and spjitdls tﬁé%rn‘i‘ayﬂ%r trRRRIiAlacARIMRS WiRMRe RRAIDIJAERABL hdsii pher al
neuropathy nmay al so bé referred to as peripheral neuritis, or if many
nerves ar eciugeaclispedrs omsetaefrsrﬁssqmﬂtgdmuhopaauﬁyd by lt}ﬂahym@wm sunslammgebe used.
15PNS di seasag trea z:}:b 1 tﬁl rtuin- - 1D (L){JP@ l%h tHgoundst t hat increase
the | evel a0/ 6r 2t WWMB? S Ng COPRP TP JH0g WD O e BV Y es, | eprosy,
Charcoj - N&eat&Eﬁp@ﬂboeltaste@esﬁmu@(lhdladlﬂg Baikdn® coniddenRatARGnBaAeRical Pl exus
Neur opat hi es (di seases of the cervical and first thoracic roots, nerve
trunks, ceontact damertisishiafsid darmatiiyelsodmpvnenelcigic eorempk aetiiial pl exus. 20In
anot her e t treat or
revent atnacyn orahtadlohidtioRat b Rhp S AR AR RBUISEA 1) e
Spi nobul banclnumglpbﬂlph@hs)oe;kfwléti(&rd@ﬁdytlt@h s@@sﬂhh,c dleluﬁzmtmgé@meﬁlaﬁ)l sease (HD),
Dent at orubr al - pal I i dol uysi an atrophy (Haw Ri ver syndrone), Spl nocer ebel | ar

at axi a t ypaclydingsryibera emlifpupe %dmewﬁe desumgndlannes capsi b thasui a type 3
(Machgglo S ks er ebel | ar
St axi 1y Reo BN CTERS Bhoo PR SRIRARLR, ARy MyKRR. Rprsl 1ECT

enbodi mnentacet el thoeledts ofmqnmrak/agi@ Ia anmhétmdn‘tto«iirn@mmirminqammaingner Vous

systemcell to vent da on. a decrease in blood.flowto
The col | - cayptlb A e ST SRR O h S g ona B LVEHEEH b ||
depend i n¢carQdEndALE waledy Jn'&f‘or@ﬁﬂfs‘%@P@m&t@ﬁé&ﬁ&@%ﬂcluﬁn@' RAxEhp tO the cell

and the duration of the reduction n one enbodi nent,” apoptotic or
necrotic @i, sehoad-horthiydidegnee bmelﬁ Be@(or 4 thegmill themitalror h@ptr@ﬁmunsre nt,

i scheni c- ate danmage s tOXI or centr nervous system
tissu anggeétﬂ aﬁlg SB%YE)’F@\%; ?P“éa é’ﬁogh%g(mﬂrerﬁfwos?ﬂéss Lentral nervous
system cel | may be a spi nal ceII or a brain cell. 5Anot her aspect
enconpasses adfopicsit forrmilgtiehsobipuising it oY alorhgrtcanpodulstitgcompubiiect to
treat a central nervous system.ischem c condition. A nunber of central
nervous sifét BFfqasTHERTVE! Bishen actisiy ohwgirE rpiea Bay Byo PREsE ast ui n act i vating
CoMpouNds pSEENPE]. DR Aoy ki CABRBIRAGLIRMan | 081 SORGHLELRRALLI On 18 @
stroke th3t resul I'n a IFschem c cen nervous syst em damage,
such as amemodt suscdibic SkﬂCISOtela'&d(pe}lOi‘ toohmztxhslbkewbmhmn adepationlacent r al
nervoy(i steg1 tll ssue anoxi a. The stroke may inpact any area of the brain
or au VAany etiol ogy conmonly known to result in the occurrence of
a stroke. In one alternative of this enbodi nent, the stroke is a brain stem
stroke. |In anokhgfin- ﬁ{otdﬁfaﬂﬁ% c¥p&inds s RdadELR '[Hcall§7 BEsyRtdnakalyl t§ ad
cerebellar stroke. In still another enbodi ment, the stroke is an enbolic

st roke. | wﬂ@ydn oan@mlbedlnaﬂnt,@rm@mmoduﬂaﬁ@gspmﬂmmmbéerad lvsalby torvagi ¢

st roke. H u anbb 1 t st ra’?germi ?)aa thonboti c stroke.

In yet ano?sﬁl&p 8sgp38if Jg?rtyu Jﬁcé Qpé‘fl YWEIS8URS may be administered to
reduce infarct size of the ischemc core following a central nervous system
i schem ¢ condi ti adthdvieimdod@iient,a shitwihuhddudaini \tatippgnChapiaurdsedale al so be

beneficially . o . . :
25 level and/or activity of a sirtuin protein may be used for treating or preventing a

disease or condition induced or exacerbated by cellular senescence in a subject;
methods for decreasing the rate of senescence of a subject, e.g., after onset of
senescence; methods for extending the lifespan of a subject; methods for treating or
preventing a disease or condition relating to lifespan; methods for treating or

30  preventing a disease or condition relating to the proliferative capacity of cells; and

methods for treating or preventing a disease or condition resulting from cell damage
33



20 admi nistered to reduce the size of the ischem c penunbra or transitional
zone followi ng a central nervous systemischem c condition. In one
enbodi merwg 2a1000m838 nat i on drug regi men may i ncl ude drug®Coruseaapessatis f or
the treatnent or prevention of neurodegenerative disorders or secondary
conditions associated with these conditjons. Thus, a conbipation.drug 25

r egi men nﬁ?gfiaﬂbﬁ%&]@”t% pdimspts, @Pr‘ﬂe—%lil# daep PoAch Pk dS6TER B FAtRBF

ant | neur ooQegeRes &idiAAsAaRRLord BOUFSPAOY Plib Th 28R ERbogiments, | N Ot her

aspects, sirtuin-nodulating conpounds that increase the level and/or
activity efmethasli doesinot got by edducingnhdlethabdcansedt yeadisense.puelv entanbérood

coagul ation disorders 30(or henostatic disorders). As used interchangeably
herein, the terns  "henmostasis”, "bl.ood coagul.ation. " d."blood clotting"
refer to the cHMSAIOBE BNRsImRY: P REAP R T iR BT S5 BRer o1 s of
vasocofnst [dvel dndrorastvieostikiatinPlotel HOHbE Qb selré DR D8H{cet & drier@i Nt ai ni ng

the integrity of mammalian circulation after i n{ur}/, i nfl ammati on, di sease,
congeni t aRengedlbycincreanpdhe Risparofdis cetlnatd tginsetagitiisas!ls mpingh swress @pdo5f or nat i on

of bl ood - - - i - ' L D:&as f LN
(hermstas?%a?lﬁﬁgﬁ(?ﬁisﬁ%qflgggh ghsﬂggrt}trggdg?gg?%%%gﬁggde&gﬂj b eg%%blﬂén&/t he cont ext
of at her ohakrristintladlits adfesing yhecombjcustodrmésian.cl, mphr dt@sd tharisery or vein.
Throrrbosi]s3 i% t hus bl ood clot formation at the wong tine and pl ace.

Accor di ngPSelicRé taRreaipps PR BAY PHRNGIGYilHEWalint i coagul ati on and
10antithronbotic treatnents aimng at inhibiting the formati on of bl ood

clotsypn order giRiRLRUGRALNE Cotp&@Hds PR AkrGRa ! 188 dl Rd/EF A HFLEa SUCh as
nyocardi al infarction, stroke, loss of a linb by peripheral artery disease

or pul nonsirtyineprbtsin may be adminiggred sed sitnect tepramgd abing ahd pging;retateddul at i ng or

nmodul ation _of henpbstasis” and "regul afing.or requl ation .henost asi s"
el udes PRECARaTRrapepessgich af Fiheaboebrbisest T PUARSp bp B st s, as
wel | as t BRol pRishirk] S Aleh@mer'd GHEE | OMedondRNS BReLarhe hQMRShaSHS .
In one aspect, the invention provides a nethod for reducing or inhibiting

henost asi gcul#r Hsadesp.ccg- Wyoawad Hitbtthe aging af diccyaisnchidtitaesthg conpound t hat
i ncreases I, M] 0f. g Si i ' : nposi tions
and mo noSugyhE 5 RO lo@RHab % RinpSp et oREBLEN Tnar RGLERTEDS 1 o
of t hr onbdicilevdllasdodautivity AS a yistith pr@tcth tan dlkebd &fministdicdwbabjectsdoisor der "

i ncl udes any di sorder or conditjon characterized by excessive or unwanted
coagul at i BRMBENHRI RS ¢ 2achiopicidiscasss, apsos)ed pohygtl dptts. 181044 1 Thr onbot i ¢

di sor der s pidich Hileofll fBRREN RundERGhARh bRl NG Ma! BistiaRdReas! on and

t hr onbus for fat | on, and may mani S an 1 ncrease propensity to form
t hr onbosesgural gll,death, nawcoreddpsfumitivheor rofiscutar octbdsels or dysfworbios.issclat an early

age, fam ] ial tendenc rds, t hronbosi s, and t.hronbosi s. gt, unusual

o tesd0 " 2 barfipsai o EREr e BIRTIE e BT IS R a8 SR IraHety | ncl ude
drugs or caeBoYNGd h@culPydiofRy;TRIMS; FinfhAY BRHAtRN; Abcabésanfcg@pgul ation

di sorders or 30secondary conditions associated with these conditions. Thus,

a conbi nati¢gsnewtiogof thedrarersupimys Craviafeldt-Inkeb discansr wtigitistpigmentesdandt i ng
conmpounds cérggetllair Qgée%g‘rsagmtl;hnei\yelodysplasia such as aplastic anemia; ischemic discases

such as myocardial infarction and stroke; hepatic diseases such as alcoholic hepatitis,
25  hepatitis B and hepatitis C; joint-diseases such as osteoarthritis; atherosclerosis;

alopecia; damage to the skin due to UV light; lichen planus; atrophy of the skin;

cataract; and graft rejections. Cell death can also be caused by surgery, drug therapy,

chemical exposure or radiation exposure.

Sirtuin-modulating compounds that increase the level and/or activity of a
30  sirtuin protein can also be administered to a subject suffering from an acute disease,

¢.g., damage to an organ or tissue, ¢.g., a subject suffering from stroke or myocardial
34



| evel and/or activity of a sirtuin protein and one or nore anti-coagul ation
or anti-thronbosis agents. Weight Control 5In another aspect,

si rt ui n- mobakda7mgF3conpounds that increase the | evel an#Comsaawiossssy of a
sirtuin protein may be used for treating or preventing weight gain or

obesity in _a subject. For exanple, sirtuin-modulating cqonmpaunds that

i ncrease tHECHRARIE %}%%Fufgf‘mgfmééplnal Qe U mrbmaﬂlag}%_e used, for
exanpl e, t@npsBRAL 1Rk iRFQVEH: 18R] %/S@Jdivi?g%%&ﬁ‘tguh%r‘é&% MhaQRRSILEY. hornone
rel ated obesity, obesity related to the 10adm nistration of nedication, to
reduce t heseddgpd génairah acobabf’ediver.or to reduce or prevent weight gain in a
subject. A subject in need of such a treatnent may be a subject who is
obese, | |\§:{M "gaocblecgnsaoebese, overwei ght, or likely to becone overweight.
Subj ect s oA etk I’sy‘/’ ¥ become obese or over wei ght can be identified,
for exanple, based on famly history, genetics, diet, activity |evel,

medi cad i on i nt akeottdb @mbyainmcaushe drbhtivat fronded Hectol for treating hidd/pet ot her
enbodi ments, sirtuin-nodul ating conpounds that increase the |evel and/or
activity BIvantHiga ¢ardioprserlar diseasy by admynitenng reubicst BusFeEeEcodas f eri ng
froma vagigly 196 I S$Es i iy LivinRyr Pghieat ed or

pr event ed%@ prrnggir%tgln 6‘3@"3‘&? ]F%gg&%r% é?tﬁg ésdﬁgjﬁzdé%mslﬁlc Md?gegsnes i ncl ude,
for exanppmteihi gh bl ood 20pressure, hypertension, high blood chol esterol,
dyslipidem a, type 2 diabetes, insulin resistance, glucose intol erance,
hyperinsul i nem.a,,.coronary heart disease ngi na pectoris, congestive heart
fablure, st rokbardisi S tactSinhy &g B8 Fine T BPa RaBrEe s s g0

ost eogg t hidokiRtin Q&hﬁ&lﬁfdls vt SicRRRe BRNSR! antlor REiRIt) 8f PE¥tuRl BBles, sone
types of cancer (such as endonetrial, breast, tg,rosta}te, and col on),

conpl i cat inshilesardgrayppatvyor mBsawskitis syl as idiopatbigirerdivmyepsghist h (such as
menstrual Jj lariti infentility. 1rregul ovul ation), bl adder

cont rol ppg%a]%gﬁéc%glggh%ﬁgth&arlgd;hso Ill|C ﬁ%%%ﬁ—‘fno %@13)@11 ?1¥%IuC§{i:i d nephrolithiasis;
psychol ogt&dlontliopathd eikshehiel €drdsnydephe s&iddypeaisiveGatiicaycleiis;. Adicst ort ed
body i mage, and | ow self esteem). Finally, patients wth Al DS can devel op
| i podyst r BpHyLleer pisyentahic paigg spmpewnds and Beinds descsbeb RIEWaAE on t her api es
for AlDS. e 5@1‘; [ i 0= j grpounds t hat
i ncr egfe the ea&%sgsﬁ%%ggﬂélte?ﬁé}$lo aesgﬁé{%ﬁ&ﬁg‘g?ée{{(ﬁgéﬁg@ Sge used for

i nhi bi ti ntheadrtpatje n@snsryairtefied, theadakotdi drfceicgnhé atretoayasetiet oréricsthyitro or in
vi vo. Such t hods y. be used for treating or, preventing qbesity. 5In

ot her enbBAFHEHTSS tg?aﬁﬁﬁiaﬁsmme FPAG! 216 e Reitielo @{agseath% | evel
and/ or  actigthfay dRbasts fiaf &l U tRARIUGI PrdlR)teld tn RS LreRAUS R IGPPEL i T e
and/or increasing satiety, thereby causing weight | oss or avoidance of

wei ght gabggregutionbihe e¢tinahantrmdesothe silrheralar pteriatesathermmya haverusubj ect who is

i ght b . bject Jlikely tag b wei ght b . Th
et ot g rdBaFagean bRl P Bat (o pr FRTar S EERE e 8 once. o
week, a d@feenRalGnd gbﬂpﬁdﬂﬁ leBollls 8f st@nP Ik sirtudh-toduRLBE tomphitrddase may be an
"appetite redumhgg ose. " In an exenpl ary enbodi nent,

si rt ui n- mbyidaae thadeveb pprboimapsivitn af a pigeRiowin may plso &k uagrbfos meaasingi ty of a

sirtuin pp(ﬁLefeQelm}\; llggmggplﬂnav%u% as a conbi nation therapy for treating
or preventing weig P galn or obesity. For exanple, one or nore sirtuin-

15nodul ati ng conpounds that increase the | evel and/or activity of a sirtuin
protein may beYatothai dit@tdead that negrikitreated ovithiditthinanedudatingotoenpanhds obesi ty
agentg. . .. . . :
5  that increase the level and/or activity of a sirtuin protein include restenosis, ¢.g.,
following coronary intervention, and disorders relating to an abnormal level of high

density and low density cholesterol.

In one embodiment, a sirtuin-modulating compound that increases the level
and/or activity of a sirtuin protein may be administered as part of a combination

30  therapeutic with another cardiovascular agent. In one embodiment, a sirtuin-
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I n anot her enbodi nent, sirtuin-nmodul ati ng conpounds that increase the |evel
and/or activity of a sirtuin protein nay be adm nistered to reduce

drug-i nduweadowai7gdss gai n. For exanpl e, a sirtuin-nodul aPcmgiSeanapaetsnsl t hat

i ncreases the | evel and/or 20 activity of a sirtuin protein nay be

adm ni stere S a conbinatian therap ith nmedications that may stinulate
appetite B}O(aEét}%% C%P%}H‘B tﬁﬁiuﬁere%ﬁs %aﬁ?\?e"&: ARdPT aciixity H?a aH I&Fﬁ?l‘{@a?f’ actors

ot her thape Wathfiist&r8d 89pdrPOF 2 MR dncthBupardearia! B aRelas hiiapetd el aspect,
si rtui n-nodul ati ng conpounds that increase the |evel and/or 25activity of a

si rtui n perotteérrenmadinentiseduihenodul gatg qomponng thay ewtdapgy the remtladndlarc

di sorder, such as insulin-resistance,. a pre-diabetic,state. type.l|l

di abet os. “ARAFSY SRR prokiin Siy HendrypCrodainaitof R spigen therapkiiic

si rt ui - npgklaabihBBcH@BPAUHEr hdtat. | ncreases the Ievel and/or activity of a
sirtuin protein may increase insulin sensitivity and/or decrease insulin

|l evels in a subject. A subject in need of such a treatnent may 30 be a
subj ect whel Regth/Qergarn resi st ance or other precursor synptom of type Il
di abetes, who has type Il diabetes, or who is likely to devel op any of

these, condi ] o8guifBlodSKAP bempd It BHhRELL B 1061 BngPLdicly BRYI N9 Tnsulin

resi stance, e.g., having irculating levels of 1 nsulin”and/or
associ at esirtoongbteiromsy bs adininaserhy pesubjqeisdelnd bgvedysintlp ogpenedios are

hyper chol esterol enmi a, | ired.glucose tol erance, high bl ood. gl ucose 5sugar
| evel, ot ﬁ%ly%mc?@g@gp?%%a%ﬁtlg@%t%%i%n : YT 8R! Ot Mer oscl erosi s
and | {PodyRidtRRRY toxin is recdieda paX TR K-rEaRAG FRAlcal Sobdddkrd e dul ati ng

conpounds that increase the |level and/or activity of a sirtuin protein my
be adni ni sdreiméticrad asa pwrbylaetid maasuhe fmpyothecntbodmintghoradmtionent i ng a

met abol i ctdi.sor der. .For .ex(gnilg)lé 'Onaﬁl O%Ir rmfée sirtuin- 10 ¢Tndul ating
conpounds PHAFPOREF d5SETY He T8 g‘flm}i ol7 SYPUSLE 0% YOSPTROETG Pui n protein may
be adm ni picgsrelylaBmaastbicaat kesh é/y'ﬁobsi@maft@fth@@&ﬁos@fmbq‘ﬁlﬂiai@@f»mo@gent S.

I nfl ammat ory Di seases In other aspects, sirtuin-nodulating conpounds
t hat i ncr axshespescresiédegenmeant o€ aguis ragiagipn gyrdremai n protein can be used to
treat or prevent a disease or disorder 15associated with inflammtion.

Si rt uij £1- rodul atyj _ I t . activity of a
sirt u?ér} pr ot ei %lrﬂn%@ﬁg)gg%gﬂgg?%{;@nggq%&?dgsr%e%eo&tgﬁg&\o%ﬁéggﬁgo d,?&at, or after the
i ni ti ati oprewéntingfdaacarain ertainvthéroduseds, girapirydodatatioglcbyipourtis tlwnpounds ar e

pr ef er abl rovided in advance of any.inflammatory response or synptom
Admi i st r Befne B Tevbandiag Oﬁwmarwerﬁn BRY §f basal Eeqtie ekt or y _
r esponses 20 SRR OfBloric restrictioR hd{BddRa ke RPHIABMNon iR ithd MEReARdUl ati ng
conpounds that increase the level and/or activity of a sirtuin protein may

be used t of ageemtatak dignrdere mclalih@eagicers Azpetdmedpian anaease oothdilevicbns, i ncl udi ng
asth bropchi t.i ulmonary, fibrosis llergic rhinitis, oxygen toxicity,
erphy S i st By BFBHERT Poteiday B assfl b feamulty pbSenB2ERGr ome. and
any chronireideisd 6fipkliréRtdddifmpaas, Suth & sexbGpRDYancdNExe@pRAAHSeBY be used
to treat chronic hepatitis infection, including hepatitis and hepatitis

C. Athat mep hatieyted gbipg aishtwibtadatating ceonpoiids thosaef thadranged t he | evel
i seases. Sirbhomefluhih BEhEh A IR st BERu A ETh: AT, o
arthriti scarcesl haphgmas, and leukemias. In cancers associated with solid tumors, a
25  modulating compound may be administered directly into the tumor. Cancer of blood

cells, e.g., leukemia, can be treated by administering a modulating compound into the

blood stream or into the bone marrow. Benign cell growth, e.g., warts, can also be

treated. Other diseases that can be treated include autoimmune diseases, e.g.,

systemic lupus erythematosus, scleroderma, and arthritis, in which autoimmune cells

30  should be removed. Viral infections such as herpes, HIV, adenovirus, and HTLV-1

associated malignant and benign disorders can also be treated by administration of
36



30rheumatoid arthritis, psoriatic arthritis, and ankyl osing spondylitis, as
wel | as organ- tissue autoinmune di seases (e.g., Raynaud's syndrone),

ul cer ati weocolwazigs3 Crohn's di sease, oral nucositis, sclPerTasee0messes

nyast heni a gravis, transplant rejection, endotoxin shock, sepsis,

psoriasis,. eczema, dermatitisg, | tiple sclerqsis, .aufoi mune. thyroiditis,
uveitis, SYEHRP ulﬁ%&ﬂ@%ﬁeﬁﬁ%ﬁ\%}y,ﬁa E %aqlgf‘éffg@? a5UBIGFl | mune
pol ygl andybatq 8t $8838 rdrdh3Qr kNALtASerait Ol oM Ae E’éﬂs}’&k%éﬂéle@éelﬁ}’ ndr ome) ,
and G aves di sease. In certain enbodi nents, one or nore

si rt ui n- neatbiddminmterebbqeb ot sahator ianefferastesubjeet. | evel and/or activity of a
sirtuin protein nmay be taken alone or in conbination with other conpounds
useful for treahing, o Rrevenhind. il L ATEhe0.q 40n Fladtfilipg |0 another
aspect, sirtuin-nodu ar| ng cgorrpouﬁ' S Crat" et ease e 1%eVel  and/ or
actividy edmpouids dechbed BéreintsMayinpantizestck aétivigdelgl, 88mboends figitdence or
severity of flushing and/or hot flashes which are s tons of a disorder.
For i nst aH@éce enpptasits prrepounds Hisgradyes h@é@m%éoﬁ@éu@%r{g@tﬁﬁﬂeﬁcﬁﬁdul ating
COMPOUNdS i o kGEERShknch Bl EHE o RIREY bRGLIIMY MoleifbSiiit ¥ 1 PrOteln,
al one or 1n conbination wt Ner %gents, or reducing 1 ncidence or
severity eftufd-msbulagn@aehmunidesdribad hesin 43 induriey coplatehthndrseducimgot her
enbodi men}.?, t he met hod provides for the use ofb. si.rtui.n- nodul ati ng
conpounds BN PrRFIEANRE YRRIIVEY & Stiesyps ordB CPPpinptisn WAhQtharyi n protein to
reducey t hepd NGhASHGROhetBY eF it ¥dddfor lobshl dBioRRdhShotiRtapbhdshes i N
menopausal and post-nenopausal wonman. 20l n anot her aspect,

si rt ui n- neduinamodgatogpourdsds Hescribetchaes endyhedsd viesked ainidl/ aptisase i vity of a

sirtuin pgotei used a. therapy for reducing,the incidence or
severi y BRAHNATSp EsrapGinRBeidsds B cxbESA T S BFIEE s or anot her
drug ther gi¥porRnB. that@oH@ibuds @8 ahtcd SBINE: prbRfcfRichal n embodi ments, a met hod
for treating and/or preventing drug-induced flushing conprises

adm nistering to a patient in need thereof 25a fornulation conprising at

| east one fl uskiPAginaignicmpiesropBut g atMedatxing saapetdsdind 2nodul at i ng
conpound I: . r Vi Lrtajn protein. In
otherH%nb%%ﬁ%%%?%ﬁ8%§%%?%%@a#§%§%%ea ”%Hl %héé#%%ﬁgéé%Fﬁﬁikﬁﬁg conpri ses
separ at el theegpigsrkingtvarih fg enie:catisertie eomlsimpmnd®wishid conveutoenaf | ushi ng and one

or nore sirtuin-nodul ati ng conpounds, e.g., wherein the sjrtuin-nodul ating
compound swwaerﬁwﬁ%lﬁiaa@tg%@eﬁg? Hgatapefiict H‘é@@ehgqsag%éﬁaﬁ”&fﬁﬁﬁ?dat ed in the

Sane conpgﬁio&'g%ﬁt NGRHE @&FEGB%P & élf%h{S‘d{e@ésﬂegg?n a%érl'f!%r%BﬁlBHfaﬂ?ﬂ?dU| ating

conpound nay be adm ni stered the sane a Istration o he
f 1 ushi ng phadwyemgpnaberimot{@paunt egaenits, wdweh luyedantcombiratibh wsthi angrtainduci ng

agent, (3 t ered relative inistration of the flushing.inducing
oot 20 CainophRERE b e adinats edFat 2 oRATHSioR B ERE Rt Shatmot it (59
sub_sequenagén@a@qwaah%bé@ﬁlbw%@ferémaﬁé B3N 10T ld#eeENgs ae ks, and (6)

vari ous conbi nation thereof enplary flushing inducing agents include, for

exanpl e, fRoavirsely.rthe deiapewtes indert (1d e for esdhuettemotizmaicupe yetmoori cs,
chenot hera(;))e ] cs. fcaI i um C[Eannel. bl ockers, and antbi.bitoti cs. I n one
embodi nment®™ U %-5&8@81?%?‘? %‘a%%%é‘ﬁﬁ“gﬁ}eﬁé’?e NPEREE PR eV el

sirtuin-modulating compound described herein can be at least 2 fold greater than the

25  TI for conventional chemotherapeutic regimen alone, and even more preferably at 5

fold, 10 fold or even 25 fold greater.
Neuronal Diseases/Disorders

In certain aspects, sirtuin-modulating compounds that increase the level and/or
activity of a sirtuin protein can be used to treat patients suffering from

30  neurodegenerative diseases, and traumatic or mechanical injury to the central nervous
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10and/or activity of a sirtuin protein may be used to reduce flushing side
effects of a vasodilator or an antilipem c agent (including

ant i chol esbepwm7essagents and |ipotropic agents). In an @XEMSR@9P68s6s

enbodi ment, a sirtuin-nodul ating conpound that increases the |evel and/or

activity of a ui n. rot in may be used to r flushln associ at ed
with the %D@Fﬁ%f@f‘ébﬂ”& QS’F A B Cra g?rﬁowtsﬁg}&i\}%ﬁolaﬁwmge PHEVS nvent i on

provi des gjBRt l@pﬁcJlrgrln&dle@s%&gcu%ﬁy{nqhe RIaSY &R VJMem O ¥ PaE HuRIASRiA W th
reduced flushing si fects. In another representative enbodi nent, the

met hod i nwhlohgsayt beedusse tof atgiphy @ndmmanm af bragp Q@iisrp@lunld gretfiamorencr ease t he

| evel and/or. act tU|n e|n t. ce .flushing side effects
of raIOX|P§ﬁ‘l%Ih ﬁ%ﬁﬁ@r (%hﬁ%ggﬁ? %eéﬁﬂﬁgﬁﬁgﬁ?agP%e net hod 20 invol ves
the use oNeiodbstinerafe dlsaise6a Q&m‘ll?aiftdr RGeS RASRIIRE nbeYalbrand/ or
activity of a sirtuin protein to reduce f ushlng side effects of

ant i depr eSmatien dye taprogrssye Heganeratige . IRIVe Pelsdwshinstion prd deatmddul at i ng
conpounds t roteln can
be used ; eens UATEARR MiEriRt Ry, ARG it a4 bl

ser ot oni non@umnak@ thodd Rsdodited @ith arabidd 2)r Ecﬁ@rﬁ;pﬂ"bé ac&ﬁzila)g@e’tlofbrani5l n cer tain
enbodi nent's, sirtuin-nodul ating conpounds that increase the |evel and/or
activity Ofcaciefipn may DEICSEes HIeAl PXBESTRILRY HanpHFATS: &Xaalplqs@ét rrent with a
ser ot ghni n r other
repreggntg%?ggﬁgngf a%%%&&&%?éﬁ%%ﬁmkn ﬁﬁgiﬁﬁgé%%%%%unam% % reéase the
| evel andeknmoﬂsdmm%eQPDaIﬁnmmgmnsghﬁmsiﬁﬂhﬁym@e&qﬁndb&nﬂn@&m&m;fIushlng

side effe i such_as c hospham de and
© ot enCALS LG RRTE U mtintse Dred Broy ottty LOMBOUIE £ hat

i ncrease bﬁﬁmkﬂ!&hﬂ%@@ﬁﬁﬁ @ﬁﬂh%h&%gﬁko&ﬂéhkhﬂh@ &ﬁ%&ﬁMﬂqﬂﬁMdQ&mused to
reduce flushing side ef fects of cal ci um channel” bl ockers,” such

am odi pi neeurbpatbm@(d@rfr@mmmrmm,;pashtamlu hwmuibatdlarkg:tasan@wdds t hat

i he | f d
ouel T BSRoREES HRPERCRLERS by YirBinsPofubtplh forRi it falThéredS RS €

si rtui n- meal @idirAceaRPONERuhRbteinnGah @3 9Scd fa8rdatiheic ERTHIOEK aRE bihéisty of a
sirtuin protein can be used in conbination with | evofloxacin. Ccul ar

Di sor der sagyrscrgysiolowf the present invention is a method for inhibiting,
reduci ng or 10otherw se treating vision inpairnent by adm nistering to a
patient a therﬁs@eﬁta'@Ng‘aﬁsﬂﬁf‘er Hat ?és{ﬂttﬁul}n'}néﬂ? 8O GAigRhEdof r om a conmpound
di scl osed herelin, or a pharnaceutic y acc abl e salt, prédrug or a

et abol i cpelsonaliat chaagdsshemcbmﬂechne in thhnﬂclnga‘ttlhnes a"hmdbssemretréietedmw&mtl on, the

vi si on. i mai r nent 1 caus e to th C nerve o entral nervous
systeﬂq nﬁ%‘ap TGS ggraﬁ%ﬁg@ ang the fre a §88%9&8n§ @dfifiE e by hi gh

'ntraocu'§&m8ﬂﬁéﬁkﬁ%nk%9%hlﬁﬁc&hﬁ%eﬁﬁﬁﬁ§@ﬂnwaQ%ﬁHﬁQﬂﬁlt&ﬁsﬁkﬂﬁé particul ar
enbodi nents, optic nerve danage I's caused by swelling of t he nerve, which

is often hssoﬁnamﬁdhmmmﬂihnhynkgumnbanénmn@esmnun@n@angDlameﬁnnune)

response tlcn riti n cert Ina ects of elnventlon
[ hePore oAl R i CpBd et Sogt ok ahSh HaTRE Botof gl ATsilsEy
enbodi menhsd isfa@idciiddd WaAB@elchth dmyaﬁﬁdelmﬁndh%mr&mm tRatiro@gted | ow to the

eye (e.g., arteriosclerosis, vasculitis In particular enbodi nents,
retinal doparnlne ALS (motor neuron disease) is a NS disorder that attacks the motor

neurons, components of the CNS that connect the brain to the skeletal muscles.

HD is another neurodegenerative disease that causes uncontrolled movements,
loss of intellectual faculties, and emotional disturbance. Tay-Sachs disease and
Sandhoff disease are glycolipid storage diseases where GM2 ganglioside and related

30  glycolipid substrates for 3-hexosaminidase accumulate in the nervous system and

trigger acute neurodegeneration.
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damage i s caused by disruption of the nmacula (e.g., exudative or

non- exudati ve macul ar degeneration). Exenplary retinal diseases include
Exudat i vewogelorelssted Macul ar 25 Degener ati on, NonexudaPCraSage/obssbat ed
Macul ar Degeneration, Retinal Electronic Prosthesis and RPE Transpl antati on
Age Rel at ed Nhfular g? eneration, .Acute Iti%ﬁ@gl | acoi.d. Pi gnent

Epi t hel i opat hy [ AGHEIRED Al 2PRRIpsIHRIEYS 2 Fe N Y142 RABOSECSREhRet i nal Artery
Ccel usi Onimﬁﬁﬁ‘é‘%teﬁﬁtHdeeVQ{W-%Eb UsdueEs ndPII6SiCal ABRAK! Ahed @ndeRel at ed

Aut oi mmune Ret i nopathies, Central Retinal Artefy Qcclusion, Central Retinal
Vei n Cccel trsatohyit@entuimimogslating c@npeursis of theopetitipn. Eal es Di sease, Epi macul ar
Menbrane, Lattice Degeneration, Macroaneurysm D abetic Macul ar Edema,

| rvine-Gass Magul ar Ederm, . Macul.ar | e, ~Subretinal ovascul ar .Menbr anes,
i fuse Ot 1 at Sl BETR s R 8l AR or BHOR 08 bR S LT o e a
Edema,55 Rikes disedsc<(a buftan HBSE aptasq@sddScoby fidsR8% Scﬁ?iédﬁké%@it?ﬁieblﬁlm

Det achnent, Postoperative Retinal Detachnment, Proliferative Retina

Det achnentnd giby rad Sdaa spenerern sascrbaloaathingheE) imcatst $iaHur-medlpting

Det achnen 1kt ' t Q&N LORE LS Walelell

Ret i nopat ?ngﬁhﬂgE%%?ﬁg%ggﬁﬁégégg%o %£$#%§E%Fﬁyf a%@%?%gﬁgggﬁgﬁg%ic
Ret i nopat hyatingravlprdventng neirdhad et idae feetheseqpat discast® Henogl obi nopat hi es
Ret i nopat hy, Purtscher Retinopathy, Val salva Retinopathy, Juvenile

Retinoschisis, Senile Retinoschisis, Terson Syndro and White Dot

Syndr ones. O i} TRYESIMRPGIRARG derdislihoraRd TS SOPRPT L AAL GFTAICS T ect i ons

(€. 9. 1 ONINBCINdYIrtabByityk&f AditthinDrotb MBRLEIE @2HT0 trEMRApldvent SYHNEOER) . Vi ral
infections (e.g. Ccular 15Herpes Sinpl'ex Virus, Varicella Zoster Virus,

Cyt onegal disprdgsinvebviing axosopathyrdlistehanenoprshy siagnpyofparipbergHnowrypatiy wel | as
progressi ye out%r retinal qurosi; se ondaér gq?HIV orlother Fﬂ&hassociated
and ot her PRTRING YR P RN EOds Of KpAGIG AT P 'S DB REVAR BN, ocul ar
di seases [mesugdardnidng @l the AfoREEIrBsN (Rpehse GRAGVEAtoGHERBIIR dritéxic

hi st opl asnpsi s), protozoal infections (e.dg. toxoplasnnsg;% and ot hers such
20as ocul gisturbsasesnendas sichmepyser@asaddyi metabolic disaapgs suelpacdialstes; Faal nvent i on
is a th ory knhi Ri L [ CJ r..t: ! 18LoN.. I } t ina
subj o unrGarnEeh o b s St Rlirb R 24 Bl BBy HERRENBE,

neur ot oxi @xthsug,drégsdThigsctwitt distal s@aopathicaoaiallaprgeassitr gnstcthicas a
steroid), by admnistering to the subject in need of such treatnent a

t her apeut BOVEs©sE@esensrignpioy distwbansets Psen fondps Eflsg erndeugqnemic Anot her

aspect - Of nl{igud QYRR (A05) BndidiRLRAAMS Bt ddthRlil0% offGHUCLEE, O Lrealing

vision inpairment 1n a subject undergoi ng surgery, 1ncluding ocular or
ot her surgeries perfornmed in the prone position such as spinal cord
surgery, by adbiabicgt ecurnppthios ticercarappet diserdens ¢lcht ofc assmdnated withnment a

t her uti,c, dosagge. of ,a, sirtuin nodul gt or discl osed 30herein., Ccul ar

sur get esdFREFuAS gy RPLyeyicrastiamydivhs FORD PRCRSEEAEL Wit anot her
aspect of dfaberid mesdattninéladé herdtdcedd iRt monbeduish gy ; imbhoRbdritRn and
prophyl actic treatnent, of age-related ocul ar diseases including cataracts,
dry eye, awdinley:sisbgtigramnetaephyeyenafdppbyncyranhy; susqnonas netaraey:and t he

l'i ke, by N i t bject in need of such treatnent a
therapeut%%P%@g%éé&%?g%ﬂ§$#¥§?%95nDduIator di scl osed herein. Anot her
aspect of the invention is the prevention or treatnent of damage to the eye
caused by st r eBsiiplehd mea@bathp sutht naxdicabediatforodamayy tadeaved sfiteei ng to t he

subj e in need of such treatnent a therapeutic¢c dosage qof a sirtuin
modul £1 or DefIgtI 4 QB OHuPISH. SRiG] He B Coe PRk Py Aot iogﬂ’d’a‘}’?ﬁ\ﬁ’eort o the eye
can i ncl ugdgnifatideRUREd oP¥ystdRlic $11%s. MaiEX LRS &t pefpBit Adfipaftfy UV-

include seizures, nutritional deficiencies, and HIV, though diabetes is the most likely

causc.

In an exemplary embodiment, a sirtuin-modulating compound that increases

30  the level and/or activity of a sirtuin protein may be used to treat or prevent multiple
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I n one enbodi nent, a conbi nation drug regimen may include drugs or
conpounds for the treatnent or prevention of ocular disorders or secondary
condi ti orsOoasparisBed with these conditions. Thus, a comRDITABRIOM6EEHTIQ

regi men may include one or nore sirtuin activators and one or nor e

t herapeuti ¢ agents for the 15treatnent of an ocul ar sorder. In one

enbodi nenﬁﬁerg%g?l}@enlﬂclﬂéear fRYNE M 396 MNP HPROE1EY aeeﬁ ction with a

t her apy f@&n§&9ﬁﬁh£&mkﬂ&ﬁ@°&%h%§1E¥éééﬂﬂ@chﬁﬂuﬁﬂﬁ&ﬂﬁﬁﬂﬁ?ﬁ&ﬂ&&ﬁﬁhm asirtuin
nmodul ator can be adm nistered in conjunction with a therapy for treatrng
and/ or pr polgneuropatiy €UEFHEr sympyeens meetidted therdyoth. ment , a sirtui n nodul at or

can be 20adm nistered in conjunction with a therapy for treating and/ or

pr event i ng opt ![n GQ%Hgtlh S rtui nodul at O can be

Dt st eved i i eDEhEs fapodinphCs SPREFRET M and s Fhih IR hsy ant g
CW Res i npgpat M/orlamlaqo@ﬂwgmem‘qg@tbﬁiaﬁty beuset td teat thgidltatirneewR, be

adm nistered in conjunction with a therggy for treating and/or preventing
nul tiple wl@r%r@umzsluwtlﬁ%mww @rcludig syrgtcalyin igBk 0And Di sor ders

In certaip,.& Hﬁaﬂﬁg$§ h&#@@%ﬁQ &ﬁB hgeﬁczgthods for treating

di seases or sor ers t ene rohtr reased m tochondria
activity. The nethods involve adntnrsterrng to a subject in need thereof a
t her apeut i cal | §irefifi-estdilaéng coupouncth tlat sicr¢age thedetal wad/ongrtivompdeind.

| ncreased mtochondrial activity refers to ingcreasing 30 acti.vity of the
m t ochond P HIVRPICE RaY Aba bR ﬁf‘gfut’tﬂ@r%%t siept AR R RO bR (e.qg.,

m t och®ndpNa&| difREE: . THNEML R ﬁe&hﬁe&wa@gr’%netmﬁastmmrra@et&er eby

increasing mtochondrial activity (e.g., ‘by stinmulating m tochondrial

bi ogenesi disprders io oviéhntht inoryss olrtelrdeof thelbwaip end atvlnalenbbdm@phesal di seases and

di sorders_t hat nef | t crease ntto&P_efe% ctrvrty |nclude
ia

b
di seases Of 'di s chek%egngé%%ei e OB s By A&t on

certain eph@scr® nbsritis) Bt TskH fn@fve& hf%ﬁhbélgedjltﬁ@t@ﬁﬁ§p&§lnéﬂr§ph|ﬂ@edrs that vvoul d
benefit fromincreased mtochondrial activity may conprise identifying a

subj ect sDelyBeUriHly MaYoA Wedi t ochondri al dysfunction. Methods for di agnosing
a mtochondrial dysfunction may involve nolecular genetic, pathologic

and/ o bi ochenpalyianalyaeanc\Of SaaReR ANt srdens, dasaciatag, w th

m t ochondri al dysfunction inclu I seases and disorders in deficits
in mtoc htmel]ramlyorraematy @ﬂmyumhmmtmnandzlutte.tdyabe@s,tleprbsry € Haccot-Mardevel opnent

G sor dor © TOHARIE: GUiBHEPRT SR PR GP G BT LOEhROPRP aClrey -

gener al | yof figloldfal 9d fraimBlRic &bt%eﬁé&étrhﬂ(s""&hﬁb a‘ila%@nﬁt?e%l%tveﬁem ated
oxidative 15injury leads to tissue degenerafion, diseases in which cells

i nappr opr cempénentsrdehqglradpagtiosiss, and di seases in which cells fail to
undergo apoptosis. In certain enbodinents the invention provi des net hods
for t gatrng a; di sease Qr di sord

Ic men 1rtu1n a 1vatin m ound %r Ty It 1rr a?t,aosr ed
m t ochondri al ac%rvft ntﬁ%k i Tvol VEs 3dn1ng ? Prng ?&ﬁ q% YN need
t her eof opeveit armﬂyaglﬁﬂamtna discasd. IBkaiipR@y pelypRtIMtSe UReases include
Spinobulbar muscular atrophy (Kennedy disease), Huntington’s Disease (HD),
Dentatorubral-pallidoluysian atrophy (Haw River syndrome), Spinocerebellar ataxia
type 1, Spinocerebellar ataxia type 2, Spinocerebellar ataxia type 3 (Machado-Joseph

25  disease), Spinocerebellar ataxia type 6, Spinocerebellar ataxia type 7, and

Spinocerebellar ataxia type 17.

In certain embodiments, the invention provides a method to treat a central
nervous system cell to prevent damage in response to a decrease in blood flow to the
cell. Typically the severity of damage that may be prevented will depend in large part

30  on the degree of reduction in blood flow to the cell and the duration of the reduction.
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20 conbination with another therapeutic agent such as, for exanple, an
agent useful for treating mtochondrial dysfunction or an agent useful for
reduci ng wo9mp7essBassoci ated with a di sease or di sor dePCIrrused09i068$65

m tochondri al dysfunction. In exenplary enbodi nents, the invention provides
met hods f?r treating di seases or disor s that would b r}efi.f from

r
i ncr eas ed ThPRSCOMRAERE aRORIQLGIAr Pegptiog Fissath Sobp REFVERCE 18]l éct a

t herapeut fgalcl ¥mBbdigehi, YRhaARUAL 4Rk Bahgd Whdh Aok dRehaCRIPRd.

Exenpl ary di seases or disorders include, for exahple, neuronuscul ar

di sor der sn¢reogs Syseni eine iudxemigimaayi ke, preveseadl br cagh smbogimyent, i ednpiak

scl er osi Sy, etc.s)a/ di silgderg of .n urﬁrgal i nstelgi lity (e.g., seizure

di sorders,erﬁPbSr ?ﬁ’gl,ce IB‘?‘% ¢ HRBY S ﬁ?gfanﬁlg? y, neurodegenerative

di sorders (e.g., Al zheiner's D sease, 30Parkinson's D sease, amyotrophic
lateraj scl er oginsthefhgpedt cncs@p@RtadniigBRling WRURE a@blatg témpage-toel at ed
neur odegener ati on and cognitive decline, chenotherapy fatigue, age-rel ated
or chenpt HENGHQ il G BRI HESDRHE SXEstER icheraigippadition o nembaisfaepigl cycling or
ovul ati on ) I ] DY ORA; i j quggﬁ]' (e.g., calcium
accunul at P%Iﬁ,bﬁsg{é'gﬁgglt%%&%?txy, nﬂsﬁ;ﬁ%‘y%gx%%g e poggirﬂél?[? ypg%S , etc.), and

m t ochondroemapouhes dguekibtd ereinS Miarudnaiodilyadty thp isgherefcetoadition as 4 strakley  of

di seases invol ving deteri or.g:?ﬂi on of neuronuscul ar, structyre and function,

of ten resthat FHYS R 28Y DBIHR} IhomIGAatral nRYRE S aR g mpet Al 3 ANaPfitinct i on,
such g6 DUCRERAIR dYSfelhatyGNe LIORIYr dtla CRIL ARy GERAALIBMH0R ja, ThE I N

activating conpounds may ‘be used for reducing the rate of decline in

muscul ar $torlctmaniapactpycirtd efsthahdirf arbd qapsaiMiynapyrmtiobglyaomimondy i onal st at us
10in patients with scul ar dystr.ooph In certain enbodi,nents, sirtuin
odul At i g COHBHENIE TG OBt e ke T ozt HBHE SN aNS AR UM R opat hi es.
M t ochondfrcaktroRY RRARINQ T SRER. Tl STHHEr hfern@ti RV ¥hiR RBOERKINY, ehd\galkaess of

t he extraocul ar nuscles to severe, fatal infantile nyopathies and

mul ti syst &m enchsp ity dpatiHiaaetheisuno dpants dwstokaipanisedelig Sdelfd. fed, with
some pyer|, an, BRLWERN: f R, ERbabhLShed nsYRgromes gLl fol fpggpruscl e include
progressﬁe ext er nal opht hal m)pei eql a, e Keat ns-Sayre syngrome (with
opht hal nophbgdighent itlgekaisya thedrhinofeatdye. cardi ac conducti on def ects,
cerebell ar ataxia, and sensorineural deafness), the MELAS syndrone

(m tochondrial encephal omyopat hy,. | actic acidosis, and stroke-Iike

epi sodes), t he!IMERBROSGIAIPETe? FTLIMASEY YHIECOBIONDEYY RAdIMEYYEIIRd fi bers),
li mb- gi rd%e%lu&"’é ﬁltfa{rlbtbéi'ié &Qhé"ﬁ@lgﬁgﬁore%ﬂo&zﬂl ANehir® AVARRAL R erh DEAEGR O severe

and fat al n certain Iments, Sirtuin activating conpounds may
be usef ul cémtitidr. ddremgr patiitentastisaiingeompguiid may tlssibe baaafmapdlyt o

m t ochondria, .such as, toxic. da e due.to cal cium accunul ati on,

exci 1 O ox MR TR o Riucsdfsize RhRE s it g P Tt BRTE B8damage, or
hypoxi a. followihda 6&fttadh&vEIPRMiIcHERE FomiS béidiish. act i vating conpounds may be
useful for treating diseases or disorders associated with m tochondri al

deregul ati on. Muscl e Performance I n ot her enbodi ments, the invention
provi des net ho#sofcommbadirasiti Hepmbiseatian ¢ag tesimanswy pycledimdrigseter i ng a

t her apeut ic&rﬁ{)&%dgfféﬁﬁé ‘Lr%(eﬁm%ﬁrt"& trex%‘hg@n 8t ﬁaﬁ%&d&lg%%rét}’s%tdi&?d&g’@o“ nd. For
exanple, Sirtuin activating cormpounds nay be tseful Tfor
secondary conditions associated with these conditions. Thus, a combination drug
25  regimen may include one or more sirtuin activators and one or more anti-

neurodegeneration agents.
Blood Coagulation Disorders

In other aspects, sirtuin-modulating compounds that increase the level and/or
activity of a sirtuin protein can be used to treat or prevent blood coagulation disorders

30  (or hemostatic disorders). As used interchangeably herein, the terms “hemostasis”,
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5i nprovi ng physical endurance (e.g., ability to performa physical task
such as exercise, physical |abor, sports activities, etc ), inhibiting or
ret ar di ngwphlysiwoads3f at i gues, enhanci ng bl ood oxygen | evelCs/useslanssthg
energy in healthy individuals, enhance working capacity and endurance,

reduci ng scle fatigue, reducing stress, epnhanci rdi ac. and.
cardiovasg@P% “V@H@Pg6nﬁn ﬁ%fB@P &“géiﬁ§¥“H£FFWFyﬁ%fﬁ@F Qgﬂﬁaugﬁgnuscle ATP
level s, apgl/ &&siBf;o%%l ﬂﬁpéﬁ% bEvaRGEShsirltibh ]Qﬁcﬂcoaﬂgﬁlaﬁﬁﬁ.tfﬁb& sodadiiprnt s, the

met hods i nvol ve m nistering an anount of a sirtuin activating conpound

t hat i ncr esses ininmagtaoney thalintegrity wit mpmmaleneaselativn aitdromdry,al bi ogenesi s,

and/ or increase mtochondrial . Spor.t s .performance refers.to.the

2bil ity oft FRERN recs e EDaTe R RERHPTBLRR Baetial FATIHg™n sports

activigi esornaENbRBEBIHoS BIRFs doch A6 SHIYTHAGE lcclineindhts ofddEREr@Nd endurance are
measured by an increase in nuscular contraction strength, i ncrease in

anpl i t ude(hsmogigsic) dutway tadte siious Regenslamage ad dagdeinghe eerdeitoh ti me bet ween
stinulati t LQDn. r i ndj W

part o patagreEE e 8 oo MhbEbPul Bihin Buflof BHBoRER, oy ovea

| evel of giuséngdhitlotTpeedioandtheGandy tiarcadiphcthei r per formance, such as, for
exanpl e, body builders, bicyclists, |long distance runners, short distance

runners, etc. nhagceglsports erformance in nﬁnif?sted y the ability to
over cone nuscl &P iNgthe NaBPInt VPR IR RY 4P HARICPIEN AP | onger peri ods of
time, j@nd,; MR niboie &If%at%_{efn?sceﬁhlﬁfg WREHGMhe the formation! JF 16K @6E€MRokr AL hl et e
nmuscl e performance, it Is desirable to %reate condi tions 25that permt
conpet i ti prevont or tiithlogd etaghlagbe disbelers) suchfas ngoicstdaa odafcoon,atrpkal onged
period of . ting. .. lt.is, cont | ated that th t hods of the present
Pnvent | on!ai P14 AmbdyinsriBpyBLTR SR REPY PRI RSP P Tus e rel at ed

pat hol ogi cal conditions, including acute sarcopenia, for exanple, nuscle
atrophy and/ or AgachieKtcclABSQbI PR Ein\WithbdatHISr Nl 3h &F hembitidls”

i nobi | i zation, or major thoracic, abdom nal, and/or orthopedic surgery.
In cert ai AnEiTsgdpiRGRITeeipéon ohheatasesspmsiidgeheriodustioni g artymelsiigivsi t i ons
CoMDr1£1 NG BLILUL B IRAMAS LS ot JTBNAL] B L4 RISPB FLt @l gnd @ met hod
of using he “conpositi ons T o i'nmprovenent of Spoft’s perfornance.

Accor di nghymog4sis/i ded are therapeutic conpositions, foods and beverages
that have actions of inproving 5physical endurance and/or inhibiting

physi cal fatigues for those people involved in broadl y-defined exercises

i ncl udi ng spor f%or}eeﬁa?% § R RBUHROY! ﬁameﬁw&nfgr i<ggeIng PhYPHERAt ed nuscl e
exer ti onsherpgdlidinel AbXCONRASIn It IR a%%ui%%&u‘lé%ﬁ%‘coﬁ%ﬂ@ﬁd gat el ectrol ytes,
caffeine, vitamns, carbohydrates, etc. Qher Uses 10Sirtuin-nodul ating
conpoundsinchasesi the keaksmdidractiated! andhiomreteni Yhe goraposgiagis andimethmdet ei N may

be us fqr treating or ent i viral infectio such as i.nfections by
o1 iz adepiar et G o BB {iithe PhhabiehGir s bt PRGOS G Rf T erai n
enbodi mentised hekdih,UhdteiMditramboge givsraetrnigulidanyidierRase cltgidevel and/ or
activity of a sirtuin protein may be adnmi nistered as part of a conbination
drug t her elpyacigrized by excessive or unwanted coagulation or hemostatic activity, or a

hypercoagulable state. Thrombotic disorders include diseases or disorders involving

platelet adhesion and thrombus formation, and may manifest as an increased

25  propensity to form thromboses, ¢.g., an increased number of thromboses, thrombosis

at an early age, a familial tendency towards thrombosis, and thrombosis at unusual

sites.

In another embodiment, a combination drug regimen may include drugs or
compounds for the treatment or prevention of blood coagulation disorders or

30  sccondary conditions associated with these conditions. Thus, a combination drug
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15anot her therapeutic agent for the treatnment of viral diseases. |In another
enbodi nent, sirtuin-nodul ati ng conpounds that increase the | evel and/or
activity wb2a108171858i n protein may be adm ni stered as paPCTafS2@&9068865 nat i on
drug therapy with another anti-fungal agent. Subjects that may be treated
as described herein include eukaryotes, such as 20 | s, e.g,, humans,

ovi nes, bb‘?\gilfﬁ%%f,na%&f‘tﬁhﬁf’éso,neﬁémﬂr%l Ui aGnE GEPIGHEES RbRETRimE: primat e,

m ce, and|daf shd/drablivint S8l sifBiM el BalRE of RolkdslRi-EHsal%E bFaiRl 1 S, €.9.,
froma subject described above, or plant cells, yeast cells and prokaryotic
cells, e.thrombesws agentsl cells. For exanpl e, nodul ating conpounds may be
admnistered to farmaninmals to inprove their ability to withstand farm ng
condition?VLqﬂ [ 5Si rt ui n- nodul ati ng conmpounds that increase the |evel
and/ or act14 3§%7" sirtuin protein may al so be used to increase |ifespan,
stress resistance, and resistance to apoptosis in plants. In one
enbodijrent, a bDoapoherdspcst, 3pflin-addtiatipg ashpounds that iecase eréatlacd/basi s, or
to fungi. In_ anaother enbodi nent, plants are genetically nodified to produce
a conpoun@ctivity od3stHER PEYEB aydistusehiof fieatingof HPYRN{iEe Jreieht aigidd with a 30

conpound I : :cki hi:npi.N I LS damage
during sh?%%?g5$9SPQ%%Jgggg%gﬁgyhgpggggéﬁggﬂﬁgggg)ng§% §%§%%%Gh§s descri bed
her ei n, elayel antdorpreser ofea sitteimprotein mayt be wickefor exdnaele e titest, or prevent

sirtui n-mpdul ati ng conpounds, t hat. i ncr ease e level .and/or. activity of a
ot DR Ao TR Shits holsoat Tohed sty ber R Slaida B8 Vs
5Si tugd i ORGminstMbf Bf mkdiBBYorR & ggﬁéertﬁ@kx%igh@o%&@dj&t,td}% hifdfu@éelan of yeast

cell's include any process in wh yeast is used, e.g., the nmaking of beer,
yogurt, anptvbaikedightigamy,a sabiget. Aoyubamdt inued of sychasiteabmerit mpydie 2xt ended

i fespan can resul.t in i l.ess yeast or_in havi th east be active
For T ongettiy raa: b e e oulEimt PGk Slerteiart BT PS8 Tor - ©

r ecombi napidrivcithe d46jcas HdO4re 1iRSly 18 Yc@IngoHese bif @ateeghscad Mdessitifibgd herei n.
Sirtui n-nmodul ati ng conpounds that increase the | evel and/or activity of a

sirtui n pfutstmpleabasad eb faeily Bis@ry. genefics edisle a¢tivitgdpeph, medieatioy intaks. st ance
and rﬁf!sép?ﬁﬁmgg?ﬂpgﬁﬁgﬁh:m%gfinsects. In this enbodi ment, conpounds woul d
ie u

be app 0 use I'nsects, é.g., bees and other insects that are
involved in pollination of plants. In a 15 specific enbodi nent, a conpound
woul d be appl i édydtothze esmibodivehtse sirtuin-mhéulptigrecctponndothatmmneyse tener al | y,

t he nmethods descri bed herei.n may be applied to any organis e.g.,
eukar yot e,eVPW?%ﬁﬁUwM LPHEAEP G T Bﬂ?%cfxwe@er% WHRAB BTGy can be
applied tgof as%rf@%qgiatlﬁlﬁféﬂdﬁe‘ﬁges@lﬂg cgﬂadig%s(tﬁatgnay GhirCh& ey i vy Hi gher

doses of sirtuin-nodul ating conpounds that increase the |evel and/or
20act i vi t proofotmagsyaightilesspn ttessiubjentaPuel] discdses inslede,dor exapwdd, ihegghdgdodr

interfering with the requl.ation .o i | enced..genes and -t regul ati on of
apopt 81 s P bt ek bR SeaRie BRI HERER. BRE S S i he appi i ed
t o pl ant srdiRitdnge, &1L REIKRAAYY) hiyperinlglidntiatddddna@NBaNESsdabie ag@inpound i s

bi o-avail able to 1 nsect |arvae, and not to plants. At least in view of

the |ink bextowserongsptivulirert faiturardrokerzgditionss, chaleqysiits snsonliobalitigsi®5conpounds
et SRR RIS RS T ] RGP, PP o
M Cr oor gagar®sB(such as endometrial, breast, prostate, and colon), complications of pregnancy,
25  poor female reproductive health (such as menstrual irregularities, infertility, irregular
ovulation), bladder control problems (such as stress incontinence); uric acid
nephrolithiasis; psychological disorders (such as depression, eating disorders,

distorted body image, and low self esteem). Finally, patients with AIDS can develop

lipodystrophy or insulin resistance in response to combination therapies for AIDS.
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4. Assays Various types of assays to determne sirtuin activity have
been descri bed. For exanple, sirtuin activity nmay be determ ned using a

fl uor escewoeotvdsesfzassay such as 55 the assay conmer ci alPCy/use@dlostsb®e from
Bionmol, e.g., the SIRT1 Fluorinetric Drug D scovery Kit (AK-555), SIRT2
Fluorimetric u i scovery Kit (AK-556),. or SIRT3 Fluorinetric Drug

Di scovery Kit D@%%O?hﬂ)e%eﬂ%wﬁ i Ué-m%iﬂlia&ﬁ&ce)mp?%m IEEASE Y IC¥A) o her
sui tabl e %d/&#ﬁcﬁv?ﬁ%ﬁé( §irﬂuﬁ%11’d%%1 ﬁ‘iag'be%éd%mrfﬂ?oiﬁﬁéé‘(ﬁﬁ_@ge%éﬁb{r fat (dfpeberlein
et al., J. Biol. em 280(17): 17038 (2005)), a FRET assay (Marcotte et

al ., Anal difBrentlation, v@82Zher @0vifraG041) yivoamethanhddsnaty bovssd fertsé¢atinpiondi ng
assay (McDonagh et al., Methods 36: 346 (2005)). Yet other suitable sirtuin
assays i nBI%Y H%%%Fgﬂhnunoassays (RIA), scintillation proximty assays,
HPLC based assays, and reporter gene assays (e.g., for transcription factor
targets). 10AnTex@edmbadimsEasitdh-ntRluetifk RbRgosidstibit indedst Vid I¥vdls a

fl uorescence pol arization_assay. Fluorescence polarization assays are
descri bedanEpieicHvinal asistuil metcaesey bpasrd far mdycipgBPpeie prshoNBerewme

2006/ 094239. [ (WOl i Vi jened using
s sponienh et e SHE SEMIEIS op RMHCR oPRLIH, bty TR e i
assays ar sudiestesatined nirgr e asubiedt avhe isadwoweighc bbdse dr b BulljEd 1ikblyRabl i cat i on

No. WO 2007/064902. Cell %ased assays mmy al so bg used.to determne sirtuin
act i vi ty. PESORFVEEV GN Q8| 0PCtsa d B MeE04 A AMRIESE AL PHIRH AN & T4 b ATEVEEY i vi ty

ar e dgser bagel iy oPGoRUbLAC AL QNC o R,A007 L BARP2ic WAA0Q8! 060400,

Yet ot her nethods contenpl ated herein i nclude screening nethods for

i denti fyi ngybenpdbepmsitordagentdssethat nodul ate sirtuins. An agent nay be a
nucl ei ¢ 20acid, such as an aptaner. Assays may be conducted in a cell based
or cell free format. For ex le, an assa Yy conprise incubati (or
Sontacting) a U HLeiRAMTY RBOpsie JUaiE T REuEe SRAPPIERA TR oi rt ui n
can be nogtedmcbriytidny @ﬂ}ﬁﬁftuilflgﬁmmtrﬁamwrﬁﬁlﬁtér&ﬁasﬁd EdnhbiRaticanHerapyi t or i ng
or determ ning the |level of nodulation of the sirtuin in the presence of
the test HYEwetingpEREVRAtng ohght apY obedly - Forecxaamlc, agent MOFHEtWBt evel of
nodul a1 o I i r.m FRLNg. | ity to
deaceryl agtliafngbihiihaS Bk BRaSs ReTOF s AEVEY BEAVIRI AfeBBhel oL i e

can be obbahdraihidt¢rodnBidcoiithat{orl witiDoidorivie@t iang-obB¥W)y. agen®f erred substrat es
i ncl ude peptides of p53, such as those conprising an acetyl ated K382. A

particularly preferred substrate i.s the Fluor de Lys-SIRT1 I ), i.e.,
the acetyl at _edErb@w&heaé"%egwe@rwr&%wd@%% eflﬁla?u{gdé bt elflﬁr%aég %@% pti des
from humag, DisIPRRS of B sidith f#bted maP LRG&h@Led (*RidN& &ﬁ%%du%@@ Slefht €s may
be fluorogenic. The sirtuin may be SIRT1, Sir2, SIRT2, SIRT3, or a portion

t her eof . Eaun. Exranpiple, & sicombinedulntiQl &fpaad the inditacndd [dvebad3rOMOL. The
reaction .be .conduct ed .for gbout .30 m.nutes and, st ed .g., wWith

i cot hantaity Rid SREREPRicin Py R i ey SouRfuph R s’y '

(AK- 500, Ble@diof3apaansstinahae apsutit®sy calBywhghtsaal ih PafiRlRF Fidightt he | evel
of 5Sacetylation. Simlar assays are described in Bitterman et al. (2002) J.

Bi ol . Chegtin2py tyBowos otiiprthpwaler sftetigdul ati on of the sirtuin in an assay
may be conpared to the |l evel of nodulation of the sirtuin in the presence

of one or ymre L. IR0ABLDYrHLs ST MUl t aneousl y) conpounds descri bed herein,
whi ch may serve as positive or negative controls. Sirtuins for use in the

assays may be full length sirtuin proteins or portions 10 thereof Since it
has been shownIth&roghan asfreat, saatin-veklulgng ooppomds tlep pearast theiletebpador wi t h t he
N-terpm nus of SIRT

1, .proteins for use in the assays. include N-term nal
por t19hs. BRI di Rt Brojein iy sk Fon roatinier HOREnGR MESACor g1 R,
about am pRoRet, dichlaslifdulRlredis@Re, @fpredlifaBetic state, type 11 diabetes, and/or
complications thercof. Administration of a sirtuin-modulating compound that
increases the level and/or activity of a sirtuin protein may increase insulin sensitivity

and/or decrease insulin levels in a subject. A subject in need of such a treatment may

30  be a subject who has insulin resistance or other precursor symptom of type II diabetes,
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I n one enbodi nent, a screening assay conprises (i) contacting a sirtuin
with a 15test agent and an acetyl ated substrate under conditions

appropri ave 20wwo718%e sirtuin to deacetyl ate the substrat @Ciruseée/oedssence of
the test agent ; and (ii) determning the |level of acetylation of the
substrate, wherein a |lower |eyel of acetylation of the substrate in the
presence ho e Sped dighRicy of 8149& el dkePnuden e CUiopasioragent

i ndi cat es eiiﬁ%le}tﬂ@s& nR9eRk s%BjeMa%ﬁr%%nﬁﬁﬁ%&i&(th@ée‘, 9.@.,1%’,\7155% | rtuin,
whereas a higher 20 level "of acetylation of the substrate in the presence
of the tesircigemtlcyas of inndint andtdnesmiostadomnditionf suctest hypgdipidanriai cat es t hat

the test nt inhibits deacetylation by.the sirtuin. .. t hods for
dent §1yi B RRedgas RS REG Pk, P LGS blelc, high tTRERER vVo ey
conprise §igar &ABL el AEnFestRldns WF §jhdPorh@ Xt hpeRhsion diRrsdRedsiddd that is
capabl e 250f entering a cell in the presence of an inhibitor of class | and
class || Horbstropler conditi ons appropriate for the sirtuin to deacetylate
the substrate in the absence of the test agent ; and (ii) determ ning the

| evel of acety i f o\ I I etyl ation
of the substra%lg&% %&Pﬁ%a‘%?g%’éﬁﬁ%gt lgﬁb?gﬁtlgégﬂl!tngredgtt?é\ﬁzﬂctr%fste%% absence
of the tekivelbgerdr actidiycealt esrtuingirottineniyelsd acdgeisterst asmutahlgsatibaathatyy ati on by

30t he sirtuin, whereas a higher |evel of acetylation of the substrate in
the pr s eHEdreBtng Weprméeg]ﬁlng@émta@é%iﬁ%%rt%)rtq%@na{?s%mf‘c@ BeTeSHBlRest agent

i ndi cgd es nfoifatih P BorhFiind@ARR inckdall el Sy ARG akidlcl 8P B¥ruld\SroRiid ﬁl‘d%ln' A
preferred substrate Is an acetyl ated peptide, whith Is also preferably

f | uor ogenbe adramistered frecongesaronbeith dier @imore Bhe-drabchodgamesy f urt her conpri se

|l ysing the cells to determne the |evel of acetylation of the substrate.
Substr at eZ"fTa bf added to cells at a concentration ranging from about 104
to about ‘f%«?f’%’? (R 6] y fromabout 101AMto 1nM even nore preferably
from about 1001AMto 1mM such as about 2001AM A preferred substrate is an
acetyl at ed | ysimétheasgects, 8irageinddulayiss 06mpounde thatléncedtse thedbyel @nd/bt uor de
Lys-SIRT1. A preferred inhibitor of class | and class Il HDACs is

tri chost af§tiitx qf psifuin RrAtRiA cambe ped e 8gatar PEYISBEhHiseast 8hdiseati ng from
about 19: O}SSBQatJeQ%MﬂQIﬁ aﬁBﬁ@iMuifnftﬁgalﬁabtﬂ%tcogl uﬁ@s hLALANM. (fYRDeas 11 AM

I ncubation of cells wmth the test conpound and the substrate nay be

conduct edafidior ®ligity ofl® sintuupresin map bhadmmistgred heoatol the bmyet afhaybr 1- 3 hour s.
Since TSA |nhjbits all class | . and class, || ACs, and that certain

subst r at egfteréi.li;l.n,mqﬂoa&.f ipflanpryation; &Vhenyised Piopbg i AYBS CATPABIAAE oven | ess
a subst r abrd b1y Pt dsdlin aAWETc BP AP HAYTBYO D Sodpofst drQyinpemt i fy nodul ators
of SIRT1 in vivd. 155.Pharmaceuti cal Conpositions The

si rt ui n- mdduiissirattpned ipoeomimudds Ry pexy chiereaitanusty/inlemfrotory respedsasn a

convent i onal manner usi ng one or nore physiologically or pharmaceutically
acceptabl & PAPEYs or excipients. For exanple, sirtuin-nodulating
conpounds and their pharmaceutically acceptable salts and sol vates may be
fornul ated for h?.&fwlmr@hﬁ)bdiaﬁeino,rsirhyn-rﬁdame@mgrmﬂnﬁouﬂdgjtmﬁﬁ@éhsé ¢hedevedubQ I M

| P), inhalation or insufflation (either through the nouth or the nose) or
oral, bucard/or agtility Ahe sirtuin Prapsy@arRE usqeie dreat grraypnppligreiss andct al

adm ni stratj ks I I: I may be

adm ni st e?etesg&ﬁlgya Pgﬁﬁg?’qﬁﬁg&s tg gethl\}ﬁ’e%ﬁ{]ﬁ{égﬁgg?}égé? I3%:g?rlog@’zr;&rﬂe%p%‘(r“jesent , 1.e.,
i n a spectifinitistdxygeretoxaitgaemplorseihbuihdor(ie bgnchibkcedie resribrpdptirasal 1 ui d,

25etc, ). : : .
23 syndrome, and any chronic obstructive pulmonary disease (COPD). The compounds

may be used to treat chronic hepatitis infection, including hepatitis B and hepatitis C.

Additionally, sirtuin-modulating compounds that increase the level and/or
activity of a sirtuin protein may be used to treat autoimmune diseases and/or
inflammation associated with autoimmune diseases such as arthritis, including

30  rheumatoid arthritis, psoriatic arthritis, and ankylosing spondylitis, as well as organ-
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Si rtui n-nodul ati ng conpounds can be fornulated for a variety of nodes of
adm ni stration, including systemc and topical or |ocalized adm nistration.
Techni quesoant/d7e8saul ati ons generally may be found i n RegirAgka/ 068865

Phar maceuti cal Sciences, Meade Publishing Co., Easton, PA. For parenteral
adm ni stration, injection is 30preferred, including.intramscylar,

[t 1 avenolSuSAHOIEBERT s ge-?aﬁéaygl_ab UPANESS: g]fiﬁfg“?’%f%&si @ﬁﬁnt%e
conpounds 4Gane hgal QLG4 AL &derbforhladitly S BMiH 5 laORStraRp BhEfARLY¥N, N

physi ol ogi cal I'y conpatibie buffers such as Hank's Solution or Ringer's

sol ut i on. endotexddshacsnsepsinepsovaps @nchksnaydyrnipgitib ommitip ket setEréss, sol i d f or m and
redi ssol ved or suspend i di at el rior to use. Lyagphili,zed forns are
o1l GaRRm R RSRAR iRy S G fou et Raiti i AYERENH B8fisoei 11 ons may
take the f@bibu®s polf@hin®iadNcase BBIAbEN ab @EBRERENC MlySaRsiies prepared by
conventional neans wth pharmaceutically acceptabl e excipients such as

bi ndi ng aganrem¢leanf Grayeedistasei ni zed mai ze starch, pol yvinyl pyrrolidone or
hydroxypropyl methylcellulose); fillers (e.g., lactose, mcrocrystalline
CoLLutose of | ol Gl DN AAGR RRSARRKELin L AOLGERN Scdfifimas FRONCS! Lm
stearate, talc or silica); disintegrants Fe.g., pot tostarch or sodi um
starch 10gicyeed thedgviel amd/weictivitg ofig einfusn ffrétein mag dditakon hkae wtk irsul phat e). The
tablets nmay be coated hy net hods wel| known in the art. Liquid preparations
for oral SRPRAET With SHICHEGMPRHALS fl%f‘éulf@ frasme Orr@reVé&%reﬁ:ﬂ"@?mwﬂafli ons,
syrups or suspensions, or they may be presented as a dry product for
consti¢ ut FapaMd h water or other suitable vehicle before use. Such liquid
preparations may be prepared by conventional neans with 15pharnaceutically
acceptabl e additives such as suspendi ng agents (e.g., sorbitol syrup,

cel | ul ose der i {mgnofhes agnech paiotiedilating gpmpeunids thay incegpge ticrlgychgndigient s
(e.qg., lecithi r. &) non-a i |l mond coil, oily
oo s, ofror R asBiE BloHip RR bR R Se Bt Pt fult o B BTRL Gy v v
(e.g., nefbsin®@inddsraRy laghes Mhiihoaty bRNEOA@&F a@lisoSdut F @ idtandy, thd he
preparations may also contain buffer salts, 20flavoring, .coloring and

sweet eni n§bagsé Meshodsnelpesdpe hep of sitpremadatatios somppunsis Ahat ARfavase $iqr at i on may
be sujd ablyef glarmyl,afiael @, G qa?fnt lohegd: FElofiRtgh lifleo Gt SBPOUNd.
For adm nistration by - inhalation (e.g., pulnonary delivery),

si rt ui n- nodutiag imgdamoaposavdstyneiflusking and/enha@rftashesde lcancer patiants. ithe f or m of
an aerosol spr Spresentation frqm pressuri zed packs or a nebuliser, with
the use opthal @ﬁ%ﬁﬁﬁ@spﬁsﬁ@th%rﬁwwgﬁg@rt ERPGHBH T PaRY B fRaRROUNdS

trichl or of uRiRIE! Man&el ShOS REOKELE @ﬁihﬂﬁ{jﬁ@kﬂ%‘%edﬁrﬂ?@fﬁcﬂﬂeﬁé@ gle or other
suitable gas. In the case of a pressurized aerosol the dosage unit may be
det er mi neskvieyitypefdistinggnd/ov Aptidashes idahdnppausal anst pesethcaompustl wobzgesul es and
cartridges of e.g., gelatin, for use in an inhaler or 30 insufflator nay be
formulated contai ni.ng_a powder m . the conpound.and a.syitabl owder
base Hch as 1 HLIBUR s EE A B gt Blink it RS BB IR T el

formul at edetfvaty dfarsaftie patcindiyesise@td HtheRpyifey RatdidNtheen@denchyr bol us

i njection or continuous infusion, Formulations for injection may be

pr esent edsevisripiefiflusbwagadios pet flashes which agnpdrustéesctort anathendri-tas ey,

cont ai ner é.g. W -inﬁﬂce%qﬂ%ﬁingf ﬁlscf‘eh\éﬁltér%ft?o[dir?{&ﬁs %%&Bé{i Edr%%ﬁtix%yn(f/&ke such 5
fornms as sUSpensions, solutions or enmul'sions in ofly or aqueous vehicl es,
and may ceprvantingfdogrildatced flushgrend@nmisehadisindstis pendiapgticra ti@mbedd thenagt and/ or

di spersing . agents. Alternatively, the actiyve. ingrediept be in powder
form for GHEMAODICORIROR aa_i'eéﬁﬁ%la ushipg fRaucEe o mgoundingd #11Sh9ogen- 1 ee
wat er, beﬁi%ﬁl—ﬁﬁ%@ulating cornpou_%ﬁ rtﬁdﬂ H&T%%@Ev@ga&QMHO@ysof@Mﬁﬁins 0 be,

formul ated 1n rectal ctonpositions 10such as suppositories or retention
enenmas, epEtgincomtiz vnbgdicmntse ameotinal fos rpg g drog-yndoaskeBushingcoagprsec oa

butter or se%tapa?erly %li ?nelsrtler?fgso'ne or more compounds that induce flushing and one or

more sirtuin-modulating compounds, e.g., wherein the sirtuin-modulating compound

30  and flushing inducing agent have not been formulated in the same compositions.
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In addition to the fornul ati ons descri bed previously, sirtuin-nodul ating
conpounds nmay al so be formul ated as a depot preparation. Such |long acting
formul at iwox0ry1858@ admi ni stered by inplantation (for erawpiSe009/068865
subcut aneously or 15i ntranuscul arly) or by intranuscular injection. Thus,
for exanple, sirtuin-nodul atin ctgrrp.ounds y .be fornulated with suitable
pol yrer i ¢ "GIIHHESHPERT ORI #0sy efmfn-gsegﬁla}l%g SRMERHIERDSON i n an
accept abl g4,Qjnlikered (HakR G RR Y 8dh B3 {tA%ion 8F tHRIIRRAL iflcyh o FE
derivatives, for exanple, as a sparingly soluble salt. ntroll'ed rel ease
formul a algoniititiydeith hatfbhkisg iRBcmgegenta(d seghodd ndative tot he conpounds
descri bed herein .can.be fornulated for delivery to.the central nervous
ayst em ( ROy BUFERERE Ch EEE B e im i) b Hbr BB B 10a: 1265
(2004)3 . Gagusindosial agdie! GRGIRSqeat todidHanid@dtioneithd Budhie; ieiingicl ude:
neurosurgical strategies (e.g., Intracerebral injection or

i nt r acer ebgabent (PoArRps Pemnbishién theieof dxamataryrfnshing Bdpeng egcthe agent
(e.qg., 25. ugt i i [ fusi ein. nprises a
tr ansportm%{eup i%téegﬁﬂa@ E’h@%&};’r{g%% *fl&ll’ﬁ’ ? I?/tll(%glFeg%a%ttSéﬁ 6&3%?“9@1 “cell surface

mol ecul e tiencahdrbpaiticRalivnh clmnaldgotketand asitidgtig) f 1 ncapabl e of crossing
the BBB) in an attenpt to exploit one of the endogenous transport pathways
of the BBB; pharnacol ogjcal strategies. designed to increas he |ipid

sol ubility of Hhonsgaphodiracyy, S,lrtwaﬁ}lwaﬁ%tfwomp%@se aBFaBId S5k 5 ¢ o i pid

or 30¢h0l &sb/6r RkivRALE b Si@dn pBRsh fn'élf b LSSt Qe %h?l?iié%%ﬂd@ RefPds b I ntegrity

of the BBB by hyperosnotic disruption (resulting the infusion of a

manni t ol sadodilatono ant amtilipemeaagent (chchudieg yntwholektercuse agrntsaandi lgotrgpical | y

active agent h as an, angi ptensin peptide),.. .. Li pospnes are a further
drug del L GEPPsporanrRRlDh TS GREN o SFRp R bene sermBr BB he met nod
of i nvent yRNeddN@nd@6E 4XKitG QR YRGS ORI AHa§ BeRSeProdeilicRIfRkRInEdsdoBiatdae for m of
a |liposone delivery system Liposones are well-known by a person skilled in

the art. ithdkomningstatigeofwaered from a variety of phospholipids, such as
chol esterol, stearylam ne of phosphatidyl cholines. Liposones usable for the

met hogls of i”"eﬂf %m%'ﬁle? %&%H}?ﬁe%t,%é inwrﬂ?o% Bvih'ésoaf’ﬁl%fﬂ‘gﬁg{}ﬂ%a‘ﬁﬂg Qﬂd/PP”t not

limted to, snm uni I'amel Tar "vesi cles arge uni | ar veési cles and

mul ti | amepteaentiigmspediptdemia with réhatd @ushiay sido cffe@dus anathéor nul at i on,
particularly a sqolution, of a sirtuin nodul ator such as resveratrol or a
deri vat i vEPfereRtaBye emodimerfy s ngthod waolyes %&ﬁ%ag&ﬂvmﬂowa@gﬁm odextrin is
meant a-, .5 HeY & Heli®vel YELOHSX S bPS §f el i detail in
P tha o SRRl ol B R b B e e chier of n by

r ef er encefluyug sidexffedtnef mloxifeye I enathérgopmresentadive ghbodiseent, tthesethodmpounds

form i ncl usi pn conpl exes with any drug whgs | ecul an fit into the
| popfi | 8B8RI eaks O MERGro At SRR s (il ot evel andorgap gl y
di si nt egr gétivitg oTfa st ?{o\féiﬁgo %ﬁ@@ﬁuﬂlﬁ{%“%ﬁd@éf?eckksﬁfaﬁﬁdéﬁ?éss&ﬂﬂ@ of afi-d
absorption, gartl cularly buccal and sublingual absorption, of

phar maceupsysadtigagsot. iFoe 13Gages nirgin-Frdulafpg compeungle thas inescase theldevedf i cial to

patients, such as.aged and pediatri.c patients o, have. difficul in
Poal T ow nate SRS 86 B0 RRHR s FR B R unchlR ARl d ittty
Addi t i onabt ppgethagtwithel derstosiageuftadBhibit6g by SAT2de@prekagasisoci ated with,

for exanple, chewabl e dosage forns, wherein the length of tinme an active
agent _remains in a patient's nmouth plays an inportant role in determ ning

the afbunt of Y5EASHTECTRRRKMARS aUIPHROBIBgCompouRishatdngatse it IKely obj ect
to throat ,onbt L8RS 3¢ QEirﬁlh%I%‘Eetiﬂ §f1§ BIENG asTRARTFRGRUAGR WifhQRASHHAiH ONS
(i ncluding cosnetit preparations %ay

reuptake inhibitor (SRI) to reduce flushing. In still another representative

embodiment, sirtuin-modulating compounds that increase the level and/or activity of a

sirtuin protein may be used to reduce flushing side effects of chemotherapeutic

30  agents, such as cyclophosphamide and tamoxifen.
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conprise fromabout 0.00001 to 100% such as from0.001 to 10%or fromO. 1%
to 5% by wei ght of one or nore sirtuin-nodul ati ng conpounds descri bed
her ei n. 1WO20100t78s8 enbodi nents, the pharmaceutical compoIIUS2@/0683GPr i Ses:
(i) 0.05 to 1000 nmg of the conmpounds of the invention, or a

phar maceuti cal accept ble salt thereof, and (ii) 0.1.to 2 grans_of one or
nor e pharnaceuhy H@P@%W%%ﬁE“EQEFﬁW‘ gconlou‘EﬁmnﬁﬁeaﬁﬁgﬁgFW%nt a

si rtuin- ”&de%l)@édtl%y 693@1%9%1@%%%&9%@ E@irtﬁ'r@ducb%luktﬂﬁ?éﬂél@"eﬁ%@tgof nto a
topical forrulation containing a topical carrier i's generally 5suited
t o t opi cakaldmogehadnd! ihlapkemt $ush aaaaladopme.i si ng any such material known in
the art. The topical carrier may be sel ected so as to provide t he

conposi tion |n the desire 0 am

m cr oenul si on, nl there 1b08|10 en% Ft)r%“m gﬂddtuﬂ%mgl ﬁmpo nr%nhdt mcbeas%gir?pl I ged of a
material ofdei etdﬂ@i’ty aaa bRl yroRECthay b @sdl to SyYdic Elubin@kid@effecth bf | S
preferable that the selected carrier not adversely a fect the active agent
or 100t hePntEBpHRENEMNtFaBPIo: HEiToRPEdRtinDErrAnibial meked B8 IoF! derabl e
Lopl cal CRAIEIGT o Byl SRR E) B LORHOGELEL wBhRDALSARC of her nontoxic
organi c so glycerin, mneral oil, silicone, petroleumjelly,

| anolin, fatty acids, vegetable oils, parabens, waxes, and the |ike.
Fornulati6h8hmﬂyﬂbﬂm@olorless, odorl ess oi ntnents, Iotions, creans,

15m croemul si ons and gel s. Si rtui n-nmodul ati ng conpounds nay be

i ncorporated i to oin i.ch general | r.e .sem sol i re arations
whion’ar e typi Darespgbaahe BiesuRGndRt R anebofbF BEP Rt dae PO aci ves: The
speci fo c @!h@ﬁvﬁi@é‘ireahﬁ‘t%evﬁl&l Bepdigest bradridterdss ewaeeﬁtaattﬁ@tapyuﬁchose skill ed
inthe art, is one that will provide for optinum druqﬁellvery, and, 20

pr ef er abl §osagk pf sighisvinerdulator sebckesk frefa sicoapounddiadosadibsrdieoras wel |, e.g.,
enol | i enc i an 0|ntnent
base shouﬁgﬁﬁwkgﬁgg &er%PhSMﬁ %§$P’ ?nku% %8ﬁ§eﬁ§%$$¥tng

Si rtui n-nodul ati ng corrpounds may be incorporat ed into lotions, which
general |y are pfepaimispedtsof thebeveapph,itecvisontimpaisiet is taused by tzthmhgtwt

friction, and are 25typi cal ly liquid or sem.|li qU| preparations in which
sol i d par {9 18F @BC NFXE QUPSHGL HEVAESSY YEMaljepaticwpre HRLS iORtig NG Eer or

al cohpq baéfﬁa%%'}?tcme& b?%?%]qﬁHQ(%cluYarﬂ'b%BﬁQ%u%§s @bt @fettb&iﬁyégeﬂémﬁmncormr' se a

l'iquid oil sion o -1 n-wat er i"rtul n-nodul ating
conpounds oﬂnaypdfeculamezmtpxdnmt:tﬁst dptit acoe eiamage Mauskcdgzeyrse«re&[ﬂgyofaln@narvs cous
liquid or semi.solid emJIS|on her oil -in-water or water-jin300il. Cream

bases ar e “RE{d? OB HBriacd ét’r@‘ a&‘dﬂ{eét“?i“ %rnanol?}m‘ﬁ‘r?a(%@ HQTARINE) RS GNd an

aqueous pm%lﬂhﬁmoﬁéurﬁgase is generally conprised of petrolatum and a
fatty al cohol such as cetyl or stearyl alcohol; the aqueous phase usually,

al though not necessarily, exceeds the oil phase in volune, and generally
contains a hurrétt:teetmn asppts efilie dnontien,ithe wisiopsmprirmERIs eausehby esinal pl ai ned

R
I n e?be 949 e In PR tar dritbo i} 35‘!#%@%9?%%i?%&sg%%ﬁs@nﬁgﬁanﬁéé‘%@% or

anphoteric St de

i ncor por afled tb ﬂteoeym(e ggeﬁbﬂl@ctmms whNcalitiQemgraati duar@intbot e dytivani cal |y
stabl e, isotropical Iq){ cl ear di sperS| ons of two inmmscible |iquids, such as
oi | and wétféff‘ge is caipsed by dirRfionRf the maguleica.» FURTGIOraQRTEBEARE ol ecul es

(Encycl op Ioé hat, eutical Technol ogy (New York: 10Marcel Dekker,
1092) Fﬁbﬁa cPRALABS

Exemplary retinal diseases include Exudative Age Related Macular
25  Degeneration, Nonexudative Age Related Macular Degeneration, Retinal Electronic
Prosthesis and RPE Transplantation Age Related Macular Degeneration, Acute
Multifocal Placoid Pigment Epitheliopathy, Acute Retinal Necrosis, Best Discase,
Branch Retinal Artery Occlusion, Branch Retinal Vein Occlusion, Cancer Associated

and Related Autoimmune Retinopathies, Central Retinal Artery Occlusion, Central
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Si rtui n-nodul ati ng conpounds nmay be incorporated into gel formulations,

whi ch generally are sem solid systens consisting of either suspensions nade
up of sneWbD 20ra7gssai ¢ particles (two-phase systens) or PaTgS2a0096836%

nol ecul es distributed substantially uniformy throughout a carrier I iquid

(single p ase Al.t ho | s 15comonly enp ueou carr

i quid, sel%baclm% @%ﬁr Peertueiharpimoneder #@Fs ﬁ%&%ﬁed pnagRpr

Qt her act Me%ltﬁﬁﬁé“iﬁttl%@begé&?at% M%%déﬁ@lﬁl%rérﬂ Iﬁf%éﬂ{] lﬁfa&lﬁﬁksEde%nag Ivirdt her
anti-inflammatory agents, anal gesics, antimcrobial agents, antifungal

agent s, afkidMatilestdona, Mricnky Haht, SokictasitNcovasedlas mvffmnbr@kesagefﬁtss conmmonl y

found i n TR R Rt S ALY e S IR G R A

derivasi vegsufbd 0RURE BiSstdRahosisOindton®E tHRQAM BicRANEL Bdtacthdignzoyl net hanes
(e.g., butyl nethoxydi benzoyl nethane), p-am nobenzoic acid (PABA) and

deri vat i vBesteprsptast et@ﬁhDgta@hf@%teRféhfe(f@Vg Retigah Petagdumangy| ate). In certain

topi cal f in the 25
ange. of %%%é”s%?%ﬁ}%ﬁf R QR BRY RO RL b8 N GRERD e e AT |

pr ef er abl pignientdse, CRNYRetdfitia Rutiaxblagb@hyR &indpathly of %etnmtlﬁﬂy,\l\Blrdéﬁnof t he
formul ati on, nore Breferabl in the rantge of .approximately 0.5 wt. %to 15

W . % of ReEnqnsthy.Baekeseund I@b%sl%etmoae ¥y dpplfeadivehdiabaisRetigpraPpr oxi nat el y
1.0 % f of the eye
can be ¢ Hfogebhopea ity A PR Reynonathy. valsah ERUNBORRE Coul ar

i nj ecti onJwfende Rjenmasc]msnm%hnhlatngosrhmmoWaﬂpn Syndmmeraaélemtermf a sustai ned
rel ease ggmffe t hat rel eases a sirtuin-nodul ati ng conpound. A

si rtuin- dtFhg compound that increases the level and/or activity of a
sirtuin protein may be delivered in a pharnmaceutically acceptable

opht hal m ¢ vehgh® ex&Hplbryt digdasdsNBele@OPAIbat@rifBhRcabMad. ol N contact w th
the ocul ar surface for a'sufficient time 5period to aIIowthe conpound to
penet r at eceienctiitivekdratbird tubgraatasé synbdlise ﬁ@nq;ffhe@};enréy@fecagnsr (6r2- Oknlapl e t he
ant erior ERANDR, ROSHALL OLiGRRTRSL: i LIGRNR. PAtin AaYSAUS MDY . Vit T eous
hunor ,” corn P ary ens, chorai Fha Al Bra

phar naceulmﬁlahd)defﬁce@ejawaﬂnk eHDPhH hdkeitiac pt/c@ms@llve oﬁ&)’retﬁlerne%m[ﬁm e, be an

oi ntment, vegetable oil or an encapsulating material, Alternatively, the
conpounds qu‘pn@% to 1Y oy ether BAY risspcréed %ﬁdé%lﬂeédmmwneé@ﬁcyeqcmaésqcrﬁéedn treous

and aqueo r
adm ni st e?gu syst éer% icﬁﬁq%ttolﬁ b graﬁée%%sq Hfl%e\e;ﬁelﬁ%lgniﬁn¢ usL{Q o%ﬁ?{nj ection,
for treat omorbidits, himpégsmosﬁ) ptomxoahmﬂmduahs (. caxvptasmdsis jariarthdre dudher ei N may

be stored in oxygen free envi ronment. For exanple, resveratrol or
anal o t h&t ¥BardsiPcptas U2E919%5an 15ai rti ght capsul e for oral
adm ni stration, such as Capsugel from Pfizer, Inc. Cells, e.g.,

treated ex Vivenpwal cﬁof&hét@b&d@galﬁéthwf&muﬁg,re@m§&t@émhgl stered
according to methods for admnistering a graft to a subject, which may be

acconpani ggiongmpairmiyt 1a@rwhlesttmwiﬂg©mgﬂeaanentmtﬂn@@hﬁppwﬂw@mtlc drugg, e.g.
cycl osporgn A. For the reader

|
Y O e S el Bt PELPURS Pt et WER L Sk v e o

and Cel | uh@ﬁﬁmhsmmgthm@m ct iyneGd oMBlichttheatnden\a tihesdutladods of Caittaid dge
University Press, 1996; and Henat opoietic Stem Cell Therapy, E. D. Ball, J.

Li st ed & modpla{pr dexslasedhhereing j vi ngstone, 2000. Toxicity and therapeutic
ef fi cacy of sirtuin-nodul ati ng conmpounds can be

Another aspect of the invention is a method for inhibiting, reducing or treating
vision impairment in a subject undergoing surgery, including ocular or other surgeries
performed in the prone position such as spinal cord surgery, by administering to the
subject in need of such treatment a therapeutic dosage of a sirtuin modulator disclosed

30 herein. Ocular surgeries include cataract, iridotomy and lens replacements.
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25determ ned by standard pharnmaceutical procedures in cell cultures or
experinental animals. The LD50 is the dose lethal to 50% of the popul ati on.
The ED50 we 20tv7e833e t herapeutically effective in 50% ofPCrhus2@opessas i on.
The dose ratio between toxic and therapeutic effects (LD50/ED50) is the

t herapeuti c index. Sirtuin-nodul ating conpounds that exhjhit |arge

t her apeuti c ingé‘g@g .%tsrpécﬁgékfeelﬂl?’%‘}il.on\h%meéreé‘fm?%i 1H91u%@gh’§8 gp AR conpounds
that exhi BidonlR¥iCir&dndentebf HELS1aMRoRRr URBLes FRIRIRN QSIS &ken to design
a delivery systemthat targets such conpounds to the site of affected 64

ti ssue i nagridated maenlai deigeecrpome( N B, rdbmd demage andi the 8k¢.ég cel | s and,

t hereby, reduce side effects. The data . obtained ffromthe cell culture
hssays. antERiTRTTD i wERERn 15 gL R P ARG s R B B age f or
use i ns hupRasiatoFligciRsaB&c@f such conpounds 5may lie within a range of
circulating concentrations that include the ED50 with little or no
toxicity. The dosage may vary within this range dependi nq% upon the dosage

f orm enpl oyed Andthehespeehnf dhdpinveripngds terpagvenron oF ireaimgnt qEdamaes toctBempound,
the thera i f IV . I RL ek Rk dldyiediigm cel |
culture ag}géééyalsug@d& %ch%gg’%géﬂlggl gl?r?nofflg? & 8]il’ﬁg’tadnl rralggnmhggf glgtsg%g‘%ﬁ?eve a

ci r cul at i ngpdpifaachatrdAmontcethtraptut@rdosagege at divaudin imuglulatesdiddiesed @5e@in(i . e., the

concentration . of tf]e t est cor’ré)ound t hat achi eves ahﬁhal f-g%xiiéml, i nhi bition
of synpt oﬁ%&la%\%n%? BHFAMMAEACH hamge 1@ e qyF &an gqanicithat spvat ¥+l %be used to
nore f¢CuLRh¥ 9ShAlm peuysef ul doses in humans. Levels in plasma may be

nmeasured, for exanple, by high performance |iquid chronmatography. 156.Kits

Al so provided herein are kits, e.g., kits for therapeutic purposes or kits
for nodul ati nglt ¢re dnfagspent, Dforginhigonodrugneiinan imay iaghodt dvgsor A kit may

conprise one or re, sprtuin-nodul at.i ng. conpound e.d.. Jj.n preneasured
doses. A reroig® Bing ALY BhohE ST BT Gt Sevndely Cel e wit h the
conpounds c@iitidrdkoefitddoREh AHesd edndisons. DAMI £ eSmbiAstidid@us Yédimgefayst ent s and
ot her devices for introducing a sirtuinnmodul ati ng conpound into a subject

(e.qg., th&chldseacveswes sigpingacEiBpseny ope onpprathaigpeutictagerthidordke n of a

subj ¢t .  (reat n{&%ﬁeotcuﬁpa{sglederenbodi ment, the invention provides a
conmposition of "hatter conprising a sirtuin nodulator of this invention and
anot her therapeutic agent (the 25sane ones used in conbination therapies
and conbi nat i on eengoisidimentsy sirtninsepdulatbe cahdsaglenihetens] inleohjuastsoci ated with
one anot her, e term"associated with on ano%ger" adg used herein neans

9
that the Y&Bartherapyfesedicing paoguiar prespuedy anglhet papodimey, psitlite att ached

to one anghffatorahbl Q@rhin&s%r%& il &ﬁiﬂg{cﬁo@mrﬁﬁ&aﬁ@ & tiBgnSappsat e dosage

forns are intended to be sold and adm nistered as” part of the sane regi nen.

30 The agersvertmg glineogiar tnuyah anastiend cmbmdinaerd, psigfimmaddufatpacikdged t oget her in

bl | k. or other multi-ch % ted, tel
seal o8 coRfAImhuFEd PLenirstiop yi ABeiehe TG atand W oYL BRI be separ at ed

by the usggur(tR: B oncdmbodahiéiith GRuBRGRERIIAtbNGS HReldWeEiBtctddgn ¥R us@¥nai ners) .
In still another enbodi nent, the invention provides a kit conprising in

5separ at eWtBagherapy &y tigating and/or mocating 6MVRetinppativhvearather; and b) anot her
therapeut L, agent SUGHLiARoulIR%SE 8BS LARGHSLE SRS Shckifln WG 2SR&SHS | cati on.

for treating and/or preventing multiple sclerosis.
25  Mitochondrial-Associated Diseases and Disorders

In certain embodiments, the invention provides methods for treating diseases
or disorders that would benefit from increased mitochondrial activity. The methods
involve administering to a subject in need thereof a therapeutically effective amount
of a sirtuin activating compound. Increased mitochondrial activity refers to increasing

30  activity of the mitochondria while maintaining the overall numbers of mitochondria
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The practice of the present nethods will enploy, unless otherw se
i ndi cat ed, conventional techniques of cell biology, cell culture, nolecular
bi ol ogy, woanmgemss bi ol ogy, m crobi ol ogy, reconbinant PRAUS200d/0688681N0] 0gy,

which are within the 10skill of the art. Such techniques are expl ai ned
fully in he Ilt rature. See, for e Iec oni_ng. A Laboratory
Manual , -Epitoc d“%‘f“@é SERInGRRS e O A hENAG5RIRG Har bor

Labor at orﬁllﬁemmﬂ&%%)t %ﬁﬂmaan }éedoelmnhl aagedeklsi& N. G over ed.
1985); d i gonucl eotlde hesi s % ; Miullis et al. U.S.

Pat ent Nocomblﬁsmtmgﬁqremm @rtalmnlabdﬂyl@nts dilmsqsand(dBordBrs tHatmesuld, S. J.

15Hi ggi ns, e 1984); Tr.anscri n Tra slation (B. D. Hames S. J.

i oo1 b oheT 3 iR B kp R R VibafY B85 Rt en Bty MRS s
I nc. §98%mh¢ﬁmnygh&ﬁggggg%gddﬁ And Enzynes (I RL Press, 1986); B. Perbal, A
Practlcal GQui de To Mol ecul ar Clonlng (1984) the treatise, Methods In

Enzynol ogy (Academ ¢ Press, Inc. ); CGene Transfer Vectors For
Mammal i an Cel | & qeﬁamnemwlmémsaﬁ@rhmis fpr trogingghscasyor dlsszgws thetowepldpr i ng

Har bor La et al.
bas )y oo Ao el Roch B ERANTR Qe s AR B Pt o
Wal ker, edsferingdanhe aintitdehesd®ial Hpsfaomion 19I8#hods fd&mi(iﬂg(nodnn@ nth@homdmm al

Innunology, Vol umes -1V ( M _ Weir and C. Blackwell, eds., 1986);
Mani pul at ﬁ}ﬁﬁu@%@nstl@@%Wbecubcgwtlspmthﬂjoglﬁﬁwprﬁ ﬁlbqnaf%ayalw%ss Col d

255pr g HhQs ’ana‘ldl\gordellsga%@mat%ﬁ‘(ﬁlﬁrﬁl@c%ﬂr%‘dgﬁﬁndtﬁﬁ R RNiRNksbei ng

general | y described, it be nore readil derstood by reference to the
f ol | owi ngamkdinpiders imhihadh defieits mahu@téntndmlebgpnfatwy phaipestestyabniributest r at i on

of  Certary, A3Rechs, A0 LULRGLIRL 0 Ll RS8Nt SN P 2nd ore not

i nt ended
2010/ 07 18@%5%5/5 U d RGBSR X BERIfR frbm RtRRFIGhithoRdria latfivityn nodul ating

conpounds and precursors thereof Preparation of
2- (t hi azoko[sally-ibtluge fmneﬁarzplyl 9ha¢ﬁsqzs inevhich free radical madigjed oprdating

3-am 2- chl or n 29.95 n en chloride
(5. 56%) E}éurggea%@f? 51 sug e%e% 1Q (tl%ﬁ‘&ses 151 m\l\Illngl?cs ?I gr}agarog{l {9? dze%/o
apoptosis, and dlseases in which cells fail to undergo apoptosis.

In certain embodiments, the invention provides methods for treating a disease
or disorder that would benefit from increased mitochondrial activity that involves
administering to a subject in need thereof one or more sirtuin activating compounds in

20  combination with another therapeutic agent such as, for example, an agent useful for
treating mitochondrial dysfunction or an agent useful for reducing a symptom

associated with a disease or disorder involving mitochondrial dysfunction.

In exemplary embodiments, the invention provides methods for treating
diseases or disorders that would benefit from increased mitochondrial activity by
25  administering to a subject a therapeutically effective amount of a sirtuin activating
compound. Exemplary diseases or disorders include, for example, neuromuscular
disorders (e.g., Friedreich’s Ataxia, muscular dystrophy, multiple sclerosis, etc.),
disorders of neuronal instability (e.g., seizure disorders, migraine, etc.),
developmental delay, neurodegenerative disorders (e.g., Alzheimer’s Disease,
30  Parkinson’s Disease, amyotrophic lateral sclerosis, etc.), ischemia, renal tubular

acidosis, age-related neurodegeneration and cognitive decline, chemotherapy fatigue,
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1 h and then at roomtenperature overnight. Water was added and the
precipitate formed was col lected by filtration and dried to give

N- ( 2- chl owopyro/diss33-yl) - 2- 10ni trobenzam de as a whi t e PEBIUSA000B6EBES g,
crude yield: >100 9% . A m xture of

N- (2- chl oropyri dj n- 2-nitrobenzam de (12.98 g,. 46,75 mo| ), . P2S5
(31.17 g, @ s az%i%fiu 34 Qwaapwp%ﬁe ERPAYE rirrﬁgwa%}lﬁeﬂ%mee%@a%ﬁcllms heat ed
at 120 C Bpévﬁﬁldﬂoﬁﬁt%choﬁdklﬁfﬁl$8pa\fﬁ§s %1%965&&'1"3%5& (30 dicym and the

m xture was cooled to 100 C. The upper clear solution was transferred and
concent r atetnuptibiyemitotoxfolyl mwedoige exposaddiyposir, of.)etnidanigbchpsdriall) . The
suspenS|08 ‘Q heated at 75 Cfor 30 mn to dissolve the product, filtered
whi | e hot °°'€® Pt o roomtenperature and |l eft standing 18 hours. The solid
was collected by filtration, washed with cold ethanol, and dried in vacuo
to give a cr UdemtaﬂJd}%tI@{JhNe(f&sﬁdﬁchﬁ@)’dﬂdiﬂeﬁseﬁ-lﬂddlwag detctiobiensam de and
2-(2-nitrophenyl)thiazol o[ 5 b] pyridine as a yellow solid (10.60 20g).

The aboven@Ho@EsGaEsiirguciapddandgion, eff@esulanga ajrophp ef gelggtanyscleand NH4CL
(17.63 g, AL e [eflux for 2
hours. Thé rezg%ngap%%flﬁ?§@§£é cooﬁégkg%nﬁ%ﬁ%% nﬁgﬁltﬂ}%%%nd extracted

W t h et hybmbaeditiehs, sifthia amﬁgz&mgcnohmpendwvaay b@mérfbrrratiedng thevaewd and
purified y chronato hy. 250n si l.ica gi ve

2- (t hi azofeRligean gy ?ripﬁct@% | gempifieyrad gr elwevlpeweewlﬁrdfuegﬂ(@lal 895 yi el d
over {yo ﬁ{ﬁg%hm\&Hﬁmu&%kguyﬁ“%%§) WD 2010/ 071853PCT/ US2009/ 068865
Preparation o
2-(6-(pyrrolidin-1-ylmethyl)thiazol o[ 5, 4-b] pyridin-2-yl)aniline : S5DW
(0.15 eq) was hudwdin gnbodokus) S@muloﬁncsiulﬁylageﬂmpﬁundsmwecmﬁrhif@ acid (1 eq)
in SOC12 Xt ure was ed at reflux for n

concent r areleRCiseds S e MIGEh Bl myEh s Bombdfing 1o - aoc
and MeOH {ldwdy ﬁgkre@ﬁd@d/elﬂtﬂehﬁoﬂlﬁb BitedoduRImubEcd fatsevdra] fataempaitad ur e bel ow
-30C. Agueous g) was added and the m xture allowed to warmto

r oom t enp&yapithiss aHt#u@U&tS@@tﬁﬂl@ﬂi@h@%@%@Ss%@ axneioragschayehednt r at ed in

vacuo, s E@f&ed“&ﬁh s E%?rléﬁa%b&%;%%% di;s7t%lsﬂéfwn@o%stﬁfegflﬁgmﬁ?&%y'

6- chl Or o- b= NIt F Onl |na e ensi on
6- chl or o- ﬁrchldbrpwgresswel’bateene(l bpleuh)ﬂmdpﬂecgm plwﬂdewma( Saytc egdromndwiidC13 (5. 3
eq) in MeOH was heat ed. at 75C for he m xture was passed t hrough a pad

of celiteonhal eom%laaﬁ@nea%mtmawayq q%r%fc%dww@ deéectre eorgheliar
15am no- 6;5bi, Oérﬁfgeﬁaﬁin%a&?déa%@esﬁy Mie%ﬂms%ghhl%h{ée(n{e%ocﬁ%&@% | was added to a

sol ution o 5- am no- 6- I'oroni coti nate ni t r obenzoyl
chl ori de @ﬁmﬁhdqmymnMQHxEMZadﬁhssnmﬁBUDbaMasqsmKESBdwdﬂERBBmym@nperature
For 1%1 a?rgyoc onn(iéa Qﬁﬁe%tsﬁ gn(l r%ggéa(f rue8 ﬁbegg,qin\{\&sgir&%dd?&ribution weakness, and

infantile myopathy (benign or severe and fatal).

In certain embodiments, sirtuin activating compounds may be useful for
treating patients suffering from toxic damage to mitochondria, such as, toxic damage
due to calcium accumulation, excitotoxicity, nitric oxide exposure, drug induced toxic

25  damage, or hypoxia.

In certain embodiments, sirtuin activating compounds may be useful for

treating diseases or disorders associated with mitochondrial deregulation.
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and the resultant solid was collected by filtration, rinsed with CHCl2 and
dried to give nethyl 6-chloro-5-(2-nitrobenzam do)nicotinate (73 %yield).
A m xt ur ewof20r0et78sB 6- chl or o- 5- (2- ni t r obenzam do) ni cot i RETAISEAINEESES P2S5
(2.1 eq), and pyridine (7.6 eq) in p-xylene was heated at 130C for 2 h. The
clear liquid @lweg)decanted and allowed to cool to roomtenperature. The
resultantxéﬁé iTAPA8 Gas col lected by filtration and dried to give mnethyl
2- (2-nitrophenyl)thiazol o[ 5, 4- b] pyridi ne-6-carboxylate (57 %yield).

A sol ution of esh¥l erdbdd@mBits,[RPRE BN ftbaided REMods Rk BYkdndinganéciar boxyl at e
(1 eq) in THF was added over 8 h to a mixture of Iithium alum num hydride
(LAH) 10( pstdorergnced by Fiumngregringad thitageutiselly pffeqtivalamoenpfrasitivisa at - 55C. The
reaction mxture was stifred an,additional .4 h at -60C Acet 18 eq) was
ndded 1ol FuteihgedBRid EOREs B Sl R SrflogpfRev F B st eq by
filtragiom dingiﬂhwdal\@haﬁtaffddﬁe.g.T,ra@ﬂﬁpr%)@diﬁﬁnwlgﬁy@ic@stamemh@@ncent rated in
vacuo and the crude residue crystallized from CH2C1l2 to give

(2- ( 2- ni t PEpeishPhytieal dsher.oportyagiivifiasi &fF n-iBbipitinger fefpding BysBgl 5yi el d) .
Thi onyl i : ,
suspensi onibe Snfi oot & el M, Yy REE Aibeh Sl ARIIETPCT ' 6T 6,

nmol , 180 gphanoe @bkGiR cAphciBy dnd erldivfantd reducingarausethofad gam dedubmgrseast | on becane
honogeneous. The reactign s stirred for. 1 h, then fﬁﬂﬁentrated under

reduced pPRSSEINE carfie Af FARI PG PP IHRY Rl IPKEE PR +H IEHIEIPSNE50 i) and
conceny r akedelnder) 1)e§ag,tr?gagr PIGRRE Sotic ORI iR, B QIUA! erBiRiiGBAS Al Wi th

hexane (200 nL ried under vacuumfor 16 h to give

6- ( chl or onethegds jnvRlveZdniinistephge ay kinphitad @l sof by 4etbjapyg cainpeurslshat t an sol i d
o i e

é)l 83\6?;3 gﬁ]&é/%g% gﬂltgg%gﬁrglgaghlgﬁgﬁgg gs'e%ni"?o%'hbm%?a? bg)gege%gs, 5(1%983 ingrzeas% mol, 395

6- (chl or opgioBNdndridt fadssni t rophenyl ) t hi azol o[ 5, 4- b] pyridine (0.52 nol, 175 Q)

in CH3CN (1.7 L). The reaction m xture was stirred at roomtenperature for

16 h. H0 (1 L) was added and the mixture stirred for 30 mn. The CH3CN was

renmoved under VBRitRIMAERR@aRGeacleEsgIthe alylity oftthe ethlgtess rantcleade perfoim h cH2C12 (3

X L 514 - o J08pGRTRLAEH: 0 GADLGRNET FalASPThoM HrBhiGe, HEhGH, (RSO and

concentrate under cuumto give

2- ( 2- ni t r ephanytgnc ateyicasoted diyran ingttase timyupéharacoatraftondtrebdtpyintidisee as a

dark oil (150 g, 76 %yield). . | ron powder (55 mpl, 3.1 g) was added

to a sol uth %plgpdezgfirgus(ﬁlq qugﬁgmlyh%tenmg of muscle reaction time between

(pyrrolidigasln 3 I , i ol . in CH2Cl12
(250" 5 O el e Aoy S B R bt Pt e
at refl uxatay [8vdhend 3ho heaks tcoathecdctan impoowet] denpeofdtieneth, Me2dard (14 g) was

added,in portions. . The m xture wa sed through, a, pad,of lite and

i nsedd wi PRUHEET s OB Rt oh 1 Par ee e PETuASHE o Nedtls (3 x 20
nL), dri edis{aMBSRhhe@NhoBQNGARE At RE, YRAEhhIREWGRIHs DefSEMR §P Ji Ve
2-(6-(pyrrolidin- 1-ylnmethyl)thiazolo[5, 4-b] pyridin-2- 10yl)aniline (3.4 g,
98 % vyi el dipndested fethk olilispio avermspansold hged, ability to maintain activity for

2- (6- (mor phiol] oMt Bykht i 430l 0L fuoke BREXAL dieGay! ) ani iner  H2N

In the arena of athlete muscle performance, it is desirable to create conditions
25  that permit competition or training at higher levels of resistance for a prolonged

period of time.

It is contemplated that the methods of the present invention will also be
effective in the treatment of muscle related pathological conditions, including acute
sarcopenia, for example, muscle atrophy and/or cachexia associated with burns, bed

30  rest, limb immobilization, or major thoracic, abdominal, and/or orthopedic surgery.
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N.... ,S |/ The title conmpound was prepared by the procedure
descrlbed for 2-(6-
(pyrrolidvo-2btwd7mesBhyl ) t hi azol o[ 5, 4- b] pyri di n-2-yl ) ani | iPo&/USai9t06886% | ng
nor phol i ne for 15pyrrolidine. Preparation of

2-(6-04-(2-net th t h) th 5 4-.b
py§ i di n- (2 ylrr;ea O‘)F(elyrﬁgl gm%gdn%glrltgz 8“’? ‘%Ig&%%’ﬁ%%‘!c? L%‘BH‘PSé%JIHy t he
procedureg ?&glhé)ﬁﬁufn%o&lét@rs 3%%(1%} ih‘éirrf)répaﬂtﬁﬁt amﬁl a)lrngﬂh@é eF 951{1? 4-b]

pyridin-2-yl)aniTine substitufing 4-(2- nethoxyethyl)piperazine for
pyrrol i di tHe.coPpepaiprat foommpfovement of sports performance. Accordingly, provided are

2- phenyl rrolidin:1-vyl hyl ).t hi azol ¢ _acid hydrochl ori de:
L Bt bl apgiion, (5 Mgl e Fa AR o FuBPhiBe (T 5 r) O
added 30 ghmaubm@maﬂé ah@bt ButbilinSpIexRALtAREALE! (hbsSfeople ihlol¥d A0l ) and
1EA(385n1 i n CH3CN (60 ni) e mxture was stirred at roomtenperature

over ni ght brqgékydtqﬁmﬁ@@é@ma@ﬁdnpludmg|sequ51rma§hd@hwrmﬂé@jqoa§3mumgg| ve

A sol ot orsrer o) BRRRyRBE: SACHRLRT BB A Wb s N S 1 o

dlChlOrOEEEGm@ywﬁﬁmﬂﬁdﬁﬁwGMﬁﬁsbaﬂhhy@aﬁ&kﬁflUXIng solutlon of benzam de
(6.16 g, 50.8 mml) and dirhodiumtetraacetate (786 ng, 1.78 mmol) in
1, 2-di chl gr oet hane (75 10 ml). The m xture was evaporated in vacuo and
purified B¥aUseR chromat ography to give tert-butyl

2- benzam do- 3- oxobut anoate as a white solid (6.97 g, 51%yvyield).

10 Sirtuin-modulating compounds that increase the level and/or activity of a
sirtuin protein may be used for treating or preventing viral infections (such as
infections by influenza, herpes or papilloma virus) or as antifungal agents. In certain
embodiments, sirtuin-modulating compounds that increase the level and/or activity
of a sirtuin protein may be administered as part of a combination drug therapy with

15  another therapeutic agent for the treatment of viral diseases. In another embodiment,
sirtuin-modulating compounds that increase the level and/or activity of a sirtuin
protein may be administered as part of a combination drug therapy with another anti-

fungal agent.

Subjects that may be treated as described herein include eukaryotes, such as
20  mammals, e.g., humans, ovines, bovines, equines, porcines, canines, felines, non-
human primate, mice, and rats. Cells that may be treated include eukaryotic cells,

e.g., from a subject described above, or plant cells, yeast cells and prokaryotic cells,
e.g., bacterial cells. For example, modulating compounds may be administered to

farm animals to improve their ability to withstand farming conditions longer.

25 Sirtuin-modulating compounds that increase the level and/or activity of a
sirtuin protein may also be used to increase lifespan, stress resistance, and resistance
to apoptosis in plants. In one embodiment, a compound is applied to plants, e.g., on a
periodic basis, or to fungi. In another embodiment, plants are genetically modified to
produce a compound. In another embodiment, plants and fruits are treated with a

30  compound prior to picking and shipping to increase resistance to damage during
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A solution of tert-butyl 2-benzam do-3-oxobutanoate (842 ng, 3.04 mmol) and
2, 4- bi s(4- met hoxyphenyl)-1, 3, 2, 4-di t hi adi phosphet ane 2, 4-di sul fi de
(Lawessorwe 2omagesss) (1.88 g 6.07 mml) in THF (20 nl) wa3/use@wodssat refl ux
for 6h. The m xture 15was evaporated in vacuo and purified by flash

chronatog ive tert-bu - _nmeth henyl t hj 4- car boxyl ate
as a yel | %%&Pﬂ I%sﬂé%fisr{ﬁay ?éw&%’f%at%f}ed Wil CormpSuagh Hitcohe % Wy £-Lbut y|

5- et hyl - g)@g &vd fhhinazol e- 4-carboxylate (1.0 g .3.64 mol ),

N- br onpsucci ni m de (NBS) (0.65 g 3.64 mol ), and benzoyl peroxide (BPO
(5.5 ng, 0.023 mmol) in CCl4 (30 nm) was heated at reflux for 16 h. The
reaction 71 nirmtbﬁreemlmilm@m&,esme{rmﬁdaﬁlng&@Im@ovms thainndreasd theylevdlash

chr omat 09! & 11y ctt 1tg e i ern pro% y be used fo ogulatln hfes in t cells,

5- (bronnne? 3’§ Refh 1'azo -3-c8P%oxyfg% 44"% |%%% 9%P§OM/SO|Id
(0.96 g, Sﬁﬁ/atwnge hds)vhlcl?ym@} beldexerablR t& exfend M@Slfé@@dﬁdf V@nseccesiglindiden of

tert-butyl 5-(brononethyl)-2- 5pheny|th|azole -carboxylate (1.029 g, 2.90
nol ) anda® Poegs dpyhihyprdns wed( oeplhgymakingoihepriyegatzad bakay ni). The

m xt ure Wﬁgrn?te' g% M6t ac?t[Js'étof&QJst ffé%ﬁg)éh e:ﬁ@rgféﬁnltfésﬁﬁr?gad RsHARURIANE Puri fied by

flash chrona aphy 'to give tert
phenyl- 5- ¢t OIQhIth]mg|thQ/jle’mﬁHWdC)ltld§’lfdiZmigef pemirstmtﬁxlyﬂaneaﬁm athyel | ow solid

(920 ny, 98@6y|eld) ncentrated HC1 (2.8 m, 33.9 nng 2 added to a
sol uti on Bremglian Baltl%/lilse or recombinantly producing proteins may also be freate

phenyig 5- GRyribed hdbin- | -yl met hyl ) t hi azol e- 4- carboxyl ate (2.1 g, 6 1 mmol)in
THF (30 nml). The mxture was stirred at rt overnight, and concentrated in
vacuo to give 2- phenyl-5-(pyrrolidin-I-ylmethyl)thiazol e-4-carboxyl ate
hydrochl ori de Birtubn-odgReing cempyunds SRt spacaat iheresf and/or activity of a

5-(nmor phol.i nhonmet hyl ) - 2- phenyl t iazole car bo drochl oride: HO
The b1 LI o EBRponIT (S «Br BRdloRf e PR B el G N heny 1- o
(pyrroli didagopidsizah Mekots h azie bﬁibédlﬁ%b@&ﬁlbb@ncﬁ%diﬂ@ bospplictd agefimor phol i ne

for 20pyrroI|d|ne in 52 %yield. Preparation of

5- ((4- i sopwepylcH- gucagnhothesinyqets thyt are mvphyea yn pellinstiinefplangs inaxyl i ¢ aci d
hydr O%” OEﬂe@ﬁic embodiment, a compound would be applied to bees involved in the

production of honey. Generally, the methods described herein may be applied to any
organism, ¢.g., cukaryote, that may have commercial importance. For example, they

can be applied to fish (aquaculture) and birds (e.g., chicken and fowl).

Higher doses of sirtuin-modulating compounds that increase the level and/or
20  activity of a sirtuin protein may also be used as a pesticide by interfering with the
regulation of silenced genes and the regulation of apoptosis during development. In
this embodiment, a compound may be applied to plants using a method known in the

art that ensures the compound is bio-available to insect larvae, and not to plants.

At least in view of the link between reproduction and longevity, sirtuin-modulating
25  compounds that increase the level and/or activity of a sirtuin protein can be applied to

affect the reproduction of organisms such as insects, animals and microorganisms.
4, Assays

Various types of assays to determine sirtuin activity have been described. For

example, sirtuin activity may be determined using a fluorescence based assay such as
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HO The title conmpound was prepared by the procedure described for

2- phenyl-5- (pyrrolidin-I-ylnmethyl)thiazol e-4-carboxylic acid substituting
4- (i - propyD)2piopensszi ne for pyrrolidine in 80 %yield 5PCEASREVI0RS6DHT

5- ((4-(2-met hoxyet hyl ) pi perazi n-1-yl ) net hyl ) - 2- phenyl t hi azol e- 4- carboxylic

aci d_hyar %2!%8%%;}:7 gglamreg:tlalbz bwé]ﬁglge%érlntﬂ}lomo n?gurtllge \éﬁTP F%Po%rn?eq[ing )f) the

procedure

(pyrroli dDi‘scbvéﬁr”Kithé’AKISfSB?Z@I'RQ‘ZAfF%h%Mé Imugcmgc&%stm l{mlssé;vrophol i ne

for 10pyrrolidine in 49 %Yyield. Preparation of
5- ((4- (t ePtRBUFboyoztho Eyljlg ﬂlqyqum It TAK-§ B t(Bydnpel2international, Plymouth

hen Ithl WD 2010/ 071853PCT/ US2009/ 068865 DOHO
S0l ut folfStter BT 3Hras B Simin Do Be(8 & DI I 353y

di chl o oefloameri¢ihQPanl) BigIsCagdezkop agr 11@8*1(2005)9 arlemtmmg (SRrtdtic of
benzam de (13 g, 107 mml) and dirhodiumtetraacetate (1.4 g, 3.2 mml) in

1, 2- di chl ak.oAnadEochepr 0B 2mPpP. (208)) nind @r 6 WAL \bapr sesed bindinga ess6y and
fied t
purifie clf)l)ﬁ?ag?&fg %,ﬁ@@@%@g 3?.2&?’48)(20@3%%%{ . ﬁ&ﬁl@%ﬁ»‘[ﬂuggﬁ%sofﬁ%% anoat e

as a yellow ol A’sol ut1on

2-benzam elidmeximbudsayo RIA ) 1dn0llg@ionOproLiznityphgsayd) HINOS plagydusssaysy @bt or i de
(100 nm.) was heated under reflux for 1.5 h, then cool ed and concentrated
under r ediFPEHCHIHS 672ES (98- afob fralisTigfom frcikitaractas di ssol ved in 10

di chl oronet hane (250 nmL). The solution was washed with water, saturated

Na2COgy and bri pg %H@rﬁﬁlﬁﬁ’y‘ﬁ@éa& f&h%l@te%in%k QYifin RN O S al\lzﬂ%g%cé?i@g

concentrated to give et 5-nmet hyl - 2- phenyl oxazol e- 4- carboxyl ate as a
br own oil lemmzajlog as@y9d oedsdynce polarizationsassaytsi apn dcﬁfcrlbed]bd:rein and are also

rSrWDrrF; hyl - g %ﬁg c%/ g@ﬁ%u% 1§atc€%r1§ X%%g&ﬁ?é/&%@ggh éatoélaer Bodll\rlrl%esnt 8511%11?
activity may be determined using a mass spectrometry based assays. Examples of
mass spectrometry based assays are described herein and are also described in PCT

15  Publication No. WO 2007/064902. Cell based assays may also be used to determine
sirtuin activity. Examples of cell based assays for determining sirtuin activity are

described in PCT Publication Nos. WO 2007/064902 and WO 2008/060400.

Yet other methods contemplated herein include screening methods for
identifying compounds or agents that modulate sirtuins. An agent may be a nucleic
20 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
25  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
30  Arg-His-Lys-Lys. Other substrates are peptides from human histones H3 and H4 or an

acetylated amino acid. Substrates may be fluorogenic. The sirtuin may be SIRT1,
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15 reflux for 16 h. The reaction m xture was concentrated in vacuo and
purified by flash chronat ography to give ethyl

5- ( br onroreOl2g10)07285phenyl| oxazol e- 4- car boxyl ate as a tan ®oTiu$2¢o5/0888¢5 35%
yi el d). t-butyl piperazine- I-carboxylate (3.2 g, 17.3 mol) was added

53 SRS o OSORRA SaRISSR SRl
stirred apbncll @[ron{lﬁwMo«La%@%a%sMa?ﬁo% rcoﬁdmétéarfbfl%ou@@o &fin@¥einganhydrous
Na2SO4, concentrated and purified chromat ography to give ethyl

544- (t er t stoppasixygamtmyitytpiapedadihn HD&C)ﬂmtdﬁyetn)t agtivity assay/drug discovery

g h ﬁn ﬂatC]T é?)jﬁ”ﬁoc %@% gaseta{)c Fa{r](l?rlcl)w?] ma l 81“&%51 10 (gterrmne%?lé/ evleldgf

544- (tﬁrtm&ﬁw&alshﬁﬂa/rla)smy@afea@elsaﬂﬂedthmh)etaa @oeny). Biblazaég- 4- car boxyl a
te (1.50 mml) in nethanol (10 nL) and tetrahydrofuran (10 n).

The react 86?145&?%& The loxakofgnedulapngf thaovrindmpe pspey pey s comparedite ge

concent  ajgd: Y@ 3R 485030 8RG.R00c! Bialohithe (R pRShed, v Lh ELOAC

The pH of e aqueous layer was a h of 1IN HCl and

t he r esul smngtapwusmsompd)drﬁe tiexénlbyd fiérkeing azhldhrmawm\lfm pu'sitlhe b2f¢gatineg dri ed
to give 5-44-(tert-butoxycarbonyl) pi perazin gl net hyl ).- 2-
10pheny| t RPTHEMY- SIMIBHToH g%/ the aspis may be i leaath sirfugn wt@HSgor reAtionsyi el d) .

Prepaj @i gl SnddRRANGl IANEL B Ile)nt aPRE0H R RRRk e fRERAs HLGeact d: - HO
iy o g

The title compound was prepared e procedu escr
5- 44- (terhhmuhxydanmmnybﬁ$m¢ﬁupummmﬂﬁwhynmnmym%aaqpﬁemqh&mnnmmﬂe 4- car boxyl

o act o Lasubstitutng orphol LR 0l PR AP RIS bR e T

5- ((4 (2- gﬁgppnygbpybgpbpgﬁ§2|n 1-yl) et hyl) - 2- phenyl oxazol e-4- carboxylic
acid HO he title conmpound was prepared by the procedure

descrlbed f or

5-44-(tert 20buirb@<rgecqnwfim¢r)tp¢ poeagrassay ¢omptsay (1) contadtimgy sitiiarathed 4- car box
%: ngr gé;: g‘ées a%:e%% g Ut I n?%/f'até(? %%gtg/aqg )1(1}{? XHAIBOIE) er%%o'p@%tJ t%% thte_s%!fﬁix Ito
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
20  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
25  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 (i1) 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
30  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
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5The title conpound was prepared by the procedure described for 5-44-(tert-
but oxycar bonyl ) pi per azi n- 1-yl ) met hyl ) - 2- phenyl t hi azol e- 4- carboxylic acid
subst i t utwogopya7igsBi di ne for t-butyl piperazine-| - carborgiratseonnesdss %

yi el d. Prepar ati on of 5-(3-nethoxypropyl)- 2- phenyl t hi azol e- 4- car bonyl

hli d ubbl ed  t h f. Et
g bfg'rmezdiﬁqsw tlpﬁ.ba Eqn%}%ﬁl 3&}5% @aﬂ@tre 38 ?n 5006 ?Lte Bﬁfﬂﬂ@; gi’?ﬁ i$ret hyl
propar gyl .84 ?Ferferﬁlzlyhd&o gefiz; & ﬁméﬁdés&lwd%&é)?@%trﬂaﬁgd Qg@mﬂgoo m).

Di chl orobi s(tri phenyl phosphi ne) pal | adi um (| mrol ), copper
(1) iodi deoripris? lgsing the qerﬂmto)det@rnnlneﬂﬁAlé(\fEQOﬁﬂ_cetyM@nmﬁme)sushsr@e added and the

ti ' heat f f t
Coot et o PUHIS aBeheaearate Santhtdtien iion e oy SRG bl addll wi'th "
Et 0OAc {2 X0k pmférablmeorﬁ@H&ltneghmglalwcgveﬁ%@fe\w@me TyW'rétﬁ absutne, dried
(MySAHA) , and concentrated. The crude product was puri d by MPLC eluting

with pent@heylme dmd/l(socisemsbgnaddnd)A pesfefiredsudstraie is an acetylated lysine,

o (3 ot noxy B AR R} 6 aP T HIL bR act SESREY W BrRahifibeso! 1 (11

5- (3- net hOf(@llpjsdm-ndl-c}a@slﬂl)HlﬁAQbMﬂch&ﬁtﬁﬂDAQTSAh;,aﬂbdxmhﬁbeuéé&iﬁatl g, 86.6 mmmol)
was di ssol ved in, Et 0Ac. (350 and hydrogenat ed under bal | oon pressure

5for four COREFRIafipNg ramg@@?r@rﬁ&b@atoe(bl PRt ersfergblytirasm abgut Onstt ur at i on. On
day tigeeq ﬁﬁes&ﬁ c%ﬂs B¥thithd Leb@onfidund Eﬁéihe%%&lla)’éﬁlﬁ;?dded and

1
the m xtures fe-su écte o rogenati on at Eﬁﬁ |'oon pressure
cat al yst Wasorrdamdéot dbpuf 10 tnumttesotn Sthmm,lgfefaalpigdoroafbouelBﬂmursTEmcé| | ter pad

was rinsed w.t a the fi te concentrated,to dr The crude
bt oduct S AduRe e Mt it HRAGH el o B OAL B ST B et &t
S5- (3- met hexy Ry QBMJT)sugschI?@be |St[ﬂ8T@§ﬁ’d Sy I%rabsﬂ&ﬂa@é for SIRTZ7 sucﬁ%ﬁ) yield

Et hyl 5-(3-met hoxypropyl)-2-phenylthiazol e-4-carboxyl ate (26 76. 1

Mol ) wasasg selbediséhtoTerntive otadptbtors oBBIR Ty vamd a sol uti on of L| OH (3.6
g, 152 mml) in H20 (75 nmL) was added. The reaction was stirred for - 5 h

and t 15 S iy he addition of 3N HClL. The m xture was
poureP i nto br?ﬁgy%%}%eutlfglr%%?ggﬁng?% Et OAc. The conbi ned organics were

washed with brine, dried (MgSO4) and concentrated to give

5- ( 3- net hoxypr @py diytudrmbenlylithe@zpduddddescabdabbiartinanaciedoftddlagd i®9 % yi el d)
as a tan solid.. Oxalyl chloride (67.2 mml, 5.9 n) was slowy added to a
room t er’rpé‘?ré’teﬁtrl@laé BRBN§IHUSHE Qe or more physiologically or pharmaceutically

S IR S R S R, 2 0 1
their pharmaceutically acceptable salts and solvates may be formulated for
20  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.¢., in a specific tissue, organ, or fluid (e.g., blood, cerebrospinal fluid,

25  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

30  preferred, including intramuscular, intravenous, intraperitoneal, and subcutaneous.

For injection, the compounds can be formulated in liquid solutions, preferably in
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honobgeneous over - 20 min. The reaction was stirred for 3 h, then
concentrated under reduced pressure. The crude product was dissolved in
CH2C12 ( /S0 2niojo7a85d concentrat ed under reduced pressurePCThES2am06886Hr oduct
mas di ssolved in Et0OAc 25 (150 nmL), washed with brine (2 X 100 m.), dried

(MS™) , onc trated d reduce ressure to

5- ( 3- met hgﬁvﬁ%ﬁf C?%h%ﬁea%lp agt glfﬁéﬂy}w%ﬂw %%gafes splution. Iy sol i d
(6.6 9, 994 iy %@éomﬁuﬁ@@ﬁﬁ 'b@'?or’ﬁ{ulated in solid form and redissolved or

5- ( 3- met hoxypr op- 1- yny1) hi azol e- 4- car boxylic acid: Et hyl

5- ( 3- met hewspprdsd-ithmediatgly Etlplh@nysbtlmoahdized forparabosyd mckd¢d01 ng, 2.3 mMmol)
was dissolved in THF/ MeOH (1: 1, 40 m.) and a solution of LIiOH (167 ng, 5 7.0

mol ) in H20 ( i e feact rred fo 16 h and the
T ki et oa t o O et RisREGSH e R Sa b ot BR R i kO fne i " 37 (0

bri ne sindofXér ek, Wlblld’ds EA2AGes, dNepSElBdpRpec@bY a3 eativ@il encaBshal W t h
brine, dri ed (MgSO4) and concentrated to give
5- ( 3- met hbharprepritalingerypiablsapipiont gl pebinding aeensx (3-¢-crragslafiniasb g, 99 %

| d I d:
Lyl L 4- ook P PPy AL A R PR R B AR T e
m xt ur e ofactsiE; nidrotkystaiick c%lﬂulmeuer)cxﬂcmmc{l—;}d(o’lgemphosfphatel8uH5tman8; (c.Bhe THF was
renoved under reduced pr ssur.e ?(g§the aqueous sol ution V\(I?fﬁ acidified with

AN HC1, 1BBfRGSHEY slgargics f ‘@Iz‘éi% inggragipd - enpo LM staneh of soiWmSi4E: t o
obt ai fy 4- gg@@lﬁ{é mr‘?\‘»?é?ﬂn?g a#nRRE BOXYhiLf 186 AsuMHEd). YRStaHREINAPbd Sodkdy T he next

step. Pre ati

5-(3-chl ObSZ) p’[ed}’wi&)ﬂeﬂ k[nhwlnyh a2 Liquind prephfisnsdfobppy pimdinst@2tion may

)E/): ?:,Egenyl tkhl‘cﬁaez§ 9 é}%%p em SCOiFuthIlS S}QI'IlElpSO or sLulsgé_Ilimotllgoor tﬁ'er/ Hl\l/g Oti ani | ine ACN,

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

15  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,

20  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 acrosol spray

25  presentation from pressurized packs or a nebuliser, with the use of a suitable
propellant, ¢.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

30  insufflator may be formulated containing a powder mix of the compound and a

suitable powder base such as lactose or starch.

59



1.,/ ...... N Ni t rogen was bubbl ed through a solution of Ethyl

5- br ono- 2- phenyl t hi azol e4- carboxylate (3.6 g, 11.5 mml) and

2- (prop- 2wonyioorydsset r ahydr o- 2H pyran (3.3 i, 23.1 mMOPLTIUS2000068880 ni) .
Di chl or obi s(tri phenyl phosphi ne) pal I adi um (I1) 5(405 rrg, 0.6 nmol ), copper
(1) iodide (55 . 0.3 ,_and triethy] am ne 57.7 mol)
were added andSERER- F@QHPi“B%CWR?lEﬂdé%é” gg?ﬁateaﬁf rln%@ %Ctso mnina

m cr owav e, i8R fion W%Jé&%ﬁtégnb%&lk”hﬁe%% o‘i’QHﬁtﬁﬂmhm&ué‘@p and extracted
with EtOAc. The conbinéd organics were washed with brine, dried (MySH),
and concehomatlaichns Theincuoempy bd poetsentad impumi dasegk fwml\@gcneeltmpmﬂ@s i t h

pent ane/ Et 0Ac :L 0- 50% radl

2- phenyl - glt(lgltl( eSF Fg}%&}]&lgg szlf_‘r'_ 9@&&6%@§T68{?35V&']6%e (‘frnposmons may take such

ynyl) t4i azghBad sepeReons] s816tidnd 0B chulskshs b ¥ilbHdquebhidwdhicles, and may

2- phenyl - 5- (3- (t etrahydro- 2H pyr an- 2- yl oxy) prop-1-ynyl )t hi azol e- 4-

car boxy| atentyig fgrngulateny, agenisongh siesyisprndans) s/te lipmgnpdiar TIPereing pgeB® ) and

hydr ogena S i cat ed
compl ot o 2 ey e ARG REER IS, bl pior FbEr B IR LYV

renoved byuifabld vehidlQmr,g. faeBpgapal- ﬁséwadad,emf(&eﬁisé he mi xtures re- subj ect ed
to hydrogenati on at bal l oon pressure. The catal yst was renoved by
filtration thr h a pa of celite. The filter pad was rinsed w.th Et0Ac
and the f11trab {%Pag ERMPRHIs PSSO bererey e %F%&ﬂﬁe?mﬁ%%tw% ssol ved

in Vet pychols @mfe&ﬁ&m&et@ﬁm e(n@ml.{wg] dfhtatin %mgo@ﬂg@@or S the

reaction m xtur s stirred for en conc ntrated to s. The
crude r esbageswhsistcakerbutier pnotheiQdycerdashed wit h sat ag NaHCO3, bri ne,
dried and concentrated. The crude product was purified by MPLC eluting with

ent ane/ Et OAc 0% 5gr a 'en .to I ve m.xtyre.of. eth and net hyl
gst ers of the élk%(ﬂéptﬂoé]dtogﬁ g)l a%l?mé %I Vbedaprew)o("}# H?%W&Q%th%ur e frgm
above (1. 8ordpouit@s nthy il beaBrrhilatbtiad MaOpdt pephratidf. Siteh lameadingol ution of Li OH

(313 ng, 13 mml) in H20 (15 nL) was added. The reaction was stirred for -
5 h and t femyltigas ey be adginistered pyimelaatdpn o comansHoptanmpisleit ur e was

po”regs " Etﬁra us&ﬁa %r%gtnﬁt%ﬁé%gsﬂ\ﬁ’} I BhR A sTﬁS? %&{@% rk%@ulillgﬂcgfum cs were

washe rine, drie & Cohcentt a

hydr oxypr e@yggunds plag gl foimndziod e+th-saastio pylyheriaor dydrﬂ)pl?o‘tg() materials (fok m xt ure
of 5-(3-hydroxypropyl)-2-phenylt hi zolﬁ 4- carboxyllc acid (850 ng, 3.2
mol ) and I3RS psanihplsion n An pegepidle Qihiog iqngecc weﬁt%lnw&a%@a%wat ref | ux

for 16 h LNERcGRACAIES %F&ah{bcliedl eg‘%;?a%mé?é}zg%lﬁflé'gﬁt RToAdYALd MRS sdi ssol ved in

Et OAc, 15 washed w th 'brine r and concentrated under reduced
pressure fomglavdsbmtBdehpactepr opyl) - 2- phenyl t hi azol e- 4- car bonyl chl ori de
(906 ng, 99 %yield). A suspensi on of

5- 3 | 1 | t h 4- id 06 3.2 1),
D At 1 Oht OReiafs SRS 36 oGS ARbeS By PR b5 oM T 26 e 585
M, 2.6 mldblivety @BeNehtkd iekouvasstsh (CNSﬂ(rEQEwé@nhBegT&ﬁ PROmERBIi Ng ppt

was col lected by filtration, rinsed with CN and dried. The crude product

was pur i f KeBhasgpenpest O 49143d 2004k QDQIWW@@H e(p@rcw@@srfaaii@gtdﬁlwmg@ the 5-
(3~ or opsapch 2 Bl (2010 @901 Gkl Yl ls-1 ) pheny! ) i azol

intracerebroventricular infusion); molecular manipulation of the agent (e.g.,

25  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

30  cholesterol carriers); and the transitory disruption of the integrity of the BBB by
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Preparati on of 5-(3-oxopropyl)-2-phenyl-N-(2-(thiazolo [5,4-b]pyridin-2-
25yl ) phenyl )t hi azol e- 4- car boxam de: A THF sol uti on of

(2-(1, 3- dvoxoloamigs3yl ) et hyl ) zinc(11) brom de (35 ni. 17P8Truseéop/oessss added
to a degassed sol ution of ethyl 5 br ono- 2- phenylthiazole 4- carboxyl ate

(3.6 g, 11.5 mmol nd tet aki s hen sphi n ium , 5 0.58
mol ) in Hper?szl@ptiwﬁ %%} Fi %ﬂ}& HE‘@G\ME H’é%ﬁp ut}%flg E?or 16 h

t hen pOUf@Qoh@59m§%&ﬂﬁﬁm@%ﬁQ@ﬁﬂoé@ﬁbﬂkﬁ%yﬁgnM@&m%é%h%ﬁg%%nWh%Q EQAC,

washed with brine; dried . and concentrated. The crude product was

purified by MPLC el uting mnth pentane/EtOAc (0-100% gradi ent) to give ethyl
5- (2- (1, 3- di oxbingsomes ar pduimlardra ¢iteapi sykicarwhish 4 eahoygatale (2.0 g, 52 %

yield). 1QEt

5-(2-(1, 39‘ |%r§%‘|gaYn Iny the metped 1) meengRa Ahs IV 8 SPROIE SRR Pate (2.6 g, 7.9
ol ) 5as adhhisedreé ch the fOROY ] lriFos()ﬂae li,eh@é}y erﬁnldlpasﬁl‘iﬂsldﬁré @8l1-®&howh OH (378

nmg, 15.7 nmol) in H20 (15 nL) was added. The reaction was stirred for - 5 h
and the phy adpriser é'all%mths afyLippsonagsdrn pe forred Fenpeyariatief m xt ure was

poured in ext C I wer e
washed w ?ﬁ %&élﬂg?éggﬁhe CT?%%&%&%@%%O% ]e; gﬁgﬁb@ﬁgggg ﬁ%r oduct was
crystal | i nedld ﬁoot‘heEhéiHﬁd bOingent®n encornpass all types of liposomes including, but

5-(2-(1, 3-dioxol an- 2- y yl )-2-phenyl t hi azol e-4-carboxylic .acid (1.8 g,
75 % yi el Byt limited to, yngl Iﬁﬂﬁilab@r%% reeian eﬁ9 nyesiclep agd multilagetlanet hy |

ur oni ygn hexafiluor ophosphat e net hanam ni um (HATU) (669 ng, 1.8 mmol) was
added to a solution of 5 -(2-(1,3

- di oxol an- 2-yl) et hyl ) - 2- phenyl t hi azol e- 4-carboxylic acid (504 20ng, 1.7
mol ), DI PEA ( ﬁnethiet way 8 ETOdmﬂ 3 formnlgtion, (natticalkaasf/@[ ®]ution] phya sighim- 2-

1)anili t t
L) Trea 1 abERR s TR b Rerid e Bt RE R Bt A The
organi ¢ fEagddcRisn. WEF §cASHEH ivbintRI-i Bleor flby@8danth. €aRfRARBLKiAL 8d. The crude

product was crystallized fromEOH to give
5- (2- (1, 3deticoked mrdemilin)Pathh gt 31., 21 hRatyNo. %I@&@h%@@ll@[@omrawd

o (513, ST AR Sular i AReATE et Ger b RuChies s it n. o

y1) phenyl fdrhi iaglakien ¢ompleRexaith dgy (20vile nddl&ulB@h )it Was til Igsophied in a
m xture of 5 THF (4 nL AcOH (8 nL) and H20 (0.5 nmL), heated at reflux for

16 h, t hepeckinecanitticapbicicycladgrien smolemble. r esi due was di ssol ved in Et OAc,
washed with sat aq NaHCO3, dried (MgSO4), and concentrated under reduced

pressure. The ?(Eﬁ‘g@g@éig%gf&inﬁ%:? dBk'(gllzifnig%s%% YRGS N Yﬂletrg'piwz C12/ MeOH

(0-5% gr adi ent
( 3- oxopr Oﬁ)bsb)ptﬂ)ﬂpp&&tiyﬁlaﬂﬂj bﬁ’cc@t dnidamblindial dbsbipioni off phadmydeppbdiyydc)ivhi azol e- 4-
10 ca&&oxanide 3200 qy @6¥|eld Anm de .synt hesi s neral ,.method A: 0O
agents. Fast melt osage forrn are benheficial to patients, such as ag@d 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

25  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

30  other embodiments, the pharmaceutical composition comprises: (i) 0.05 to 1000 mg
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)*L HO Ar A mxture of aniline (1 eq), carboxylic acid (1 to
1.5 eq), HATU (1.5 eq) and DIPEA (2.0 eq) was stirred at roomtenperature
in a suitwbl2elmonssent (i.e. DVF) for 1518 h. Water was &daas2a09/068365
reaction mxture to precipitate the product. Workup 1: If the product

precipitat |l ected by filtration, . hed wi th er, .ho
triturat eafe R%Ftcﬂmﬁ‘é‘t‘ ﬁéthedm@tt Bndl & RIREAGSuEER fm@tpt a%'l\fﬁ eohepdr d t he

desired afidgy toTitgraH{sq%ﬁt 8r %f&pﬂaﬁﬁt&%ﬁcawdc&ﬁ%l@xxcqlkteg@at ography to
i mprove purlty as needed. 20Work resulting solution was not

honbgeneous, the product was extract ed W|th organi ¢ solvent (CH2C12 or
Et 0Ac) washed Wi ey @nﬂoodmamsmbm-meduldtlmge@mwmtd Hasrsbad herdingsncent r at ed.
The crude ur| ied b chro neede Am de
Synt nesi < baRarard R kTl Pt B sl SR RE) R i SRRy
desiresl cauikaxy ltdp@caaah@ a(dimﬁlstlatﬁmeﬁ]h dompsisinpengegch rﬁata-ra%awnaﬂ@het r eat ed
with oxalyl chloride (6 eq) and DVF (catalytic) for 1.5 to 18 hours to

obtai n a elteHic topisplaariiny maprhe ssloctediseds mrowﬁé@ﬁqr%n%amdn&teyness and a
pyridine SUSPERSHON gfastaﬁ%ugﬁl%h{ t—‘oq!loﬁ” fehil® {c}oeqmﬂ ?ﬁdgicﬂgt (ﬁg‘art he

reaction m xture Was roorﬁ errperature |dt6 1 urs or
m cr owav etHedﬂcteemd(rﬂtﬁﬁ)bdagn@sedl Of enmaYeriall bf tikier pamth]ﬂ@ztocpmmng i byattegicf r om

solution it is. coll filtration, co-evaporated w th methanol and
purified BYSBhK éwﬁgg% W%/ the peliegted gursicrpat aﬂ?’@éﬂila%fﬁ‘ttéh? AT 28FMior on i t

10canipe GRREERMPRLRL otfﬁleOtBﬁﬁ@Qtst%rmﬁlﬁﬁ&P FRLEHIR™E s iRBR tBﬁ%hlfdaﬁ‘ijer?Yor

chr omat ogr aphy. | orides were a?so prepared by suspendi ng the
appr opri ate lmeéid morhumar ahdhddeamd othcanont@fi¢ argahiorsobentsy glycdmmur s. The

SCC12 d . d,. t h h d with
ol nene. THeH BULFUTHG. BETACGRVSRT HOUBLRY fos 0 REro SR BN Coea

wi t hout fyrk&ehnPmeilfkecation. 15Preparation of
N- ( 2- ( 6- (nor phol i nomet hyl )t hi azol o [5, 4- b] pyri di n- 2-yl ) pheny1) - 4-

Formulations may be colorless, odorless ointments, lotions, creams,

15  microemulsions and gels.

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,

20  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
25  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-

30  oil. Cream bases are water-washable, and contain an oil phase, an emulsifier and an
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phenyl t hi azol e- 2-carboxam de: HN N N.----- IN/ The title conmpound was
prepared according to am de synthesis general nethod A utilizing

2- (6- (nmorwbabiomomess hyl ) t hi azol o[ 5, 4- b] pyri di n- 2-yl ) ani | PO&/tB2@)9/068865
204- phenyl t hi azol e- 2-carboxylic acid. The product was isol ated by

precipitation during. the addition of water, triturated wth hot nethanol
and puri fP‘é‘tTOB%g%%SF' lhase, Sraea Y SpRprivegrod aralptug o ﬁg‘%’rret hanol in

CH2C12) . MBokdtlstéh dctytof SRANPORSIR1; A dqdcdus FRIUR sty NitHBuEh TP 14-

Preparation of

4- pheny| - Neqegsafify, epsaedsthedilrphisy/inrmeiungd, pné igarashlb] &ntaihy phumetitant2-
yl ) phenyl )t hi azpl e- 2-carboxam de.. H N The.title. conpound was prepared
2 ctor i ng P eARHE & A RRaS Sy Rten, i St Riy kR RIDE AP R

2-(6- (pyr E&ie’rﬂlyﬂr donibiTBtahidnld, Bhewed of amphddrRydut-fditan2- yl ) ani | i ne and

4- phenyl t hi azol e- 2- carboxylic acid. The product was isol ated by
precipitation by the addition of water, triturated with hot methanol and
purified by siPirtan-gudulatipggempeynds may(hgrinenraorated intg migeHeisiRitol i n

CH2C12) . - 2. nd 3 - =
10Pr epar at%ﬁbcﬁa%? gr'@?%re?égﬁﬁﬁ -%r%ltl%%é?/%t %%tF@Séuhglé’ﬁcg%‘ P%\hsg&élloflsr'rétpﬁgﬂ )thiazol o
[ 5, 4- Db] pimidiciti@lylijly heshydk)oi handheanyd, stbidized ey 2z owsrbokdfiidef H N

surfactant molecules (Encyclopedia of Pharmaceutical Technology (New York:

10 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

15  commonly employ aqueous carrier liquid, alcohols and oils can be used as the carrier

liquid as well.

Other active agents may also be included in formulations, ¢.g., other anti-
inflammatory agents, analgesics, antimicrobial agents, antifungal agents, antibiotics,
vitamins, antioxidants, and sunblock agents commonly found in sunscreen

20  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
25  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,

30  intraocular injection of a sirtuin-modulating compound, or by insertion of a sustained
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The title conpound was prepared according to am de synthesis general method
B, utilizing 2-(6-((4-(2-nmethoxyethyl)pi perazin-1-yl)nethyl)thiazol o5, 4-
15b] pyri awo-28ti7)&s8i | i ne and 4- phenyl t hi azol e- 2- car boxyIPCE/Use00d/ 068865 eq) .
Addi tion of water to the crude reaction did not precipitate the product,
therefore S concen rated, tritu ted W th EtOAc/ MeOH

mi xture, 5&%@8@?@@ Trb@bliq ARG eI TNQA &rwg Cpg@aweqo nAgSlBH’IHemgglf Mg sol i d was

| yophi |'i zggnyhidy Rat VRGN I Db XA R %%%%ﬁ%%ﬂﬁﬂﬁ bQU“ fied on prep
HPLC. M5 Calcd for 20 C30H30N60252: 570. 1\é M+H) * 571.

Pr epar at i ddlmedanmﬁihhgmadﬁu‘(@il&@c@mm@phﬂm@mwxllqlt rsueizthlabi[hs 4- b] pyri di n- 2-

| ) phenyl on zoI ------ N The title
Y onpound SRS FRRER G GoRBCr B TA MR uly NRIRIGT RaaPkR ERet nou A
utilizsng é-’nc{oﬁro(auacvnh@bmmhha pdidilagzial b edl-dal Pyteindi Rgdny by @Rickéne and
5-met hyl - %ﬁhenyl oxazol e-4-carboxylic acid. The product was isolated by

preci pi t ati ©n ckymplahexnriar shagberwasérior chambaravigigows hody hstucerst hanol  and

Crpc1y - Ramf MR FlonS ESTRA IR, G5 il R SR APTREDS! 1
10Pr epar apha}fnaﬁéutﬁalmSEEM@taB}epjpﬁﬂmlmﬂN-\(eHrc(eﬁméji))deII’ @dah@lld’,lb&ay bffﬁﬁnblytl )t hi azol o

[5,4- b]pyridin-2- yI ) phenyl ) oxazol e- 4- car boxam de: -1?1 N
The titl eVeSsHPSUNHOURLCTSARY: ’é‘ﬂ%%réarldti\lﬁ@n@w%)fnﬂé?ecoé%ﬂuﬁé%?%th@eneraI met hod

A utidi ZifGng ¢ ly intp the vit h furth
2" (6 { byt FBRRE ey by S S S SR S s TP BB ang
5- et hyl - 2kgrhanel t]mcamﬂpeurmsamybbn(qdmlmsmmdisys%hecqblryoshsthtas hasntrsohatsed by

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

15  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, ¢.g., by administration of an immunosuppressant drug, ¢.g.,
cyclosporin A. For general principles in medicinal formulation, the reader is referred

20 to Cell Therapy: 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
25  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 (LDso/EDso) is the therapeutic index. Sirtuin-modulating
compounds that exhibit large therapeutic indexes are preferred. While sirtuin-
30  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
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precipitation by the addition of water, triturated with hot nethanol and
purified by silica gel chromatography (gradient 0 to 10% net hanol in
CH2C12) . WB 2@aloa8sBor C28H25N5025: 495.17. Found ( MtH)' PEIAIS2004968865
Preparation of N-(2-(6- ((4 (2- nethoxyethyl)piperazin 1- yl)nethyl)thiazolo

,4- 20 b r|d|n 2- henyl) -.5- pet hyl - 2 azol car hoxam de:
The titlell mé%@gﬁgpgea %Jé%ﬂ&%%ﬂ;umgp aﬁ%ﬁ&s gqbéf H&F al net hod
B, UtI|IZ&Bgeﬁé&§ ((4-(2-net hoxyet hyl ) pi perazi n-1- yl)nethyl)thlazolo[S 4-
b] pyri di n-2-ypani | i ne and 5-net hyl - 2- phenyl oxazol e- 4-carboxylic acid (1.5

eq). The 5 product precipitated fromthe reaction mxture, and was filtered
and chased wi tﬁhﬁé@thah@medfmn WU@vlt\mgsms piid @umbystpdlefpcaﬂm_e@seql/s Cal cd

for C311-132N60 568 23 tlon of

N (2 6. TUPRRORhe REiS O hieas S oe Ty T dossbl FEBE KD Boflas

phenyl 3 hi aagllie-witliah Bapa it deculatify dbhcMiralionsTinat ﬁlbmuet&m@ twigh 1S opr epar ed
according to am de synthesis general nmethod A, utilizin

2- ( 6- ( mor PAENGBRELA JPSREn ey 3RB[ ‘sltlamtsyuﬁgimgmdﬁp@dm Hen| tﬁ%ﬂS&a@ form

2- phenyl t r T [4OR, aied by
preC|p|ta?@g&8E&an s §%§¥¥%ﬁno nngﬁ%&1tura?%@ﬁ§$€%ihot met hanol ,

di ssol vedtherapci2€1l2, effﬁamfwd)smarhbeléstlmakadtlﬁltfalﬁﬁﬁﬁﬁ; catnudtart asadysdAand

purified Ry silica_ gel chromatography (gradient. 0 to 10% met hanol in
CH2C12) . RESCERnChr fogmuleter i ansed gi0d dct {8 Balsev e latiggmjasmyy 7 = 514,

Prepaj@t | 96hc9£tm%10% éth&hﬁ.?iu&é% thO¥WCh %'é gdhé céncxht%&dﬂy(if)tﬁ@ﬂea?c%ﬁ;ohl@d 4- b]

pyridin-2- 20 yl)phenyl)thi azol e- 4- car boxam de: | e conmpound
was pr epathatlaczm@@s dlhalgi -nhaximnd ideibgyomt dfegingtogen es éd:temmnbrbnh 0&11 cuttitei zi ng

2-(6- (pyrgolidin-1- th t hi azol o anlllne and

2 pheny! i BREHIEB LR e ARG Seehi getbinPiashlis

preci pi t at pis 1ésrﬁmay"xg@hfeaﬁﬁe@ffomfaﬁble Efr'hlghrp'éh%ﬂné(ﬂcrehl hﬁi met hanol ,

di ssol ved in CH2C12, washed with dilute Na concentrated and purlfled
by S|Ilcac@énwéhﬁﬁﬁWtography (gradient 0 to 10% nethanol in CH2C12). MS
Cal cd for C27H23N5052: 497.13. Found (M+tH) m z 498. 10Preparation of
N-(2- i@ ($4 (2 thoxyethyl)piperazin-l-yl)nethyl)thiazolo [5, 4-

b] pyridi n-2-yl ) phenyl) - 2- phenyl t hi azol e- 4- car boxam de: The title
conpound was prepared according to am de synthesis general nethod A,

utilizing 2-( 6A(fodprividechdromyaet kiyd, e, dets dai therhpguticrpaiposty sihliiazot of 5, 4-
modulating the lifespan of cells or modulating apoptosis. A kit may comprise one or
more sirtuin-modulating compounds, ¢.g., in premeasured doses. A kit may
optionally comprise devices for contacting cells with the compounds and instructions
20  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.

In yet another embodiment, the invention provides a composition of matter
comprising a sirtuin modulator of this invention and another therapeutic agent (the
25  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.

30  The agent and the sirtuin modulator are preferably packaged together in a blister
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15b] pyri di n-2-yl)aniline and 2-phenyl thi azol e-4-carboxylic acid (3 eq),
HATU (3 eq) and DI PEA (5 eq). The product was isolated by precipitation by
t he addi tworromfo7eesBer, triturated with hot nethanol andPpunistéoodedsys silica
gel chromatography (gradient 0 to 10% net hanol in CH2Cl12). MS Cal cd for
C30I1 - 130N60252: 570. 19. . Found z = 571. 20 Pre tion of

N- ( 2- (6- 083 ?r&é&%weﬁ%fhwﬁﬁ.pa&%fa of-2 @m%&dhwﬂamlﬁ%?@a qopajners

b] pyri di n(s%cly by meﬁaaéﬂes%rﬂmﬂyé) it CAd bd iéﬂglra%yhﬁé Lex328)!, 8y Asabif Baxam de:

The titl'e conpound was prepared according to am de synthesis
gener al netonotnd, betwédnith¢ fwgp containers).
2-(6-((4-(2-net hoxyet hyl ) pi perazi n-1-yl ) net hyl)thi azol o[ 5, 4-

5b] pyri di n-2-y CL

S byt -5 (11 1 RELHSEr ABRodimenttie inveniopaugyide Sk TATEBH  The product
was fiites@drattém&me?@rsudﬁn (RdGkato@Rf MHiXinvEione YAPBY @ittt WMckdpca®é hanol , and
purified by silica gel chromatography (h%gadl ent. 0 to 10% net hanol in
CH2C12) aAgPbyuchras shospdescriheyd elspwhere st thesneiDotigNG035: 622. 20. Found ( M+H) !
m z 623. 10 Preparation of

5-(3-neth ~ac iU Nat 1 i | o[ 5, 4-Db
yri(di nrrez;))l(%lBLZ%Ratc ﬁ?egéggﬁé/b% car eglgoéi(r%’l g:reﬁlplllﬁ%)’ Untel RE S heteRE) Ol P

5- (3- net homyvpntim;al)ecﬁnigh@rqﬂc'ehbaylogﬁcdl cdtuponydleaitdrdroldgy,(t®@sgeng, 66. 6
15mmol ) s, added to

3 (60 (oyr PN Ricrb oot s P Rinaa S s hsand inppuplosy phishy s wihin W6 (15,8 g,
60. 5 pgrol Jkill b #rORuEH tckbBnifRQQurdtRplailt Phefty (R theTeradB8 KRe rYGPE))MIY}ﬁ@ added

and the reaction mxture was stirred at roomtenperature for 16

resul ti ngW«tCI»&%{@lmhg ackahorasgryfVpnueht2"0Rd., eth byrSambeebkuaftitscherd on| t r i I e.
i or  anbiao ootk Rt Trb B o o A B Vak BT (o7 g
Recryst al {1i@aN. @lofdr e, 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.
15  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.
20  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
25  Spring Harbor, N.Y., 1986).

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,

30  and are not intended to limit the invention in any way.
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Et OAc (300 nlL) afforded the title conpound as a white solid (25 g, 72 %
yield). M5 Calcd for C31H31N50252: 569.19. Found (MtH) mz = 570.

Pr epar at iwo0 20f0/B1§53- net hoxypr op- 1-yny1l) - 2- phenyl - N- ( 2- ( @CTB2E00/068865 - 1-

5yl met hyl )t hi azol o[ 5, 4 b] pyri di n-2-yl ) phenyl )t hi azol e-4-carboxam de: 0 HN
The title co {1% p,rep red acco(ic] ng to am d nt hesi s sgeneral met hod
A utili zéE?‘f"- reparatlon 0 sirtuin modulating compoun d precursor

2-(6-( pyr{lggrb(dp n- 1-yl met hyl ) t hi azol o[ 5, 4- b] pyri di n-2-yl)aniline and

5- ( 3- met hoxyprop- 1-ynyl) - 2- phenyl t hi azol e- 4- carboxylic acid. The product
was 10 isolated using workup 2 and purified by silica gel chronatography

( gr adi ent Peepayationoh2(tdaroelo|P4-idppddin-2{ybahidined by recrystal lization from
MeOH to give the title conmpound (111 ng, 30%yi eld). M5 Calcd for
C31F127N50252: 565. 16 Found M) ' iz 566. 15Pr epar ati on oszN

5- ( 3- met hpx ﬁlopyl) 2N henyl rl\‘r—( ot zalzzeg 0 L,S rirei n-2- o

yl ) phenyl )l it/h‘ azol J\& — 0 )—@

5- ( 3- et hoxy NUszyl) henyl t hi ettol -car b Nch i de NTY, 774
nmol ) S added to a suspension of 2-(thiazolo[5,4-b]pyridin-2-yl)aniline
(141 20 0.619 mmol ) in acetonitrile (15 n.). DI PEA (162 ilL, 0.929
nmol ) vvas added and the reaction m xture was stirred at roomtenperature

for 16 h. The Peslihirng3ppiinda@schi@bpettied(3tys ¢,i20t95ahmel),andnd rinsed with
acetonitrile to give the title conpound as . a white solid (260 86 %

yi el d). Moitohreaeyt gromde( i 3252 mmgh in pyrigipe (P mhhpips ?ﬁrfedrat@é’%g for
Prepar at i ( i

[ 5, 4-b] py(r?l c?(ﬁh t%n %%@? nﬁﬁ?@%}ﬁ %ht4 c%%lﬁxggg%&d{mt%&le&pltam The title
conpound Yamep meisaokettarigofiliiiatign ted diddie gy H2shbrgsneliaB-yie2-hod B,

utili ngZ hlazoI054 r ) ani d 5- (norpholinonet hyl) -
z-pheﬁ% t RitiePeramide M% ?%dégﬁ aaﬁéﬂscyml%ﬁqﬁe%/ (390 ng, 92 %yield) VB
Cal cd for 1OCZ7H23N50252 513.13. Found (MtH)' mlz = 514. Preparation of

5- ((4-isopr OpyAHhB@ﬁI@wN &= 3H1 8B} dh 3= -Qt’xﬁﬂbﬂl)e'n%rﬁ%'e (12.98 g, 46.75
(thiazolo[5,4 gyrl di n- 2 1) phenyl ) t hi azol e- 4- car boxam de
rnrnol) (31.17 g, 140.24 mmol) and pyridine (80 mL) in p-xylene (310 mL) was

» 1275
heated at 120 °C for 18 hours. Stirring was discontinued for 30 min, and the mixture
was cooled to 100 °C. The upper clear solution was transferred and concentrated in

15 wvacuo, followed by the addition of ethanol (50 mL). The suspension was heated at 75
°C for 30 min to dissolve the product, filtered while hot, cooled to room temperature
and left standing 18 hours. The solid was collected by filtration, washed with cold
ethanol, and dried in vacuo to give a crude mixture of N-(2-chloropyridin-3-yl)-2-
nitrobenzamide and 2-(2-nitrophenyl)thiazolo[5,4-b]pyridine as a yellow solid (10.60

20 ).

The above crude mixture (10.60 g), iron (11.50 g, 206.01 mmol), and NH,CI
(17.63 g, 329.61 mmol) in MeOH/H,O (80/20 mL) was heated at reflux for 2 hours.

The reaction mixture was cooled to room temperature and extracted with ethyl
acetate. The organic layer was concentrated in vacuo and purified by chromatography

25  onsilica gel to give 2-(thiazolo[5,4-b]pyridin-2-yl)aniline as a yellow solid (3 g, 28%
yield over two steps). (MS, M'+H = 228).
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15The title conpound was prepared according to am de synthesis general
method B, utilizing 2-thiazolo[5,4-b]pyridin-2-yl)aniline and 5-((4-

i sopr opylwopercawiss31-yl ) met hyl ) - 2- phenyl t hi azol e- 4- car b®@X¥ItUSe00Q068865
hydrochl oride. (140 ng, 56 %yield) MS Calcd for C30H30N6052: 554.19. Found
(MtH)' mlz = 555. Preparation of

2- phenyl-5-(pyrrolidin-1-ylnmethyl)-N(2-(thiazol o[5, 4-b] pyridi n2-y1) phenyl)
thi azol e-4-carboxam de: The title conpound was prepared according to an de
synt hesi s pggn#hibn of 25%6 rBlidint 1-VirddeAg)thiazolo[5,4-b] pyridin-2-yl)aniline :
2-thiazo|o[§&§ b]pyr?ﬁfﬂﬁg.yl aniline g% [ Ipy ¥

2- phenyl-5- (pyrrolldlnl ylnethyl)thlazole 4- car boxyl ate hydrochl oride (270
ng, 76 %yield). M5 galcg, for C27H23N5052: 497.13. Found (MyH)

dan z 8.
Preparation of 5-((f-(Z- nethgmygthyl)p|pe azi n-gs yl ) met hyl - 2Ypheny -0g( 2-
10(t hi azol o[ 5, @l e-Z=carbo: WP HNT
The title conmpound was prépa & acco dlng to %nMG@Hsynth si's genéralphethod

B, utilizing 2-thiazol o[ 5, 4-b] pyri di f- 2- yl)aniline and 59 ((4-(2-
met hoxyet hyl ) pi perazin-1 -yl ) nethyl)-2- phenylthlazole 4-car boxylic acid
15hydroch|or|de (140 86 %yield). M5 Calcd for C30H30'a0252 570. 19.

Found (MtH)' mz = 5 Pr eipar 8P4 on op,s, N LAH
5- (mor phol i nomethyh)y~< 8 N 2- (rhrazolo[ \WDEE%II
yl ) phenyl ) oxazol e- -carboNaniEgD Thelltit1 e “onpound was™F

prepared according to am de synthesis general nePhod A, utilizing
2-thiazol o[ 5, 4- b]pyridin 2-yl)aniline and 5-(norpholinonethyl)-

2- phenyl oxazol e- 4 carboxy(hﬂ aci d. @%%? mg, 55 @6y|eldﬁh Cal cd,E61 cH,eN
C27H23NB035: >_© \J/\I
4
CH,Cly cl P~ )

O,N H,N
Na S>_© _Fe, ACOH_ Nx S>_©
C;\u @ W CH,Cl Gu @ N
5 DMEF (0.15 eq) was added to a solution of 6-hydroxy-5-nitronicotinic acid (1

eq) in SOCI; (4.7 eq). The mixture was heated at reflux for 8 h then concentrated in
vacuo. The residue was taken up in CH,Cl,, cooled to -40°C, and MeOH (1.4 eq)
added while maintaining the internal temperature below -30°C. Aqueous NaHCOs3 (1
eq) was added and the mixture allowed to warm to room temperature. The organic
10 phase was separated and concentrated in vacuo. The crude residue was crystallized

from EtOH to give methyl 6-chloro-5-nitronicotinate (90 % yield)

A suspension of methyl 6-chloro-5-nitronicotinate (1 eq), iron powder (5.2
eq), and NH4Cl; (5.3 eq) in MeOH was heated at 75°C for 2 h. The mixture was
passed through a pad of celite while hot and concentrated in vacuo to give methyl 5-

15  amino-6-chloronicotinate (56 % yield).

Pyridine (1.1 eq) was added to a solution of methyl 5-amino-6-
chloronicotinate (1 eq) and 2-nitrobenzoyl chloride (1.2 eq) in CH,Cl,. The mixture

was stirred at room temperature for 10h and concentrated in vacuo. H,O was added
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5 497. 15,
5-((4-(2-

(t hi azol of6,2d410j7p8s8i1 di n- 2- y1) phenyl ) oxazol e- 4- car boxam @#eT/USkN9DE8SED
The title conpound was prepared according to am de synthesis general

A utiliz
nmet hoxyet
ng, 25 %
Prepar at i
2- phenyl-

oxazol e- 4-
was prepa
2-t hi azol

Found (MtH)' mlz = 498. Preparation of
nmet hoxyet hyl ) pi perazi n-1-yl ) net hyl ) - 2- phenyl - N- ( 2-

net hod

a shér%gl tglit?slﬂf’{lwww@%ﬁl d'f%trﬁﬂéh) o %ﬁﬁ&ﬁ%&&ﬂém R aci id (140

¥l V%ln@thylmlffé’tjocﬂ(j Riiro bR NERRS inaeoH32% yidi@und (MrH) ni z

on of

= 555.

S5-(pyrrolidin-1-ylnethyl)-N(2-(thiazol 0[5, 4-Db] yr|d|n2 y1) phenyl)
C ar b dxmixitete of mepiy] Rrchloro- 532kﬂltrobenzmnldo)nlcotlna & eq).th-8s @ohpound

[8? rf‘ffcq’{(fjrll @ (}eoéamp;jxe |} %ag%gé%d g kiide fopfhh%e c ea%"ltl(ﬁdlclim ng

Pyri

2- pheny 1- Gaf aydah@:kiladd Aflowbdet dowl ‘botrbbﬁlzt@thperﬂuﬁ@rblw%blﬂtaﬁt fn!é@@nta@,wa&S %
yield). M5 Calcd for C27H23N5025: 5 481.16. Foun mz 482.

Pr epar at i epllastedibyrfilirpiignandadripg te ﬁ@ﬁynethﬂ@z(%@lrrpa&@waf@awlq{?167r i di n-2-

yl) phenyl

10

15

20

25

B R PRI Q838 B ¥ yTBENY! ) pi perazi ne- 1-carboxyl ate:  HN

A solution of methyl 2-(2-nitrophenyl)thiazolo[5,4-b]pyridine-6-carboxylate
(1 eq) in THF was added over 8 h to a mixture of lithium aluminum hydride (LAH)
(4.4 ¢q) in THF maintaining the internal temperature at -55°C. The reaction mixture
was stirred an additional 4 h at -60°C. Acetone (18 eq) was added followed by sat. aq
Na,S0;. The resultant solids were removed by filtration and rinsed with THF. The
combined organics were concentrated in vacuo and the crude residue crystallized
from CH,Cl, to give (2-(2-nitrophenyl)thiazolo[5,4-b]pyridin-6-yl)methanol (50 %
yield).

Thionyl chloride (3.1 mol, 227 mL) was slowly added to a room temperature
suspension of (2-(2-nitrophenyl)thiazolo[5,4-b]pyridin-6-yl)methanol (0.62 mol, 180
g) in CH,Cl, (1.8 L). DMF (5 mL) was added and the reaction became homogeneous.
The reaction was stirred for 1 h, then concentrated under reduced pressure. The crude
product was dissolved in CH,Cl, (150 mL) and concentrated under reduced pressure.
The crude product was chased with hexane (200 mL X 3)) and dried under vacuum
for 16 h to give 6-(chloromethyl)-2-(2-nitrophenyl)thiazolo[5,4-b]pyridine as a tan
solid (180 g, 94 % yield).

Pyrrolidine (2.8 mol, 203 g) and K,COs (2.8 mol, 395 g) were added to a
suspension of 6-(chloromethyl)-2-(2-nitrophenyl)thiazolo[5,4-b]pyridine (0.52 mol,
175 g) in CH3CN (1.7 L). The reaction mixture was stirred at room temperature for
16 h. H,O (1 L) was added and the mixture stirred for 30 min. The CH3CN was
removed under vacuum and the resulting mixture was extracted with CH,Cl, (3 X 1.5

L). The combined organics were washed with brine, dried (Na,SO4) and concentrated

69



10 15 The title conpound was prepared according to am de synthesis
general nethod A wutilizing 2-thiazolo[5, 4-b]pyridin-2-yl)aniline and
5-44- (t erwbrooyesssbonyl ) pi per azi n- 1-yl ) met hyl ) - 2- phenyPChits2almesset ar boxyl
ic acid. (270 ng, 45 %yield). M5 Calcd for C32H32N6045: 596.22. Found
(MtH) mz = 597. Prepara n. of . .

5- (3 (4- ( NORED ALY % (gélf%%hﬁnsﬂ) D1GPrpin -mshehihiaRlqls4-

(thiazol Obﬁyyﬂdﬁﬂe%%'dgﬂﬁol?(lﬂ)) hgmylikld)i azol e- 4- car boxam de:

solution of "5-(3-ch oropropyfg)p 2-p enyl N-(2-(thiazol o[ 5, 4- b] pyri di n-2-

yl ) phenyl ) thi azol e- 4- car boxam deéSlG 0. 67 mmol ) and

1- ( 2- met hoxyet hpnPOW§¢Ir(é§éiIzrh®nle3(1 avaygdde! tp arﬁ¢b1tlpn|0ﬁ2E§®B®rQﬂlEnY1ﬂl)6 was
heated at  70C.f

t enper at uf o m' tl %h-‘(@ laza?gﬁe Q%ﬁ\pé' rﬁme&lﬁl ng \é\g? ggg%om c%% (regﬁed by

filtragi Oﬁllé}ﬂ‘@'lld\i/dlﬁlﬁﬂadehé Bciti?00 mTheThE tedetid Mduete Wwihepad bf de@dx Iiyr IVPLC
eluting with DCM MeOH+1% TEA(O- 10% gradient) to give the title conpound
(374 ny, beusdhenepaled tosmomicaperasire CARpRANGF D 2vassddedin portériid ThewH) miz =
599. 10 P

2-pheny1- @?}?cg{e?\%%/s%lg%d Jhrou % rog %e)}lﬁ ar’& r(uése? v&ﬁ‘%haczlg CL. [ghe combined

b] pyri di nﬁﬁrayés)vpé“remalsl)ddmmbﬂagcgg (c%axaomm decd @/Ig\S(Bﬂ\)I aﬁ&l@ymaeﬁiratdd ne (88 illL,

1. 06 nnDI) dded to a saol uti

phenyl - F ua% pr@f%lrfz;t%qlmﬁ Kg* ﬂzolyilu) iwifﬁ%lp*yﬁ 251%%4zb]@§%%%am de (250
ny, 01(';33 dm é@@-% 0 vellod, dogl ) in dichloroethane (DCE) (10 nli).
The reactfon mx was ‘st rreayfor 1 h. Sodiumtriacetoxyborohydride (449

ng, 2.1 mol) was added and stirring continued for 16 h. The reaction

m xt ur e wRseppwatien 0L2-(p-mor plenlinamerbyitbzaledS,d:00 pyridioe2-yhamiliDeM  The

conbi ned organics were washed with brine, dried (My504), and concentrated.
The crude product was purified by MPLC el uti rllevmth CH2C12/ MeOH+1%

TEA(O-10% gradient) to glvethe/LHtIe 94 s 3
N
i/N\)l/\):N/

The title compound was prepared by the procedure described for 2-(6-
(pyrrolidin-1-ylmethyl)thiazolo[5,4-b]pyridin-2-yl)aniline substituting morpholine for
15  pyrrolidine.

Preparation of 2-(6-((4-(2-methoxyethyl)piperazin-1-yl)methyl)thiazolo[5,4-
b]pyridin-2-yl)aniline:

[ N /\ N\
The title compound was prepared by the procedure described for 2-(6-

20  (pyrrolidin-1-ylmethyl)thiazolo[5,4-b]pyridin-2-yl)aniline substituting 4-(2-
methoxyethyl)piperazine for pyrrolidine.

Preparation of 2-phenyl-5-(pyrrolidin-1-ylmethyl)thiazole-4-carboxylic acid
hydrochloride:
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conmpound (87 ng, 31 %yield). M5 Calcd for C29H27N5052: 525.17. Found

(MtH)' mz = 526. Preparati on of
5- ( 3- nor pwol20rapPisspy 1) - 2- phenyl - N- ( 2- (t hi azol o[ 5, 4- b] py PCUiUs2@9/068865
5yl ) phenyl )t hi azol e- 4-carboxamde: HN N ...--S L...... N/ The title

conpound was prepared according to the procedure described for 2-
phenyl-5-(3-(pyrrolidin-l-yl)propyl)-N £2-{thiazol o5, 4-b] r Qdi n- 2-

10yl ) phenyl ) t hi apol e- 4- carfQx@srsdf, Subsfli t iti ng Rmox@apl i n A rolidine.
(128 mg, 45 %yigld), M5 Catcd—Tor—€2 5@:—5ﬁifiﬁ.n§ouN (MtH) mz =
542. Exanpl e 2.7 Bi ol s4Beal ASNtTEAIty N,A Mass spectro %ﬁy based assay
was used to identify nodulators of SIRT1 activity. The massnspectronetry
based assay utilizes a peptide having 20 am no acid 15 resi dues as foll ows:
Ac- EE- K( bi oti n) - GQSTSSHSK( Ac STEG K(5TMR) - EE- (SEQ 1D NGO 1) wherein
K(Ac) is an acetylated lysin sidue and Nl e is | gucifie. The pepti de
is |abel ed with thelétegorsophoreé 5 exci t\gfi on 5 n ssion 580 nm at
the C-term nus. The sequence of tNe\peptide substrate iNs\based on p53 with
several nodifications. In addition, met hi oni ne resi dye®0 naturally
present in the sequence was repl aeed with the norl eucitised because t he

nmet hi oni ne may be susceptible to oxidation during synthesis and
purification. The mass spectrongthy assay is nduct s foll ows:
0.5 i.1Mpeptide substrate a 20 i. NWI3NAD " i cubat @ ith 10 nM
SIRT1 for 25 m nut egyraiin5C | rSact/i on byfder ( ri/s-acetate pH 8,
137 mM NaCl, 2.7 nMRCI, 1 nmM 25 12, 5 mviOTT, 0. 05% BSA)HCTest
conpounds may be added to the realithon as described above. The SirTl gene
is cloned into a T7-pronoter contai vector and transtorned into
BL21(DE3). After the 25 ninute inBuBation with SIRTL, 18 L of 10%fornic
acid is added to stop the reaction. Reactions are sealed and frozen for

| ater mass spen-a@aahﬂcﬁibgnzeasgu@ﬂoﬁw@tdeqm.5%1f)tvm aHB&Stof soliRnoflegt-rate
peptide allows for precise determ nation of the degree of acetylation (i.e.

starting heybsjoaphutanpaBodmeas 8. |12 anmel ead JIEA @85pabtin GELCPr@Qudd.) . A

control f inhi bition of irtuin activit i conduct by addi 1 L of
200" v i S MREHR s irls 2 o {eBho@ihink ol ol by OREER B oRY pREALD 1

(e.g.,5 pefaid shrél@htepRibhatd @ie edrt-Bal Iiars3rdxebitahsié BN 4 Y&y liguigont rol  for
activation of sirtuin activity is conducted using 10 nMof sirtuin protein,
with 1 L 6f3evBGevitldh ace of
A solution of tert-butyl 2-diazo-3-oxobutanoate (13.1 g, 71.7 mmol) in 1,2-
dichloroethane was added over 12 h to a refluxing solution of benzamide (6.16 g, 50.8
mmol) and dirhodium tetraacetate (786 mg, 1.78 mmol) in 1,2-dichloroethane (75

10 ml). The mixture was evaporated in vacuo and purified by flash chromatography to

give tert-butyl 2-benzamido-3-oxobutanoate as a white solid (6.97 g, 51% yield).

A solution of tert-butyl 2-benzamido-3-oxobutanoate (842 mg, 3.04 mmol)
and 2,4-bis(4-methoxyphenyl)-1,3,2,4-dithiadiphosphetane 2,4-disulfide (Lawesson’s
reagent) (1.88 g 6.07 mmol) in THF (20 ml) was heated at reflux for 6h. The mixture

15  was evaporated in vacuo and purified by flash chromatography to give tert-butyl 5-
methyl-2-phenylthiazole-4-carboxylate as a yellow solid (520 mg, 62% yield).

A solution of tert-butyl 5-methyl-2-phenylthiazole-4-carboxylate (1.0 g .3.64
mmol), N-bromosuccinimide (NBS) (0.65 g 3.64 mmol), and benzoyl peroxide (BPO)

(5.5 mg, 0.023 mmol) in CCl, (30 ml) was heated at reflux for 16 h. The reaction
71



10 conpound, to determ ne the anount of deacetylation of the substrate at a
given tinepoint within the linear range of the assay. This tinepoint is the
sanme as twetowsgmsBor test conpounds and, within the |i ReaUSE@IHES865 he
endpoi nt represents a change in velocity. For the above assay, SIRT1l
protein was expressed and purified as follows. 15 The SirTl gene was cl oned
into a T7FHFOYEYCOREHIETS lﬁda?}é)c%n&rpuélﬁﬁdb??”gﬁél? SRng Y aglfe (¥8) . The
pr Ot €i N WBS, PXREBRBRELIRN)-b RHLGInAD oL BarbotiVa BT Glidc ol doBHTH DAL, H -t ag
fusi on prot gi %Qgt 18C %)erjrilsig[%{ ana hara\llreg%% gt 31%, 03?68810)( g. (r(gl Ig wer e

| ysed wit AS%oypsddynme in lysis buffer (50 mM Tris-HCL, 2 nM Tri s[ 2-

car boxyet hyl] phosphine (TCEP), 10 uM ZnCl12, 200 mM NaCl) and furt her
treated 20 with soni.cation . for 1 in for..complete. lysis. Th tein was
pur 1116 over  BREMEASRE HeP bR el AT A A pur e

pr ot ei i WBhényRbakeld4-eoPSENE ot 6x) @b mmodvad dissirdpylethghdimg ( Sephadex
S200 26/ 60 &I obal ). The peak containing soluble protein was collected and
run on an(PBEAERIRY e E6Gh 19 mbhdby mudugventtired gt rtdar 3@me.nv - 500 nM

NaCl) yie . i : i trat nd dial yzed

agai nst d#%ﬁ%%‘?ésj‘&ﬁhf f@%g%%p‘ﬁﬁﬁr@ﬁ&%hﬁdﬁ rﬁ% %%éé)g%g\;\}etreﬁibg tl.% The protein

was al i quphagl-andyifrolodie -@methy0hiaunls-4-chtbok hlate asaeyellGivrsblid (O20ndyl at i ng

corrpounds9%(?ati%l ctivated SIRT1 were identified using the assay descri bed
og/

above and wn below in Table 1. The EC1.5 values for the 30
activating conpounds are represented by A (EC 1.5 <1 uM, B (EC 1.5 >1 and

<10 uM ., or CcoRlentraRdHO @M ml, 38 RELLSMHs aiBd ol Rlod A®di-¥aklen is
represented by A (Fold activation >300%, B (Fold Activation >150% and <

3009, or penyFoH(dymelidindtylmethyH0940lc-F-abitbexlateCNVROOGNDNNODIMFRE] (3G TRUCTURE
ECL.5 ( NWnl)l.:qJﬁQ mAi‘g{lire v]Oas stirred at rt overnight, and concentrated in vacuo to give 2-
phenyl-5-(pyrrolidin-1-ylmethyl)thiazole-4-carboxylate hydrochloride (1.5 g, 82%
yield).

15  Preparation of 5-(morpholinomethyl)-2-phenylthiazole-4-carboxylic acid

SUgY,
g

hydrochloride:

N

HO

The title compound was prepared by the procedure described for 2-phenyl-5-
(pyrrolidin-1-ylmethyl)thiazole-4-carboxylic acid substituting morpholine for
20  pyrrolidine in 52 % yield.

Preparation of 5-((4-isopropylpiperazin-1-yl)methyl)-2-phenylthiazole-4-

carboxylic acid hydrochloride:
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The title compound was prepared by the procedure described for 2-phenyl-5-
(pyrrolidin-1-ylmethyl)thiazole-4-carboxylic acid substituting 4-(i-propyl)piperazine
for pyrrolidine in 80 % yield.

5  Preparation of 5-((4-(2-methoxyethyl)piperazin-1-yl)methyl)-2-phenylthiazole-4-

N/’\O
/
l\} / HCI

o)

carboxylic acid hydrochloride:

HO

The title compound was prepared by the procedure described for 2-phenyl-5-
(pyrrolidin-1-ylmethyl)thiazole-4-carboxylic acid substituting morpholine for
10 pyrrolidine in 49 % yield.

Preparation of 5-((4-(tert-butoxycarbonyl)piperazin-1-yl)methyl)-2-

phenylthiazole-4-carboxylic acid:
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A solution of ethyl 2-diazo-3-oxobutanoate (20 g, 128 mmol) in 1,2-
dichloroethane (100 mL) was added over 16 h to a refluxing solution of benzamide
(13 g, 107 mmol) and dirhodium tetraacetate (1.4 g, 3.2 mmol) in 1,2-dichlorocthane
5 (200 ml). The mixture was evaporated in vacuo and purified by flash chromatography

to give ethyl 2-benzamido-3-oxobutanoate as a yellow oil (20 g, 50 % yield).

A solution of ethyl 2-benzamido-3-oxobutanoate (13.0 g, 0.052 mol) in
phosphorus oxychloride (100 mL) was heated under reflux for 1.5 h, then cooled and
concentrated under reduced pressure to a brown syrup which was dissolved in

10 dichloromethane (250 mL). The solution was washed with water, saturated Na,CO3
and brine successively, then dried over anhydrous Na,SO4 and concentrated to give

ethyl 5-methyl-2-phenyloxazole-4-carboxylate as a brown oil (11.0 g, 91% yield).

A solution of ethyl 5-methyl-2-phenyloxazole-4-carboxylate (11.0g, 48
mmol), NBS (8.5 g, 48 mmol), and BPO (100 mg) in CCls (200 ml) was heated at
15  reflux for 16 h. The reaction mixture was concentrated in vacuo and purified by flash
chromatography to give ethyl 5-(bromomethyl)-2-phenyloxazole-4-carboxylate as a
tan solid (5.2 g, 35% yield).

t-butyl piperazine-1-carboxylate (3.2 g, 17.3 mmol) was added to a solution of
ethyl 5-(bromomethyl)-2-phenyloxazole-4-carboxylate (2.7 g, 8.7 mmol) and DIPEA
20 (2.9 ml) in CH,Cl; (20 ml). The mixture was stirred at rt for 16 h, washed with water
and brine, dried over anhydrous Na,SO,, concentrated and purified by flash
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chromatography to give ethyl 5-((4-(tert-butoxycarbonyl)piperazin-1-yl)methyl)-2-
phenylthiazole-4-carboxylate as a yellow solid (3.0 g, 83 % yield).

1 N NaOH (5.4 mL) was added to a solution of ethyl 5-((4-(tert-

butoxycarbonyl)piperazin-1-yl)methyl)-2-phenylthiazole-4-carboxylate (1.50 g, 3.6

5 mmol) in methanol (10 mL) and tetrahydrofuran (10 mL). The reaction mixture was
stirred at room temperature for 16 h then concentrated in vacuo. H;O was added and
the mixture was washed with EtOAC. The pH of the aqueous layer was adjusted to 5
by the addition of 1N HCI and the resulting ppt was collected by filtration, washed
with H,0, and dried to give 5-((4-(tert-butoxycarbonyl)piperazin-1-yl)methyl)-2-

10 phenylthiazole-4-carboxylic acid as a white solid (0.9 g, 64 % yield).

Preparation of S-(morpholinomethyl)-2-phenyloxazole-4-carboxylic acid:

SURS

N

0]
HO

The title compound was prepared by the procedure described for 5-((4-(tert-
butoxycarbonyl)piperazin-1-yl)methyl)-2-phenylthiazole-4-carboxylic acid
15  substituting morpholine for t-butyl piperazine-1-carboxylate in 28 % yield.

Preparation of 5-((4-(2-methoxyethyl)piperazin-1-yl)methyl)-2-phenyloxazole-4-

o

N

carboxylic acid:

0]
HO

The title compound was prepared by the procedure described for 5-((4-(tert-
20 butoxycarbonyl)piperazin-1-yl)methyl)-2-phenylthiazole-4-carboxylic acid

75



COMPOUND No [ MtH] + STRUCTURE EC1.5 (NM FOLD ACT. 4 570 . S ""0-cH3 HN A B
N)Is

WO 2010/071853 PCT/US2009/068865

substituting 4-(2-methoxyethyl)piperazine for t-butyl piperazine-1-carboxylate in 51
% yield.

Preparation of 2-phenyl-5-(pyrrolidin-1-ylmethyl)oxazole-4-carboxylic acid:

SRt
@)
W
0]
HO

5 The title compound was prepared by the procedure described for 5-((4-(tert-
butoxycarbonyl)piperazin-1-yl)methyl)-2-phenylthiazole-4-carboxylic acid
substituting pyrrolidine for t-butyl piperazine-1-carboxylate in 38 % yield.

Preparation of 5-(3-methoxypropyl)-2-phenylthiazole-4-carbonyl chloride:

S

Q\WS/ Br Cul, DME, TEA Q\( PAC,H, \ )
N ClPd(PPhs), EtOAG N o o~

EtO

EtO

( ]\ S
LiOH, H,0 Q\( oxaIIyI Cl \ /

> N O/
THF/MeCOH CHCl7 0

Cl

10 Nitrogen was bubbled through a solution of Ethyl 5-bromo-2-phenylthiazole-
4-carboxylate (13.1 g, 41.9 mmol) and methyl propargyl ether (7.1 mL, 83.9 mmol) in
dimethoxyethane (DME) (200 mL). Dichlorobis(triphenylphosphine)palladium (II)
(1.47 g, 2.2 mmol), copper (I) iodide (0.2 g, 1.1 mmol), and TEA (29 mL, 210 mmol)
were added and the reaction mixture was heated at reflux for 16 h. The reaction

15  mixture was cooled to room temperature, poured into H,O (200 mL) and extracted
with EtOAc (2 X 200 mL). The combined organics were washed with brine, dried
(MgS04), and concentrated. The crude product was purified by MPLC eluting with
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pentane/EtOAc (0-50% gradient) to give ethyl 5-(3-methoxyprop-1-ynyl)-2-
phenylthiazole-4-carboxylate as a tan solid (11 g, 88 % yield).

Ethyl 5-(3-methoxyprop-1-ynyl)-2-phenylthiazole-4-carboxylate (26.1 g, 86.6
mmol) was dissolved in EtOAc (350 mL) and hydrogenated under balloon pressure
for four days until LCMS indicated complete reduction of unsaturation. On day three,
the catalyst was removed by filtration, fresh catalyst added and the mixtures re-
subjected to hydrogenation at balloon pressure. The catalyst was removed by
filtration through a pad of celite. The filter pad was rinsed with EtOAc and the filtrate
concentrated to dryness. The crude product was purified by MPLC eluting with
pentane/EtOAc to give ethyl 5-(3-methoxypropyl)-2-phenylthiazole-4-carboxylate
(23.2 g, 88% yield).

Ethyl 5-(3-methoxypropyl)-2-phenylthiazole-4-carboxylate (26.3 g, 76.1
mmol) was dissolved in THF/MeOH (1:1, 300 mL) and a solution of LiOH (3.6 g,
152 mmol) in H,O (75 mL) was added. The reaction was stirred for ~ 5 h and the pH
adjusted to ~ 3 by the addition of 3N HCI. The mixture was poured into brine and
extracted with EtOAc. The combined organics were washed with brine, dried
(MgSO0,) and concentrated to give 5-(3-methoxypropyl)-2-phenylthiazole-4-
carboxylic acid (21 g, 99 % yield) as a tan solid.

Oxalyl chloride (67.2 mmol, 5.9 mL) was slowly added to a room temperature
solution of 5-(3-methoxypropyl)-2-phenylthiazole-4-carboxylate (22.4 mmol, 6.2 g)
in CH,Cl, (100 mL). 3 drops of DMF were added and the reaction became
homogeneous over ~ 20 min. The reaction was stirred for 3 h, then concentrated
under reduced pressure. The crude product was dissolved in CH,Cl; (150 mL) and
concentrated under reduced pressure. The crude product was dissolved in EtOAc
(150 mL), washed with brine (2 X 100 mL), dried (MgSQ,), and concentrated under
reduced pressure to give 5-(3-methoxypropyl)-2-phenylthiazole-4-carbonyl chloride
as a tan solid (6.6 g, 99 % yield).

Preparation of 5-(3-methoxyprop-1-ynyl)-2-phenylthiazole-4-carboxylic acid:
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0] 0]
EtO HO

Ethyl 5-(3-methoxyprop-1-ynyl)-2-phenylthiazole-4-carboxylate (701 mg, 2.3
mmol) was dissolved in THF/MeOH (1:1, 40 mL) and a solution of LiOH (167 mg,
7.0 mmol) in H,O (10 mL) was added. The reaction was stirred for ~16 h and the pH
adjusted to ~ 3 by the addition of 3N HCI. The mixture was poured into brine and
extracted with EtOAc. The combined organics were washed with brine, dried
(MgS0,) and concentrated to give 5-(3-methoxyprop-1-ynyl)-2-phenylthiazole-4-
carboxylic acid (636 mg, 99 % yield) as a tan solid.

Preparation of 4-phenylthiazole-2-carboxylic acid:

HO N
]
) S

Ethyl-4-phenylthiazole-2-carboxylate (300 mg) was stirred overnight in a
mixture of THF (4 mL) and 1N aqueous NaOH (1 mL) for 18 hours. The THF was
removed under reduced pressure and the aqueous solution was acidified with 4N HCI,
extracted with CH,Cl,, dried over Na;SO4 and concentrate to obtain 4-phenylthiazole-

2-carboxylic acid which was used as is in the next step.

Preparation of 5-(3-chloropropyl)-2-phenyl-N-(2-(thiazolo[5,4-b]pyridin-2-
v)phenyl)thiazole-4-carboxamide:
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Nitrogen was bubbled through a solution of Ethyl 5-bromo-2-phenylthiazole-

4-carboxylate (3.6 g, 11.5 mmol) and 2-(prop-2-ynyloxy)tetrahydro-2H-pyran (3.3
mL, 23.1 mmol) in THF (30 mL). Dichlorobis(triphenylphosphine)palladium (II)

5 (405 mg, 0.6 mmol), copper (I) iodide (55 mg, 0.3 mmol), and triethylamine (TEA) (8
mL, 57.7 mmol) were added and the reaction mixture was heated at 100°C for 30 min
in a microwave reactor. The reaction mixture was poured into H,O and extracted
with EtOAc. The combined organics were washed with brine, dried (MgSQ4), and
concentrated. The crude product was purified by MPLC eluting with pentane/EtOAc

10 (0-50% gradient) to give ethyl 2-phenyl-5-(3-(tetrahydro-2H-pyran-2-yloxy)prop-1-
ynyl)thiazole-4-carboxylate (3.8 g, 88 % yield).

Ethyl 2-phenyl-5-(3-(tetrahydro-2H-pyran-2-yloxy)prop-1-ynyl)thiazole-4-
carboxylate (3.8 g, 10.1 mmol) was dissolved in MeOH/THF (1:1, 60 mL) and
hydrogenated under balloon pressure for four days until LCMS indicated complete

15  reduction of unsaturation. On day three, the catalyst was removed by filtration, fresh
catalyst added and the mixtures re-subjected to hydrogenation at balloon pressure.
The catalyst was removed by filtration through a pad of celite. The filter pad was
rinsed with EtOAc and the filtrate concentrated to dryness. The crude product was
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dissolved in MeOH. p-Toluenesulfonic acid (p-TsOH) (0.15 eq) was added and the
reaction mixture was stirred for 16 h then concentrated to dryness. The crude residue
was taken up in EtOAc, washed with sat aqg NaHCO3, brine, dried and concentrated.
The crude product was purified by MPLC eluting with pentane/EtOAc (0-100%

5  gradient) to give a mixture of ethyl and methyl esters of the expected product (1.9 g).

The product mixture from above (1.9 g) was dissolved in THF/MeOH (1:1, 30
mL) and a solution of LiOH (313 mg, 13 mmol) in H,O (15 mL) was added. The
reaction was stirred for ~ 5 h and the pH adjusted to ~ 3 by the addition of 3N HCI.
The mixture was poured into brine and extracted with EtOAc. The combined
10  organics were washed with brine, dried (MgSQO4) and concentrated to give 5-(3-

hydroxypropyl)-2-phenylthiazole-4-carboxylic acid (1.7 g).

A mixture of 5-(3-hydroxypropyl)-2-phenylthiazole-4-carboxylic acid (850
mg, 3.2 mmol) and LiCl (3.2 mmol) in thionyl chloride (10 mL) was heated at reflux
for 16 h then concentrated to dryness. The crude product was dissolved in EtOAc,

15  washed with brine, dried (MgSO,), and concentrated under reduced pressure to give

5-(3-chloropropyl)-2-phenylthiazole-4-carbonyl chloride (906 mg, 99 % yield).

A suspension of 5-(3-chloropropyl)-2-phenylthiazole-4-carbonyl chloride (906
mg, 3.2 mmol), DIPEA (1.1 mL, 6.4 mmol), and 2-(thiazolo[5,4-b]pyridin-2-
yl)aniline b(585 mg, 2.6 mmol) in CH3CN (12 mL) was stirred for 16 h. The

20  resulting ppt was collected by filtration, rinsed with CH3;CN and dried. The crude
product was purified by MPLC eluting with DCM/MeOH (0-5% gradient) to give 5-
(3-chloropropyl)-2-phenyl-N-(2-(thiazolo[5,4-b]pyridin-2-yl)phenyl)thiazole-4-
carboxamide (316 mg, 26 % yield).

Preparation of 5-(3-oxopropyl)-2-phenyl-N-(2-(thiazolo[5,4-b]pyridin-2-
25  yDphenyl)thiazole-4-carboxamide:
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A THF solution of (2-(1,3-dioxolan-2-yl)ethyl)zinc(Il) bromide (35 mL. 17.3
mmol) was added to a degassed solution of ethyl 5-bromo-2-phenylthiazole-4-
carboxylate (3.6 g, 11.5 mmol) and tetrakistriphenylphosphine palladium (666 mg,

5  0.58 mmol) in THF (20 mL). The reaction mixture was heated at reflux for 16 h then
poured into sat aqg NaHCO;. The mixture was extracted with EtOAc, washed with
brine, dried (MgSQOs), and concentrated. The crude product was purified by MPLC
eluting with pentane/EtOAc (0-100% gradient) to give ethyl 5-(2-(1,3-dioxolan-2-
yl)ethyl)-2-phenylthiazole-4-carboxylate (2.0 g, 52 % yield).

10 Ethyl 5-(2-(1,3-dioxolan-2-yl)ethyl)-2-phenylthiazole-4-carboxylate (2.6 g,
7.9 mmol) was dissolved in MeOH/THF (1:1, 60 mL) and a solution of LiOH (378
mg, 15.7 mmol) in H,O (15 mL) was added. The reaction was stirred for ~ 5 h and
the pH adjusted to ~ 3 by the addition of 3N HCl. The mixture was poured into brine
and extracted with EtOAc. The combined organics were washed with brine, dried

15  (MgSOs) and concentrated. The crude product was crystallized from EtOAc to give
5-(2-(1,3-dioxolan-2-yl)ethyl)-2-phenylthiazole-4-carboxylic acid (1.8 g, 75 % yield).

2-(1H-7-Azabenzotriazol-1-yl)-1,1,3,3-tetramethyl uronium
hexafluorophosphate methanaminium (HATU) (669 mg, 1.8 mmol) was added to a
solution of 5-(2-(1,3-dioxolan-2-yl)ethyl)-2-phenylthiazole-4-carboxylic acid (504
20  mg, 1.7 mmol), DIPEA (613 uL, 3.5 mmol), and 2-(thiazolo[5,4-b]pyridin-2-
yl)aniline b(250 mg, 1.1 mmol) in DMF (7 mL). The reaction mixture was stirred for
16 h, poured into sat aq NaHCOs and extracted with EtOAc. The organic fractions

were washed with brine, dried and concentrated. The crude product was crystallized
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from EtOH to give 5-(2-(1,3-dioxolan-2-yl)ethyl)-2-phenyl-N-(2-(thiazolo[5,4-
b]pyridin-2-yl)phenyl)thiazole-4-carboxamide (372 mg, 66 % yield).

5-(2-(1,3-dioxolan-2-yl)ethyl)-2-phenyl-N-(2-(thiazolo[5,4-b]pyridin-2-

yl)phenyl)thiazole-4-carboxamide (250 mg, 0.5 mmol) was dissolved in a mixture of

5 THF (4 mL), AcOH (8 mL) and H,O (0.5 mL), heated at reflux for 16 h, then
concentrated to dryness. The residue was dissolved in EtOAc, washed with sat aq
NaHCO3, dried (MgSOj), and concentrated under reduced pressure. The crude
product was purified by MPLC eluting with CH,Cl,/MeOH (0-5% gradient) to give 5-
(3-oxopropyl)-2-phenyl-N-(2-(thiazolo[ 5,4-b]pyridin-2-yl)phenyl)thiazole-4-

10 carboxamide (200 mg, 87 % yield).

Amide synthesis general method A:

o
Ar
HO™ “Ar )=o
HoN HN
R NS HATU R Na-s
M p — P P
RN Z~N DIPEA Ry N

A mixture of aniline (1 eq), carboxylic acid (1 to 1.5 eq), HATU (1.5 eq) and
DIPEA (2.0 eq) was stirred at room temperature in a suitable solvent (i.e. DMF) for

15 18 h. Water was added to the reaction mixture to precipitate the product.

Workup 1: If the product precipitated it is collected by filtration, washed with
water, hot triturated with methanol or ethanol and dried under vacuum to afford the
desired amide. The products were further purified by chromatography to improve

purity as needed.

20 Workup 2: If the resulting solution was not homogeneous, the product was
extracted with organic solvent (CH,Cl; or EtOAc) washed with aq. NaHCO3, brine,
dried with Na,SO4 and concentrated. The crude product was then purified by

chromatography as needed.

Amide synthesis general method B:
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The desired carboxylic acid (1.2-1.5 eq) is suspended in CH,Cl,, and treated
with oxalyl chloride (6 eq) and DMF (catalytic) for 1.5 to 18 hours to obtain a clear
solution. The solution was concentrated to dryness and a pyridine suspension of the
desired aniline (1.0 eq) was added and the reaction mixture was stirred at room
temperature for up to 18 hours or microwave heated (160 deg C, 10 min). If the
product precipitates from solution it is collected by filtration, co-evaporated with
methanol and purified by chromatography. If it does not precipitate from solution it

can be concentrated to dryness, triturated and then purified by chromatography.

Acid chlorides were also prepared by suspending the appropriate acid in
SOCI; and heating at reflux for several hours. The excess SOCI; is removed under
reduced pressure, and the residue chased with toluene. The resulting acid chloride was

dried under vacuum and used without further purification.

Preparation of N-(2-(6-(morpholinomethyl)thiazolo[5,4-b]pyridin-2-yl)phenyl)-4-

A,
N}O

The title compound was prepared according to amide synthesis general

phenylthiazole-2-carboxamide:

method A, utilizing 2-(6-(morpholinomethyl)thiazolo[5,4-b]pyridin-2-yl)aniline and
4-phenylthiazole-2-carboxylic acid. The product was isolated by precipitation during
the addition of water, triturated with hot methanol and purified by silica gel
chromatography (gradient 0 to 10% methanol in CH,Cl,). MS Calcd for
C,7H,3N50,S,: 513.13. Found (M+H)' m/z = 514.

&3
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Preparation of 4-phenyl-N-(2-(6-(pyrrolidin-1-ylmethyl)thiazolo[S,4-b]pyridin-2-

O,
N}O

The title compound was prepared according to amide synthesis general

yv)phenyl)thiazole-2-carboxamide:

5  method A, utilizing 2-(6-(pyrrolidin-1-ylmethyl)thiazolo[5,4-b]pyridin-2-yl)aniline
and 4-phenylthiazole-2-carboxylic acid. The product was isolated by precipitation by
the addition of water, triturated with hot methanol and purified by silica gel
chromatography (gradient 0 to 10% methanol in CH,Cl,). MS Calcd for
C,7H23N5085: 497.13. Found (M+H)" m/z = 498.

10 Preparation of N-(2-(6-((4-(2-methoxyethyl)piperazin-1-yl)methyl)thiazolo[5,4-
b]pyridin-2-yl)phenyl)-4-phenylthiazole-2-carboxamide:

SN
N=
@]
HN
O N S,
N N
O \)l/\J: 4
N Z N

The title compound was prepared according to amide synthesis general

method B, utilizing 2-(6-((4-(2-methoxyethyl)piperazin-1-yl)methyl)thiazolo[5,4-
15  b]pyridin-2-yl)aniline and 4-phenylthiazole-2-carboxylic acid (1.5 eq). Addition of

water to the crude reaction did not precipitate the product, therefore it was

concentrated, triturated with hot MeCN, MeCN/EtOAc/MecOH mixture, and

EtOAC/MeOH sequentially. The resulting pale yellow solid was lyophilized with a

MeCN/water/HCI mixture and subsequently purified on prep HPLC. MS Calcd for
20 C3H30N0,S2: 570.19. Found (M+H) m/z = 571.
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Preparation of S-methyl-N-(2-(6-(morpholinomethyl)thiazolo[S,4-b]pyridin-2-
y)phenyl)-2-phenyloxazole-4-carboxamide:

e

N

The title compound was prepared according to amide synthesis general
method A, utilizing 2-(6-(morpholinomethyl)thiazolo[5,4-b]pyridin-2-yl)aniline and
5-methyl-2-phenyloxazole-4-carboxylic acid. The product was isolated by
precipitation by the addition of water, triturated with hot methanol and purified by
silica gel chromatography (gradient 0 to 10% methanol in CH,Cl,). MS Calcd for
CsH2sN50:S: 511.17. Found (M+H)" m/z = 512.

Preparation of S-methyl-2-phenyl-N-(2-(6-(pyrrolidin-1-ylmethyl)thiazolo[S,4-
b]pyridin-2-yl)phenyl)oxazole-4-carboxamide:

e

N

HN
Na—S

The title compound was prepared according to amide synthesis general
method A, utilizing 2-(6-(pyrrolidin-1-ylmethyl)thiazolo[5,4-b]pyridin-2-yl)aniline
and 5-methyl-2-phenyloxazole-4-carboxylic acid. The product was isolated by
precipitation by the addition of water, triturated with hot methanol and purified by
silica gel chromatography (gradient 0 to 10% methanol in CH,Cl,). MS Calcd for
CsH2sN50,S: 495.17. Found (M+H)" m/z = 496.

Preparation of N-(2-(6-((4-(2-methoxyethyl)piperazin-1-yl)methyl)thiazolo[5,4-
b]pyridin-2-yl)phenyl)-5-methyl-2-phenyloxazole-4-carboxamide:

&5
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The title compound was prepared according to amide synthesis general
method B, utilizing 2-(6-((4-(2-methoxyethyl)piperazin-1-yl)methyl)thiazolo[5,4-
b]pyridin-2-yl)aniline and 5-methyl-2-phenyloxazole-4-carboxylic acid (1.5 eq). The

5  product precipitated from the reaction mixture, and was filtered and chased with
methanol. The product was purified by prep HPLC. MS Calcd for C3;H3,NgO3S:
568.23. Found (M+H)"' m/z = 569.

Preparation of N-(2-(6-(morpholinomethyl)thiazolo[5,4-b]pyridin-2-yl)phenyl)-2-

.

phenylthiazole-4-carboxamide:

N

HN
QO
10 K/N | _ N/

The title compound was prepared according to amide synthesis general
method A, utilizing 2-(6-(morpholinomethyl)thiazolo[5,4-b]pyridin-2-yl)aniline and
2-phenylthiazole-4-carboxylic acid. The product was isolated by precipitation by the
addition of water, triturated with hot methanol, dissolved in CH,Cl,, washed with

15  dilute NaHCOs3, concentrated and purified by silica gel chromatography (gradient 0 to
10% methanol in CH,Cl,). MS Calcd for C27H23N50,S;: 513.13. Found (M+H) m/z
=514.

Preparation of 2-phenyl-N-(2-(6-(pyrrolidin-1-ylmethyl)thiazolo[S,4-b]pyridin-2-
20  yDphenyl)thiazole-4-carboxamide:
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The title compound was prepared according to amide synthesis general
method A, utilizing 2-(6-(pyrrolidin-1-ylmethyl)thiazolo[5,4-b]pyridin-2-yl)aniline
and 2-phenylthiazole-4-carboxylic acid. The product was isolated by precipitation by

5  the addition of water, triturated with hot methanol, dissolved in CH,Cl,, washed with
dilute NaHCO3, concentrated and purified by silica gel chromatography (gradient 0 to
10% methanol in CH,Cl,). MS Calcd for C7H23N508S5: 497.13. Found (M+H)' m/z =
498.

10 Preparation of N-(2-(6-((4-(2-methoxyethyl)piperazin-1-yl)methyl)thiazolo[5,4-
b]pyridin-2-yl)phenyl)-2-phenylthiazole-4-carboxamide:

©\(S
4
O
o HN
7~ \/\N N\ S

The title compound was prepared according to amide synthesis general
method A, utilizing 2-(6-((4-(2-methoxyethyl)piperazin-1-yl)methyl)thiazolo[5,4-

15  b]pyridin-2-yl)aniline and 2-phenylthiazole-4-carboxylic acid (3 eq), HATU (3 eq)
and DIPEA (5 eq). The product was isolated by precipitation by the addition of water,
triturated with hot methanol and purified by silica gel chromatography (gradient 0 to
10% methanol in CH,Cl,). MS Calcd for C30H3Ns0,S2: 570.19. Found (M+H)' m/z
=571.

20
Preparation of N-(2-(6-((4-(2-methoxyethyl)piperazin-1-yl)methyl)thiazolo[5,4-
b]pyridin-2-yl)phenyl)-2-phenyl-5-(trifluoromethyl)oxazole-4-carboxamide:
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The title compound was prepared according to amide synthesis general
method B, utilizing 2-(6-((4-(2-methoxyethyl)piperazin-1-yl)methyl)thiazolo[5,4-

5  Db]pyridin-2-yl)aniline and 2-phenyl-5-(trifluoromethyl)oxazole-4-carboxylic acid (1.5
eq). The product was filtered from the crude reaction mixture, evaporated with
methanol, and purified by silica gel chromatography (gradient 0 to 10% methanol in
CH,Cl,) and by prep HPLC. MS Calcd for C3;H0F3N03S: 622.20. Found (M+H)"
m/z = 623.

10
Preparation of 5-(3-methoxypropyl)-2-phenyl-N-(2-(6-(pyrrolidin-1-
yvlmethyl)thiazolo[S,4-b] pyridin-2-yl)phenyl)thiazole-4-carboxamide:

©\(S
N‘{vo/
(@]
N\ . HN

5-(3-methoxypropyl)-2-phenylthiazole-4-carbonyl chloride (19.7 g, 66.6
15  mmol) was added to a suspension of 2-(6-(pyrrolidin-1-ylmethyl)thiazolo[5,4-
b]pyridin-2-yl)aniline (18.8 g, 60.5 mmol) in acetonitrile (300 mL). DIPEA (24 mL,
136.3 mmol) was added and the reaction mixture was stirred at room temperature for
16 h. The resulting ppt was collected by filtration, and rinsed with acetonitrile. The
crude product was dissolved in CH,Cl, (200 mL), passed through a fritted filter and

20  dried under vacuum to give the product as a tan solid (27 g). Recrystallization from

&8
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EtOAc (300 mL) afforded the title compound as a white solid (25 g, 72 % yield). MS
Calcd for C3;H3N50,S5: 569.19. Found (M+H) m/z = 570.

Preparation of 5-(3-methoxyprop-1-ynyl)-2-phenyl-N-(2-(6-(pyrrolidin-1-
5 ylmethyl)thiazolo[S,4-b]pyridin-2-yl)phenyl)thiazole-4-carboxamide:

©\(S ==
\/ o~

N

O
HN
OO
V/

The title compound was prepared according to amide synthesis general
method A, utilizing 2-(6-(pyrrolidin-1-ylmethyl)thiazolo[5,4-b]pyridin-2-yl)aniline
and 5-(3-methoxyprop-1-ynyl)-2-phenylthiazole-4-carboxylic acid. The product was

10 isolated using workup 2 and purified by silica gel chromatography (gradient 0 to 10%
methanol in CH,Cl,) followed by recrystallization from MeOH to give the title
compound (111 mg, 30 % yield). MS Calcd for C3;H27Ns0,S,: 565.16. Found
(M+H)" m/z = 566.

15  Preparation of 5-(3-methoxypropyl)-2-phenyl-N-(2-(thiazolo[5,4-b]pyridin-2-
yv)phenyl)thiazole-4-carboxamide:

©\(S
\
O
HN
/
Z N
5-(3-methoxypropyl)-2-phenylthiazole-4-carbonyl chloride (229 mg, 0.774
mmol) was added to a suspension of 2-(thiazolo[5,4-b]pyridin-2-yl)aniline (141 mg,
20 0.619 mmol) in acetonitrile (15 mL). DIPEA (162 uL, 0.929 mmol) was added and

the reaction mixture was stirred at room temperature for 16 h. The resulting ppt was

collected by filtration, and rinsed with acetonitrile to give the title compound as a

&9
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white solid (260 mg, 86 % yield). MS Calcd for C26H22N40,S;: 486.12. Found
(M+H)" m/z = 487.

Preparation of S-(morpholinomethyl)-2-phenyl-N-(2-(thiazolo[5,4-b]pyridin-2-

{9

N

o
HN
-0
/
Z N

The title compound was prepared according to amide synthesis general

5  yl)phenyl)thiazole-4-carboxamide:

method B, utilizing 2-thiazolo[5,4-b]pyridin-2-yl)aniline and 5-(morpholinomethyl)-
2-phenylthiazole-4-carboxylic acid hydrochloride. (390 mg, 92 % yield) MS Calcd for
10 C7H33N50,S,: 513.13. Found (M+H)' m/z = 514.

Preparation of 5-((4-isopropylpiperazin-1-yl)methyl)-2-phenyl-N-(2-
(thiazolo[5,4-b]pyridin-2-yl)phenyl)thiazole-4-carboxamide:

§/

"

N

o
HN
I
/
Z N

15 The title compound was prepared according to amide synthesis general
method B, utilizing 2-thiazolo[5,4-b]pyridin-2-yl)aniline and 5-((4-
isopropylpiperazin-1-yl)methyl)-2-phenylthiazole-4-carboxylic acid hydrochloride.
(140 mg, 56 % yield) MS Calcd for C3gH3oNgOS;: 554.19. Found (M+H)+ m/z = 555.
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Preparation of 2-phenyl-5-(pyrrolidin-1-ylmethyl)-N-(2-(thiazolo[5,4-b]pyridin-
2-yl)phenyl)thiazole-4-carboxamide:

.

N

O
HN
V/
Z N
The title compound was prepared according to amide synthesis general
5  method B, utilizing 2-thiazolo[5,4-b]pyridin-2-yl)aniline and 2-phenyl-5-(pyrrolidin-

1-ylmethyl)thiazole-4-carboxylate hydrochloride (270 mg, 76 % yield). MS Calcd for
C,7H,3N508,: 497.13. Found (M+H)' m/z = 498.

Preparation of 5-((4-(2-methoxyethyl)piperazin-1-yl)methyl)-2-phenyl-N-(2-
10  (thiazolo[5,4-b]pyridin-2-yl)phenyl)thiazole-4-carboxamide:

057
%
O

N

O
HN
V/
ZN
The title compound was prepared according to amide synthesis general
method B, utilizing 2-thiazolo[5,4-b]pyridin-2-yl)aniline and 5-((4-(2-
methoxyethyl)piperazin-1-yl)methyl)-2-phenylthiazole-4-carboxylic acid

15  hydrochloride (140 mg, 35 % yield). MS Calcd for C30H30N6O,S;: 570.19. Found
(M+H)" m/z = 571.

Preparation of S-(morpholinomethyl)-2-phenyl-N-(2-(thiazolo[5,4-b]pyridin-2-

v)phenyl)oxazole-4-carboxamide:
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O
HN
4
Z N
The title compound was prepared according to amide synthesis general
method A, utilizing 2-thiazolo[5,4-b]pyridin-2-yl)aniline and 5-(morpholinomethyl)-

2-phenyloxazole-4-carboxylic acid. (115 mg, 55 % yield) MS Calcd for C,7H23N505S:
5 497.15. Found (M+H) m/z = 498.

Preparation of 5-((4-(2-methoxyethyl)piperazin-1-yl)methyl)-2-phenyl-N-(2-
(thiazolo[5,4-b]pyridin-2-yl)phenyl)oxazole-4-carboxamide:

0]
HN
/
10 Z N

The title compound was prepared according to amide synthesis general
method A, utilizing 2-thiazolo[5,4-b]pyridin-2-yl)aniline and 5-((4-(2-
methoxyethyl)piperazin-1-yl)methyl)-2-phenyloxazole-4-carboxylic acid (140 mg, 25
% yield). MS Caled for C30H3NgOsS: 554.21. Found (M+H) m/z = 555.
15
Preparation of 2-phenyl-5-(pyrrolidin-1-ylmethyl)-N-(2-(thiazolo[5,4-b]pyridin-

2-yl)phenyl)oxazole-4-carboxamide:
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O
HN
V/
ZN
The title compound was prepared according to amide synthesis general
method A, utilizing 2-thiazolo[5,4-b]pyridin-2-yl)aniline and 2-phenyl-5-(pyrrolidin-

1-ylmethyl)thiazole-4-carboxylate (400 mg, 83 % yield). MS Calcd for C»7H23N50,S:
5  481.16. Found (M+H) m/z = 482.

Preparation of tert-butyl 4-((2-phenyl-4-(2-(thiazolo[5,4-b]pyridin-2-
yv)phenylcarbamoyl)oxazol-5-yl)methyl)piperazine-1-carboxylate:

0]
HN
/
10 Z N

The title compound was prepared according to amide synthesis general
method A, utilizing 2-thiazolo[5,4-b]pyridin-2-yl)aniline and 5-((4-(tert-
butoxycarbonyl)piperazin-1-yl)methyl)-2-phenylthiazole-4-carboxylic acid. (270 mg,
45 % yield). MS Calcd for C3,H3,N504S: 596.22. Found (M+H)' m/z = 597.

15
Preparation of 5-(3-(4-(2-methoxyethyl)piperazin-1-yl)propyl)-2-phenyl-N-(2-
(thiazolo[5,4-b]pyridin-2-yl)phenyl)thiazole-4-carboxamide:

93



19 555 rTh-C 1-13 N N --) op0 HN C C 1/ /..-N

WO 2010/071853 PCT/US2009/068865

O
N\ . HN «/N\JO
A solution of 5-(3-chloropropyl)-2-phenyl-N-(2-(thiazolo[5,4-b]pyridin-2-
yl)phenyl)thiazole-4-carboxamide (316 mg, 0.67 mmol) and 1-(2-methoxyethyl)-
piperazine (964 mg, 6.7 mmol) in DMSO (12 mL) was heated at 70°C for 16 h. The
5  reaction mixture was cooled to room temperature and poured into H,O. The resulting
solid was collected by filtration and rinsed with H,O. The crude product was purified
by MPLC eluting with DCM/MeOH+1% TEA(0-10% gradient) to give the title

compound (374 mg, 96 % yield). MS Calcd for C3,H34Ns0,S,: 598.22. Found
(M+H)" m/z = 599.

10
Preparation of 2-phenyl-5-(3-(pyrrolidin-1-yl)propyl)-N-(2-(thiazolo[5,4-
b]pyridin-2-yl)phenyl)thiazole-4-carboxamide:
©\(S
\
o
HN
Y
Z >N
15 Pyrrolidine (88 uL, 1.06 mmol) was added to a solution of 5-(3-oxopropyl)-2-

phenyl-N-(2-(thiazolo[5,4-b]pyridin-2-yl)phenyl)thiazole-4-carboxamide (250 mg,
0.53 mmol) and AcOH (127 mg, 2.1 mmol) in dichloroethane (DCE) (10 mL). The
reaction mixture was stirred for 1 h. Sodium triacetoxyborohydride (449 mg, 2.1
mmol) was added and stirring continued for 16 h. The reaction mixture was poured
20  into sat aq NaHCOs; and extracted with DCM. The combined organics were washed
with brine, dried (MgSOs), and concentrated. The crude product was purified by

MPLC eluting with CH,Cl,/MeOH+1% TEA(0-10% gradient) to give the title
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compound (87 mg, 31 % yield). MS Calcd for C,0H27N508S5: 525.17. Found (M+H)"
m/z = 526.

Preparation of 5-(3-morpholinopropyl)-2-phenyl-N-(2-(thiazolo[5,4-b]pyridin-2-
5  yl)phenyl)thiazole-4-carboxamide:

N

S
\
N \/Z;O\/\N /}
HN «/O
b
4
Z N
The title compound was prepared according to the procedure described for 2-
phenyl-5-(3-(pyrrolidin-1-yl)propyl)-N-(2-(thiazolo[ 5,4-b]pyridin-2-

10 yl)phenyl)thiazole-4-carboxamide substituting morpholine for pyrrolidine. (128 mg,
45 % yleld) MS Calcd for C29H27N50282: 541.16. Found (1VH’H)+ m/z = 542.

Example 2. 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
15  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 STMR (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
20  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 KCI, 1 mM
25  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
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transformed into BL21(DE3). After the 25 minute incubation with SIRT1, 10 uL 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 the substrate peptide allows
for precise determination of the degree of acetylation (i.c. starting material) as

compared to deacetylated peptide (product).

A control for inhibition of sirtuin activity is conducted by adding 1 uL 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 uL. 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-HCIl, 2
mM TCEP) overnight. The protein was aliquoted and frozen at -80°C until further

usc.

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,5 <1 uM), B (EC;s >1 and <10 uM),
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or C (ECy5>10 uM). The percent maximum fold activation is represented by A (Fold
activation >300%), B (Fold Activation >150% and < 300%), or C (Fold Activation

<150%).
Table 1.
COMPOUND | [M+H]+ STRUCTURE EC,s | FoLD
No (NM) | AcT.
1 571 A A
S
\
N2
0
HN
-0
4
X
)

N™  CHj;

o

2 514 A A
s
W,
o

N
HN
OO
K/N\/&J\:N/
3 498 ©\( A B
S
\
o)
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COMPOUND | [M+H]+ STRUCTURE EC,s | FoLD
No (NM) | AcT.

4 570 A B
S
\
N / 0-CHj3
O
HN
IO
G‘\);IN/

5 566 A B
S\ = CH
\ = 0-CH;
N /)
0
HN
150
GV
6 487 B B
S 0-CHs
\

N

0
HN
0
/
XN

7 599 A B
S
\
N N
5 -
]
Qv
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COMPOUND | [M+H]+ STRUCTURE EC,s | FoLD
No (NM) | AcT.
8 526 A A
S
\
N 1 N
o
HN
IO
&IN/
9 555 HsC)zCHs A A
-
Q\(S i
\
N2
0
HN
O
N N/
10 514 (i7 A B
©\(S i
\
N
0
HN
-0
X N/
11 498 (j B C
©\(S i
\
N2
O
HN
IO
X N/
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COMPOUND | [M+H]+ STRUCTURE EC,s | FoLD
No (NM) | AcT.
12 571 N//\O,CH3 A A
©\(S i
\
N /
O
HN
O
X N/
13 542 A B

14 623 ©\( A B
o)
{ \/i;ca

S D

15 569 ©\( A B
o)
1 {Cm

D
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Al so incorporated by reference are the follow ng: PCT Publications WO

52005/ 002672; 2005/ 002555; and 2004/ 016726.

CLAIM5: 1. A conpound

repr esentwo 2bw/@1ssact ural Formula (la): HN PCT/US2009/068865
(la); 5or a pharnaceutically acceptable salt thereof, wherein: ring Ais
sel ect ed f+rom SN2z —and—wherern—x" mf‘mmnts a—portion of
ring A bouE@WPBUBHenWTHéJﬁd , PP" réﬁFgg“é‘FﬁFs a portion Ksisr | FPR bound to
C=0 in the conpound; 10/C'' R3is selected from hydrQegn| Acr.
met hoxypropyl, mnet hoxyprop-l-ynyl,
20 482 (j B B
o, )
\
N2
O
HN
-0
&IN/
21 597 ) o C C
?’ CHj
(/7 cHyTo
: (\
W
6]
HN
-0
LI
22 498 A B
~ s
thz
50
~N
C\\L):
23 571 A A
s
N=
0
HN
O Na—S
N
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r NH3C,ON r N H3C ON 5 at least one of R or R3 conprises
a nitrogen-containing saturated 15heterocyclyl portion. 2. The conpound of
claim 11, wbeosia118sBe conpound i s represented by Struct uralr/usesogiobsseg | |1) :

N,.. SON.L---..Ni or a pharnmaceutically acceptable salt thereof 3. A
conpound fepresentedhy—Struetural—FormHa—()—HN
COMPOUND | [M+H]+ STRUCTURE ECi5s | FoLp
No (NM) | AcT.

24 514 A B
Z 3
N=
0
N
NS
oo
LN A~

In another embodiment of the invention, the compound is selected from any
one of compounds 1, 2, 3,4,5,7,8,9, 10, 12, 13, 14, 15, 16, 22, 23 and 24 in Table
L.

5 EQUIVALENTS

The present invention provides among other things sirtuin-activating
compounds and methods of use therecof. 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

10 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.
INCORPORATION BY REFERENCE

All publications and patents mentioned herein, including those items listed
15  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

20  polypeptide sequences which reference an accession number correlating to an entry in
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5 RL (V) or a pharmaceutically acceptable salt thereof, wherein: rNcsssN
\csss H3C,ON, 1ClJI) R is selected fromhydrogen,and , R3 is selected from
hydrogen,wo@biﬁ)/mlssﬁ?), met hoxypr opyl, net hoxyprop-1- r NPCRUSe@®/0883¢hyl , H3C
"(:)N, H3C ON and at Ieast one of R or R3 conprises a
h Y 4. T nd of
ni trogen- contal 019 SR A B NSk SRS M RATEL M Gliorhe rETRAUN ©
(TIGR) (Www.tlgr.org) and/or the National Center for Biotechnology Information

(NCBI) (www.ncbi.nlm.nih.gov).

Also incorporated by reference are the following: PCT Publications WO
5 2005/002672; 2005/002555; and 2004/016726.
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H3C,ON, ,) R is selected fronband 5and R3 is selected from hydrogen, -CF3
and - CH3. 5. The conmpound of claim4, wherein R3 is hydrogen. 6. A

phar macewoDcalo/oessposi ti on conpri sing a conpound of any Poff/usk@ivsssss 5 10or
a pharmaceutically acceptable salt thereof and a pharmaceutically
acceptable carrier. 7. The conposition of claim®6, wherein the

phar maceuti cal conposition is pyrogen-free. 15 8. The conposition of claim
7, further conprising an additional active agent. 9. A nethod for treating
a subject suffering fromor susceptible to insulin resistance, a netabolic
syndrone, di E§§% or conplications thereof, or for 20increasing insulin
sensitivity % ubj ect, conprising admnistering to the subject in need

t hereof a conposition of claim8. 10. The nethod of claim9, further

conprising adm ni £t&mpsthdaBpReHtdd BNSruddgrhl FENAULNL).:
D
O
HN
O
R'IJ/\):N/
(Ta);
5  or apharmaceutically acceptable salt thereof, wherein:

* S * _
v
" >
and

ring A is selected from , Wherein “*” represents a

portion of ring A bound to phenyl, and ot represents a portion of ring A bound

to C=0 in the compound;

SRICE.
H,C. N
R' is selected from hydrogen, - 07 > , O\) and

C’/\l /\‘5;

10 ;

R’ is selected from hydrogen, methoxypropyl, methoxyprop-1-ynyl,
/\

HSC\O/\/N\) , H3C\O/\/N\)
N
HSCY’\E\) (\N/\; (\N/\/\;’

O
CHz , O , and ; and

2 2

at least one of R or R? comprises a nitrogen-containing saturated

15  heterocyclyl portion.

2. The compound of claim 1, wherein the compound is represented by

Structural Formula (IIT):
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O
HN

NS
C’\“ \MN/ (111),

or a pharmaceutically acceptable salt thereof.

3. A compound represented by Structural Formula (VI):

HsC. N
R! is selected from hydrogen, ° 07 , O\) and

O
R’ is selected from hydrogen, -CHs, -CFi, methoxypropyl, methoxyprop-1-
S R

H3C\O/\/N HsC\O/\/N\)

Y
HsC N\) NI N
@Mf , Es Oi\) ;, and @ ;f

2

10 ynyl,

and

at least one of R or R? comprises a nitrogen-containing saturated
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10

15

20

heterocyclyl portion.
4. The compound of claim 3, wherein:
N
o A Y
R is selected from =~ 07 , O\) and :

and R’ is selected from hydrogen, -CF; and -CHs.

5. The compound of claim 4, wherein R’ is hydrogen.

6. A pharmaceutical composition comprising a compound of any of claims 1-5
or a pharmaceutically acceptable salt thereof and a pharmaceutically acceptable

carrier.

7. The composition of claim 6, wherein the pharmaceutical composition is

pyrogen-free.

8. The composition of claim 7, further comprising an additional active agent.

9. A method for treating a subject suffering from or susceptible to insulin
resistance, a metabolic syndrome, diabetes, or complications thereof, or for
increasing insulin sensitivity in a subject, comprising administering to the subject in

need thereof a composition of claim 8.

10.  The method of claim 9, further comprising administering an additional active

agent.
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