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SI RTU N MODULATI NG COVPOUNDS RELATED APPLI CATI ONS Thi s
application clains the benefit of U S. Provisional

wOo\RBi18a59 on No. 560/ 936, 636, filed June 20, 2ROWPS100&007776

contents of which are incorporated by reference in
their entirety. BACKGROUND The Sil ent

I nformation Regulator (SIR) famly of genes represents
a highly Consesmﬁrmwemmg@ﬁ& %ﬁ\ﬁPGUNigst he
genones of organisns ranging from ar chaebacteria to
a variety of eukaryotes (Frye, 2000). The encoded SIR
proteins are involved in diverse processes from

EREASHIY A FFLICNEIONSEeNnci ng to DNA repair. The
protei ns encoded by nenbers of the SIR gene famly

show Hiluhapigabert elagamihe beaefitod U.H. BrogBoonahipplieatiod No.
I =N, [ 5, acterize ene in this faml
QO blho a3 7B YR b€ B s T afdef Bypfernce

Hivilepcéntirétgt contai n 15i nf ormati on specifying yeast

mating type, telonmere position effects and cell aging
0@%@3&“@6%”@@99; Kaeberlein et al., 1999; Shore,

2000) . ' ' ] .

200, NSRS 1598 AR S bl gy
Sonseeyed?£00p of Féres Prasenttioniod ggonfes bBordanishial rmgiag fram

e e i A0k SR o e, SR e
L 10QAERGRY @B fFroobEY ﬁ&ﬁ’re%g?téc?n of gene sild{En Dl BNA regaig. The

protein is a class Ill dea ase whi ch uses NAD a
qostelys tenadded blympembdrs af the SIBQne Koaide showR 6(ph; se@minch et

., 2000;. T et al., 2000;. T d Mo d, . ...
Sobeyvagaiin e amino sadichreonitie A el TBeciitiZe spein this
IaYAL Yed. defevBEReS R, QMEEHY invdll Vel inSilbMSELBIM 1068 tHal contain

class | and |l histone deacetyl ase inhibitors |ike )
agfornsthesingciining yeasA)ating wape, églomere postion; effegisang celf aging

puarsBy P91, b > 1085 e 2900y TP IER St g i

Ihetiingh Y SamiPy Othistong dedcesldseg(reviewad th Gum@ued 2000; Shore,
acetyI-ADP ri bose con%gund (Tanner et al ., 2000;

1248l The Sirg|homojeg SipbBramagimengliapahanurigmofipctionges an NAD
e i A BLY AR BB deb] XD Lribbh Ferhdiferase (Tsang and
Fbalahteeamdrenrapt @98)i t h cel | ul ar netabolismin yeast
(GQuarente, 2000; |mi, et _al., 2000; Lin et al., 2000;

Smi th e 2 PrOXHb )2 I T yhﬁbﬂﬁ%ﬁg%%cowbstraw
NaRseR endgvb; Moataneodeanrily bed e 2866; Mnh¥r &tlalPL0GRE Tanny and
al., 2000; Smth et al., 2000). Mst informtion

Aoared S1G02).élikztcgloerfdgncstyloses, wamesf Whisharhmvelvediiegene

[ east..(Gart enber 000; t.schli,ng, . 2000),.., . )

Sl lG 21T S e T o HRGpe PsuFRg Wikiprs ke
daacRtyind eTSApIAAl &Qd | 2000;Nahdiyddtlas, Dd00al Sidhes a1 000).
and H4, resulting in the formation of 1-0-acetyl-ADP- )
5ri bodecageidlation @% perivilysine By Sai2ris tightly ceitrded fogNAD hydrolysis,

copi es. of. display.in

TR et it R XY A REE DL e R RO AP o
20001 Laday ecHPPeSOwTahhe akd Melaeghne0 Bl. REe hNDIdegendent
sir-2.1, and the D. nelanogaster dSir2 gene greatly .
sheneatidasq qH VRN ahSira i eroariabfydtsifangliongpyhach ¢al qopaedt itst

tF - r g S i
Retp b ol e RELARN: S APk R efferh S 2008, 19 B 13 B0
Tadayal., 300, Jyenkest dr, 2006). Manadalian $iek/ koravioigy Bavd NAD-
enhance an organisms health and str resi stan to
deesuleahisoge FAERBEASE RCUYIFN A ok e Ao g3 yrith ot al, 2000). Most
SIRT3 is a honolog of SIRT1 that is conserved in

pr okaryotes and eukaryotes (P. Onyango et al., Proc.

Natl. Acad. Sci. USA 99: 13653-13658 (2002)). The

SIRT3 protein is targeted to the mtochondrial cristae

by a uni que domain 15l ocated at the N-term nus. SIRT3

has NAD+- dependent protein deacetylase activity and is
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20protein having a biological activity, such as the
ability to deacetylate. Biologically active portions

W@P008/154864 ui n may conpri se the core donai n of BCT/USINE007776

Bi ol ogically active portions of SIRT1 havi ng GenBank
Accessi on No. NP_036370 that enconpass the NAD+
blndlng domai n and the substrate binding domain, for

cj ooy Mt 2 e Rl Kiltbn: SdthdsHpuRne SR PGS
qCartentsag exD00Y Gotsditiop) 2009)237 to 932 of GenBank

Accession No. NM 012238. Therefore, this._ region
aﬁhlyé

s onet i Bieshqraical stedies Baveshpa tha Sa2fanas festylate the amino-

I 0 L -
WLOARLGA gyt e Flpaknn o saeg e
Zﬁibst: andﬂﬁobﬁarﬁ‘eln%ﬂn&nd\wﬁhsaﬂdﬂnnﬂmopﬁ@ of SERY ﬂtspl&iylmzdreased

ONA ST A Gopgonger Tt Ik doceailbooushave: Bes

OJddeﬁﬂ 1AUTERS LOBeDhs R A3BRT. sm Chndtige BNEeRRHgaster
by nucl eo |des 777 to 1532 of GenBank Accession No

QiSi238ne greatlyutendrifa @pmmdhoszmmrmsg 5THy$ implegsihatithe SIR2-

cessi on . NP ,.0363 O whi ch ar e

Afor i thebPrh re e 5T bt ane B TR SO0 {on g hafppen well
QbAdadBed._Today, Sird BEnds@ir&beleceP &ThHR ¥01vea s enHa%E@ ag to
cats and dogs used herein, the term"do
ceautiEn's hﬂa}lqtn@moﬁreswesrsmcg tsewp@sseoaw}@nfz%mtg urgiving adygrsity.
whi ch e e
The t eér%%rg’c1 5? ?1 %’p% ?@T{igﬂga} Kltsﬁgjegrlﬁ haﬁ&r}h%g% gﬁng
darBSbies (BaDBygd e@hhelTroHENIdlE maofsmnesAatm 1§653e1365852002)).

enus Fel i s. he terns npr.ise”

&Té.m@telratséarlgg@a to Hletrméoqh%ﬂla@.c\métae gpférprg@ws@mam
i .
RAALTR 0% e LAY St Bt vt
amd\whlbblqmtcnist}oenmessdcugmnmuhirlyﬁammidlwalajbammissueseéJpon

ari s om a,pr bl po ar .status
Ghoplnth e amitnPaa IR I BlicvefRihst Ve SBurintlep detive
etk b?r&%ﬁd(&l%nhnﬁr}gaﬂhxRﬁoéelss&é\'BEbt]cﬁw{MPPmp eRAGRE et al., J.

Di abetes Mellitus or NFDDM forms of the disease. The”
rGelkBiohch58r 647- 657&09@&1 es i ncI ude the f ol | owi ng

factor mals liine @) ches for e tREheMHl

520! e leiddad 1S pIRT IRy Vel RO P ol

hingRtend Hed Nifegh e halamaR R0k 0000) Oi cast [dfishing ik @l(im! of
gl ucose greater than 100 ng/dl or high-_ density

Impagrens.ab Alsprxicaded byimeryentiags dhat rercmble elorpreggictpn, such

r f [
rfaglleé\ég %ﬁ[e&)ts% a}“heacé{a‘lc%\g: }é g’%ab‘gﬁ%&%f? ﬂlqg la 11%{&@1132 g\%&@do not
ldterleni:ger wrheh lehlodicallptesaicséd provides mtdeﬁmltballSIRZ igehesonediate

3t binioth el et e ibisidétaAptamor i, 285 15Haa and Rogina
AQ98). O 1ofeodEL! Q?M@tll&rﬂ tHétqg&Lﬁ:%stheSQ:(Pvﬂgl okt YR QHEBSIe rﬁsponswe

response or effect, or alternatively, the dose wh
prAddBatenasipe 85 Sehenaphngthategsippersient (FKOPpattiwaeettend life span
subj.ects or eparations, . term "LD50". i -

3 o e At Rl Rl s it e talins Bk SlRR gy t
AR5k Y dovrfdfrbitn Wohfpdnérit Jf B @loridYeSBUiOH phtB&hy (Lin et al.,, 2001).
subj ects. The term 25"t herapeutic i ndex" is an
art-recogni zed termwhich refers to the therapeutic

i ndex of a drug, defined as LD50/ED50. The term
“hyperinsulinema" refers to a state in an individua

in which the level of insulin in the blood is higher

t han nornal . The tergn "including" is used

to nean "including but not limted to". 30"Including"

and "including but not limted to" are used

i nt erchangeabl y. The term"insulin resistance”
refers to a state in which a normal anount of insulin
produces a subnormal biologic response relative to the
biological response |n a subject that does not have

o o, - o o, -



30 non-toxic conpati bl e substances enployed in

phar maceutical fornulations. The term "prophyl actic"
w@roostibssapeuti c” treatnent is art-recogni zed BEMUS2008/007776

refers to adm nistration of a drug to a host. If it is

adm nistered prior to clinical manifestation of the

unwanted condition (e.g., disease or other unwanted

@%ﬁug’ he host anlnal) then the treatnent is

pr ophyl ac i.e., it protects the host against

devel o}hlongled Iherelmmmi)eel strowidirhodatinghngasnds and methods of use

adm nj stered after manifestation of the unmanted

dBfGPti on, the treatnent is therapeutic (i.e., it is

i nt endl‘ﬁ‘i)nte V\gécfntﬂé ﬁﬂen@@f@obﬁi@?hﬁuﬂ{ nﬁﬁhl‘ﬂhﬁ’é BorthPSunds of

exi sting unwant’ed condition or sid

tStaroﬁiraWI)nnuT%e(I)t-(éﬂbmg prerdegaibefl ie dét,all\lmetohv r ef erence to

a conmpositjo r ef s to,a co SItI at .does, not
o ont oy R apolner et Fie ayeup G deueRd 7 Peltd STeis

qgé!&ﬂ%g‘%oﬁtﬁﬁunﬁ@ (Ecombf)é’tidn@tcbﬁﬁnsﬁlg\é%m hﬂi‘dhfhﬁ‘iﬂgtcbﬁhﬁounds
di arrhea, respiratory distress, endotoxic shock, etc

| In caﬂsmkqné)@thm@ltmmhnm@uwmgwmnogndmg iberepse the levef and/or
ered. 10, For the t

n| §£§ Slgfg}{b%fgﬁln glﬁg)ﬁ)aﬁg?f g)g é vfapggy gﬁctherg?eu%c applocatlons

suaaaia@t fo bké&nﬁl@eﬁlcﬂ’fasm% thedlifdgia@xifa cellCdhdaseatih@and/or
exanple a | ipopol ysacchari de (LPS)
"[REYINtiag aiwide wm@x P4 discases and:éllsordﬁ@fle?lgdm& for ex#upisediseases

gcgldl‘{js?ﬂ@e!}%ﬁeﬁag%g }(Joéglfg%?p%{ge?% éﬁ) e?e@ J)tﬂeq{tx r%ﬂ?ddeg%ﬂ%freﬂﬁfe diseases,
| dhfeﬁﬁ)ﬂﬁ’apeutl(idﬂ 1ridheed)ﬁehﬁdipdtl@0 @hguﬁoggthysisidcia:tmitb agisehahic

t ation on- 15dividin S rem

iVaBh BoHlpS se@émr\ﬁza% ordgt pElipwascilar F@é&.h‘i@m{ Hatting
Ldé%(ﬁéﬁ@,Qnﬂgm aﬁsg' and®r ﬂu%h ndingirkfie ﬂddﬁ%ﬁ@%o&{pg@nds that

as ap to cel r organi sns, refeéers
iincmmsthm@vthmnmamty)bf :daaght potaeinay abpdx&uxsedj fdyyreating a
he abi |.it cel.ls

e cell cr.easi or.ga
Chetty doviont aouble! RS Rubte fif ancieh FiER R
RICAVRY, 181 erMfaféial nhuele§RefoAfatdeefor Rhdrédsihgdhuse®d ATPQEvels, or for
organisms to survive and 20exist in a living state for
|tmageg ounr@wntalggaml@:msa@ d@l@ngﬁ assesiated with hyppxagg igchgmia. In
@e%l erdlmea { szrr%]?rgug O_SI ngm S mgt uﬁds tlﬂa%&&%g% Y level and/or
Id@ﬁdﬁ?ﬂ uai gm&ai protesy ﬁiay ble g et fut at\anetyf d'fQ@ﬁﬂpélﬁMeﬂpplléﬂtlonS
i.nadequate nutrient level). Lifespan can be .increased
bycludingeies examplgi inprsazing QI ulacemsituly (YD ANGEISHREFPOPLOSiS,
0
%geéhﬂﬂg gg Qaé‘ie Se:,g’, %t/ ‘gﬂ}( ‘rgwg%paﬁﬂgl{% aa%ﬁ/o?%t{?ngaan%ﬁ gg tv&{é\?%ﬁ %am etc.
om‘rqhscsunbiéd fuether iselow, the caatipaisrdmiphiat admnnﬂamtotafmlbject in need
Iﬁvel S|rtU| é,teln and/ o |ncreas§; at | east
d %“e%\fc% P‘W[“;?C‘EH‘IC EHIVA ApIoYPEPR SITtHINERO é%% ggrypound.
enbodi I%@Hamaasﬁécrtst ‘tﬁé’%lﬁ&ﬁalﬁ(@&dl%g:&imﬂds FRY bleRAhEASRred
at | east one bioldgical activity of a sirtuin protein
tayomerlleasmbmatmm with%th@5ompe0ngs, tsdydigpdbensirtam-modeating

i cal actlv tles of sirtuin proteins
eiuvebeBey MefRsptC gl ' OF N stones and pss:
extending |ifespan; increasing genomc 8 stability;
silencing transcription; and controlling the
segregati on of oxidized proteins between nother and
daughter cells. "Sirtuin-inhibiting conmpound”
refers to a conpound that decreases the |evel of a
sirtuin protein and/or decreases at |east one activity
of a sirtuin protein. In an 5 exenplary enbodi ment, a
sirtuin-inhibiting conpound may decrease at |east one
bi ol ogi cal activity of a sirtuin protein by at |east
about 10% 25% 50% 75% 100% or nore. Exenplary
bi ol ogi cal activities of sirtuin proteins include
deacetyl ation, e.g., of histones and p53; extending
Ilfespan |ncrea3|ng genon1c stablllty, silencing

o o e o o



10

15

20

25

30

Accessi on Nos. AAHO01042, NP 036371, NP 001017524, or
NP_071878, and functional fragnents thereof

woiogpsssd des of the invention al so include hop@l/o§0%5007776

(e.g., orthologs and paral ogs), variants, or
fragnents, of GenBank Accession Nos. AAH01042, NP
036371, NP_001017524, or NP071878. |n one enbodi nent,

R QR 1 es a fragnment of SIRT3 protein
%ﬁ@gEggggceg byucﬁjeavage with a mtochondri al
mat r i XD¢finitieasi ng pepti dase (MPP) and/or a
m tochondrial internedi ate peptidase (M

P). 10The i
ter ms Asysddwrein.dbefaliostipg ey anc plar&ﬁ?syﬁhgﬁ é%edt{e meanings set
Sf}ﬁgﬁ BBioGA llJQﬂla's's de’fﬁl’ég BieF®se 2MeMritdl 3hd 9entfiterms used herein
adm ni stered peripherall'y™ are art-recogni zed and
rhak e thetsanteheeamilig a8 @ihmonlgnndérs@od thprcof @dmpossitill anthe art.

t herapeuti.c or other paterial,other tha irectly into
e coflta SHEA DBTS &) ienincsuIBh FHue Plrdhiebrenctnalesd he
%h{eg{l&lééhfa%{a@ép(ﬁﬁgwigehus, i s subject to netabolism

I ke

and ot her processes. 15The term "t herapeutic '
agent "Thegemn t‘agent bignisedicreindo defige g chemipal/carhperindah mixture

SRishaticol Spbsindy Hap R DipbonRiR i lhoh S meteighpy. an
QintiBYS), 8Préein of gottich SeRbeGlg., E@tid@;, B @h SRAr&0E aRledrm

substance intended for use in the diagnosis, cure,
rhielpgigal oaterials suehamhactariapplanienfungh op nigal esecwarly n

t he enhanc nt..of desirabl heal. or N
e ALRNREIE Ry SheS o P ARY iy BRYRH R B ghay it suitableas a
hidtedpeutic agent Thdidheis mbidlbgicapg phisokfcatty, oripharmacologically
art-recogni zed and refers to a | ocal or éﬁtem’ C ..
et e subisting {argplstansgs) that Acky Ipgal lyeehiyptemically 1pasebject.
parti i ekl - d
et Vgﬁlseﬁgé%( aﬁgg@ﬂ%gﬁap e gg%n%ﬂaaarémuﬂg i€ &k r¥cognized an
"refeey tapefoth odlalcpmpbhiad tHay ell@nofontt; oneporsion lodthesamaintt of

of such. a, substance that rgr(gguces sone .25desired.| ocal
SPMPPER ATRINETpree s (e aRserBed BrdBFUPHEHE P RE K i o
%?Libﬁ)%maﬁytaoaiﬁime {d Lalbi®Abr pakhat thRRGRSUE a@mlidiYtered,
effective anmount of such substance will vary depending
upon t'tBdolegisaly actarecbadiigreakesidumdireiegriosaionigon peasigtin

t he i ght and, age,of,..t.he subject,,.t. sgveri.t . the
St g eI R BRI R AR LT iR SE G JigfoBany
tddBvé pdi@ond\bf £EirteRNMAR asthbdisdiBe deteaiomane df tudge Biblogically
ordinary skill in the art. For SOexan‘g[I certain

aetiporetipane! Rl hayine GenBank Megpspen eﬁNﬁLeii@ﬂth@tn a

i Ci . ; t .
SHLLLRLS e R R ST aR SHAREl it o
taxe@phe Atay include withoutrlmaitdtion, arinoaaestG2e2d3orf Girdzmk e

refers to curing as well as aneljorating. at ast_on
sYirtsinh Bp- HReVXSHE; whl&haeerermgg_ Ek?ucle&dae_s %_%\ q é%%r?fe

' fdrHaRR AdZR &Jnrﬁ@atm/{ ®f 8538 UthH Bt iR DRLi o 18 1sOMetitfRE Fdferred
is often only partially reversible or irreversible

upas thereeat demsin( @ther, bisloggelly pctivegroriiens HSIR TS s@ves@netimes

R N R T
VA & QToRESKRPT 593 7804 RRA a}@é{coﬁé@ﬂfhu@@oticﬁ@ R9Y 51394 &F
corrective lenses, or a visual field of less than 20

deégpBagk AdicessimelNo (M _@é22 e sbeutdiming acid9242 & 493efrGenBank

dul at or.s Ln ope, aspect e inventi r Ov4
ot B Np- PRy R T PRI T RS
G aBRRk i Atdedsiod 6. NM 082130 hr dbsigagfiso adids 2B S0r49sr &
i ncludi ng, for exanple, diseaseg or disorders rel ated
to aging or stress, diabetes, obesity,
neur odegener ati ve di seases, ocul ar di seases and
di sorders, cardiovascul ar di sease, 15blood clotting
di sorders, inflammtion, cancer, and/or flushing, etc.
Si rtui n- nodul ati ng conmpounds that increase the |evel
and/or activity of a sirtuin protein may al so be used

. o o - I e
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het er ocycl e contai ning an N het eroat om and,
optionally, a second heteroatom WO

WQO®8NIBEB69PCT/ US2008/ 007776 sel ected from N, POr/og2088/007776

wherein said heterocycle is optionally substituted
Wi th nethyl In certain enbodi nents, each of Xl
to X4 is -CR*-. In other enbodi nents, one of Xi to X4

! : r i &tides 813 t
b 208, S5 D701 P enoy s 131
ris8RiofiGenBaile Ac€dSion Non Ndr @ 8288 enbodi ment s, wherei n

two of Xl to X4 are -N- Q&n X2 are -N- %?talnh

enmbodi THEERD “Grapasion anjgmalse’ retprsity cods agd éogw\s usgq hergip, the
I 0

}fém? &%\g’ deﬁ&e§£{)11ﬁlfnﬂb€ﬂn Eﬁcqeg% gflf‘egteé %oﬂtkef'ﬁl Wgﬁl?é?s f&ﬁ%}nd‘lq}}ere

Iame m arganumberbddi fifeatthresisc Fhagrmifeat(9 A céfesfto Xifeline dtdmal

e dpimeltn SRR Po AL AT by Rt

Py i Meldt¥ms ROHpIKE” ant-Ruiprsalsy |are 12 dG# feahBlusive bpen
enbodi nents, R2 is selected from phenyl, fl uorophenyl

dﬁlﬂseume@mhglﬂ}dt add}hbmlwtﬂmm map benndiydedhi azol - 4-yl ,

o) OGP RE Mo 1L R0 N b

| genéraNinefaBERA atsidRinalifésnFisizRdf aqgeyiohgedPigh (b[taid| $gar status or
substituted with one or nore substituents sel ected

fardperease 042luedsy tolerpss o“Dlﬁbe@g eqmorﬁ’e@qﬁ@sdyotbﬁl@ type I and type II

TR A3, G BTyl 028

aaktfadtorsSuchiaberboisicinds t}sa foRBwng ﬂhbtergz Iwammﬁe @Ig/rhomthan 40
3-fluagr opheny X2 and X3 are

ar e,
il ETdBFR P53 Sioches lof WomtsH b bregpure f 13?@ FtHE o Righer,
Se#lgg%ﬁ&ﬁ%?@vﬁ%gyﬂz? Irt}:]i?tmgl:ﬂlo?@glugﬂ% JRSaterdfigh 160 fn%y/dl or high-
Aeqisiet Iypopyeteimydf- lpﬂspbmaék() mglldlym men or 50 mg/dl in women.

S; Sérd:lgeallg clt %: \?azg ercl):t]ﬁ 8}5?/%%} E{éfug?rthaﬁ a)é ivates a sirtuin by

YRdiRE titNAl “difect iBhfblitdPT SHRYdift@hiislh Aroledtle inhibits a sirtuin by
-NH- (pyrrolidin-3-yl), and

binding kzid- bi cycl o[ 2. 2. 1] heptan-1-yl. In these
enbodi nents, XI to X4 and R2 can have any of the
val u esTmbesml ‘BPgh”ab mveecdgutzeQ Snycpitaial dnyboddmerys,dH2nyheans the

pr|d or quoro and X3 are -
B%B@rﬁ’b‘ W Qélt%EtaéHmFPéFﬁpot‘:ﬁor ‘ﬁﬂaecﬁk"f

t!1‘1’t%l‘i}at1ve1y, the l4BsCRhichiprodiiéedla F@Mélﬂﬁﬂécﬁnesﬁ%sb% 50% of test
sel ected from 4- (et hoxyethyl)- piperazin-1 -y
m;bpht@ [oir pr&pa;dtlon@TFb@rtﬁrm nL]Dg()y is 2freecognized. In certain embodiments,

m _no er i di ns S
¢ pﬁocaeiaﬁyﬁl dose Pf ag%ﬁg‘ vle}(l)lrcop 1521}2}[1 OSrOt"}]%‘??eat/ ?quﬁje%?s’ Tﬁg téﬂsﬁ
tydirgutiy 1r?&x’x?s angt-1%2ogiiged fehn vaich P@fexam(dtﬁélthaﬁﬁeutlc index of
i ndependently selected from-CH or -N-. In particular
ersp i debined as kDsélsoxa are i ndependent |y sel ected from

- CH
3-fl ugﬁhgﬁﬁh%yﬁ%g?lﬂg%}ﬁ% regar?% t%{?tﬁga%?%ﬂg@(ﬁgrdvﬁlelp e hlf%éthe
ileves of atikal irf themiidbd(lmatghexmeh Inyht)lalpl perazin-1-yl,

mor phol,i n-4-y| in-1-y .
4- 2 rol R e WangyI‘S Btel to mqap H@.htda%b%%&m@ﬂtto

3"15(!115’(?19g n%*hﬂahmgmm&qmeﬁ%e AFPRRE %ekxarsgerayryt ur al

For mu are represented by Structural Formul a
(1rr): X2=X3 R24 | X or a salt thereof, wherein:

one of XI to X3 is selected from-CH and -N-; the
other two of XI to X3 are -CH ;5 10R1l is a sol ubilizing
group; R2 is a phenyl group optionally
substituted with a nethyl, halogen or -CF3, or RR is a
5- to 6-nenbered heterocycle containing an N

het er oat om and, optionally, a second heteroatom
selected fromN, 0 or S, wherein said heterocycle is
optlonally substltuted wi th nethyl or a halogen 15R

~1 S o - o o
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typically R2 is phenyl, pyridyl or 3-fluorophenyl; X2
and X3 are -CH and X1 is - CH or -N; or both. In

w@eoosasasesuch enbodi nents, R3 is sel ected fronPCT/US2008/007776

4- (et hoxyet hyl ) - piperazin-1-yl, norpholin-4-yl,
pi peridin-I-yl and 4-am nopiperidin-1-yl. Wen R3
30has these values, R2 is typically phenyl,
3-flu W »
are - g}qugﬁlg txzjs_ﬂﬁn péég_@?éla é?#\r@ % ?E%&' algliul%%lf %ﬁoﬁﬁ‘eﬁ aftfount of
aﬁhﬂﬁhl predices a XubnamaCblolugic Msponsg réimiiv@@ th¢ Bioldgikal réPonse in
hen&ﬁ 3-fluorophenyl or pyridyl; and RL is -
brlesspet havesiasdin waistepgin |
4- ( net Xﬁﬁ@l‘ilﬂy}e)smpdngg gﬁ%fd?:r ¥ hrscﬁggécpﬂajein re‘%?% ko any disease or
pi peri pip eridin-
ICKbnélmmlhth 1semmset1 beot coxﬁnbmtad o lmyz)ﬂlshlm rdsgtanoerpﬁmndplemf
invention are re resente Str ctural Formyl a
(1%' ude: gigbeigs, %pegléy,tm? Eﬁ)lgb&ryn nrrfe% al}ge syndromes,
SSh&OhRAX fih&TIn febiSfhce 'hli‘& blB’od e@ﬁ(r@ll\ﬂ})ﬂﬁt&llsﬁfnphlgh bI&¥d

i$ a solubilizing group; Bre Is a -

|cﬂnogp@terdrmtshprdemdﬁfpnﬂmderma,rdygllpudnmdu hﬁlerqsglerotlc disease

conpounds of the invention are re

SRR G e sPRDRLY FoTY SR & RRAGE Bteudh pyperalycemia,

tHypESulin¥hRY RidNor HylpBr&inbifinesli£ Ginpiréd Slitose tolerddke,; delayed

and Rl is a solubilizing group Preferred

Josulini refeasen glagﬁmg@nplmatlsm iedluding ceonany I@a(t@)seem, pngina
egtotnh,b e?ﬁg%lv%%ear? rfalﬁ}rer: Lé%o EE aCO gg?lvg?uﬁlogg \Qntlgs

SCTI nven I on,

irBehdpatHygperipiekal Gﬁﬁﬂ)@dﬂ@'ﬁnéﬁhréﬂhﬂqy, plcandruloneplaal, al so
be used in the nethods described herein.

sppelasclersin aephigtie a%’é@ﬁaslﬂyaﬁﬂfnﬁévq nepRIpStlgEpsis some types of
%M@é?f(a&ﬁ%y%hamﬁaﬁui %}@asf gﬁi st/ Ghd 81%? %hbé& dn o?f 2

sirtuin protein, particul y the eacety se activity
qfregdaﬁcys ipobufemabe rﬂpeﬂ)ductlve health (Seghaasath@lisyruarirriegularities,
ion to the gbove p erties, ain .
&m}r% IFSEUPLL Y HRAIYY mb&ﬁﬁgﬁ GRarpR éyrrcfﬁ%ﬁ{?ﬁaﬂsb?ohn?fiystrophy,
S:HQI%E@HH ir@hfed d'ik%Y&‘erQ NQciPhs ganrsﬁm% dhbrséRlilioMdéEholelithiasis,

10activities: inhibition of P13-Kinase, inhibition of
aodbobslostias elecp apidsi andanaspafatary podtileres, loisteaadhritis, and

ransacti v r03|n klnase Coronary
A PAERE i heel] oGS Lo R R DB pcent rat | ons
of 1t herHzqBpe URvkstdikianah@lsefdiasto ¥eméicatzd dluh@hpét& Wihech
deacetyl ation activity of a sirtuin protein (e.
Judndegdhesederiratssd formeat gpgyarioisdiypreductsy s an aéaov(we animal

d Ao

AhtBink Sae 3h B InchilD Ghine BEARGIEL BErciiCinifial including
shiesad edine Ty Iod&lr memtersof the ghituscha] medviae afiahafvbding

al kyl group has from 1 to about 20 carbon atomns,
%ffpearngltﬂt rrpeIRbers Pgh‘&k&?ﬂ}tls s, %wae%lco%%islaeda%|members of
gﬁ@ W @%pgarb an%sﬁ&t&pﬁghnéngg%:@élgg F‘a@ctd%ls RSBk & ?a@i(é’ such as

3to out 8 al ght c al ned and
blsaas:in behsabkiydrdgr,cupsan crmlmﬂjmlm@hmblwllng demiegtic horses and other

n- propyl . i so-pr l, n-but sec-butyl, tert-butyl,
TABRERY o SRRt e Deaht K & Vo SEr 8 ot
C hai neﬂle%mbr‘ﬁﬁﬁlli‘r%j” al ﬂﬁblwngh%’@aﬂt Sanﬁleﬁé’mf)ﬁf)eﬁlﬁﬁﬂnél&r@ﬁlde

"l ower al kyl™ group. Aromatic (aryl) groups
|humausteammttm biyestpek mm&ﬁt(nI@IWme@wsm horgmepabery;| companion

apht,h d I h
OPRALNL 5, RS K BT Mg £

pyranyl pyrazolyl, pyrroyl, pyrazinyl, thiazolyl,
oxazonI, and tetrazolyl. 6ﬁwonatic gr oups al so
i ncl ude fused polycyclic aromatic ring systens in
whi ch a carbocyclic aromatic ring or heteroaryl ring
is fused to one or nore other heteroaryl rings.
Exanpl es i ncl ude benzot hi enyl, benzofuryl, indolyl,
qui nol i nyl, 30benzot hi azol e, benzoxazol e,

benzi m dazol e, quinolinyl, |squ|noI|nyI and

. " .. o o I D 1 o
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NH C(=NH) - NHI V, - NH C(=NH) - N(RaRb), - NH C(=NRc) - NH2,
-NH C(=NRc) - NHRa, - NH C(=NRc) - N( RaRb)

WO NRdHBaB6-=NH) - NH2, - NRd- C( =NH) - NHRa, PCT/US2008/007776

NRd- C(=NH) - N(RaRb) , - NRd- C( =NRc) - NH2,
- NRd- C(=NRc) - NHRa, NRd- C(=NRc) - N(Ral tb), - NHNH2,
-NHNHRa, - NHRaRb, - SO2NH2, - SO2NHRa, 15 - SO2NRaRb,

- CH:CH@D a2 Q/ &Bﬂ - =
- CCRa, %ﬁ%{s@i‘ B T e 0, igka cfafe’%? ﬁa?ﬂs% boe)sﬁg% k- is
Gndﬁndmalth)avhlgda bddiyh-rfss NH)GX (BM’I) oRat [Raist 25 er @agzlter. Obesity may
|ndepend§£tl %ﬁg Eonal substltuted group sel ected
fOF SRAYAL S WHR SR TSt at i ¢ gr oup,
pref erpll R Biréiéral m%i/sltﬂaﬁox?rarﬁlr %'drrgﬁlglléizéd FaRLrt QAR are
substituents on Ra-Rd are selected from
Niri(Cicdgrizquheantd refer tounodes eilaiministratiorcyther ﬂnah cgtera,l and topical
é@%@% Qti%{ Cﬁtﬁ]ﬁj bg)lgljeﬁmlaag:nlctlu ’aYV;\EZ 1gtl%n&1}at108r 1n’traven0us
Nt Rdschddr] iBRadkial Whe4tREA] 8¢ taplulid) mtfa@FREGO iRacardiac,
Cl 4ali phatic groups of is unsubstituted. In addition,
-infRedRpmal, aneqpetl@gealhmnstr@ahﬁahlsgbcmmue sgbpsiclagtisaor
un Stit ted ti.e .heterocy 0
SR R PR BRACTIE G BT S g and
Hafgiomor e t han one substituent. 25Typi cal substituents
on an aryl ring are selected froma sol ubilizing

gr oup, AhBdisgEnR; subgect”, Gradividpal” or Shastt refare ﬁé@ﬂ@g? human or a

Jﬁqul oxy; phenyl (Ph) optionally substituted
&F%h e; -ng%) optionally substituted with R
- ( CH2)’Hhe2t(eﬁ’lﬂ) phapihtaniehlly asiepmbletaatied” vé drhirdepgnized and refers

:tgg: rmacetlm%(yl ocgg}l) !aléf:SUbSt I t%%s#@%@em@%g l;fgh_asd}liquid
:o?:%gl)@ 811613 gllum%@nt soﬁc@i} Br enmgthl(gqﬁgtenaﬂ\lmmd in

or - = 2; or wherei n each ]
iqad”emenmsmn’bmg me)nwéu@t ccﬁnpesle@i ectanpdneonthbsedf. olgeah, carrier

B8, petpBHRS R i P b i e sbisey earposition

ranBGts cBRPOMents afl FEinjudibus fHRE Bitient Bom& ek f18ss RRsteAsls
the definition above, two i ndependent occurrences of

Rvhiel naliseygme phaaceeticaly aseeptrble earsiprs inglpde: i(f L igass, such as
tlacl%g %fél%g%ehaend sg0110§e Efretlgé)er é chta% \er:l étlafcﬁaa‘ﬁﬁ pRta% S§4Rh; 3)

hellglose wal Yk dedivatives,alucined &ydodh whrbbkmeﬂ@vwgn&esethyl
het er oat ons i ndependent | y selected from nitrogen

sellulope angt cellylgsg .acetast (40 ﬁaw %Séﬁa@e%ﬁ §SmaliHg) gelatin; (7)

ﬂ'ﬂ%&jg#cﬁgﬁ:ggyc cﬂfa&?&@d' xd I?l%)p El@’(ﬁg%es (9) oils, such as

(ﬁeaﬂlaldllpb(atonseecf}ﬂl s@(flawellaih phate ojl, Ol[\m)ll @N;n @02t soybean

o S Bl & promera sved 1 T pBORLS. ShaRebusery sorbito,
Gharftdtol PRPAAIGetBYIRHPB1yRb1; R ) SstdRS bklib?ltdste‘tﬁﬁ @leate and ethyl laurate;

Conbi nati ons’ of " subsStituents and vari abl’es envi si oned
Y3 4gas; (Il h)/euftdarog ageets.onwicl as mageesivm thydreside andralymhigum

f t _ the.
BP0 TPk TR RED Poidhlly A% 1)
HiBirtd dotutfost {19)el alcBhath {X0) phBHHbRBuFE slddlodd)ahd (21) other

mai ntain the integrity of the conpound for a
g@nftpmce*nmppebhe@ubslms @mn@y@d) lrb@hameﬁwtwﬁbﬂonphl@tlons-

pur posgs . Fel N I -

" <ol ubi & ZI ngpré)‘ﬁ Xlla t1c o therapePtlc t rﬁ zﬁr%%g!; i ﬁﬁ G)Jrggoﬁﬁeldcand
GBfet Aot adini Bigfrti o (ﬁl’HdﬁJg to AROQY &f Blis admineased pHer to clinical
wat er-solubility of the conpoungd in which it is
i ncl uded, as conpared to an anal og conpound that does
not include the group. The hydrophilic character can
be achi eved by any neans, such as by the 20i ncl usion
of functional groups that ionize under the conditions
of use to formcharged noieties (e.g., carboxylic
aC|ds sulfonlc aC|ds phosphorlc aC|ds anines,

o, 1. i o g
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Il Z35 are bound to forma ring of the structurez37
Z30 Z3INV N ,--N R Z33i' , or g. both R11

wOorRi0et15e8s9 are t aken together with the nitrogenP@r/osm007776

whi ch they 5are bound to forma 5-nenbered heteroaryl
ring containing 1 to 3 additional N atons, wherein
sai d heteroaryl ring is optionally substituted with

R B e PGt S RS 38 S o

| mﬁsﬁmtrial)aberoﬂwZ%th&ﬁ hs prZﬁRylaam,‘h & 213 pastects the host against
C(R50) (R50)-; at .|l east three of _Z24, Z25 % ég
afi?delzpslgéh%unw% pretign,. whereas abadmipisgredpiiergpanitesfation of

éﬁ% un%’ge@%é‘ﬁ{‘ %Eé gg%%%gggg?eéa&gglqglts ( Rgségige?lgéeﬁa too(flmmlsh

Rilheliosate o apanaiarthd yxistidgatvehtdd amdtiodraygeate affeca ttiareﬁiam)
strai ght or 15branched al kyl optionally substituted

W t h oTig efm Py genbsk? twitnieféroaiene radﬁﬁtﬁoym@ﬁj lefdred) a
fromhalo, -CN, -OH -OCH3, -NH2, -NH(CH3), ﬁ
oromypsition that dogs ROtFEYNLAIN f RYEISEM HEHT FYPOWH|L el k@fhto an

t r
;%Jd‘yﬁs? ’%h%zté%%, Cﬁﬂat;(’%, if%éi"qﬁﬂ%kﬁﬁ{,l&g ﬁh@-f}}eg,zwgryocpstress,
=hdoryc $hook,satc.y abd subjent tawhlchchdRoomapesitapt hasbabh ydministered.
bound to one anot her directly 20or via. a ql' to 1%:2
dirpramele, hedemy IsgReans o ghqeRhagh SAmRrAsHions fhaygee fres of, or
%Bﬁﬁﬁt?al@f PLLHACh Encfdt'éﬁﬁ sReh a%pfar%xaﬁlﬁ& ﬂBﬁEol sa@ehaf e g (LPS).
any/ Z27¢-23 121 Z34 7 .- 31\ 3623373
2377233« 9
or fusdipstisayeifiyRht F*?%%heféef?fsgé’*ﬁ “F‘“* of ShEAgRLH eet
progudetd (byralnngdlvﬁmal Ghathet gell.’t i‘félhtoabmgl@l agingCar “chronological
yl ene, nyl ene or al kanedi Ildene 5 bridge
3&?%% o tﬁﬁr@e\rl B relery g RIeREM.OEPIC 8 PRSPt RAS non-
-§ilRing &k remal%gé're wRén FGHvENsE ndtBend WeInERa SR @l‘ié ﬁ&span
t hat ar e optionally bound to one another can be either
orf atded” saliextemlibg thedifespao of dictl.& e appladrtb oallsorrganiine,

frgfe?sg{o B{;%%gi @G}L%ﬂigﬁré Qe aiflﬂ.g%\ge:r !cgllqt ]%)rﬁghcq\ﬁtgyllﬁer}elt cl?eﬁ pincreasing

ahy hkeUSy §Ccl1B 08 Brgahishisith lcopdwith trédsts él’ﬁiaéon\iﬁh@ﬁalhﬁgb B, to
are bound to one 10 another to forma ring (whether

dPNéc projeing; anffosirgicasie e abitiey plecells od otpanisgsdy suyhee and
oeg%%r{? 2 %hw%r ?teﬂg :forl'l&gée:?%gﬁ%raabé)a%cu%} c%%ﬁ Log, %g‘olﬁ;ér%%vi?f&ry

SEBE
adkainphd) |hEat§h'Uckf S¥nidtRgstiesy, ihixgh etrﬁ:rg’y rraaiatlcy,cﬂhieﬁndaﬂiytlhamed
conprises at | east one term nal hydrogen atom

| esmh S ﬂa@ﬁs%dn%ﬂtlatetsﬂélesfsh U@fipql%t%@ltr@g@u}w's opinadequate
@i}%ﬂf l&fes) gﬁgsﬁ e 1&&65%@& Qa?f amouw e N4 d50%,

are a ove anot her
66 di baween 2O mmm 13024 agl @i%uﬁ)%sandi 601t catryor@fustrige

forgu(igod 5%%12*2 C(0)-R ', wherein n and Rl' are as
&G erein. In certain enbodi ment s, a

sol ubi | izing group is selected from - WEF?
wher ei r$"ﬁulinsa vat1n&ﬁonzpoumi RIS § cszmpa @;,a@npgeases the level

exemplary embodlment a sirtuin-activating compound may increase at least one
biological activity of a sirtuin protein by at least about 10%, 25%, 50%, 75%,
100%, or more. Exemplary biological activities of sirtuin proteins include

deacetylation, e.g., of histones and p53; extending lifespan; increasing genomic
8
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ki' RU/1HH,,,, - RL N 200 0\ y 0o\ 1\1ly HN

NR 'R '"OH RL'O , - 11 0.., NN: ) "11- ONii
W0OR1008436869 ... ... .. ., 0,x 0, )-11 R ' ----N RA/US2008/007776

ANC3L/ .t INNiIN'..- NRe----Nr____ ,NR , N

NsN,,---- I/NINNNHO I'"RI"RLI'NNNN IR ,OH, ,,,,,

\R1' .R1'" NO, ORL' KI'/ OR1I'OR 'O , or, wherein Rl

g;@gg@ﬁgi&cﬂ@ t{ja%gci:{l}&g) Qay@omx%hﬁhgctﬁe*sg%re%aqw foldfed

nts, "a so ITzing group is cted from 2-
droeidsyieantenaeothyt aak dragbtet cellsi per azi n-1 -yl car bonyl ,
pi per azi nyl met hyl , di net hyl am nonet hyl ,
4- met hysmhilﬁahhibhthtglcoyﬂl}f@hh’)’/fefers to a compound that decreases the level

4- am nopi peri di n-1-yl net hy
40ffa SigWiB pIRIEH aalﬁépri%gmeawétahiﬂast gm§aEHBLY Ploneitaip protein. In an

p&e’fng) %rg eHl-bFalyljléifl? tm}mllnzmﬁnblt r}%ﬁompound may decrease at least one

nzyl pi perazin
driblegicyl amtway@ilamrtuny brmmhyoly at Beastaboup0°8725%4,150%, 5%,
10yl met hyl , yl et hyl , piper.azin-|-y

(}é)/ dl%)@%ﬂi? ogii l%ﬂ»‘fal atRiIASSH T SHTWD Br F‘l‘?%f"f@‘fcp

tJaygl

ﬁ%e?f)ﬁ‘/‘?é. IR }Hst%?%%%ﬁ? 38 AR Adihg gohomic
thhiktyr sianling-tyanseiition; ammcmmmﬂlptgﬂhe negregdtioptafplxjdized
1- oxot hi onor pho 4-yl
d?TBS?BTS:hGBWﬁH%':hFﬁa% ‘?ﬂ grE §?IIS 1H- i mi dazol - 1-yl net hyl ,
3, 5-di net hyl pi era2|n- 151yl met hyl ,
4- hydr cggmypﬁgp ptllpg_l_c%yqlgﬁypﬁ Fefers to a compound of Structural

YR AT ARG, 1y Kl OpiAths, -
rﬁodlulhtliligacxmhpolm;i Inmaazt ether up regulate (e.g., activate or stimulate), down
Y AR RS A S ——
'HiSiogf&%ﬁadeltp lof a%ﬂ'ﬁnﬁ’grdtélﬁ @ﬁ{mﬂirﬁd(ﬁﬂ‘é‘tlrx%%nf hdls may act to

above, the term "sol ubilizing group’ asomcludes
mopdulites saitwn Ipc@em citbedirast]y ar nrabﬁ:éﬁyt & ¢dr@in embodiments, a

SRR ormanas oy b sy as SRR 252 S
rifRmwtidgCcoatjolind.ci pr of | oxaci n) and its der| vat i ves as

di scl osed in PCT publications W) 2005/ 026165,

2005/ 0406wn profg’ wem@@/m%w@f thesirteiny Qﬁﬁé%rwla%p@%ﬁm family,

8#?&@%%1&%%5%?%%@2%vhlﬁﬂn%%@ (gst SHB (ELRBAASA cEsion No.

as we
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,
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 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 SIRT?2 such as SIRT3 has.
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sol ubi l'i zing groups” described in United States patent
publ i cati on 2006/ 0035891. The di scl osure of each of

wWao bh@sasqsed ent publications is incorporated herBCTUk2008/007776

ref erence. The conpounds di scl osed herein al so include
partially and fully deuterated 5 variants. In certain
enbodi nents, one or nore deuterium atons are present

for Kic bs '

can sel T Rkl FerersD S RimQEUCHRE SroPlinly Al dBicalaces.
dneaerinbodiment, a5 IRT 1 proteud adludes yéest Sﬁ?s sﬁatBarﬂthememm No.
are salts, particularly pharmaceutically acce bl e

sPa5|3?§5) 6t cleganssYir2di (nBank Aceegoadip N9 1359 pypaySIRT1
helefiB ik K@@es%?l Wn@ﬁﬁg ok & BEEFRNor Alﬁ)gﬁ‘f%égg ia%@ fbman

possess a su y acidic, a sufficiently
SIRBBt(GehBadd Aoceabiog Nau DBV @m3f/,eNM 030393, &y 036369,

I, o ST B o RS R
am6tHePBRbENhett, GARAE q)rot%ﬂﬁlﬁcﬁaest @?@?pé’ﬂtfd@ gﬁmpnsmg a sequence

quat ernary nit rogen can forma salt " wth
pmsiprg el er cmsistiog iesnen{iallygof, the dmainp deidsequengs set forth in

B N8, 8 ab T 007 S0P EENE, Sl dpp 036360, o

Fe3685. bsmne}sx@wnsain%mdb @@weﬁudaa ofpekiak @8 or@.frtion of the
hem hydr at e, m)nor%y rate drate, tri hydr ate,

a@tmghsldrsaqt@pcgsm @hva@e@Bw AegestiomdiosTiR_036d78aNP 501912,
t I
Aot BRI SRSTRLS oAU Ly P cRAman
axdcles‘s&m Ng§ N 0@63@@@@50&9112 N 1085096 NTO 1036360, loe P53685 with
resent in anmorphous or crystalline (including

Qio@BY&tZalh prb 1nddrASh dRot(oRS OF F1aFR consrvativeamio acid

e I t I 8no o
TR hs AT e Cech Pl 35%3%?‘0"9?% 0% G SO 00%, D%
6P/ 97y ABYG, od D8 Ywmidenticab td Gmeka‘kwéssmnthﬁlH@P i 363¢0.d,

306 00812 N 083086 P I6 S o P a0E Prd Rimstiqua drocgeats thereof.

3G FhepRIL AMRPRLRY oS Ak ARl dohiblogsaE BORIRoREk And paralogs),
succinic acid, citric acid, benzoic acid, acetic acid,

andantheor|fragmentsy afrlcoBardf Asepshios NoassNP@163d8, NRe501912,
|fate, sulfite, bisulfite,

B#OSO%EQ%6 i %ég#é% 582% éc;sphat e, di hydrogenphosphat e,

met ap h‘swhabﬁ)telﬁy F€BRAS RhadrBber@ThIRY diflgin deamyldge protem family

i odi de, acetate, propionate, decanoate, caprg
@ed@rm@ omofografe IR |l guelsty rlaae cabodagns, a RT3 protein

ﬁﬁ@é&%ﬂhﬁn R%'(@eﬁ??nk KX GG mﬂ@@fﬁl& RIBCHL 8 Cor
suber at e acate nmarate, nualeate,
INR 006 117 243 hihinensh SR 3e(GenBadk datessiona¥a ddR &)71878) proteins,

chl or obenzoat met h enzoat e, i ni tyobenzoat .
e Fﬁwbl@ﬂtf@a {Sﬁg%ya df&&?gler E;‘H{’ﬁ‘gfnﬁf‘b a SIRT3 protein
%h@lﬁ&@gﬁtlﬁylyﬁ% 18@ @§M fiangh %eql&tﬁ@@%rﬁ?s@ihgt()? or con51st1ng essentially
ny propionate, eny butyrate, citr
amyrdr aod bagugned et fcgﬂymdﬁatBapktﬁmcbssameN os AAHOl 042,

T3 RBRSTL AP 04611 4oBaNB U ORE T s prosgips sl polypepides

raseﬂl%ﬁlsﬁg%n &radpotrh@n bf e anﬁ&ﬁ&ﬁd adflichtOft St , Gamante

t hose derived fromi nor ganl C ases such as ammoni um )
dxccassiaal AAGIO18A%ANP #3631t WP rﬁQtIQIWWd pONP @81 878; the amino acid

SRR TR PEHEN R B DENoP o T ST B3 T

INTE l0adle1 B4 s INPYOTI®TBAaTh PRI asvsit 2, By dr mxi18€20, 30, 50, 75 or
ammoni um hydr oxi de, potassium ggr bonate, and the Iike.

10Accordi ng to anot her enbodi ment, the present

i nvention provides nethods of produ0|ng t he
above- defi ned sirtuin-nodul ati ng conpounds. The
conmpounds may be synt hesi zed using conventiona
t echni ques. Advant ageously, these conpounds are
convenlently synthe3|zed fron1readlly avallable

o, g . o, Y
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apopt osi s. In certain enbodi nents, a
sirtui n-nodul ati ng conpound does not have any

wastssse al ability to inhibit a histone deacktyUszes/007776

(HDACs) class I, a HDAC class Il, or HDACs | and I1,
at concentrations (e.g., in vivo) effective for
nodul ati ng the 20deacetyl ase activity of the sirtuin.
Frﬁ&re'c%ﬁg ag %rﬂn@ 58121%{155@ ?JHB% ﬁﬂlttosac (f]see Pence that is at least
sirtuln-no I'S”a sirtuln-activating
AOYRIOE] SO 90%,@50@@6% @7%}@@%@1br E%adérﬁrcahmt(i}mﬁdnkg
sirtuin deacetyl ase activity that is at least 5 fol
TARsigmNOEHAHES0 O 1055 Th N RO LF1 Bt iAW 10 nd

r t
o AR s Pp SRR ey R Al B homologs
46.gHb&Gologamnd parafd@éﬁvblhams;tdr\fragyleat’seoﬂ\ﬁbﬂleﬂkoMmesmon Nos.

Wb N Sab i QP Pol Qo2 GNP P8 Boneygbodiment, o

(dRyM t;fi‘bt@ln\’fhgl\(yde@ﬁ'aﬁ’ﬁéﬁt%f \@Iﬂ?3 ‘ﬁ?&elﬁtthzg' 19}6%0%]'119&1 l?}oéﬂaavage

and Thonmas Scientif ( Swedesbor o,
awith mnamhonchtah)natmnpmcasmgrpeetrﬁum(hﬁ?ﬂ) smd/a)r a mltochondrlal

sirtuin-nodul.ati npound does not have any 30
éﬁtﬁgf‘g\%?’ieﬁepzé‘%sl:?%f; }o modulate sirtuin honol ogs. In
one enfideARNMsystefhi@adhinditQtioRf” “adiiniRbred isydtéthitally,”
protein may not have any substantial ability to

@f:mnlmr@l 8a1rrsmrstr@ﬁlqn gt edmirfistened peviplrerallik 2arg artagcognized and
ggf;?{é ke()n ¢ afrim){mgt%(q on ot'a suﬁ] 09%;0@‘%% fdera eFt(i)(ﬁ or other material
athdr\tedn digectlp éntd ela@ednyﬂaaﬁ@-va@d Sywehy sodh theni@entets'thelpitient’s
For exanp a sirtuin-activating ound may be
émﬁg@rﬁn@othﬁavéS%lcnefzégeleraéphgatammeﬁ& 8 PFFSESSSsi r t ui n,
such i Y .
is at e%{ﬂgth? pﬂ%/geﬂli % t ﬁgﬁﬂtqﬁ e(%é:’gsa?l g?gfae\tstt!o%é Fﬂgﬁlgal
yeaisty thatris abimlogivally, phyS&iogallg e phasndCahiicdly aBtive substance

cerevi si a etc d.even .nor referably at | east
batfaasgoca%d rﬁwémaf@ﬂxms " FHP deTmEdso mepis Ry Bstance
SRR IRRLse ANhé BRSO Culf nii éﬁtfohuﬂré‘atﬂ%&t &ipledenfbh of disease
| ower eukaryotes, particularly yeast or human
pathtgenbanatosst oibdesirable physical wbgteatal idayelornérnttapdion

i nhi rtu lg{oteinfromhumﬂns at

i nhi,.
C8ﬂ%£ﬂ??5’té} gﬁlémfl umany -y | vo) effective for

i nhi biTHeernt hefhpaeRd yifaseisact dedddnized and r&f%réSﬂoratlUbd] or
protein froma | ower eukaryote. For exanple,

§V$tt:1anefifq¢h imanimgls, pyHpdany maynys aaddses p@ﬁlq%wléf hgynans
R R e L

fefliecttiveemBoudvamehinethhGoflodrn of sundhi absdbstragceathye[a@tiuces some

sjirtuj n such as.  Sir2 (such as Candi da, ' S. cerevisjae,
desirgd logal er systemisdiiechiter epsappblebenefi/risk rago applipab lfd@ any
fiRhn @t $HE el HRAEAl L tRETe ari'xéll,lﬂﬁ oq%mlmsaﬁp@anw

a sirtuin-nodul’ati ng “‘conpound have the ability
mbpiezﬂcﬁuhgaummethe subyecteind |dlsleaﬂercopdmtoe|hmrigxmltedg the weight and age
§? };}'-ﬂg segpﬁ%ggf %{f gé-?%ase (‘}Pn(g 1 nﬁﬂe %{?%%{eof%dglr%stratlon and

Ql'i@l@l@é RBf¢h cah r%hdﬂ%@déf&%h&i Fg_gné?@ﬂ’ﬂ}eﬁﬁ £l §3% it R art. For
ability to nmodul ate both a SIRT1 and a SI'RT3 protein.

24mplst h@'tauen@ommmnssiesmlsﬂ mtnelmm@ulb&tadmlmet@sednota sufficient

ave bstantia u i n
SRS Ear P rdaRG R, e ol fesh B EhO R AT pibitifo
RugRe el , SIRT3 SI RT4, SIRT5, SIRT6, or SIRT7, at
concentrations (e.g., in vivo)gffective for
nodul ati ng the deacetyl ase activity of human SIRT1.

For exanple, a sirtuin-nodul ati ng conpound may be
chosen to have an ED50 for 25nodul ati ng human SI RT1
deacetyl ase activity that is at least 5 fold | ess than
the ED50 for nodul ating one or nore of human SI RT2,

SI RT3, SI RT4 SI RT5, Sl RT6 or Sl RT7 and even nor e

Y T T oy AN £ 1 A NN 1 o A NN N



10cl otting, inflammtion, flushing, obesity, ageing,
stress, etc. In various enbodi nents, conbination

WO b@sapises conpri sing a sirtuin-nodul ati ng conpoOs2008§07776
refer to (1) pharmaceutical conpositions that conprise
one or nore sirtuinnmodul ati ng conpounds in conbi nation
Wi th one or nore therapeutic agents (e.g., one or nore
t herap a r ) S
e AL 2% R RE TG DR Ml ryciprai
dmom@snpmeonecmdlmmrerdlkmsapeut| c agents wherein
the sirtuin-podul ati ng conpound and. therapeutic agent
have note ts@_nViFGRHIPaTEEn} HeterptoiminighsdysuphivaHs 1
gﬁ%){ Pstlglgfgegig sﬂ%% Bg% vteﬁ?ol? ﬁP@ré Eéz;t Qﬁt% l<s‘?‘.'lgg§:ry)5 Pﬁllﬁcﬁﬁlrly
covere ¢iséah ingepareat & tyrm@h‘l‘tﬂmdnem’f ar frasisn chssg whiéhn'rdfers toa

pouches t hat. can be se ar ser; a

gl fnss of Vistirn VB otRR e éo%%gf&ﬁa{l% CogipEpisgvith
té&%éﬂ?\?‘e%hs%s 3&%“&15@@)1 fR[Eof lBssStﬁﬁﬁf@H@g(rM&Stﬁﬁh&)er (1MR%rees
usi ng separate formul ations, the sirtuin-nodul ating
gedipeind may be administered at the sane,
intermttent, staggered, prior to, subsequent to, or
conbi nations thereof, wth the adm nistration of
ot hNirtulhe VBRRUAlo®s @agent . I n certain enbodi nents,
met hods for reducing, preventing or treating
25di sdasag agprecy |tlsfomcremt2,0m@*pwglean@\rql sigiuin-medulating ggmpounds

Cfgrn}g MR a%%r e%%nt(i}? vle(?e VA 89(?1 X f?rs i1 udmg, for
PR AR LS Rpi LR PR s gt

$|xﬁiﬁ§le afseatseﬁroll cﬂll@rdéﬁ&éﬁ&afd to |agﬁ§g&ﬁ3tr6@, @mbéted l@bémyel S
can be achi eved by introducing into a _cell one or npre
depradssereraive daseates. opuly discascsand dinosdess. spidiqiancul pisease,
l; t e e K
U Btink Do RES i fim B . b b AR R B EE P
Mdulalngmhmoundﬂ:ﬂhdt worask thg 1¢vebasd/ot adtivity ©f g sirtuin protein

|ncr e level of SIRT1 by .introducing a nucleic
RO therl Ot A g AT (7 LeUdEhioc: Sbtect WO bench
CRMBARKeREF RBDLIRIhdNAI adiRiQ3R3 éﬁhﬁm{g%uécnwﬁemgcé 6r
l evel of SIRT3 by introducing a nucleic acid encoding
tlh@e@mmuadcr 4Tddquelnce fslettreahogtoh prwe@e@anwlﬂbwssi@mge
.associate QF}E 0X1 ﬁge %tg T CO u@ 1csl elathre(r)em ay be
ﬁ%& é FIH BYROY R &F iy, Ot CtE}Pr? PR drclgyed ey U|y
rgaistatﬂa f&d@e h PpRAreiadeitival cdpaitidreariiorane bk nfddameBRrits
90% 95% 98% or 59996|dent|cal to the sequence of a
sﬁlsfc(i%ie%herémg SIRT1 and/or SIRT3 protein. For

exanple, T ; ”
oA ok DR B 255 ARGl L B TR
ireygdsanell byt StractirdC F@inoulacl)yd encodi ng a SI RT1 (e.g.
GenBank Accession No. NM 012 38) and/ or SIRT3 (e.qg.
GenBank Accessi on No. BCOO ?ﬂproteln The nucleic
acid may al so be a nuclei% ¢i d Xhat hybridizes,

10pref erably under stringentxh?é%ldlzatlon condi ti ons,
to a nucleic acid encoding a wifd®type sirtuin, e.g.
SIRT1 and/or SIRT3 protﬁln SBW ngent hybrldlzatlon
condi tions may includ irtion and a wash in 0.2
x SSC at 65 C. \Wen usin e %Cld t hat encodes
a protein that is dﬁ‘ferenthrom a O PdDt ype sirtuin
protein, such as a protein that is a fragment of a
wild-type sirtuin, the protein is preferably

bbhiselh awréodl Wierelit: i ve, e.g., is capable of
deacetylation. It is only necessary to express in a
cell a portion of the sirtuin ghat is biologically
active. For exanple, a protein that differs from

wi | d-type SIRT1 having GenBank Accession No. NP
036370, preferably contains the core structure

t hereof. The core structure sonetinmes refers to am no
aci ds 62-293 of GenBank Accession No. NP 036370, which
are encoded by 20 nucleotldes 237 to 932 of Ganank

AN _ = o A NN o "



I n anot her enbodi nent, sirtuin-nodul ati ng conpounds

that increase the |level and/or activity of a sirtuin
w@e@Baiasenay be used to treat cells useful forPCT/US2008/007776

15transpl antation or cell therapy, including, for

exanple, solid tissue grafts, organ transplants, cell

suspensi ons, stemcells, bone marrow cells, etc. The

cel | s @lo 3 ROUSX TR sDigel fBhl QR g AT 3 I Ograft, a

syngraft or a xenogrart. e cells or t’issue may be

t r eat ettle vitieh twhef Xi' td M aremzRt-at i ng conpound prior to

adm ni stration/inplantation, concurrently with

admi ni Bt s 50501H%p8 EVBt i on, and/ or 20post
adm nigty.at. i j j 1]
o 1 sRUE AR TR DAY stk RuBy Ml Dby IRFL G grilkoy,
f habogenheitrile 0o FCFpdinR’dual; teetcmemieraf heerocpriovaitaiofng an N
the cells or tissye fromthe donor indiyidual, or post .
GO in Pt p e emptonartesd fpmay: R S Wherein
AQNPRet&ocy @& isRiptidhallelib¥ti fHal witRneBB1 bf § 8hRZen;
systemcally wth a sirtuin-nodul ati'ng conpound or may
have aR¥isbigdepenflensky dekgctadss each oasatande frooutilylopsnalkil er
§k%$uin-nodulating conmpound that increases the |eve

&t activity of a sirtuin protein. In certain
enbodi gentg ortbe;cel I's or tissue (or donor/recipi ent
individqalshanay additionally be treated wi th anot her
t her apRus -cHagenahalgget, @ndf or  prol ongi ng graft
SurViW9k%m§ﬁ§ﬁeF§an95 exanpl e, an i mmunosuppr essi ve
agent, a cy oﬁlne, an ‘angi ogenic factor, etc. 30In yet
ot her EypiediyiRrit SH #dld is OpsychlBattdoagioadd bt $tnsetural Formula (1)
sirtui n-nodul ati ng conpound _that increases the |evel
aﬁ*i?JFQPFCSSBfteFI\WtS;F“’G?urQ Egrpplg protein in vivo, e.g., to
increase their |ifespan or prgyg?t apopt osi s. For
exanpl e, skin can be prot r,om agi ng (e.qg.
devel opi ng wrinkles, |oss of el icity, etc.) by
treating skin or epithelial cél ith a
sirtui n-nmodul ati ng conpound thgfy i ncreases the |evel
and/or activity of a sirNuyingproyein. In an exenplary
enbodi ment, skin is cogFab¥eo M b phar maceuti cal or
cosnetic conpositionRg yng ® :|rffin-nndulating
5conpound that increases the |eve aﬁé’or activity of
aorsi daltWhdredt ot ei n. Exenpl ary skin afflictions or skin

conditions that nay be treated in accordance with the
met hodretresd vialed iheqrepaynids ef Sigactarad Gpaavla (Brandi(dbasas

qﬁﬁg&%ated wi th or caused by inflammation, sun damage
or natural aging. For exanple, the conpositions find
uti | i ttyoiof X'he Xpravecititahfrom tCR&tamdRN-pf cont act
dernat%ti (inclgdhngégrritaqg.contact 10dermatitis
and alPePHIE At Acto Yefifalitis), atopic dermatitis
(al so fa %vmd%ﬁnaé.{trérs@le%te@% A o et Ok & AbR%E Sikyl or
keratini zation disorders (i1ncluding eczena),
gpilagennol ysi s bul | osa di seases (i ncluding penfigus),
exfolgﬁgjve ﬂgﬁpﬁtitis ~seborrheic dermatitis,

eryth asP D R Eo8PANerma mul tiforme and erythema
nodosug is seiRBRE ErofR IR gb/tidrﬁﬁ SUBktRte® WiBlonkicd Mtore
sources, discoid |lupus'1 eryt%enatosus,

dabstitteny osiepénsienthy salecied FomsiGM, Farfclemdafs.tand when each of

eff@act s,40f tupal i.na. .l n,anot her epbodi nent

ST bR ToatcRia Rnls EEhEBany S BAE! BB B8 TRibrisse
Hetrocycheddnvdihiig@h Nh&kfohatdni aid, dpeibnal R Y sbedndIREErdAbm
the treatnent of wounds and/or burns to pronote
heal i ng, including, for exanplgg first-, second- or

t hird-degree burns and/or a thermal, chem cal or

el ectrical burns. The fornul ati ons may 20be

adm nistered topically, to the skin or nucosal tissue.
Topi cal formul ati ons conprising one or nore

sirtui n-nodul ati ng conpounds that increase the |evel
and/or activity of a sirtuin protein may al so be used

o "
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30t hat increase the |level and/or activity of a sirtuin
protein include restenosis, e.g., follow ng coronary

WO paosnsspd i on, and disorders relating to an abPor/Imst008/007776

| evel of high density and | ow density chol esterol .
I n one enbodinent, a sirtuin-nmodulating compound t hat
i ncreases the |evel and/ or activity of a sirtuin

pe%tfgesgh %H?:Q \Ilt\%a ?ﬁgano er carega'o %:13 I %tlgnﬁwlb%%e%%ﬁh

afethgi. ment, a sirtui nnodul ating conpound that
i ncreases the level and/or activity of a sirtuin

pr ot ei  osrtagentRodimants ceck pbd S XpriCRT- dn o |eH’5’Pfi’6‘antS

t‘ﬁl%r 39@ Yh @ 1¥V' Nh aﬁ‘&‘tf@'}"e ﬁiIdE:lhéﬂah@Ra‘ aﬂ?%ank&n@@&hﬁﬁfs two of
i menf, a sirtuln-nodul ating co

i Xctoeasas —Naand ﬂveedenmnﬂi’eﬁ areadIR i Inycem‘alraembcrdlmemts wherein two

ei nay be ad ter S part of corrbl atjon
Fafe ke Nk DA S B rascamentmgan whgki tho of X'

DeahirCancexk! 319(?544 AR rN rTqﬁI eérddih @ﬁbS&%&’sﬂ %eﬁ Bﬁ@ of X' to X*is

i ncrease the l'evel and/or activity of a Sirtuin
Pt X' s Ay I eerdalmiemibstlienends, RS istbj ect s who have

recently rece| ved.or are o.r Ve, 4 g of2.
ol atPRER RGO D s HBGUFBI X (He dosERar R is
rRRCRHI R Phery®XflkbrbshdnSE Qi fiRFoenpRthlofdphRnyl, methylthiazolyl,
wor k-rel ated or rmnedical procedure e.g., admnistered

amlanémb wyridgk and preaznlyle In certain émmm@dyméntﬁeh is selgeted

é?ﬂ 1 %(frpgh I Q]éﬁ% r8%uern§1 cﬁlotrcrrpe leg-metaylthlazol-4-yl

y@tﬁ?fﬂm Pyraghni1ny1s treefeably, REGOPhésl @ﬂpj&td}ﬂe after the
exposure to inhibit apoptosis and the subsequent
devel o‘Br?éﬁ@mc?Fnbé@ml@“?’aFg igr{6h-R ymdrRo i a nitrogen-containing
f

AT ) SR T R0 6
eatibydgimigo} Isalogen mﬂttrtmymthdlmttthmg/ Cotpalnds It thate embodiments,

20i ncrease_+ he | evel or, acti vi of a |rtUIn
PPk it 68 hateany B e piaEr el Bhove, Jo rsinguch
C&%@Eme&@'@t% E)hér?ysit pyrfdyl 8P3 1RSrdpEEAY1! KPKREXP @réd CR*- and X'

reductlon in the i'nci'dence of age-related disorders
jand [Xidire gtd@acnﬂently Adeded Iﬁngt YCR&ori-ié+; embethi n t he

I I d/ t t

user uRegr S Rorkntnd of -Hheinires “brele R hedfpeppin1-

%ger (1BRbLebteYI SRS, 1 -G I5-@settlydiperasinpl -6l nﬁﬂﬁmm -4-yl,
npl ary 25cancers that may be treated using

stlmnstnrrlmdd‘tna@mmqrgpm@dwﬂdpm@ldrmégé fi:;ﬂu@myapbrhﬁ Ll
d
NS ARIF, SRS, GR06FLS LA |
&mbddeﬁkr&m xsto X‘harrzlah%@mshaas ang bﬁtthe haltict hesmbe@l above but
a nodul ating conpound may be adni;ni ster ed

AVRIGEIDY 5 IsTGY InBYRON 2 areetongl: S B8k it I-GH-gng X' and X'
Yo rlngam)dulatlng
Sgy{glgﬁ%%g ﬁfé@:? h‘?%ﬁ{ﬂh%[ﬁ% gfﬁg]é%k g%’ﬁ nto the bone
mar r ovin cBeaingncle etnbo@rmmtshR & glqctedefrdrm 4-@amhad ysthybe
d. her di h d I
gjfegftiﬁﬂdng m%gglé)gr I 1215 ?/ %g}en g-tyg ﬁlil(g -Ita{}g%iﬁperk &is- u}(l:i When R*
GlaY HRREBAIQSUR? 1§F}Jp%aﬂ?3ﬂ1@'ﬁyl mo g‘h@ﬁ ltdr%yfiﬁge"}@l'sé? Rypically

aut oi m‘rune Ce | s 'shou be” renove I ral ctions
cmda¥’ ztrere@ée angj X/, ar@d&nmrmdrpm@ndyl&ﬁiwed fragsoCHapedN-. In

L SN LN

Al er3a@uefrel R? i€ Bhériyl mﬂu&epﬁ&tﬂbhsﬁxdyloaﬁdazblu bjcaBtR® where
treated ex vivo to renove certgiyh undesirable cells,

e.g., bcancer cells, and adninistered back to the sane

or a different subject. Chenot her apeuti ¢ agents

may be co-adm nistered with nodul ati ng conpounds

descri bed herein as having anti-cancer activity, e.g.,
conmpounds that induce apoptosis, compounds that reduce
Ilfespan or conpounds that render ceIIs senSItlve to
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neuropathy that results fromsone netabolic or toxic
derangenent of peripheral 15 nervous system ( PNS)

woewsoss69 It i s the nost common response of neP@BES1008/007776

nmet abol i c or toxic disturbances, and as such may be
caused by netabolic di seases such as di abetes, rena
failure, deficiency syndrones such as malnutrition and

€Qhal j A . L OXir rHAS. o Th 1
TR Sk PRl 4 BBl A6 Foflert R A MR BE Rl R BBEain- 11
syndneihinopipegimvbeykt ocki ng sensori - mot or di st ur bances.
Deep tendon 20 refl exes and autonom c nervous system
(ANS) IpssetingFrbogiraen) SBuingspdiating cmpands cpgempassed by

. abely SriguLPRaLA e

%&urgggt(?%E%?g%?féggeg%%t re assgg?ateég§ygﬁ
di abetes nellitus. Relatively-gbmon conditions which

may be associated with dr Qtii?neuropathy i ncl ude

third nerve pal sy; nononeur y; nononeuritis
25mul ti pl ex; diabetic anyotropbyo a pai nful

pol yneur opat hy; autonom ¢ new®nNopat hy; and

t hor acoabdom nal neur o by, —\ Periphera
neuropathy is the msd t fap damage to nerves of
t he peripheral nerwgls~%ystNem I 6¥)nngy) be caused

ei ther by diseases of the nerve or fromthe
side-effects of systemic illness. Major causes of

per.i ral meuropat hy 30i ncl ude seizures, nutritiona
ag@fﬁﬁﬁﬁ%?ggvﬁgﬁﬁLH|v, t hough di abetes is the nost

li kel yongadSE.to X is selectédfram -©Hemplany; enbodi ment, a
sirtuin-nndulatigglconpound that increases the |evel
and/ orthgetheyiwg ok to Xi pfeuf-Hl-protei n may be used to
treat or..pr. . I,Lhl e sclerosis (M), including
relapggﬁaaﬁgﬁgﬁkngg%%g Tptonmatic M5, and ot her

deny el R iatiphgnyl @nolipt omivmallg swistinsed fvith aewethypl, kalogen or —CFs,

chrgm c _i nf] anmat ory 5de | i nat.i ng pal yneuropath .
(CEHOm) § Sofd & reprtsri heLoET it e RS Y et ragnd, optionally,
ANREHRT h&EB2BH RN cted@irsth N, W Br SDFHERID At KAEBOWIEistdpdbnally
i ncreases the level and/or activity of a sirtuin
pobstaited math thethykerch hadogeneat trauma to the nerves,
incluggn 2 tradpa due to disease, injury (including

sur gi f’ﬂ%?ﬁ?@ ftion), or environnental trauma (e.g.,
neurouﬁxgn@H3a}gﬁm@g&ﬁﬁhdetc.). 10Si rt ui n- nodul at i ng
conpounds that increase the Ievel and/or activity of a

si rt uimisppantegdr frany Ot-so be useful to prevent, treat,

and a,'iag)‘{éaﬂkelﬁgﬂﬁtaﬂﬁ% €0 éﬁﬁh'tﬁé{%oﬁlﬁuﬁjdsso‘%*s‘?&f firal Fo¥mula
term ri pheral neuropathy” enconpasses a Wi de range
qflldirs eepdeseated bywtuehurhieormmita/@y).out si de of the brain

and spi nal cord-peripheral nenye§-have been danmaged.

Peri pheral neuropat hy may §¥€6zbe referred to as

15peri pheral neuritis, orRit\ma nerves are involved,

the terns pol yneuropathy or pdHfneuritis may be used.

PNS di seases treatable with sirtui%-nodul ating

conpounds t hat increasershe | eVgl and/or activity of a
sirtuin protein include’ xi&get ¢ | eprosy,
Char cot - Mari eToot h di sa @i N af/n- Barre syndrone

and Brachi al Pl exus Reuropathi es (di@¥ases 200f the
cervi l.and first thoracicC ot rve .t ks
Cor ts PIefeRR phoks n RS o f SRS aral FEohTh [t 3 (o) axp os

gbeows. | n anot her enbodi nent, a sirtuin activating
conmpound may be used to treat or prevent a

pol ygl ut am ne di sease. Exenpl ary pol ygl utam ne

di seases include Spinobul bar mygcul ar atrophy (Kennedy
di sease), Huntington's Di sease (HD)

25Dent at or ubr al - pal I i dol uysi an atrophy (Haw Ri ver
syndrone), Spinocerebellar ataxia type 1,

Spi nocerebel | ar ataxia type 2, Spinocerebellar ataxia
type 3 (Machado-Joseph di sease), Spi nocerebell ar
ataxi a type 6, Spinocerebellar ataxia type 7, and

- o, . S A — .
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25sites. I n anot her enbodi ment, a conbination
drug reginmen may include drugs or conpounds for the

wo e@atissne or prevention of bl ood coagul ati on PCBHUSIES/807776

or secondary conditions associated with these
conditions. Thus, a conbination drug regi nen may

i ncl ude one or nore sirtuin-nodul ati ng conpounds t hat
| ncreage Jhe 3Qteyelianehom 241 Maty-of a sirtuin
protein and oné or nore anti-coagul ation or anti-

t hr onis btheagembs X' 0K’ 2R08HL56869PCT/ US2008/ 007776
Wi ght_Contro I n anot her aspect,

) L
sirtui%-ﬁﬁﬂﬁhﬁ?b@@ggﬂhﬁbﬂﬁbs that increase the |evel
and/ orp BEILMEEY fR¥im ?hecﬁyi b Eu&'&)gﬁeﬁiyﬂ ABYwhén ERAGFHO0 X is
treating or preventtng welght gain’or obesity in a
s«hj-eR? is daditiceaHypélected frotrua H- toddmieatbiered hetmmpaoychoentaining an

that increase.the 5| evel and/or activity of a.sirtujn )
plg 3?@{%%90@&35@8615y,faos,ec%;gig}ﬁge;rg?to ehe[c\éegt ffrqﬂzl I% liig%%,t wherein
fk%{cﬁﬁ’ét&%&ycée Q%&Jﬁb}iﬂﬂﬁé&%ﬁﬁﬂe@@ﬁﬁ hde¥hy hor mone rel ated

obesity, obesity related to tpe agninistration of
medi calnicertaintembaglgments,tdach W Xg e Xots -«CHublnenther eprbodnents,

r educe,Qr pr.event i ght in.in sybj ect,. subj ect,, 3
eten WrLateR and idPieerans " s2s 1Rl MK 0 X
agbese, X! iskal.y to become obese, overweight, or l|ikely

to become 10 overwei ght. Subjects who gre QLkelékto2._
becomelnsisesia embasmente; gkl ag whebeadhdd it itpiXeds £, R™ is is
ex I d.on fam | ' netics. dief.
Ko B0 TPyt WA RI R Whidy and
cRiond! 19 b&rtdih eli@oémbodiments) R isatleotet dfone pixagi, frioksphenyl,
sirtuin-nodul ati ng. conpounds that increase,the |evel

ategyitheerbiol, ryFidyl admyanael gr ¥t Eireferapyy: e 1s phenyl or pyridyl.
adm ni gt ened dheh o bﬁg,g@ S U IR NG 48 & QR0 AL Bt AniRk

ot her di seases and conditions ‘that may be treated or
pretarecytcbdortionpt p sulistingedweity lohe loos®ré suttshmesselected from C-Cy

Sych di seases include, fqr exanple. hi.gh bl ood :
HEd < 80y R, ity anf e oG CemUibs R embodiments,
Ay 5ol 01 HRIMBoantRE aky O MRSaRRs dbdsiBkd BbdvRS 18 LaR&R such

gl ucose intalerance, h{gFrlnsullnen1a, goronary heart .
dingtmalergenta, Ry i @hpwdt pyridy] ocdrilyesapherylh&apnd Kajataurt- and X' is
st ketqgallgﬂﬁnes, chol escystitis and cholelithiasis,
nggh?r sPeBArthritis, obstructive sleep apnea and

r espi rateeftiinnedd dafiBnts SO -CHRES; &fd RaRGekected Yihn piperazin-1-
endonetrial, breast, Erostate, and col on

b linethex pHby-aipefmzity m%&?-dﬁa@thym&?a%nw)léﬁr@ar}&piigé*-yl,
i ST o TR RS b SR RARLRA b SRupldifOhlinl L9,

adNs{(peasdidims on), anenglediazdibicgclafd. 2l 1 fheptanol-yit i deies;
psychol ogi cal] disordeys (such as_depression,. 25eatin
chraera s, >é|‘! oy SETAE bohhay rage of fglﬁa/aluaﬁﬂg%weig‘?%@ngvt

L0 2 i_ent j ] | i pedysi.r i —
D B B b S B b1 ot Loy e s
tQldr aipidés of bothAl DS. I n anot her enbodi nent,

i rtuin-modul atj . .that i the | eve
ona/ orhAeR s BROROTRIG R it ot gae s Hgr
i/\%ﬁér@iihil_nﬁ, AIRRIRES], $ifRtidRR1 31 af@llanfhéfip&renhiad qghen R’

a
ether invitro or invivo. Such nethods may be used
fhas these aelupgy Roris prpesadlytphanylobdkioraphenyl or pyridyln Alseweypically

odi pent s i rt.uiin- | at ing,conpounds i hat i

PR ETERE T b K ERGET etV it PBPLEe Spbpmgncs. X is -cit
RIroiel R BRY XBard!SEH-; o is bRetE 1@ uddophériyl or p{?ﬁd}ﬂr and R'is —
increasing satiety, thereby caygi ng weight |oss or
avoi dance of weight gain. A subject in need of such a
treatnment may be a subject who is overwei ght, obese or
a 5 subject likely to becone overwei ght or obese. The
nmet hod nmay conprise administering daily or, every
ot her day, or once a week, a dose, e.g., in the form
of a pill, to a subject. The dose may be an "appetite



10

15

menopausal woman. I n anot her aspect,
sirtui n-nodul ati ng conpounds that increase the |evel

w@naBoseserti vity of a sirtuin protein may be uBEHUS®O#007776

therapy for reducing the incidence or severity of
flushing and/or hot flashes which are side-effects of

anot her 15drug therapy e g drug-induced fl ushi ng.

I Q a
p@%emw%ﬁée gfggs@rlen 0'8Rom 8- (IR lr&geéqumar;&@zlh N9y PR Holin-4-yi,
asiperidistleyliang 4tamimopipetidint 1-yh need thereof a

formul ati on conEr|S|n? at | east one flushing | nducing
conpouddngtr smbpdigent, sBugmedwaingsamperndeidBaitygation are
t d/or activity of a sirtuin
I%gkﬂéﬂ&{ﬁﬁgﬁﬁﬁLkﬁFhﬁxgkhgﬂ a nethod for treatlng

es separately

t hat i nduce

ul ati ng conpounds,
onpound and

drug 20 i nduced flushing cg
adm ni stering one or nore
flushing and one or nore sirt
e.g., wherein the sirtuin-nodul at
flushi ng induci ng agent have not en fornmulated in
the same conpositions. Weryusing separate
formul ati ons, the sirtuinfno uI. | conmpound may be
adm nistered (1) at th % ad sn4sé}at|on of the
flushi ng 25i nduci ng agent, (2) intermt Qntly wth the
fdrushitGerb O Whiieh-agent . (3) staggered relative to
Jnrnlstratlon of the flushing inducing agent, (4)
prior mmgAdsnsaiecstedﬁrblmn of the flushing inducing
a?ent subseq nt to dnrnlstrgtion of the

Nngl

i ng 6) v S conbi nation
t heneo Hry Elu hlnq? uci ng (ag sl ncl ude,
for & anpl I aci n,” fal oxiféhe, antidgpressants,

ant|-ﬁSychotth,,SOcheﬂbtheraﬂeundcs ¢4l ci um channel

bl ock s, f antlblotlcs I n one enbodi nent,

Si rtui ubilizing 89RBoifts t hat increase the |evel
and/orR@gQr¥15y(@k}g sirtuin protein may be used to
reduce flushing side effects of a vasodilator or an

ant i | ilpefet encsherembdientdsinginampilehiongeerepaimids obheringention

and | patL I opi exenpl ary enbodi ment, a
T?f%“ g% g?“%g lﬁﬁﬁgﬁgd%ﬂh i ncreases the Ieva

and/or activity of a sirtuin protein may be used to
reduce flushing associated with the adm nistration of
Efn

ni aci n. 5l n anot her enbodi , ~the invention provides
a nethod for treating and/ eventing hyperlipidem a
Wi th reduced flushing side eff
representati ve enbodi nent, the-ng
of sirtuin-nodul ating conpoun that i ncrease the

| evel and/or activity ofya rt In proteln to reduce
flushing side effects gt T e . I n anot her
representative enbod r-thod i nvol ves the
use of sirtuin-nodul tlng conpounds tYt increase the
I(ie.\él alt?ﬁ&é@ﬂ%‘é#e‘trﬁ"ty of a sirtuin protein to reduce
flushing side effects of anti depressants or

ant i - psiycBaod sadeagkfiom: For i nstance, sirtuin-nodul ating
conpougﬁs that incregase the level and/or activity of a
sirtui LRt ein ca sused in conjunction

(adnini;EEr CHepara&fl or together) with a serotonin
reupt ake“imhi bi t or 5HT2 receptor 15antagoni st.

I n certai nsembodiggent s, ~sigiqui n- modul ati ng conpounds

t hat |ncrease the level and/or activity of a sirtuin
pr ot ei R' iwaysobbilicegigmeppart of a treatnment with a
serotonin reuptake inhibitor ($R) to reduce flushing.
In still another representative enbodi nent,

sirtui n-nodul ati ng conpounds that increase the |evel
and/or activity of 20a sirtuin protein may be used to
reduce flushing side effects of chenbtherapeutic
agents, such as cycl ophospham de and tanoxi fen.

In another enbodlnent srrturn nDduIatlng conpounds

I e T " I I L,
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30l n one enbodi nent, a conbination drug regi mren may
i ncl ude drugs or conpounds for the treatnent or

w@e@saessson of ocul ar di sorders or secondary ceamiU$10081607776

associated with these conditions. Thus, a conbi nation

drug regimen may include one or nore sirtuin

activators and one or nore therapeutic agents for the
treat [

erboct rarsried SBUEAGHEbrcilyS e Fhctural Rormbh (AR ar g game as
c@nEtmcrbrab ﬁowhullas a){né)asmesérdredmbdml ng i ntraocul ar

press t her enbodi t, rtuin 5 ul .at or,
can be togrﬂé"dm"ﬁ“t}%’n}”@ Wmaoqmiéng ipygntion,
tcfaﬁ%iéo% @@@é@{he%&}{@d“stde@&t‘;@d%?&ﬂa In yet another
diment, a sirtuin nodulator can be adm ni stered in
c o n j u rSerunmthl]aUag torapaymydsfod thet ineattiongdamdAgaously modulate the

! t di t ..
Ryl G o B Bl S Stcim Pt By s TGOy gt vity of the
\@u%mn%nheggapy for treating and/or preventing CW

Reti nopathy. In another 10 enbodinent, a sirtuin
nmodul a¥eparatelp oben adihiion tot the ebloverpr@mm@m @t:rit@n sighuirmepdulating

<orarBEiL S o pEERBRRAS 1P e By BRut bR e following

Ricsiontiderighibition ofl P13 d@hdsa] inh®uA ddréductd’e, inbaidn efityrosine
provi des nethods for treatin di seases or di sorders

thimasewgansactatien iof EGESniyrerineisesy, erepaiiidlatiomior spasmolytic
t
SRVt TR R UMY AU DEFHEL Rl e o

amacmylaﬁén actbiityt afi asidgihipréteinn@. gC coplo anal SIRTﬂc arebsiedSIR T3
m tochondrial activity refers to increasing activity
droteHd: ni t ochondria whil e naintaining t he overal
number g Qficy MAREIORYiBh{ Srathed, WhhQRAGRULUR! pdFRiSInati
|ncreas?ng t % ngerégo ﬁ??oc ondrla tgerély e
|hydr<naélomgvlnmh aﬁcctwmiﬂnew saauauedl flypicelly .a,stigight chained or

Sl elabetndiacnn | b afnef SERER il eferably dfind to

adudi G andar cﬁ&ﬁkyw\%eruhﬁh&eﬂ&{qlﬁtofab@m 106 EASRIms, preferably
m t ochondri al activ i ncl ude di seases or disorders

afsgnéutatabwtv& tEwmnlg%M@rghaph@w apdchrphed alkyl groups include
reaip nt W h s f t,i a
e S SHBRL P DRSS Bl G R RER
mehga aaddetlynl Aact- Culstryl gli'ﬁ&ha@iﬁ@pfrlb%ﬁldhd@ alkiyf yrionp ivald®referred
subject suffering froma mtochondrial dysfunction.
Neehadowesalkyl 'agfR8Bi ng a mi tochondrial dysfunction nay

i nvol v
bi oehonr TR LARRE I Fud ARV B Bfoups such as phenyl
a&pbmyaiaad amhtdvyhiand dhendryladroupsssiainas 1rrmriazo1yll tidenyl, furyl,
es .and .di sorders in which def|C|t
Yfﬁaﬁaﬁaml L, pyapy r@framﬂyle RMFTY By gy thisraly piazelylgand
qg%uggxelopnent of pat hophysi ol ogy of such 30 di seases

or disorders in a manmmal . D seases or disorders that
woul d @@nm‘tﬂCtgrcbmmlsmoclelds Medpbb'chdrmhrbmbtlacnfgwstyns in

ner or .ex
AEHIFL A FonbobiTieuioma by DERr o) FPBLu RSt Pefiahtr® Suner
JRELHAYRLAGN, ExdniRasasluls b&ﬂoﬂhenﬁ ede'n§oﬁ1?5ﬂPﬂG@B’|l lcﬁﬂirﬁilh‘lyl
under ptosis, and diseases in which cells fail
Lhﬁ?déqtgl@Z@lSdEﬁI@QX%mlq, herzmidazalceatypelimdnsequingimyl and 1somdolyl-
hrgg?tdﬁ em%&quggngéﬁggﬁp raéégpunggg%gkﬁggafhamomyb
niré thobowaichalo mut tstibdtantiallpaiteHerawakly @ adility Bf tHeatisodgseti O

a subject in need thereof one qg nore sirtuin

activating conmpounds in conbination wi th another

t herapeutic agent such as, for exanple, an agent

useful for treating mtochondrial dysfunction or an

agent useful for reducing a synptom associated with a

di sease or disorder involving mtochondria

dysfunction In exenplary enbodlnents the |nvent|on

D T T o s
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O her Uses 20Si rtui n-nodul ati ng conpounds t hat
i ncrease the level and/or activity of a sirtuin

wpe@Baesaemy be used for treating or preventi nRCTUSENNS/007776

i nfections (such as infections by influenza, herpes or
papi |l oma virus) or as antifungal agents. In certain
enbodlnents sirtui n-nodul ating conpounds t hat

I n
pr grtrlp%%ﬁﬁs Ioh‘fagle %\ﬂg or ﬂl%g% gf; tgg%%spehﬁéé g(?sga ('}:%ILE'I A substltuent

défubgaﬁﬁalt}hﬁt@@)/esvwﬁlhtlﬁrmbﬂiteﬁed dfearamq;mmd vidgarnle ﬁ]agmtdale of the
treat nent of V|raI di seases. | n another epnbodi

SPPPEIPhISFEdHsed Y mepre ShAsabREs QiR a|°ﬂ@P@‘é‘§bthhéhq %%qltuent
|

Sl Dol REA S LT BRI, of il

vuubbnmam ireiudenOH ﬂ]ﬂhxgah (;Bgem I%ubj-E);t—@Rf he:-CORY, GOR?,

G e N0° £ COBH AT B0 HBE SRR gl PRiker -

%ﬁ{ NRE1,, WR“EN(R*R&% |_pRFORN ABAWTBRORI, TREEGNHR CHON(RRY),

and rats.” Cel IS that ffay be treatéd include eukaryotlc
cNHGORE. )R COR G ANHCGONHe cINHIEONR B NG ONER” RO, NRIGONH, -

SR CoNKFR Ty T ORGP RS, BB R N R St )y

be(regty, SR GNP -CENRGINHR!, SCIENRINAQR Y, hNHr:C(—NH) NH,,
ablllty to wfhstand farn1ng»cond|t|ons | on

SINH-GI(ENHNRIRE, i-NgT-C om0 B R DatNH A YRS EN e-NIé\féFNR )-

hahl y q
ORISR SRR P R PR BBk S e
Sn\ﬂs‘k@(tw)emma}apom@sm(&NM) PEBNSR-O=NR-KHRSMI nent ,
a c% ound is applied to plants, eri odi ¢
bd% s (%N‘R 1)15‘1(&:15@» -NHNHanﬁ‘{IMHRew%\H%RrPemSO Hon tSOA¥ER.,
Q%Eﬁgk@ﬁ* | ¥ IR %Lépﬁ&@déﬁiﬁﬁ@”@ﬁ R} ”cﬁﬂ"(‘:ﬁﬁi"

I mendt, plants and frui'ts are treated w th

COORYuEH, fﬂ(])k(Rr" (k & (piladei ) g-SaOY. ORTi(pis Ougl or2)iand - Nﬁls@(=NH)-

EIRTTT SR NG
EaliPhatid, Bk ﬁs(ﬁra\‘@mﬁtliheé%ub npr@fepzﬁfl){ SRR, %Hiyﬁrc or aryl group.

sirtui n-nodul ati ng conpounds th I nciease the | eve
dDpraral adlstlmenlg,% oofReR Sare seliepte forme Nl iy (6 esalipbatic) ON(C.

et lplost Caad it R of G o i ot 885 coacc.

y@ﬂﬁﬁat&?'(b(ﬁal‘om}' uﬁgqa@ey P hales Salighatifli wieryigasth bSthe foregoing
used SE’ggof beer, ogurt ,apd 15bakery

|¢leaﬁigphfélcg;T0un§r€§a$jun ltéfedyélaé‘{l iHaRsi - By talsandpgriber, can
R A BB BT

Qiubﬂtth&ﬂ aliphati] dranbgithitesd atyd @eodpodanrhace muiré thahloyie substituent.
produ0|ng proteins may al so be treated as descri bed

her ei nlYP5Eal substitysptnaTbdn #yl EBapsUsisstediam aselubdwang gaup
A Ren T, R 2SR Pl RORLLE UL RRED, el P

r(ﬁﬁlloﬁﬁli?gﬂﬁfbsﬁ@téﬂmﬂlﬁ RSI @(PH) @mmany? sutisnnitéu ®ith R° -(CH,)2(Ph),
enbodi ment, conp s woul d be applied to use

ul
iapsienally S‘@S@tmedb‘é'é‘é Ra,rr@bt%@h)n%@pg“x Hﬁistl%w%i with R% -NO; -

NORRS ) RACLOTE LOORHRIBI S BT RRBRRG SR
-emNmzl B(OJR®; PURKIGIN(®R®),OINREIBIR; @@@)Ng %,; ot BE(=NH)-

net hods ‘describéd herein may be applied t 5any

AN @Ee; smwheregn ¢achukdapgodant othatennaypf R&wesewmdefr@n alydrogen,
i nportance. For exanple, they can be applied to fish
(aquacul ture) and birds (e.g., jghi cken and fow).

Hi gher doses of sirtuin- nDduIatlng conmpounds t hat
increase the level and/or activity of a sirtuin

protein may al so be used as a pesticide by interfering
with the regul ation of silenced genes and the

regul ati on of apoptosis during developnent. In 30 this
enbodinent a conpound nay be applled to plants u3|ng

o g, " o "
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20 the test conpound and the substrate may be
conducted for about 10 mnutes to 5 hours, preferably

wo eoosab@ded 1-3 hours. Since TSA inhibits all cPeEEES1008/007776

and class Il HDACs, and that certain substrates, e.g.,

Fluor de Lys, is a poor substrate for SIRT2 and even

| ess a substrate for SIRT3-7, such an assay nay be

gﬁ)‘éﬂnzﬂ élﬁ)@{f{ultéc‘y C %hﬁﬁ? fan u?lg LiRtda 5 B I}{éﬁﬂge %ﬁf:teroaryl or
ceu e Ssirtuin-no

dwtgrocyeiis riags plidnys dOR)eom @H)(Pb)‘:,‘ of ommithitadhng] the deﬁmtlon

conventional manner using one or nore physiol ogical

a?@eeettyeuede@gn@né |0§c15fene€@c<?fd$ e AR ghe sagpe se%atmsp@ or diferént

bbb I e buf e R U TaBLE WaFhisaths? BT B0yl form

mf}h%ﬁéﬁzﬂ epclbMkyf, ﬁéteﬁ?é?ﬂ? Qryl] &&%rb(ﬁ‘ﬁl fifzH av11$gj bQ

I'P), inhalation or insufflation (eit hr ough
the@ermigmh lmﬂeppm@nﬂassel)ect@d friomanifrogers @alygers @b Blillﬁgu &ptional

ﬁfqﬁﬁgt{tgg? l'tﬁ,]a&hpﬁﬁfl%grg){lgn gg a}:ﬁeﬁiec{e?cﬁ'om NH,, NH(C, 4aliphatic),
SN(fdll_Ahl'inEHQH' ﬁetmg@l @m}%adc B, cbcc,qdmmu%; NGACN, COH,

| ocally, at the Site where the teuget cells are
e @gEnsaliphatéc), OfhrleCspaiphpiio), onlyaé Habplgam,, wherein gfch of the

(£.9., bloo er ebr os c.).

é?”fe‘%ﬂ fng. %ﬂi’%ﬁqiﬂﬁj‘%ﬁﬁgﬁda&n ﬁ“fi‘}&e ormul ated for a

var i etoRbindR6RS fAubRAGROARE VafabRE entiSohedbP éhis invention are
system c and topical or localized adm nistration.

Tmi:mloq@é@t afmllt frothebaratonof gtahler compoundy  He usesiregeinnthe

G PR Fer TR BRSNS i BRLRRSAR RS b

lrﬁarﬁﬁadtﬁae ah8 tidt ehBhtaRtthe hrﬁé%ﬂ-ﬂ)i lof hel dodinipdiiH8 € dufficient period
intr avenous, intr aperl t onea and subcut aneous. For

i ojtiseq fodre, usefi fordhp puipasescigknilsd bewsithul at ed 10 i n
i qui t | .
c on‘pat'?‘%‘('?geH H IZras F%s ﬁfgﬁfﬁ% éghﬁ §@§‘§ %t}{)%h&gdrs h\ééidﬁoé) é’ }hcs
Shbtitcied Bufﬁk:l’bnadﬂllrﬁprﬁf/‘e ottihereas@the maca-snhxjmlhe of dremd)lnqioﬁdd in
|n solld f and redi ssol ved or suspen i, medi at
o ity inglude edy 3 omnaresdg P GPAOE SPEPEY ahe@ed@amﬁ@% the
%@\Ep iy ?Hﬁ)tp'hmc' &ﬁracté? %a@B@EéMtH b' rﬁ@a‘f‘f@ os%'cﬁ 'a93§ the
y t ake form1 , for exanpl e,
Imszlemgesf ﬁzmnctlolaqisgmdnes thﬂte@azemd@y thecmmémome nﬁusamafwsn
harnac utical cce ta l.e .exci nts such.
\é\“inhﬁr&eﬁé“oé‘é‘éeﬁt e Eatpol T BE A€ A O D g i Samines,
% s@}Yzftﬁﬂélh ﬁex’ﬁ)éﬂﬁl%éé/ ?P(}‘datemary ammonium groups);
yl cellulose); Tillers (e.qg. act ose

mndm beigsaatomns peheteropiomie arawps (at.cOuf Ny itb gbfCH2),-R’,

NIRRT CRIISEHR! AR siohon

or ‘Sl v's (e sta
ewdcug)y&t(m)mam@:w owhatia)R® i9kelv@éd frog l@@l@dﬂéeﬁ (oeveg alkyl
sodlun1laur g’;'Ehatee The tabl ets

e Eots|aady 4) a5y, phenyl tnaphthyly .(@7;@/ éfséﬂlkbsh@drbfmzyl

ut ons yrups or suspensi‘ons,

mpeenzritﬁsixbatstuaeddteyerpcmiu @roupsi(e.gQ F(SIHZD,HR e(Cbh)Hﬁ:(

r ther | e, vehicle before use. Such liquid

F%‘ﬁap SHCH QyWB%re’gﬂ’}gp‘érS%]GCtS FioBh bR GHAY Sﬂ%ﬂgﬁeed saturated
%Mbcgémté%ewe . aqlaaﬂt%nmﬁﬁm&%}ee arfibd B@cfwﬁﬁe@s
suspendi ng agents ( sorbitol syrup, cellul ose
detarewicley es opnowldfrscgﬁnatteé dateditd] @ cydicspjrodweteredyicle, ag
agents (e.g., lecithin or acacia); non-aqueous
vehicles (e.g., ationd oil, oi? esters, ethyl al coho
or fractionated vegetable oils); and preservatives
(e.g., nethyl or propyl-phydroxybenzoates or sorbic
acid). The preparations may al so contain buffer salts,
30fl avoring, coloring and sweeteni ng agents as
appropriate. Preparations for oral admnistration my
be SU|tany fornulated to glve controlled release of

' . o, .

Q{/ it R g]bét Jﬁilg%ﬂbmtea A, )119 %nflrﬂegar fl{lgfrog'?@ﬁpé)e
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10the art. The topical carrier may be selected so as
to provide the conposition in the desired form e.g.,

wa@sgooansa@ont nent, | otion, cream m croenul si on, PQEUS2008/007776

oil, solution, or the like, and may be conprised of a
material of either naturally occurring or synthetic
origin. It is preferable that the selected carrier not

i | fRhIP SutiRRE &¥sAtuted
JPOBRER, AR AE AP FIRNN PE FRTPEPSHLruce
Tivnegryidadteroayadlé; @nd nfigan irgegeln e;n@'img froml Lehe2 )t shiopld be

al cohol s and ot her nont oxi c _Qr gagi ol vents,
d}@&@fqoﬁ tl?z}ﬁsHlés,tgper@ preseégt pp&) ﬁ)g% ?cf Bq)tém?v& qr)}ncrease water

gm,hmg ,ovts-l%w uﬁgwéamty@&ﬁ]h?&fmﬁts% 'b%’wﬁﬁﬁ an%% e YPXAS.
Fornul ati ons may be col orless
wdinltms Ail thatmsn'e@mrddos tha sychoubstitsentsiile noesighificamly reverse

5By e M S SR S TRRURSP R o oy

sem sqhidhe féﬁﬁ)@@ﬁﬁ’éﬂt Qahe séﬂﬁbi@ﬁm%r oty RicFakésithd dae4-seubility of
petrol atum or ot he Eetro eum derivatives. The

ghecortéspording sempo cking Hee sebhilizing gwuplat kst 5-fold,
vao Fﬁrerag) attel ?%(% rf hl ;glo“f"r&k}i)],:egerr%gly at felas\,“:} 92;% ftold anél 20§ p&gf@}ably at
ne&iso@ﬁhy w Il provide for ot her deS|red
characteristics as well, e.g., 25enolliency or the

ke, Ingngprafemedhenbediment 56 b kR ISP igA TRgisHY A ke

ghoul d be inert, stable, nonirritating and

nonsensi ti zin Si rtui n-nodul ati ng conpounds may
beCHﬂmnwﬁbmalgdaﬂﬁbOWhakmmns whi ch generally are

prep aratl%g 60 be applied to the skin surface w thout
f'HSc,SF'IeE:tﬁ A0 & Hypical Iy 1iquid or seniliquid

0§ ePRIAILERA Frohia WBAE NCEO)- & RRCHLS! 81§ ncl uding the

30act|ve agent, are present in a water or alcoho
beasleR q_mimdn}sendcml)u@h@dtctdyfrsmspen& ons of solids, and

A C ise aliquid oily emulsion of the
0|I ﬂg&é

& t ype. Si rtui n-nodul ati ng
COWBOLmd@4 SR g6 r bRGRABPAIRYE v HeRdi @ 48 QBB is dMfioGAlly substituted
general are viscous liquid or sem solid enul sions

ei t herwidh halprnCa O, QrfCuks straighicirbranched pkpbstER B R1 ), or =O;
wat er - washabl e, ,and contain an oil phase, an
enulsifLeﬁz nd aqueous phase. The oil phase is
gener afdsy n%qﬁr?sed of petrolatumand a fatty 5al coho
such ag cetyll or stearyl alcohol; the aqueous phase
usuall?m al tifasigh not necessar|ly exceeds the oi
phage in Qbﬂune and generally contains a hunectant.
The enuIS|f|er in a creamfornul ation, as explained in
Ren1ngieﬂ’2@ supra, is generally a nonionic, anionic,
catlonlc or oteric surfactant. Sirtuin-nodul ating
conpougpds nay beé incorporated into m croenul sions, 10
whi gh genéhally are thernodynami cally stable,

i sotropically clear dispersions of two inmscible
liquids, such-.as o and water, stabilized by an

interfaciaz/fTTnmof surfactant nol ecul es (Encycl opedi a
of Pharmaceuti cal\ Technol ogy (New York: Marcel Dekker,
1992) ,rvofre 9) / Sirtui n-nodul ati ng conpounds may be
i nc8r porated—nto ge&dr fornul ati ons, 15which generally
are sem solid systens consisting of either suspensions
made up of small inorganic particles (two-phase
systens) or |arge organic nol ecul es distributed
substantially uniformy throughout a carrier liquid
(single phase gels). Although g¢gls commonly enpl oy
aqueous carrier liquid, alcohols and oils can be used

as the carrier liquid as well. 20O her active agents
may al so be included in formulations, e.g., other
anti- inflamatory agents, anal gesics, antimcrobia

agents, antifungal agents, antibiotics, vitamns,
ant|OX|dants and sunblock agents connDnIy found |n

o " L 1



one another" as used herein neans that the separate
dosage forns are packaged together or otherw se
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apparent that the separate dosage forns are intended
to be sold and admi ni stered as part of the sane

regi nen. The agent and the sirtruin nodul ator are

pr ef r 0] ~ j .St .
ot h gf’ Hf} ' E\ﬁgﬁg&daﬂe‘&ﬂ%m&eth& \@tlpéhe%t?(?ﬁeg%?&n ?8 which they
separately seal ed containers (such aszfml uches or
the like) that can be separated by, e e p%e.g., 5by
tearing on score |ines between the 15\/\10 colnt ai ners).

In still another enbodi ment, the ingventi provi des a
kit comprising in separate vessel s7%a) & SBrtruin
modul aargnbouﬁdtqwfosrmanv@@ftbnstrmmreb) affdt her anot her
therapeutl c agent such as those described el sewhere in

the sp Zzati on. The pract of”the present methods
Wil | 251 oy, }an egs ot herwﬁgﬁﬁl i cat ed,
n

10conventi o t e€hni ques /of cel I\ bi ol ogy, cell
cul tur ép2 ecul ar biml-og)\ tranggenic biol ogy,
m cr obi ol oy r econdsi nant nd i herunol ogy, which

are vv|t lmhesHI uch techni gues are
o ot N RGB! b Sl SRR SR P ey
Mol ecuiraboGhdtt fgmA 3-aleairt<l hetdBarybting dostalnthg 1 &3 aditional
Sanbr ook, Fritsch and Maniatis (Cold Spring Harbor
Labor aNaigmerdisein sgddtergpus @gamomgonalbsst%éﬂl@rﬁéswuth R/
a\pg rhf .(D. N. dover ed., 1985); digonucleotide

esis (M J. Gt ed., 1984); Mullis et al. U S.
Pat ent el Z 4 ifBPeAdmylyNlebed drofe Ok, Hyh FINEi 'z at FOR TBR™)-,
D. Hames & S. J. Higgins eds. 1984) Transcri ption And
TVH§EMation (B. D. Hames & S. J. Higgins eds. 1984);
Culture O ( ’ Li ss,
Inc., 1987) ﬁq%ﬂ%&%ﬁ% %i b fﬂﬁ%ﬁ%%ﬁ?{'{m ress
1986); B. Parlbat thréc Q0P a%ts] Za) ZGuarde 2O EC IR

Cloning (1 ods |

(ronden ¢ phakist T of 25024 ?32’@%2%?8 HaED R o

For Manmal i an k ) d R%ds.

1987, Col d Sp?%gd%%%"r’ E%Mg!r e%tg{:fj 38]\1\%?9%(}?8&%

Enzynotash R’ ivérdependsatls seleass fiomphydrogén orers -{Cs straight or

(1%@{&8:38 gir?ml éﬁtll?(nl\ﬁly@ogsﬁltut%g &160&11%20(% Ncge)rlg§cb %ue ? degg}/dently

1R&ed fZém Halod bok-GH, -B(f:le{ -NER} -AH(CHRY, mN(Q‘ng)z, MOI:GJTES

-1V (D.. M,,Wir and C. C Blackwell K eds

Mani pLﬂaﬁthnglstIH%eH%@@‘é]yE%CSFé frquendy g hadpy ?Hg%lﬁb@l -C4 straight
e @ Ha =NOR 1o 6

g%%@g{%f) ﬁﬁ%b)?ﬁ |nver’1t| dh ﬁ% bgll&ng géng)?al)ly

descri ebtydwol suitable Inobe:ynhmf R madpthgnaulydimnﬁd aochdmnother directly

refere ovmn re |ncI uded
é??/ & zﬁﬁiﬁ/ﬁeag Ak gYIeT g @%ﬁ&bﬂh%ﬂ £ 4 produce a

aRORHC Fuadr ephodingEais of the present invention, and

are not intended to' limt the invention in any way.

Exanple 1 5 Preparation of

N- ( 2- ehl or o- 5- net hyl pyri di n-3-y1)-2-nitrobenzam de:
To a solution of 5-am no-6-chloro-3-picoline (9.54 g,
66.9 mmol) in pyridine (200 nL) was added

2-ni trobenzoyl chloride (13.65 g, 73.6 mMmol) dropw se
at 0C. 10 The resulting m xture was stirred at room
tenperature (18 h). The dark m xture was then diluted
with water (1500 nL) and sat. sodi um bi carbonate

sol ution was added until the phH,reached 8. The
precipitate was collected by filtration, rinsed with
water (30 nmL x 3) and dried to afford

N- (2-chl oro-5-net hyl pyridi n-3-y1)-2- nitrobenzam de as
a pale solid (17.70 g, yield: 91%. 15 Preparation of
6- met hyl - 2- (2-ni trophenyl )t hi azol o[ 5, 4- 1Apyri di ne:
20A m xture of
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ethyl acetate : Et3N = 800 : 200 : 1) to afford
tert-butyl 4-((2-(2-

wa@pionopdsenyl )t hi azol o[ 5, 4- b] pyri di n- 6- yOnet hy ppcpEsnas/007776

e-|l-carboxylate as a yellow solid (1.63 g, vyield:
81% . 15The aniline internediates for conpounds 1-6,
11-43, 45, 47-61, 65, 67-68, 72, 74-75, 77-88, 90,
92-122, 127-130 were prepared in an anal ogQus nanner

as that outlidaed ve, u |ng appr ¥sat e ani

reagents. Z/j/l r eparsg % Qp N z/230
N-(2-(6- (gl pera2| n-1-y meth 2 z}tzol old - bl pyr|| d| n- Q—%
- 20 yl)p zeqyl)/- s ( 1H- ;tr zoI @cﬁber;z/a?m de: 2z, /
tert-Bayl 2z ,or Z33

44(2- (2-am nophen pth| azol 0[5 4- pyr| d| n-6-
VIGEEUNMTT i orttoaa]ly benzodusen % jusad € 2 g®nagyclig hetagpasy) to

e mL of DMF along with :
Wgﬁﬁeﬁrgz&&gywenzm c acid (38 ng, 0.2 mmol),
HATU (Hdrklarity, the Serrml) toalychliofEf, alkenyikne Or dlkarmediylidene
The reaction m xture was stirred at 5 50 C 18 h Lt

viridaeh sreags therpgtixplent strugisges -£81m-HerfdHem

epf.3 an
e GG, TRE Lo iy %*?3’325%’%& 4 N
danoflidr c2n bSeittdriondhe sanad edbbyrCtemzamii ffeepheanlyqt &tomzo lTh[a

e B e TR P kP RE ARG PSSRl Biveti ring
GGl Be 3BGioNa o @bsovedill & it aRdhAtwHAIWFERA! RIuA €0 one

(18 h). 10 The reaction m xture was concentrated in
vaotier &nthrmering buhathergliteedy dudirowsh Cpumfﬂhqe@cmd bridges), one

h PLC to af ford .
S0 TR DB s sfrLeRpARPG W B ot ppspginel . suiable
yorpsieniy RP¢8mbikly 4wiilaBiegbr ﬁ)rma%%ﬂﬂgnscben@scﬁhb iRghthat
yellow solid. IIl NVR (300 MHz, DVMBO-d6) 8 9.5 (br s,
2com)prisys atlgast opedermealhydiggen aBm. s, 1 H), 3.5-4.0 (m

10 H). i

found- Inﬁgﬁ%?‘%%}#%?lﬁe% i so@il?r@l%g%?(ﬁ.g)( 1(%%%8‘3%/5 %%Ze i]oZmula.

di(SHugs®® ' nwhiriemn paitceR’ urrs defiepdalediei n an anal ogous

manner as tha out | i ned aho si.ng the appropri

aci ds. Inieh 8RO pFTARRAMEM Rl U sl R ioRb &f himarety of the formul

BSE:H DY, RE@HIR DY HIFQHR a%q{ ngt aQH%?e%dabBUEOUQh the TFA
deprotectidn step. arrpl e Preparati on of

1- net hiplcedaphamhotlimhehtpya S’Orbllllﬁl-lng ardupxiy bélectad frdm 26H,),-R'%,

To, a stirred sql ut 102

bR R 2obRE P 21 i by Elost e By ate (2.5
g, 11.5 mmwol)_in DVF (35 rrL) urnder argon were added _—
sequenti al | y lPd(PPh3)4 O 58mmml) and phen J
boroni c-ac reactign rﬂxt% eN

w@g @e:(jl‘jlanaterN(:%(Sf ?;grrL . %52&4 ml) actlo
re Rat ekt o 1ROC r(e,l ol & toHr oom _N

tenpefaturé, difuted’w th ’water (250 m.), ’and ’ ’
extracted with diethyl ether (250 nL x 3). The

conmbi ned organic |layers were dried and concentrated in
vacuo . The residue was purified by silica
chromat ogr aphy (eluted with petrol eumether : ethyl
Sacetate = 40:1) to afford

nmet hyl - 1- net hyl- 4- phenyl - 1H pyrrol e- 2- car boxyl ate as a
white crystalline solid (0.257 g). The ester (0.26 g,
1.2 mol ) was then conmbined with LiOH/ H20 (0.15 g, 3.6
mmol) in THF (5 n), CH3OH (5 nL) and H20 (2.5 nL) and
was stirred at 40C (4 h). Wateps3(25 nl) was added and
the m xture was washed wth DCM (15 mL). The pH 10 of
t he agueous phase was adjusted to 5-7 using HC1L (1N).
The water was renoved and the residue was dissolved in
MeOH (100 nL) and then filtered. The filtrate was
concentrated in vacuo to give

1 nethyl 4 phenyl 1FprrroIe 2- carboxyllc aC|d as

-, - P A ~ A



WD 2008/ 156869PCT/ US2008/ 007776 activity is conducted

using 10 nMof sirtuin protein, with 11.1L of DMSO i n
w@k@sas@69 conpound, to determ ni ne the anount BPET/US2008/007776

deact eyl ation of the substrate at a given tinmepoint

within the linear range of the assay. This tinepoint

is the same as that used for test conpounds and,

W+ n the |inear range, the endpoint represents a

5cihange in velocity. For Lhe above assay, SIRT1 ___

pr@\t‘} n was pr essed-and ur| as:fol I owsm Th

g&qle s clione NI n pr con ain
vec or andNtran BL21 DE he p te&{qvvas
egpresse th E mw I PT as Fan t 67 mFnal

Hi s- tag f usi on prote| n at 18C’overni ght and harvested
at‘"“BO 0007% g. Cells 1, vvere Iysed Wlhh | ysozyme in

elsb Ner TrNs- , m Tr | [2-
i B . et
an rthe treate tion 10 m{
for corrpl etk 1.ysi &, The prote h, wa¥ puriti &l over ,a
Ni - NTA col um ( Arer sham and fractl ons..cont ai ni ng pure
pnqteln wer e..pool ed, cohcentra&ed and/run over a
ng col u ( Sephad x 00 2@/ 60 grobal ). The peak
taini | ubl e in @_sZcol ected and run-en
n- excm/q’gg col um I\/bnoQ) G adi gnt el uni on ZQO
CRWArgl dbEBur e prawt ei RH TRi's prot& n R
mas concentrated and dlalyzed agai ns dlaIyS|s buffer

(20 rrt\/ITrls r@\/II‘QEEP rnO roteln was
H8 t|| urthe

aI [ qtt\?
duI |ng ou sth ct| SIRTl
|den | Ss scC |be a oveo%c?\
resent

lp,le3 NTeECI 5vaIlNas rep

b

rat| n est c at suI

15(9/0 actlgatr on bf SI 1. neans t{tlt:!;tta Phe caon’pound

was not tested using the I ndi cgt ed assay. NA neans

that the conpound vvaé ein he indi cat ed
xr mu

assay. The pergen foI(P ong&o §I/
' i OOIWOUND

| Spal go Twdircated in bIe Tabl : NVIFH] +

STRICAURE {EC | FGLD)NO > 0 o

2%%5,6 69PCT{ US3008) 087776 No I\/DFHI -
URE—ECL5 % FOLDFACTF 1, 507 F, = offNi -Fs

N,,---N 233 241 2 498 401 ' NA 132 NN/

N H N\ N
1 - QO L/
NR{R;  NR,Ry Ry~ ©
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wherein R,' groups are as defined above.

) In certain particular embodiments, a solubilizing group is selected from 2-
dimethylaminoethylcarbamoyl, piperazin-1-ylcarbonyl, piperazinylmethyl,
dimethylaminomethyl, 4-methylpiperazin-1-ylmethyl, 4-aminopiperidin-1-yl-
methyl, 4-fluoropiperidin-1-yl-methyl, morpholinomethyl, pyrrolidin-1-ylmethyl, 2-
oxo-4-benzylpiperazin-1-ylmethyl, 4-benzylpiperazin-1-ylmethyl, 3-oxopiperazin-1- |

10 ylmethyl, piperidin-1-ylmethyl, piperazin-1-ylethyl, 2,3-dioxopropylaminomethyl,
thiazolidin-3-ylmethyl, 4-acetylpiperazin-1-ylmethyl, 4-acetylpiperazin-1-yl,
morpholino, 3,3-difluoroazetidin-1-ylmethyl, 2H-tetrazol-5-ylmethyl,
thiomorpholin-4-ylmethyl, 1-oxothiomorpholin-4-ylmethyl, 1,1-
dioxothiomorpholin-4-ylmethyl, 1 H-imidazol-1-ylmethyl, 3,5-dimethylpiperazin-

15 lylmethyl, 4-hydroxypiperidin-1-ylmethyl, N-methyl(1-acetylpiperidin-4-yl)-
aminomethyl, N-methylquinuclidin-3-ylaminomethyl, 1H-1,2,4-triazol-1-ylmethyl,
1-methylpiperidin-3-yl-oxymethyl, or 4-fluoropiperidin-1-yl.

To the extent not included within any of the definitions set forth above, the
term “solubilizing group” also includes moieties disclosed as being attached to the

20  7-position of 1-cyclopropyl-6-fluoro-1,4-dihydro-4-oxoquinoline-3-carboxylic acid
(ciprofloxacin) and its derivatives, as disclosed in PCT publications WO
2005/026165, WO 2005/049602, and WO 2005/033108, and European Patent
publications EP 0343524, EP 0688772, EP 0153163, EP 0159174; as well as “water-
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solubilizing groups” described in United States patent publication 2006/0035891.
The disclosure of each of these patent publications is incorporated herein by
reference.

The compounds disclosed herein also include partially and fully deuterated
variants. In certain embodiments, one or more deuterium atoms are present for
kinetic studies. One of ordinary skill in the art can select the sites at which such
deuterium atoms are present.

Also included in the present invention are salts, particularly pharmaceutically
acceptable salts, of the sirtuin-modulating compounds described herein. The
compounds of the present invention that possess a sufficiently acidic, a sufficiently
basic, or both functional groups, can react with any of a number of inorganic bases,
and inorganic and organic acids, to form a salt. Alternatively, compounds that are
inherently charged, such as those with a quaternary nitrogen, can form a salt with an
appropriate counterion (e.g., a halide such as bromide, chloride, or fluoride,
particularly bromide).

The compounds and salts thereof described herein also include the hydrates
(e.g., hemihydrate, monohydrate, dihydrate, trihydrate, tetrahydrate) and solvates of
the compounds and salts thereof. Suitable solvents for preparation of solvates and
hydrates can generally be selected by a skilled artisan.

The compounds and salts thereof can be present in amorphous or crystalline
(including co-crystalline and polymorph) forms.

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
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, chlorobenzoate, methylbenzoate, dinitrobenzoate, hydroxybenzoate,
26
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methoxybenzoate, phthalate, sulfonate, xylenesulfonate, phenylacetate,
phenylpropionate, phenylbutyrate, citrate, lactate, gamma-hydroxybutyrate,
glycolate, tartrate, methanesulfonate, propanesulfonate, naphthalene-1-sulfonate,
naphthalene-2-sulfonate, mandelate, and the like.

Base addition salts include those derived from inorganic bases, such as
ammonium or alkali or alkaline earth metal hydroxides, carbonates, bicarbonates,
and the like. Such bases useful in preparing the salts of this invention thus include
sodium hydroxide, potassium hydroxide, ammonium hydroxide, potassium
carbonate, and the like.

According to another embodiment, the present invention provides methods
of producing the above-defined sirtuin-modulating compounds. The compounds
may be synthesized using conventional techniques. Advantageously, these
compounds are conveniently synthesized from readily available starting materials.

One method of preparing compounds of the invention involves reacting the

following compound:

X

s

NH NO,

o) X
1 (R)q

Z

wherein X is a leaving group (e.g., a halogen such as Cl), with a ring-closing agent

(e.g., agent) to form the following compound:

O,N
N\\\ s _
/)
’ Z N/ \ /\<R')n,

This compound is typically chlorinated or brominated (e.g., with N-
bromosuccinimide) to form the following compound:
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O,N
Ha'\/ﬂ/\[r{ \ /*(R')n,

where Hal represents a halogen, although other leaving groups are acceptable. This
compound is then reacted with an optionally protected nitrogen-containing

heteroring (e.g., an optionally protected R? group) to form the following compound:

O,N
-0
4
Q\/E)i N/ \ T

wherein the nitrogen-containing heteroring is optionally substituted and optionally
includes one or more additional heteroatoms. The compound is reduced with an

appropriate reducing agent (e.g., iron powder) to form the following compound:

H,N
b @
/
O )< 2

This compound is subsequently reacted with a R%-substituted pyridine carboxylic
acid or a R*-substituted benzoic acid and, if needed, deprotected, to form a
compound of the invention.

Synthetic chemistry transformations and methodologies useful in
synthesizing the sirtuin-modulating compounds described herein are known in the
art and include, for example, those described in R. Larock, Comprehensive Organic
Transformations (1989); T. W. Greene and P. G. M. Wuts, Protective Groups in
Organic Synthesis, 2d. Ed. (1991); L. Fieser and M. Fieser, Fieser and Fieser's
Reagents for Organic Synthesis (1994); and L. Paquette, ed., Encyclopedia of
Reagents for Organic Synthesis (1995).
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In an exemplary embodiment, a sirtuin-modulating compound may traverse
the cytoplasmic membrane of a cell. For example, a compound may have a cell-
permeability of at least about 20%, 50%, 75%, 80%, 90% or 95%.

Sirtuin-modulating compounds described herein may also have one or more
of the following characteristics: the compound may be essentially non-toxic to a
cell or subject; the sirtuin-modulating compound may be an organic molecule or a
small molecule of 2000 amu or less, 1000 amu or less; a compound may have a
half-life under normal atmospheric conditions of at least about 30 days, 60 days,
120 days, 6 months or 1 year; the compound may have a half-life in solution of at
least about 30 days, 60 days, 120 days, 6 months or 1 year; a sirtuin-modulating
compound may be more stable in solution than resveratrol by at least a factor of
about 50%, 2 fold, 5 fold, 10 fold, 30 fold, 50 fold or 100 fold; a sirtuin-modulating
compound may promote deacetylation of the DNA repair factor Ku70; a sirtuin-
modulating compound may promote deacetylation of RelA/p65; a compound may
increase general turnover rates and enhance the sensitivity of cells to TNF-induced
apoptosis.

In certain embodiments, a sirtuin-modulating compound does not have any
substantial ability to inhibit a histone deacetylase (HDACSs) class I, a HDAC class
II, or HDACs I and II, at concentrations (e.g., in vivo) effective for modulating the
deacetylase activity of the sirtuin. For instance, in preferred embodiments the
sirtuin-modulating compound is a sirtuin-activating compound and is chosen to
have an ECs for activating sirtuin deacetylase activity that is at least 5 fold less
than the ECsq for inhibition of an HDAC I and/or HDAC 11, and even more
preferably at least 10 fold, 100 fold or even 1000 fold less. Methods for assaying
HDAC I and/or HDAC II activity are well known in the art and kits to perform
such assays may be purchased commercially. See e.g., BioVision, Inc. (Mountain
View, CA; world wide web at biovision.com) and Thomas Scientific (Swedesboro,
NJ; world wide web at tomassci.com).

In certain embodiments, a sirtuin-modulating compound does not have any
substantial ability to modulate sirtuin homologs. In one embodiment, an activator
of a human sirtuin protein may not have any substantial ability to activate a sirtuin

protein from lower eukaryotes, particularly yeast or human pathogens, at
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concentrations (e.g., in vivo) effective for activating the deacetylase activity of
human sirtuin. For example, a sirtuin-activating compound may be chosen to have
an ECs for activating a human sirtuin, such as SIRT1 and/or SIRT3, deacetylase
activity that is at least 5 fold less than the ECs, for activating a yeast sirtuin, such as
Sir2 (such as Candida, S. cerevisiae, etc.), and even more preferably at least 10
fold, 100 fold or even 1000 fold less. In another embodiment, 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., in vivo) 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 an ICs for inhibiting a human sirtuin, such as SIRT1 and/or
SIRT3, deacetylase activity that is at least 5 fold less than the ICsg for inhibiting a
yeast sirtuin, such as Sir2 (such as Candida, S. cerevisiae, etc.), and even more
preferably at least 10 fold, 100 fold or even 1000 fold less.

In certain embodiments, a sirtuin-modulating compound may have the
ability to modulate one or more sirtuin protein homologs, such as, for example, one
or more of human SIRT1, SIRT2, SIRT3, SIRT4, SIRTS, SIRT6, or SIRT7. In one
embodiment, a sirtuin-modulating compound has the ability to modulate both a
SIRT1 and a SIRT3 protein.

In other embodiments, a SIRT1 modulator doés not have any substantial
ability to modulate other sirtuin protein homologs, such as, for example, one or
more of human SIRT2, SIRT3, SIRT4, SIRTS, SIRT6, or SIRT7, at concentrations
(e.g., in vivo) effective for modulating the deacetylase activity of human SIRT1.
For example, a sirtuin-modulating compound may be chosen to have an EDs for
modulating human SIRT1 deacetylase activity that is at least 5 fold less than the
EDs 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.

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
30



10

15

20

25

30

WO 2008/ 156869PCT/ US2008/ 007776 COVPOUND No 1Mt1-11+
STRUCTURE ECI .5 NM % FOLD ACT. 11 520 578 7 8 41 11

wWOR08/15686PN, NJ, s --,".,....,...."------ , . .. - -PCTF/US2008/007776
"1/ N 12 521 249 550 / ik

(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 EDsq for
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, SIRT6,
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.

In certain embodiments, a sirtuin-modulating compound may have a
binding affinity for a sirtuin protein of about 10°M, 10"'°M, 10"'M, 10°M or less.
A sirtuin-modulating compound may reduce (activator) or increase (inhibitor) the
apparent Km of a sirtuin protein for its substrate or NAD+ (or other cofactor) by a
factor of at least about 2, 3, 4, 5, 10, 20, 30, 50 or 100. In certain embodiments,
Km values are determined using the mass spectrometry assay described herein.
Preferred activating compounds reduce the Km of a sirtuin for its substrate or
cofactor to a greater extent than caused by resveratrol at a similar concentration or
reduce the Km of a sirtuin for its substrate or cofactor similar to that caused by
resveratrol at a lower concentration. A sirtuin-modulating compound may increase
the Vmax of a sirtuin protein by a factor of at least about 2, 3, 4, 5, 10, 20, 30, 50 or
100. A sirtuin-modulating compound may have an ED50 for modulating the
deacetylase activity of a SIRT1 and/or SIRT3 protein of less than about 1 nM, less
than about 10 nM, less than about 100 nM, less than about 1 uM, less than about 10
uM, less than about 100 uM, or from about 1-10 nM, from about 10-100 nM, from
about 0.1-1 uM, from about 1-10 pM or from about 10-100 uM. A sirtuin-
modulating compound may modulate the deacetylase activity of a SIRT1 and/or
SIRT3 protein by a factor of at least about 5, 10, 20, 30, 50, or 100, as measured in
a cellular assay or in a cell based assay. A sirtuin-activating compound may cause
at least about 10%, 30%, 50%, 80%, 2 fold, 5 fold, 10 fold, 50 fold or 100 fold
greater induction of the deacetylase activity of a sirtuin protein relative to the same
concentration of resveratrol. A sirtuin-modulating compound may have an ED50
for modulating SIRTS that is at least about 10 fold, 20 fold, 30 fold, 50 fold greater
than that for modulating SIRT1 and/or SIRT3.
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3. Exemplary Uses

In certain aspects, the invention provides methods for modulating the level
and/or activity of a sirtuin protein and methods of use thereof.

In certain embodiments, the invention provides methods for using sirtuin-
modulating compounds wherein the sirtuin-modulating compounds activate a sirtuin
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 a variety of therapeutic applications including, for example,
increasing the lifespan of a cell, and treating and/or preventing a wide variety of
diseases and disorders including, for example, diseases or disorders related to aging
or stress, diabetes, obesity, neurodegenerative diseases, cardiovascular disease,
blood clotting disorders, inflammation, cancer, and/or flushing, etc. The methods
comprise administering to a subject in need thereof a pharmaceutically effective
amount of a sirtuin-modulating compound, e.g., a sirtuin-activating compound.

While Applicants do not wish to be bound by theory, it is believed that
activators of the instant invention may interact with a sirtuin at the same location
within the sirtuin protein (e.g., active site or site affecting the Km or Vmax of the
active site). It is believed that this is the reason why certain classes of sirtuin
activators and inhibitors can have substantial structural similarity.

In certain embodiments, the sirtuin-modulating compounds described herein
may be taken alone or in combination with other compounds. In one embodiment, a
mixture of two or more sirtuin-modulating compounds may be administered to a
subject in need thereof. In another embodiment, a sirtuin-modulating compound that
increases the level and/or activity of a sirtuin protein may be administered with one
or more of the following compounds: resveratrol, butein, fisetin, piceatannol, or
quercetin. In an exemplary embodiment, a sirtuin-modulating compound that
increases the level and/or activity of a sirtuin protein may be administered in
combination with nicotinic acid. In another embodiment, a sirtuin-modulating
compound that decreases the level and/or activity of a sirtuin protein may be
administered with one or more of the following compounds: nicotinamide (NAM),
suranim; NF023 (a G-protein antagonist); NF279 (a purinergic receptor antagonist);

Trolox (6-hydroxy-2,5,7,8,tetramethylchroman-2-carboxylic acid); (-)-
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epigallocatechin (hydroxy on sites 3,5,7,3',4', 5'); (-)-epigallocatechin gallate
(Hydroxy sites 5,7,3',4',5' and gallate ester on 3); cyanidin choloride (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'-
hexahydroxyflavone); 3,7,3',4',5"-pentahydroxyflavone; gossypetin (3,5,7,8,3',4'-
hexahydroxyflavone), sirtinol; and splitomicin. In yet another embodiment, one or
more sirtuin-modulating compounds may be administered with one or more
therapeutic agents for the treatment or prevention of various diseases, including, for
example, cancer, diabetes, neurodegenerative diseases, cardiovascular disease, blood
clotting, inflammation, flushing, obesity, ageing, stress, etc. In various
embodiments, combination therapies comprising a sirtuin-modulating compound
may refer to (1) pharmaceutical compositions that comprise one or more sirtuin-
modulating compounds in combination with one or more therapeutic agents (e.g.,
one or more therapeutic agents described herein); and (2) co-administration of one
or more sirtuin-modulating compounds with one or more therapeutic agents wherein
the sirtuin-modulating compound and therapeutic agent have not been formulated in
the same compositions (but may be present within the same kit or package, such as a
blister pack or other multi-chamber package; connected, separately sealed containers
(e.g., foil pouches) that can be separated by the user; or a kit where the sirtuin
modulating compound(s) and other therapeutic agent(s) are in separate vessels).
When using separate formulations, the sirtuin-modulating compound may be
administered at the same, intermittent, staggered, prior to, subsequent to, or
combinations thereof, with the administration of another therapeutic agent.

In certain embodiments, methods for reducing, preventing or treating
diseases or disorders using a sirtuin-modulating compound may also comprise
increasing the 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 nucleic acid encoding the amino acid sequence set forth in

GenBank Accession No. NP_036370 and/or increasing the level of SIRT3 by
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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% identical to the sequence of a sirtuin, e.g., SIRT1 and/or SIRT3 protein. For
example, the nucleic acid encoding the protein may be at least about 80%, 85%,
90%, 95%, 98%, or 99% identical to a nucleic acid encoding a SIRT1 (e.g. GenBank
Accession No. NM_012238) and/or SIRT3 (e.g., GenBank Accession No.
BC001042) protein. The nucleic acid may also be a nucleic acid that hybridizes,
preferably under stringent hybridization conditions, to a nucleic acid encoding a
wild-type sirtuin, e.g., SIRT1 and/or SIRT3 protein. Stringent hybridization
conditions may include hybridization and a wash in 0.2 x SSC at 65 °C. When using
a nucleic acid that encodes a protein that is different from a wild-type sirtuin protein,
such as a protein that is a fragment of a wild-type sirtuin, the protein is preferably
biologically active, e.g., is capable of deacetylation. It is only necessary to express in
a cell a portion of the sirtuin that is biologically active. For example, a protein that
differs from wild-type SIRT1 having GenBank Accession No. NP 036370,
preferably contains the core structure thereof. The core structure sometimes refers to
amino acids 62-293 of GenBank Accession No. NP_O36370, which are encoded by
nucleotides 237 to 932 of GenBank Accession No. NM_012238, which
encompasses the NAD binding as well as the substrate binding domains. T};e core
domain of SIRT1 may also refer to 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; to about amino acids 242 to 493 of GenBank
Accession No. NP_036370, which are encoded by nucleotides 777 to 1532 of
GenBank Accession No. NM_012238; or to about amino acids 254 to 495 of
GenBank Accession No. NP_036370, which are encoded by nucleotides 813 to 1538
of GenBank Accession No. NM_012238. Whether a protein retains a biological
function, e.g., deacetylation capabilities, can be determined according to methods
known in the art.

In certain embodiments, methods for reducing, preventing or treating

diseases or disorders using a sirtuin-modulating compound may also comprise
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decreasing the protein level of a sirtuin, such as human SIRT1, SIRT2 and/or
SIRT3, or homologs thereof. Decreasing a sirtuin protein level can be achieved
according to methods 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 mutant, e.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.

Methods for modulating sirtuin protein levels also include methods for
modulating the transcription of genes encoding sirtuins, methods for
stabilizing/destabilizing the corresponding mRNAs, and other methods known in the
art.
Aging/Stress

In one embodiment, the invention provides a method extending the lifespan
of a cell, extending the proliferative capacity of a cell, slowing aging of a cell,
promoting the survival of a cell, delaying cellular senescence in a cell, mimicking
the effects of calorie restriction, increasing the resistance of a cell to stress, or
preventing apoptosis of a cell, by contacting the cell with a sirtuin-modulating
compound of the invention that increases the level and/or activity of a sirtuin
protein. In an exemplary embodiment, the methods comprise contacting the cell
with a sirtuin-activating compound.

The methods described herein may be used to increase the amount of time
that cells, particularly primary cells (i.e., cells obtained from an organism, e.g., a
human), may be kept alive in a cell culture. Embryonic stem (ES) cells and
pluripotent cells, and cells differentiated therefrom, may also be treated with a
sirtuin-modulating compound that increases the level and/or activity of a sirtuin
protein to keep the cells, or progeny thereof, in culture for longer periods of time.
Such cells can also be used for transplantation into a subject, e.g., after ex vivo
modification.

In one embodiment, cells that are intended to be preserved for long periods
of time may be treated with a sirtuin-modulating compound that increases the level
and/or activity of a sirtuin protein. The cells may be in suspension (e.g., blood cells,

serum, biological growth media, etc.) or in tissues or organs. For example, blood
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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
compound that increases the level and/or activity of a sirtuin protein. Other cells
that may be treated to extend their lifespan or protect against apoptosis include cells
for consumption, e.g., cells from non-human mammals (such as meat) or plant cells
(such as vegetables).

Sirtuin-modulating compounds that increase the level and/or activity of a
sirtuin protein may also be applied during developmental and growth phases in
mammals, plants, insects or microorganisms, in order to, e.g., alter, retard or
accelerate the developmental and/or growth process.

In another embodiment, sirtuin-modulating compounds that increase the
level and/or activity of a sirtuin protein may be used to treat cells useful for
transplantation or cell therapy, including, for example, solid tissue grafts, organ
transplants, cell suspensions, stem cells, bone marrow cells, etc. The cells or tissue
may be an autograft, an allograft, a syngraft or a xenograft. The cells or tissue may
be treated with the sirtuin-modulating compound prior to
administration/implantation, concurrently with administration/implantation, and/or
post administration/implantation into a subject. The cells or tissue may be treated
prior to removal of the cells from the donor individual, ex vivo after removal of the
cells or tissue from the donor individual, or post implantation into the recipient. For
example, the donor or recipient individual may be treated systemically with a
sirtuin-modulating compound or may have a subset of cells/tissue treated locally
with a sirtuin-modulating compound that increases the level and/or activity of a
sirtuin protein. In certain embodiments, the cells or tissue (or donor/recipient
individuals) 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.

In yet other embodiments, cells may be treated with a sirtuin-modulating
compound that increases the level and/or activity of a sirtuin protein in vivo, e.g., to

increase their lifespan or prevent apoptosis. For example, skin can be protected
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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 sirtuin protein. In an exemplary embodiment, skin is contacted with a
pharmaceutical or cosmetic composition comprising a sirtuin-modulating
compound that increases the level and/or activity of a sirtuin protein. Exemplary
skin afflictions or skin conditions that may be treated in accordance with the
methods described herein include disorders or diseases associated with or caused by
inflammation, sun damage or natural aging. For example, the compositions find
utility in the prevention or treatment of contact dermatitis (including irritant contact
dermatitis and allergic contact dermatitis), atopic dermatitis (also known as allergic
eczema), actinic keratosis, keratinization disorders (including eczema),
epidermolysis bullosa diseases (including penfigus), exfoliative dermatitis,
seborrheic dermatitis, erythemas (including erythema multiforme and erythema
nodosum), damage caused by the sun or other light sources, discoid lupus
erythematosus, dermatomyositis, psoriasis, skin cancer and the effects of natural
aging. In another embodiment, sirtuin-modulating compounds that increase the
level and/or activity of a sirtuin protein may be used for the treatment of wounds
and/or burns to promote healing, including, for example, first-, second- or third-
degree burns and/or a thermal, chemical or electrical burns. The formulations may
be administered topically, to the skin or mucosal tissue.

Topical formulations comprising one or more sirtuin-modulating
compounds that increase the level and/or activity of a sirtuin protein may also be
used as preventive, e.g., chemopreventive, compositions. When used in a
chemopreventive method, susceptible skin is treated prior to any visible condition
in a particular individual.

Sirtuin-modulating compounds may be delivered locally or systemically to a
subject. In one embodiment, a sirtuin-modufating compound is delivered locally to
a tissue or organ of a subject by injection, topical formulation, etc.

In another embodiment, a sirtuin-modulating compound that increases the
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
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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
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 or death. In certain embodiments, the method does not act by decreasing
the rate of occurrence of diseases that shorten the lifespan of a subject. In certain
embodiments, a method does not act by reducing the lethality caused by a disease,
such as cancer.

In yet another embodiment, a sirtuin-modulating compound that increases
the level and/or activity of a sirtuin protein may be administered to a subject in
order to generally increase the lifespan of its cells and to protect its cells against
stress and/or against apoptosis. It is believed that treating a subject with a
compound described herein is similar to subjecting the subject to hormesis, i.e.,
mild stress that is beneficial to organisms and may extend their lifespan.

Sirtuin-modulating compounds that increase the level and/or activity of a
sirtuin protein may be administered to a subject to prevent aging and aging-related
consequences or diseases, such as stroke, heart disease, heart failure, arthritis, high
blood pressure, and Alzheimer's disease. Other conditions that can be treated
include ocular disorders, e.g., associated with the aging of the eye, such as
cataracts, glaucoma, and macular degeneration. Sirtuin-modulating compounds that
increase the level and/or activity of a sirtuin protein can also be administered to
subjects for treatment of diseases, e.g., chronic diseases, associated with cell death,
in order to protect the cells from cell death. Exemplary diseases include those
associated with neural cell death, neuronal dysfunction, or muscular cell death or
dysfunction, such as Parkinson’s disease, Alzheimer’s disease, multiple sclerosis,
amniotropic lateral sclerosis, and muscular dystrophy; AIDS; fulminant hepatitis;
diseases linked to degeneration of the brain, such as Creutzfeld-Jakob disease,
retinitis pigmentosa and cerebellar degeneration; myelodysplasis such as aplastic
anemia; ischemic diseases such as myocardial infarction and stroke; hepatic
diseases such as alcoholic hepatitis, hepatitis B and hepatitis C; joint-diseases such

as osteoarthritis; atherosclerosis; alopecia; damage to the skin due to UV light;
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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
sirtuin protein can also be administered to a subject suffering from an acute disease,
5 e.g., damage to an organ or tissue, e.g., a subject suffering from stroke or
myocardial infarction or a subject suffering from a spinal cord injury. Sirtuin-
modulating compounds that increase the level and/or activity of a sirtuin protein
may also be used to repair an alcoholic’s liver.
Cardiovascular Disease

10 In another embodiment, the invention provides a method for treating and/or
preventing a cardiovascular disease by administering to a subject in need thereof a
sirtuin-modulating compound that increases the level and/or activity of a sirtuin
protein.

Cardiovascular diseases that can be treated or prevented using the sirtuin-

15 modulating compounds that increase the level and/or activity of a sirtuin protein
include cardiomyopathy or myocarditis; such as idiopathic cardiomyopathy,
metabolic cardiomyopathy, alcoholic cardiomyopathy, drug-induced
cardiomyopathy, ischemic cardiomyopathy, and hypertensive cardiomyopathy.
Also treatable or preventable using compounds and methods described herein are

20  atheromatous disorders of the major blood vessels (macrovascular disease) such as
the aorta, the coronary arteries, the carotid arteries, the cerebrovascular arteries, the
renal arteries, the iliac arteries, the femoral arteries, and the popliteal arteries. Other
vascular diseases that can be treated or prevented include those related to platelet
aggregation, the retinal arterioles, the glomerular arterioles, the vasa nervorum,

25 cardiac arterioles, and associated capillary beds of the eye, the kidney, the heart,
and the central and peripheral nervous systems. The sirtuin-modulating compounds
that increase the level and/or activity of a sirtuin protein may also be used for
increasing HDL levels in plasma of an individual.

Yet other disorders that may be treated with sirtuin-modulating compounds

30 that increase the level and/or activity of a sirtuin protein include restenosis, e.g.,
following coronary intervention, and disorders relating to an abnormal level of high

density and low density cholesterol.
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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
therapeutic with another cardiovascular agent. 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 therapeutic with an anti-arrhythmia
agent. In another embodiment, a sirtuin-modulating compound that increases the
level and/or activity of a sirtuin protein may be administered as part of a
combination therapeutic with another cardiovascular agent.

Cell Death/Cancer

Sirtuin-modulating compounds that increase the level and/or activity of a
sirtuin protein may be administered to subjects who have recently received or are
likely to receive a dose of radiation or toxin. In one embodiment, the dose of
radiation or toxin is received as part of a work-related or medical procedure, e.g.,
administered as a prophylactic measure. In another embodiment, the radiation or
toxin exposure is received unintentionally. In such a case, the compound is
preferably administered as soon as possible after the exposure to inhibit apoptosis
and the subsequent development of acute radiation syndrome.

Sirtuin-modulating compounds may also be used for treating and/or
preventing cancer. In certain embodiments, sirtuin-modulating compounds that
increase the level and/or activity of a sirtuin protein may be used for treating and/or
preventing cancer. Calorie restriction has been linked to a reduction in the
incidence of age-related disorders including cancer. Accordingly, an increase in the
level and/or activity of a sirtuin protein may be useful for treating and/or preventing
the incidence of age-related disorders, such as, for example, cancer. Exemplary
cancers that may be treated using a sirtuin-modulating compound are those of the
brain and kidney; hormone-dependent cancers including breast, prostate, testicular,
and ovarian cancers; lymphomas, and leukemias. In cancers associated with solid
tumors, a 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
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autoimmune cells 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 sirtuin-modulating compound. Alternatively, cells can
be obtained from a subject, treated ex vivo to remove certain undesirable cells, e.g.,
cancer cells, and administered back to the same or a different subject.

Chemotherapeutic agents may be co-administered with modulating
compounds described herein as having anti-cancer activity, e.g., compounds that
induce apoptosis, compounds that reduce lifespan or compounds that render cells
sensitive to stress. Chemotherapeutic agents may be used by themselves with a
sirtuin-modulating compound described herein as inducing cell death or reducing
lifespan or increasing sensitivity to stress and/or in combination with other
chemotherapeutics agents.  In addition to conventional chemotherapeutics, the
sirtuin-modulating compounds described herein may also be used with antisense
RNA, RNAI or other polynucleotides to inhibit the expression of the cellular
components that contribute to unwanted cellular proliferation.

Combination therapies comprising sirtuin-modulating compounds and a
conventional chemotherapeutic agent may be advantageous over combination
therapies known in the art because the combination allows the conventional
chemotherapeutic agent to exert greater effect at lower dosage. In a preferred
embodiment, the effective dose (EDsp) for a chemotherapeutic agent, or
combination of conventional chemotherapeutic agents, when used in combination
with a sirtuin-modulating compound is at least 2 fold less than the EDs for the
chemotherapeutic agent alone, and even more preferably at 5 fold, 10 fold or even
25 fold less. Conversely, the therapeutic index (TI) for such chemotherapeutic
agent or combination of such chemotherapeutic agent when used in combination
with a sirtuin-modulating compound described herein can be at least 2 fold greater
than the T1 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

neurodegenerative diseases, and traumatic or mechanical injury to the central
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nervous system (CNS), spinal cord or peripheral nervous system (PNS).
Neurodegenerative disease typically involves reductions in the mass and volume of
the human brain, which rhay be due to the atrophy and/or death of brain cells, which
are far more profound than those in a healthy person that are attributable to aging.
Neurodegenerative diseases can evolve gradually, after a long period of normal
brain function, due to progressive degeneration (e.g., nerve cell dysfunction and
death) of specific brain regions. Alternatively, neurodegenerative diseases can have
a quick onset, such as those associated with trauma or toxins. The actual onset of
brain degeneration may precede clinical expression by many years. Examples of
neurodegenerative diseases include, but are not limited to, Alzheimer's disease
(AD), Parkinson's disease (PD), Huntington’s disease (HD), amyotrophic lateral
sclerosis (ALS; Lou Gehrig's disease), diffuse Lewy body disease, chorea-
acanthocytosis, primary lateral sclerosis, ocular diseases (ocular neuritis),
chemotherapy-induced neuropathies (e.g., from vincristine, paclitaxel, bortezomib),
diabetes-induced neuropathies and Friedreich's ataxia. Sirtuin-modulating
compounds that increase the level and/or activity of a sirtuin protein can be used to
treat these disorders and others as described below.

AD is a CNS disorder that results in memory loss, unusual behavior,
personality changes, and a decline in thinking abilities. These losses are related to
the death of specific types of brain cells and the breakdown of connections and their
supporting network (e.g. glial cells) between them. The earliest symptoms include
loss of recent memory, faulty judgment, and changes in personality. PD is a CNS
disorder that results in uncontrolled body movements, rigidity, tremor, and
dyskinesia, and is associated with the death of brain cells in an area of the brain that
produces dopamine. ALS (motor neuron disease) is a CNS disorder that attacks the
motor neurons, components of the CNS that connect the brain to the skeletal
muscles.

HD i1s 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

42



HN I F'N,,._,----1IN
33 564.2 91 533 it O 3HN I /.\%"ii NI

W@4008456889 281 PCT/US2008/007776

10

15

20

25

30

and related glycolipidssubstrates for B-hexosaminidase accumulate in the nervous
system and trigger acute neurodegeneration.

It is well-known that apoptosis plays a role in AIDS pathogenesis in the
immune system. However, HIV-1 also induces neurological disease, which can be
treated with sirtuin-modulating compounds of the invention.

Neuronal loss is also a salient feature of prion diseases, such as Creutzfeldt-
Jakob disease in human, BSE in cattle (mad cow disease), Scrapie Disease in sheep
and goats, and feline spongiform encephalopathy (FSE) in cats. Sirtuin-modulating
compounds that increase the level and/or activity of a sirtuin protein may be useful
for treating or preventing neuronal loss due to these prior diseases.

In another embodiment, a sirtuin-modulating compound that increases the
level and/or activity of a sirtuin protein may be used to treat or prevent any disease
or disorder involving axonopathy. Distal axonopathy is a type of peripheral
neuropathy that results from some metabolic or toxic derangement of peripheral
nervous system (PNS) neurons. It is the most common response of nerves to
metabolic or toxic disturbances, and as such may be caused by metabolic diseases
such as diabetes, renal failure, deficiency syndromes such as malnutrition and
alcoholism, or the effects of toxins or drugs. Those with distal axonopathies usually
present with symmetrical glove-stocking sensori-motor disturbances. Deep tendon
reflexes and autonomic nervous system (ANS) functions are also lost or diminished
in affected areas.

Diabetic neuropathies are neuropathic disorders that are associated with
diabetes mellitus. Relatively common conditions which may be associated with
diabetic neuropathy include third nerve palsy; mononeuropathy; mononeuritis
multiplex; diabetic amyotrophy; a painful polyneuropathy; autonomic neuropathy;
and thoracoabdominal neuropathy.

Peripheral neuropathy is the medical term for damage to nerves of the
peripheral nervous system, which may be caused either by diseases of the nerve or
from the side-effects of systemic illness. Major causes of peripheral neuropathy
include seizures, nutritional deficiencies, and HIV, though diabetes is the most likely

cause.
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In an exemplary embodiment, a sirtuin-modulating compound that increases
the level and/or activity of a sirtuin protein may be used to treat or prevent multiple
sclerosis (MS), including relapsing MS and monosymptomatic MS, and other
demyelinating conditions, such as, for example, chromic inflammatory
demyelinating polyneuropathy (CIDP), or symptoms associated therewith.

In yet another embodiment, a sirtuin-modulating compound that increases
the level and/or activity of a sirtuin protein may be used to treat trauma to the
nerves, including, trauma due to disease, injury (including surgical intervention), or
environmental trauma (e.g., neurotoxins, alcoholism, etc.).

Sirtuin-modulating compounds that increase the level and/or activity of a
sirtuin protein may also be useful to prevent, treat, and alleviate symptoms of
various PNS disorders. The term “peripheral neuropathy” encompasses a wide range
of disorders in which the nerves outside of the brain and spinal cord—peripheral
nerves—have been damaged. Peripheral neuropathy may also be referred to as
peripheral neuritis, or if many nerves are involved, the terms polyneuropathy or
polyneuritis may be used.

PNS diseases treatable with sirtuin-modulating compounds that increase the
level and/or activity of a sirtuin protein include: diabetes, leprosy, Charcot-Marie-
Tooth disease, Guillain-Barré syndrome and Brachial Plexus Neuropathies (diseases
of the cervical and first thoracic roots, nerve trunks, cords, and peripheral nerve
components of the brachial plexus.

In another embodiment, a sirtuin activating compound may be used to treat
or prevent a polyglutamine disease. Exemplary polyglutamine diseases 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 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 on the degree of reduction in blood flow to the cell and the duration of the
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reduction. In one embodiment, apoptotic or necrotic cell death may be prevented. In
still a further embodiment, ischemic-mediated damage, such as cytoxic edema or
central nervous system tissue anoxemia, may be prevented. In each embodiment, the
central nervous system cell may be a spinal cell or a brain cell.

5 Another aspect encompasses administrating a sirtuin activating compound to
a subject to treat a central nervous system ischemic condition. A number of central
nervous system ischemic conditions may be treated by the sirtuin activating
compounds described herein. In one embodiment, the ischemic condition is a stroke
that results in any type of ischemic central nervous system damage, such as

10 apoptotic or necrotic cell death, cytoxic edema or central nervous system tissue
anoxia. The stroke may impact any area of the brain or be caused by any étiology
commonly known to result in the occurrence of a stroke. In one alternative of this
embodiment, the stroke is a brain stem stroke. In another alternative of this
embodiment, the stroke is a cerebellar stroke. In still another embodiment, the stroke

15 isan embolic stroke. In yet another alternative, the stroke may be a hemorrhagic
stroke. In a further embodiment, the stroke is a thrombotic stroke.

In yet another aspect, a sirtuin activating compound may be administered to
reduce infarct size of the ischemic core following a central nervous system ischemic
condition. Moreover, a sirtuin activating compound may also be beneficially

20  administered to reduce the size of the ischemic penumbra or transitional zone
following a central nervous system ischemic condition.

In one embodiment, a combination drug regimen may include drugs or
compounds for the treatment or prevention of neurodegenerative disorders or
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

30  disorders (or hemostatic disorders). As used interchangeably herein, the terms
“hemostasis”, “blood coagulation,” and “blood clotting” refer to the control of

bleeding, including the physiological properties of vasoconstriction and coagulation.
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Blood coagulation assists in maintaining the integrity of mammalian circulation after
injury, inflammation, disease, congenital defect, dysfunction or other disruption.
Further, the formation of blood clots does not only limit bleeding in case of an injury
(hemostasis), but may lead to serious organ damage and death in the context of
atherosclerotic diseases by occlusion of an important artery or vein. Thrombosis is
thus blood clot formation at the wrong time and place. \

Accordingly, the present invention provides anticoagulation and
antithrombotic treatments aiming at inhibiting the formation of blood clots in order
to prevent or treat blood coagulation disorders, such as myocardial infarction, stroke,
loss of a limb by peripheral artery disease or pulmonary embolism.

As used interchangeably herein, “modulating or modulation of hemostasis”
and “regulating or regulation of hemostasis” includes the induction (e.g., stimulation
or increase) of hemostasis, as well as the inhibition (e.g., reduction or decrease) of
hemostasis.

In one aspect, the invention provides a method for reducing or inhibiting
hemostasis in a subject by administering a sirtuin-modulating compound that
increases the level and/or activity of a sirtuin protein. The compositions and methods
disclosed herein are useful for the treatment or prevention of thrombotic disorders. |
As used herein, the term “thrombotic disorder” includes any disorder or condition
characterized 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
propensity to form thromboses, e.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
secondary conditions associated with these conditions. Thus, a combination drug
regimen may include one or more sirtuin-modulating compounds that increase the
level and/or activity of a sirtuin protein and one or more anti-coagulation or anti-

thrombosis agents.
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Weight Control

In another aspect, sirtuin-modulating compounds that increase the level
and/or activity of a sirtuin protein may be used for treating or preventing weight gain
or obesity in a subject. For example, sirtuin-modulating compounds that increase the
level and/or activity of a sirtuin protein may be used, for example, to treat or prevent
hereditary obesity, dietary obesity, hormone related obesity, obesity related to the
administration of medication, to reduce the weight of a subject, or to reduce or
prevent weight gain in a subject. A subject in need of such a treatment may be a
subject who is obese, likely to become obese, overweight, or likely to become
overweight. Subjects who are likely to become obese or overweight can be
identified, for example, based on family history, genetics, diet, activity level,
medication intake, or various combinations thereof.

In yet other embodiments, sirtuin-modulating compounds that increase the
level and/or activity of a sirtuin protein may be administered to subjects suffering
from a variety of other diseases and conditions that may be treated or prevented by
promoting weight loss in the subject. Such diseases include, for example, high blood
pressure, hypertension, high blood cholesterol, dyslipidemia, type 2 diabetes, insulin
resistance, glucose intolerance, hyperinsulinemia, coronary heart disease, angina
pectoris, congestive heart failure, stroke, gallstones, cholescystitis and cholelithiasis,
gout, osteoarthritis, obstructive sleep apnea and respiratory problems, some types of
cancer (such as endometrial, breast, prostate, and colon), complications of
pregnancy, 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.

In another embodiment, sirtuin-modulating compounds that increase the
level and/or activity of a sirtuin protein may be used for inhibiting adipogenesis or
fat cell differentiation, whether in vitro or in vivo. Such methods may be used for

treating or preventing obesity.
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In other embodiments, sirtuin-modulating compounds that increase the level
and/or activity of a sirtuin protein may be used for reducing appetite and/or
increasing satiety, thereby causing weight loss or avoidance of weight gain. A
subject in need of such a treatment may be a subject who is overweight, obese or a
subject likely to become overweight or obese. The method may comprise
administering daily or, every other day, or once a week, a dose, €.g., in the form of a
pill, to a subject. The dose may be an “appetite reducing dose.”

In an exemplary embodiment, sirtuin-modulating compounds that increase
the level and/or activity of a sirtuin protein may be administered as a combination
therapy for treating or preventing weight gain or obesity. For example, one or more
sirtuin-modulating compounds that increase the level and/or activity of a sirtuin
protein may be administered in combination with one or more anti-obesity agents.

In another embodiment, sirtuin-modulating compounds that increase the
level and/or activity of a sirtuin protein may be administered to reduce drug-induced
weight gain. For example, a sirtuin-modulating compound that increases the level
and/or activity of a sirtuin protein may be administered as a combination therapy
with medications that may stimulate appetite or cause weight gain, in particular,
weight gain due to factors other than water retention.

Metabolic Disorders/Diabetes

In another aspect, sirtuin-modulating compounds that increase the level
and/or activity of a sirtuin protein may be used for treating or preventing a metabolic
disorder, such as insulin-resistance, a pre-diabetic state, type II diabetes, and/or
complications thereof. Administration of a sirtuin-modulating compounds 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
be a subject who has insulin resistance or other precursor symptom of type II
diabetes, who has type II diabetes, or who is likely to develop any of these
conditions. For example, the subject may be a subject having insulin resistance, €.g.,
having high circulating levels of insulin and/or associated conditions, such as
hyperlipidemia, dyslipogenesis, hypercholesterolemia, impaired glucose tolerance,
high blood glucose sugar level, other manifestations of syndrome X, hypertension,

atherosclerosis and lipodystrophy.
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In an exemplary embodiment, sirtuin-modulating compounds that increase
the level and/or activity of a sirtuin protein may be administered as a combination
therapy for treating or preventing a metabolic disorder. For example, one or more
sirtuin-modulating compounds that increase the level and/or activity of a sirtuin
protein may be administered in combination with one or more anti-diabetic agents.
Inflammatory Diseases

In other aspects, sirtuin-modulating compounds that increase the level
and/or activity of a sirtuin protein can be used to treat or prevent a disease or
disorder associated with inflammation. Sirtuin-modulating compounds that increase
the level and/or activity of a sirtuin protein may be administered prior to the onset
of, at, or after the initiation of inflammation. When used prophylactically, the
compounds are preferably provided in advance of any inflammatory response or
symptom. Administration of the compounds may prevent or attenuate inflammatory
responses or symptoms.

In another embodiment, sirtuin-modulating compounds that increase the
level and/or activity of a sirtuin protein may be used to treat or prevent allergies and
respiratory conditions, including asthma, bronchitis, pulmonary fibrosis, allergic
rhinitis, oxygen toxicity, emphysema, chronic bronchitis, acute respiratory distress
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 organ-tissue
autoimmune diseases (e.g., Raynaud's syndrome), scleroderma, myasthenia gravis,
transplant rejection, endotoxin shock, sepsis, psoriasis, eczema, dermatitis, multiple
sclerosis, autoimmune thyroiditis, uveitis, systemic lupus erythematosis, Addison's
disease, autoimmune polyglandular disease (also known as autoimmune
polyglandular syndrome), and Grave's disease.

In certain embodiments, one or more sirtuin-modulating compounds that
increase the level and/or activity of a sirtuin protein may be taken alone or in

combination with other compounds useful for treating or preventing inflammation.
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Flushing

In another aspect, sirtuin-modulating compounds that increase the level
and/or activity of a sirtuin protein may be used for reducing the incidence or severity
of flushing and/or hot flashes which are symptoms of a disorder. For instance, the

5  subject method includes the use of sirtuin-modulating compounds that increase the
level and/or activity of a sirtuin protein, alone or in combination with other agents,
for reducing incidence or severity of flushing and/or hot flashes in cancer patients.
In other embodiments, the method provides for the use of sirtuin-modulating
compounds that increase the level and/or activity of a sirtuin protein to reduce the

10  incidence or severity of flushing and/or hot flashes in menopausal and post-
menopausal woman.

In another aspect, sirtuin-modulating compounds that increase the level
and/or activity of a sirtuin protein may be used as a therapy for reducing the
incidence or severity of flushing and/or hot flashes which are side-effects of another

15  drug therapy, e.g., drug-induced flushing. In certain embodiments, a method for
treating and/or preventing drug-induced flushing comprises administering to a
patient in need thereof a formulation comprising at least one flushing inducing
compound and at least one sirtuin-modulating compound that increases the level
and/or activity of a sirtuin protein. In other embodiments, a method for treating drug

20  induced flushing comprises separately administering one or more compounds that
induce flushing and one or more sirtuin-modulating compounds, e.g., wherein the
sirtuin-modulating compound and flushing inducing agent have not been formulated
in the same compositions. When using separate formulations, the sirtuin-modulating
compound may be administered (1) at the same as administration of the flushing

25  inducing agent, (2) intermittently with the flushing inducing agent, (3) staggered
relative to administration of the flushing inducing agent, (4) prior to administration
of the flushing inducing agent, (5) subsequent to administration of the flushing
inducing agent, and (6) various combination thereof. Exemplary flushing inducing
agents include, for example, niacin, faloxifene, antidepressants, anti-psychotics,

30  chemotherapeutics, calcium channel blockers, and antibiotics.

In one embodiment, sirtuin-modulating compounds that increase the level

and/or activity of a sirtuin protein may be used to reduce flushing side effects of a
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vasodilator or an antilipemic agent (including anticholesteremic agents and
lipotropic agents). In an exemplary embodiment, a sirtuin-modulating compound
that increases the level and/or activity of a sirtuin protein may be used to reduce
flushing associated with the administration of niacin.

In another embodiment, the invention provides a method for treating and/or
preventing hyperlipidemia with reduced flushing side effects. In another
representative embodiment, the method involves the use of sirtuin-modulating
compounds that increase the level and/or activity of a sirtuin protein to reduce
flushing side effects of raloxifene. In another representative embodiment, the
method involves the use of sirtuin-modulating compounds that increase the level

“and/or activity of a sirtuin protein to reduce flushing side effects of antidepressants
or anti-psychotic agent. For instance, sirtuin-modulating compounds that increase
the level and/or activity of a sirtuin protein can be used in conjunction (administered
separately or together) with a serotonin reuptake inhibitor, or a SHT?2 receptor
antagonist.

In certain embodiments, sirtuin-modulating compounds that increase the
level and/or activity of a sirtuin protein may be used as part of a treatment with a
serotonin 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
agents, such as cyclophosphamide and tamoxifen.

In another embodiment, sirtuin-modulating compounds that increase the
level and/or activity of a sirtuin protein may be used to reduce flushing side effects
of calcium channel blockers, such as amlodipine.

In another embodiment, sirtuin-modulating compounds that increase the
level and/or activity of a sirtuin protein may be used to reduce flushing side effects
of antibiotics. For example, sirtuin-modulating compounds that increase the level
and/or activity of a sirtuin protein can be used in combination with levofloxacin.
Ocular Disorders

One aspect of the present invention is a method for inhibiting, reducing or

otherwise treating vision impairment by administering to a patient a therapeutic
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dosage of sirtuin modulator selected from a compound disclosed herein, or a
pharmaceutically acceptable salt, prodrug or a metabolic derivative thereof.

In certain aspects of the invention, the vision impairment is caused by
damage to the optic nerve or central nervous system. In particular embodiments,
optic nerve damage is caused by high intraocular pressure, such as that created by
glaucoma. In other particular embodiments, optic nerve damage is caused by
swelling of the nerve, which is often associated with an infection or an immune
(e.g., autoimmune) response such as in optic neuritis.

In certain aspects of the invention, the vision impairment is caused by retinal
damage. In particular embodiments, retinal damage is caused by disturbances in
blood flow to the eye (e.g., arteriosclerosis, vasculitis). In particular embodiments,
retinal damage is caused by disrupton of the macula (e.g., exudative or non-
exudative macular degeneration).

Exemplary retinal diseases include Exudative Age Related Macular
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 Disease,
Branch Retinal Artery Occlusion, Branch Retinal Vein Occlusion, Cancer
Associated and Related Autoimmune Retinopathies, Central Retinal Artery
Occlusion, Central Retinal Vein Occlusion, Central Serous Chorioretinopathy, Eales
Disease, Epimacular Membrane, Lattice Degeneration, Macroaneurysm, Diabetic
Macular Edema, Irvine-Gass Macular Edema, Macular Hole, Subretinal Neovascular
Membranes, Diffuse Unilateral Subacute Neuroretinitis, Nonpseudophakic Cystoid
Macular Edema, Presumed Ocular Histoplasmosis Syndrome, Exudative Retinal
Detachment, Postoperative Retinal Detachment, Proliferative Retinal Detachment,
Rhegmatogenous Retinal Detachment, Tractional Retinal Detachment, Retinitis
Pigmentosa, CMV Retinitis, Retinoblastoma, Retinopathy of Prematurity, Birdshot
Retinopathy, Background Diabetic Retinopathy, Proliferative Diabetic Retinopathy,
Hemoglobinopathies Retinopathy, Purtscher Retinopathy, Valsalva Retinopathy,
Juvenile Retinoschisis, Senile Retinoschisis, Terson Syndrome and White Dot

Syndromes.
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Other exemplary diseases include ocular bacterial infections (e.g.
conjunctivitis, keratitis, tuberculosis, syphilis, gonorrhea), viral infections (e.g.
~ Ocular Herpes Simplex Virus, Varicella Zoster Virus, Cytomegalovirus retinitis,
Human Immunodeficiency Virus (HIV)) as well as progressive outer retinal necrosis
secondary to HIV or other HIV-associated and other immunodeficiency-associated
“ocular diseases. In addition, ocular diseases include fungal infections (e.g. Candida
choroiditis, histoplasmosis), protozoal infections (e.g. toxoplasmosis) and others
such as ocular toxocariasis and sarcoidosis.

One aspect of the invention is a method for inhibiting, reducing or treating
vision impairment in a subject undergoing treatment with a chemotherapeutic drug
(e.g., a neurotoxic drug, a drug that raises intraocular pressure such as a steroid), by
administering to the subject in need of such treatment a therapeutic dosage of a
sirtuin modulator disclosed herein.

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 herein. Ocular surgeries include cataract, iridotomy and
lens replacements.

Another aspect of the invention is the treatment, including inhibition and
prophylactic treatment, of age related ocular diseases include cataracts, dry eye, age-
related macular degeneration (AMD), retinal damage and the like, by administering
to the subject in need of such treatment a therapeutic dosage of a sirtuin modulator
disclosed herein.

Another aspect of the invention is the prevention or treatment of damage to
the eye caused by stress, chemical insult or radiation, by administering to the subject
in need of such treatment a therapeutic dosage of a sirtuin modulator disclosed
herein. Radiation or electromagnetic damage to the eye can include that caused by
CRT’s or exposure to sunlight or UV.

In one embodiment, a combination drug regimen may include drugs or
compounds for the treatment or prevention of ocular disorders or secondary

conditions associated with these conditions. Thus, a combination drug regimen may
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include one or more sirtuin activators and one or more therapeutic agents for the
treatment of an ocular disorder.

In one embodiment, a sirtuin modulator can be administered in conjunction
with a therapy for reducing intraocular pressure. In another embodiment, a sirtuin
modulator can be administered in conjunction with a therapy for treating and/or
preventing glaucoma. In yet another embodiment, a sirtuin modulator can be
administered in conjunction with a therapy for treating and/or preventing optic
neuritis. In one embodiment, a sirtuin modulator can be administered in conjunction
with a therapy for treating and/or preventing CMV Retinopathy. In another
embodiment, a sirtuin modulator can be administered in conjunction with a therapy
for treating and/or preventing multiple sclerosis.

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 activity of the mitochondria while maintaining the overall numbers of
mitochondria (e.g., mitochondrial mass), increasing the numbers of mitochondria
thereby increasing mitochondrial activity (e.g., by stimulating mitochondrial
biogenesis), or combinations thereof. In certain embodiments, diseases and disorders
that would benefit from increased mitochondrial activity include diseases or
disorders associated with mitochondrial dysfunction.

In certain embodiments, methods for treating diseases or disorders
that would benefit from increased mitochondrial activity may comprise identifying a
subject suffering from a mitochondrial dysfunction. Methods for diagnosing a
mitochondrial dysfunction may involve molecular genetic, pathologic and/or
biochemical analyses. Diseases and disorders associated with mitochondrial
dysfunction include diseases and disorders in which deficits in mitochondrial
respiratory chain activity contribute to the development of pathophysiology of such
diseases or disorders in a mammal. Diseases or disorders that would benefit from
increased mitochondrial activity generally include for example, diseases in which

free radical mediated oxidative injury leads to tissue degeneration, diseases in which
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cells inappropriately undergo apoptosis, and diseases 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 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

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, migrane, etc.),
developmental delay, neurodegenerative disorders (e.g., Alzheimer’s Disease,
Parkinson’s Disease, amyotrophic lateral sclerosis, etc.), ischemia, renal tubular
acidosis, age-related neurodegeneration and cognitive decline, chemotherapy
fatigue, age-related or chemotherapy-induced menopause or irregularities of
menstrual cycling or ovulation, mitochondrial myopathies, mitochondrial damage
(e.g., calcium accumulation, excitotoxicity, nitric oxide exposure, hypoxia, etc.), and
mitochondrial deregulation.

Muscular dystrophy refers to a family of diseases involving deterioration of
neuromuscular structure and function, often resulting in atrophy of skeletal muscle
and myocardial dysfunction, such as Duchenne muscular dystrophy. In certain
embodiments, sirtuin activating compounds may be used for reducing the rate of
decline in muscular functional capacities and for improving muscular functional
status in patients with muscular dystrophy.

In certain embodiments, sirtuin modulating compounds may be useful for
treatment mitochondrial myopathies. Mitochondrial myopathies range from mild,
slowly progressive weakness of the extraocular muscles to severe, fatal infantile
myopathies and multisystem encephalomyopathies. Some syndromes have been

defined, with some overlap between them. Established syndromes affecting muscle
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include progressive external ophthalmoplegia, the Kearns-Sayre syndrome (with
ophthalmoplegia, pigmentary retinopathy, cardiac conduction defects, cerebellar
ataxia, and sensorineural deafness), the MELAS syndrome (mitochondrial
encephalomyopathy, lactic actdosis, and stroke-like episodes), the MERFF
syndrome (myoclonic epilepsy and ragged red fibers), limb-girdle distribution
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 damage, or hypoxia.

In certain embodiments, sirtuin activating compounds may be useful for
treating diseases or disorders associated with mitochondrial deregulation.

Muscle Performance

In other embodiments, the invention provides methods for enhancing muscle
performance by administering a therapeutically effective amount of a sirtuin
activating compound. For example, sirtuin activating compounds may be useful for
improving physical endurance (e.g., ability to perform a physical task such as
exercise, physical labor, sports activities, etc.), inhibiting or retarding physical
fatigues, enhancing blood oxygen levels, enhancing energy in healthy individuals,
enhance working capacity and endurance, reducing muscle fatigue, reducing stress,
enhancing cardiac and cardiovascular function, improving sexual ability, increasing
muscle ATP levels, and/or reducing lactic acid in blood. In certain embodiments, the
methods involve administering an amount of a sirtuin activating compound that
increase mitochondrial activity, increase mitochondrial biogenesis, and/or increase
mitochondrial mass.

Sports performance refers to the ability of the athlete's muscles to perform
when participating in sports activities. Enhanced sports performance, strength, speed
and endurance are measured by an increase in muscular contraction strength,
increase in amplitude of muscle contraction, shortening of muscle reaction time
between stimulation and contraction. Athlete refers to an individual who participates
in sports at any level and who seeks to achieve an improved level of strength, speed

and endurance in their performance, such as, for example, body builders, bicyclists,
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long distance runners, short distance runners, etc. Enhanced sports performance in
manifested by the ability to overcome muscle fatigue, ability to maintain activity for
longer periods of time, and have a more effective workout.

In the arena of athlete muscle performance, it is desirable to create conditions
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
rest, limb immobilization, or major thoracic, abdominal, and/or orthopedic surgery.

In certain embodiments, the invention provides novel dietary compositions
comprising sirtuin modulators, a method for their preparation, and a method of using
the compositions for improvement of sports performance. Accordingly, provided are
therapeutic compositions, foods and beverages that have actions of improving
physical endurance and/or inhibiting physical fatigues for those people involved in
broadly-defined exercises including sports requiring endurance and labors requiring
repeated muscle exertions. Such dietary compositions may additional comprise

electrolytes, caffeine, vitamins, carbohydrates, etc.

" Other Uses

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 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
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,
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e.g., bacterial cells. For example, modulating compounds may be administered to
farm animals to improve their ability to withstand farming conditions longer.

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 compound prior to picking and shipping to increase
resistance to damage during shipping. Plant seeds may also be contacted with
compounds described herein, e.g., to preserve them.

In other embodiments, sirtuin-modulating compounds that increase the level -
and/or activity of a sirtuin protein may be used for modulating lifespan in yeast
cells. Situations in which it may be desirable to extend the lifespaﬁ of yeast cells
include any process in which yeast is used, e.g., the making of beer, yogurt, and
bakery items, e.g., bread. Use of yeast having an extended lifespan can result in
using less yeast or in having the yeast be active for longer periods of time. Yeast or
other mammalian cells used for recombinantly producing proteins may also be
treated as described herein.

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 insects. In this embodiment, compounds would be applied to useful
insects, e.g., bees and other insects that are involved in pollination of plants. In a
specific 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, e.g., eukaryote, 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
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.
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At least in view of the link between reproduction and longevity, sirtuin-
modulating 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 the assay commercially available from Biomol, e.g., the SIRT1 Fluorimetric
Drug Discovery Kit (AK-555), SIRT2 Fluorimetric Drug Discovery Kit (AK-556),
or SIRT3 Fluorimetric Drug Discovery Kit (AK-557) (Biomol International,
Plymouth Meeting, PA). Other suitable sirtuin assays include a nicotinamide release
assay (Kaeberlein et al., J. Biol. Chem. 280(17): 17038 (2005)), a FRET assay
(Marcotte et al., Anal. Biochem. 332: 90 (2004)), and a C'* NAD boron resin
binding assay (McDonagh et al., Methods 36: 346 (2005)). Yet other suitable sirtuin
assays include radiotmmunoassays (RIA), scintillation proximity assays, HPLC
based assays, and reporter gene assays (e.g., for transcription factor targets).

An exemplary assay for determining sirtuin activity is a fluorescence
polarization assay. Fluorescence polarization assays are described herein and are
also described in PCT Publication No. WO 2006/094239. In other embodiments,
sirtuin 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 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
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
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with a test agent under conditions in which a sirtuin can be modulated by an agent
known to modulate the sirtuin, and monitoring or determining the level of
modulation of the sirtuin in the presence of the test agent relative to the absence of
the test agent. The level of modulation of a sirtuin can be determined by determining
its ability to deacetylate a substrate. Exemplary substrates are acetylated peptides
which can be obtained from BIOMOL (Plymouth Meeting, PA). Preferred substrates
include peptides of p53, such as those comprising an acetylated K382. A particularly
preferred substrate is the Fluor de Lys-SIRT1 (BIOMOL), i.e., the acetylated peptide
Arg-His-Lys-Lys. Other substrates are peptides from human histones H3 and H4 or
an acetylated amino acid. Substrates may be fluorogenic. The sirtuin may be SIRTI,
Sir2, SIRT3, or a portion thereof. For example, recombinant SIRT1 can be obtained
from BIOMOL. The reaction may be conducted for about 30 minutes and stopped,
e.g., with nicotinamide. The HDAC fluorescent activity assay/drug discovery kit
(AK-500, BIOMOL Research Laboratories) may be used to determine the level of
acetylation. Similar assays are described in Bitterman et al. (2002) J. Biol. Chem.
277:45099. The level of modulation of the sirtuin in an assay may be compared to
the level of modulation of the sirtuin in the presence of one or more (separately or
simultaneously) compounds described herein, which may serve as positive or
negative controls. Sirtuins for use in the assays may be full length sirtuin proteins or
portions thereof. Since it has been shown herein that activating compounds appear to
interact with the N-terminus of SIRT1, proteins for use in the assays include N-
terminal portions of sirtuins, e.g., about amino acids 1-176 or 1-255 of SIRT1; about
amino acids 1-174 or 1-252 of Sir2.

In one embodiment, a screening assay comprises (i) contacting a sirtuin with
a test agent and an acetylated substrate under conditions appropriate for the sirtuin to
deacetylate the substrate in the absence of the test agent ; and (ii) determining the
level of acetylation of the substrate, wherein a lower level of acetylation of the
substrate in the presence of the test agent relative to the absence of the test agent
indicates that the test agent stimulates deacetylation by the sirtuin, whereas a higher
level of acetylation of the substrate in the presence of the test agent relative to the
absence of the test agent indicates that the test agent inhibits deacetylation by the
sirtuin.
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Methods for identifying an agent that modulates, e.g., stimulates, sirtuins in
vivo may comprise (i) contacting a cell with a test agent and a substrate that is
capable of entering a cell in the presence of an inhibitor of class I and class II
HDAC:s 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 the sirtuin, whereas a higher level of acetylation of the
substrate in the presence of the test agent relative to the absence of the test agent
indicates that the test agent inhibits deacetylation by the sirtuin. A preferred
substrate is an acetylated peptide, which is also preferably fluorogenic, as further
described herein. The method may further comprise lysing the cells to determine the
level of acetylation of the substrate. Substrates may be added to cells at a
concentration ranging from about 1uM to about 10mM, preferably from about 10uM
to 1mM, even more preferably from about 100uM to 1mM, such as about 200uM. A
preferred substrate is an acetylated lysine, e.g., e-acetyl lysine (Fluor de Lys, FdL) or
Fluor de Lys-SIRT1. A preferred inhibitor of class I and class I HDACs is
trichostatin A (TSA), which may be used at concentrations ranging from about 0.01
to 100uM, preferably from about 0.1 to 10uM, such as 1uM. Incubation of cells with
the test compound and the substrate may be conducted for about 10 minutes to 5
hours, preferably for about 1-3 hours. Since TSA inhibits all class I and class II
HDAC:S, and that certain substrates, e.g., Fluor de Lys, is a poor substrate for SIRT2
and even less a substrate for SIRT3-7, such an assay may be used to identify

modulators of SIRT1 in vivo.

5. Pharmaceutical Compositions

The Sirtuin—modulating compounds described herein may be formulated in a
conventional manner using one or more physiologically acceptable carriers or
excipients. For example, sirtuin-modulating compounds and their physiologically
acceptable salts and solvates may be formulated for administration by, for example,
injection (e.g. SubQ, IM, IP), inhalation or insufflation (either through the mouth or

the nose) or oral, buccal, sublingual, transdermal, nasal, parenteral or rectal
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administration. In one embodiment, a sirtuin-modulating compound may be
administered locally, at the site where the target cells are present, i.e., in a specific
tissue, organ, or fluid (e.g., blood, cerebrospinal fluid, etc.).

Sirtuin-modulating compounds can be formulated for a variety of modes of
administration, including systemic and topical or localized administration.
Techniques and formulations generally may be found in Remington’s
Pharmaceutical Sciences, Meade Publishing Co., Easton, PA. For parenteral
administration, injection is preferred, including intramuscular, intravenous,
intraperitoneal, and subcutaneous. For injection, the compounds can be formulated
in liquid solutions, preferably in physiologically compatible buffers such as Hank’s
solution or Ringer’s solution. In addition, the compounds may be formulated in solid
form and redissolved or suspended immediately prior to use. Lyophilized forms are
also included.

For oral administration, the pharmaceutical compositions may take the form
of, for example, tablets, lozenges, or capsules prepared by conventional means with
pharmaceutically acceptable excipients such as binding agents (e.g., pregelatinised
maize starch, polyvinylpyrrolidone or hydroxypropyl methylcellulose); fillers (e.g.,
lactose, microcrystalline cellulose or calcium hydrogen phosphate); lubricants (e.g.,
magnesium stearate, talc or silica); disintegrants (e.g., potato starch or sodium starch
glycolate); or wetting agents (e.g., sodium lauryl sulphate). The tablets may be
coated by methods well known in the art. Liquid preparations for oral administration
may take the form of, for example, solutions, syrups or suspensions, or they may be
presented as a dry product for constitution with water or other suitable vehicle
before use. Such liquid preparations may be prepared by conventional means with
pharmaceutically acceptable additives such as suspending agents (e.g., sorbitol
syrup, cellulose derivatives or hydrogenated edible fats); emulsifying agents (e.g.,
lecithin or acacia); non-aqueous vehicles (e.g., ationd oil, oily esters, ethyl alcohol or
fractionated vegetable oils); and preservatives (e.g., methyl or propyl-p-
hydroxybenzoates or sorbic acid). The preparations may also contain buffer salts,
flavoring, coloring and sweetening agents as appropriate. Preparations for oral
administration may be suitably formulated to give controlled release of the active

compound.
62



H3C 68 482 593 295  * HN s |
1\ 1/, 69 481 * HNr's HNj, N/ 687 >500 WD

WQO®8NIBEB69PCT/ US2008/ 007776 COVPOUND NO 11N HGIVES2008/007776

10

15

20

25

30

STRUCTURE ECI .5 NM % FOLD

For administration by inhalation (e.g., pulmonary delivery), sirtuin-
modulating compounds may be conveniently delivered in the form of an aerosol
spray presentation from pressurized packs or a nebuliser, with the use of a suitable
propellant, e.g., dichlorodifluoromethane, trichlorofluoromethane,
dichlorotetrafluoroethane, carbon dioxide or other suitable gas. In the case of a
pressurized aerosol the dosage unit may be determined by providing a valve to
deliver a metered amount. Capsules and cartridges of e.g., gelatin, for use in an
inhaler or insufflator may be formulated containing a powder mix of the compound
and a suitable powder base such as lactose or starch.

Sirtuin-modulating compounds may be formulated for parenteral
administration by injection, e.g., by bolus injection or continuous infusion.
Formulations for injection may be presented in unit dosage form, e.g., in ampoules
or in multi-dose containers, with an added preservative. The compositions may take
such forms as suspensions, solutions or emulsions in oily or aque(;us vehicles, and
may contain formulatory agents such as suspending, stabilizing and/or dispersing
agents. Alternatively, the active ingredient may be in powder form for constitution
with a suitable vehicle, e.g., sterile pyrogen-free water, before use.

Sirtuin-modulating compounds may also be formulated in rectal
compositions such as suppositories or retention enemas, €.g., containing
conventional suppository bases such as cocoa butter or other glycerides.

In addition to the formulations described previously, sirtuin-modulating
compounds may also be formulated as a depot preparation. Such long acting
formulations may be administered by implantation (for example subcutaneously or
intramuscularly) or by intramuscular injection. Thus, for example, sirtuin-
modulating compounds may be formulated with suitable polymeric or hydrophobic
materials (for example as an emulsion in an acceptable o0il) or ion exchange resins,
or as sparingly soluble derivatives, for example, as a sparingly soluble salt.
Controlled release formula also includes patches.

In certain embodiments, the compounds described herein can be formulated
for delivery to the central nervous system (CNS) (reviewed in Begley,
Pharmacology & Therapeutics 104: 29-45 (2004)). Conventional approaches for

drug delivery to the CNS include: neurosurgical strategies (e.g., intracerebral
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injection or intracerebroventricular infusion); molecular manipulation of the agent
(e.g., production of a chimeric fusion protein that comprises a transport peptide that
has an affinity for an endothelial cell surface molecule in combination with an agent
that is itself incapable of crossing the BBB) in an attempt to exploit one of the
endogenous transport pathways of the BBB; pharmacological strategies designed to
increase the lipid solubility of an agent (e.g., conjugation of water-soluble agents to
lipid or cholesterol carriers); and the transitory disruption of the integrity of the BBB
by hyperosmotic disruption (resulting from the infusion of a mannitol solution into
the carotid artery or the use of a biologically active agent such as an angiotensin
peptide).

Liposomes are a further drug delivery system which is easily injectable.
Accordingly, in the method of invention the active compounds can also be
administered in the form of a liposome delivery system. Liposomes are well-known
by a person skilled in the art. Liposomes can be formed from a variety of
phospholipids, such as cholesterol, stearylamine of phosphatidylcholines. Liposomes
being usable for the method of invention encompass all types vof liposomes
including, but not limited to, small unilamellar vesicles, large unilamellar vesicles
and multilamellar vesicles.

Another way to produce a formulation, particularly a solution, of a sirtuin
modulator such as resveratrol or a derivative thereof, is through the use of
cyclodextrin. By cyclodextrin is meant o-, B-, or y-cyclodextrin. Cyclodextrins are
described in detail in Pitha et al., U.S. Pat. No. 4,727,064, which is incorporated
herein by reference. Cyclodextrins are cyclic oligomers of glucose; these compounds
form inclusion complexes with any drug whose molecule can fit into the lipophile-
seeking cavities of the cyclodextrin molecule.

Rapidly disintegrating or dissolving dosage forms are useful for the rapid
absorption, particularly buccal and sublingual absorption, of pharmaceutically active
agents. Fast melt dosage forms are beneficial to patients, such as aged and pediatric
patients, who have difficulty in swallowing typical solid dosage forms, such as
caplets and tablets. Additionally, fast melt dosage forms circumvent drawbacks

associated with, for example, chewable dosage forms, wherein the length of time an
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active agent remains in a patient's mouth plays an important role in determining the
amount of taste masking and the extent to which a patient may object to throat
grittiness of the active agent.

Pharmaceutical compositions (including cosmetic preparations) may
comprise from about 0.00001 to 100% such as from 0.001 to 10% or from 0.1% to
5% by weight of one or more sirtuin-modulating compounds described herein.

In one embodiment, a sirtuin-modulating compound described herein, is
incorporated into a topical formulation containing a topical carrier that is generally
suited to topical drug administration and comprising any such material known in
the art. The topical carrier may be selected so as to provide the composition in the
desired form, e.g., as an ointment, lotion, cream, microemulsion, gel, oil, solution,
or the like, and may be comprised of a material of either naturally occurring or
synthetic origin. It is preferable that the selected carrier not adversely affect the
active agent or other components of the topical formulation. Examples of suitable
topical carriers for use herein include water, alcohols and other nontoxic organic
solvents; glycerin, mineral oil, silicone, petroleum jelly, lanolin, fatty acids,
vegetable oils, parabens, waxes, and the like.

Formulations may be colorless, odorless ointments, lotions, creams,
microemulsions and gels.

Sirtuin-modulating compounds may be incorporated into ointments, which
generally are semisolid preparations which are typically based on petrolatum or
other petroleum derivatives. The specific ointment base to be used, as will be
appreciated by those skilled in the art, is one that will provide for optimum drug
delivery, and, preferably, will provide for other desired characteristics as well, e.g.,
emolliency or the like. As with other carriers or vehicles, an ointment base should
be inert, stable, nonirritating and nonsensitizing.

Sirtuin-modulating compounds may be incorporated into lotions, which
generally are preparations to be applied to the skin surface without friction, and are
typically liquid or semiliquid preparations in which solid particles, including the
active agent, are present in a water or alcohol base. Lotions are usually suspensions

of solids, and may comprise a liquid oily emulsion of the oil-in-water type.
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Sirtuin-modulating compounds may be incorporated into creams, which
generally are viscous liquid or semisolid emulsions, either oil-in-water or water-in-
oil. Cream bases are water-washable, and contain an oil phase, an emulsifier and an
aqueous phase. The oil phase is generally comprised of petrolatum and a fatty
alcohol such as cetyl or stearyl alcohol; the aqueous phase usually, although not
necessarily, exceeds the oil phase in volume, and generally contains a humectant.
The emulsifier in a cream formulation, as explained in Remington 's, supra, is
generally a nonionic, anionic, cationic or amphoteric surfactant.

Sirtuin-modulating compounds may be incorporated into microemulsions,
which generally are thermodynamically stable, isotropically clear dispersions of
two immiscible liquids, such as oil and water, stabilized by an interfacial film of
surfactant molecules (Encyclopedia of Pharmaceutical Technology (New York:
Marcel Dekker, 1992), volume 9).

Sirtuin-modulating compounds may be incorporated into gel formulations,
which generally are semisolid systems consisting of either suspensions made up of
small inorganic particles (two-phase systems) or large organic molecules
distributed substantially uniformly throughout a carrier liquid (single phase gels).
Although gels commonly employ aqueous carrier liquid, alcohols and oils can be
used as the carrier liquid as well.

Other active agents may also be included in formulations, e.g., other anti-
inflammatory agents, analgesics, antimicrobial agents, antifungal agents,
antibiotics, vitamins, antioxidants, and sunblock agents commonly found in
sunscreen formulations including, but not limited to, anthranilates, benzophenones
(particularly benzophenone-3), camphor derivatives, cinnamates (e.g., octyl
methoxycinnamate), dibenzoyl methanes (e.g., butyl methoxydibenzoyl methane),
p-aminobenzoic acid (PABA) and derivatives thereof, and salicylates (e.g., octyl
salicylate).

In certain topical formulations, the active agent is present in an amount in
the range of approximately 0.25 wt. % to 75 wt. % of the formulation, preferably in
the range of approximately 0.25 wt. % to 30 wt. % of the formulation, more

preferably in the range of approximately 0.5 wt. % to 15 wt. % of the formulation,
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and most preferably in the range of approximately 1.0 wt. % to 10 wt. % of the
formulation.

Conditions of the eye can be treated or prevented by, e.g., systemic, topical,
intraocular injection of a sirtuin-modulating compound, or by insertion of a
sustained release device that releases a sirtuin-modulating compound. A sirtuin-
modulating compound that increases the level and/or activity of a sirtuin protein
may be delivered in a pharmaceutically acceptable ophthalmic vehicle, such that
the compound is maintained in contact with the ocular surface for a sufficient time
period to allow the compound to penetrate the corneal and internal regions of the
eye, as for example the anterior chamber, posterior chamber, vitreous body,
aqueous humor, vitreous humor, cornea, iris/ciliary, lens, choroid/retina and sclera.
The pharmaceutically-acceptable ophthalmic vehicle may, for example, be an
ointment, vegetable oil or an encapsulating material. Alternatively, the compounds
of the invention may be injected directly into the vitreous and aqueous humour. In a
further alternative, the compounds may be administered systemically, such as by
intravenous infusion or injection, for treatment of the eye.

Sirtuin-modulating compounds described herein may be stored in oxygen
free environment. For example, resveratrol or analog thereof can be prepared in an
airtight capsule for oral administration, such as Capsugel from Pfizer, Inc.

Cells, e.g., treated ex vivo with a sirtuin-modulating compound, can be
administered according to methods for administering a graft to a subject, which
may be accompanied, e.g., by administration of an immunosuppressant drug, e.g.,
cyclosporin A. For general principles in medicinal formulation, the reader is
referred to Cell Therapy: Stem Cell Transplantation, Gene Therapy, and Cellular
Immunotherapy, by G. Morstyn & W. Sheridan eds, Cambridge University Press,
1996; and Hematopoietic Stem Cell Therapy, E. D. Ball, J. Lister & P. Law,
Churchill Livingstone, 2000.

Toxicity and therapeutic efficacy of sirtuin-modulating compounds can be
determined by standard pharmaceutical procedures in cell cultures or experimental
animals. The LDso is the dose lethal to 50% of the population. The EDso is the dose
therapeutically effective in 50% of the population. The dose ratio between toxic and

therapeutic effects (LDs0o/ED5o) is the therapeutic index. Sirtuin-modulating
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compounds that exhibit large therapeutic indexes are preferred. While sirtuin-
modulating compounds that exhibit toxic side effects may be used, care should be
taken to design a delivery system that targets such compounds to the site of affected
tissue in order to minimize potential damage to uninfected cells and, thereby,
reduce side effects.

The data obtained from the cell culture assays and animal studies can be used
in formulating a range of dosage for use in humans. The dosage of such compounds
may lie within a range of circulating concentrations that include the EDso with little
or no toxicity. The dosage may vary within this range depending upon the dosage
form employed and the route of administration utilized. For any compound, the
therapeutically effective dose can be estimated initially from cell culture assays. A
dose may be formulated in animal models to achieve a circulating plasma
concentration range that includes the ICso (i.e., the concentration of the test
compound that achieves a half-maximal inhibition of symptoms) as determined in
cell culture. Such information can be used to more accurately determine useful doses
in humans. Levels in plasma may be measured, for example, by high performance

liquid chromatography.

6. Kits

Also provided herein are kits, e.g., kits for therapeutic purposes or kits for
modulating the lifespan of cells or modulating apoptosis. A kit may comprise one
or more sirtuin-modulating compounds, e.g., in premeasured doses. A kit may
optionally comprise devices for contacting cells with the compounds and
instructions for use. Devices include syringes, stents and other devices for
introducing a sirtuin-modulating compound into a subject (e.g., the blood vessel of
a subject) or applying it to the skin of a subject.

In yet another embodiment, the invention provides a composition of matter
comprising a sirtruin modulator of this invention and another therapeutic agent (the
same ones used in combination therapies and combination compositions) in
separate dosage forms, but associated with one another. The term “associated with
one another” as used herein means that the separate dosage forms are packaged

together or otherwise attached to one another such that it is readily apparent that the
68
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separate dosage forms are intended to be sold and administered as part of the same
regimen. The agent and the sirtruin modulator are preferably packaged together in a
blister pack or other multi-chamber package, or as connected, separately sealed
containers (such as foil pouches or the like) that can be separated by the user (e.g.,
by tearing on score lines between the two containers).

‘In still another embodiment, the invention provides a kit comprising in
separate vessels, a) a sirtruin modulator of this invention; and b) another another
therapeutic agent such as those described elsewhere in the specification.

The practice of the present methods will employ, unless otherwise indicated,
conventional techniques of cell biology, cell culture, molecular biology, transgenic
biology, microbiology, recombinant DNA, and immunology, which are within the
skill of the art. Such techniques are explained fully in the literature. See, for
example, Molecular Cloning A Laboratory Manual, 2" Ed., ed. by Sambrook,
Fritsch and Maniatis (Cold Spring Harbor Laboratory Press: 1989); DNA Cloning,
Volumes I and II (D. N. Glover ed., 1985); Oligonucleotide Synthesis (M. J. Gait
ed., 1984); Mullis et al. U.S. Patent No: 4,683,195; Nucleic Acid Hybridization (B.
D. Hames & S. J. Higgins eds. 1984); Transcription And Translation (B. D. Hames
& S.J. Higgins eds. 1984); Culture Of Animal Cells (R. I. Freshney, Alan R. Liss,
Inc., 1987); Immobilized Cells And Enzymes (IRL Press, 1986); B. Perbal, A
Practical Guide To Molecular Cloning (1984); the treatise, Methods In Enzymology
(Academic Press, Inc., N.Y.); Gene Transfer Vectors For Mammalian Cells (J. H.
Miller and M. P. Calos eds., 1987, Cold Spring Harbor Laboratory); Methods In
Enzymology, Vols. 154 and 155 (Wu et al. eds.), Immunochemical Methods In Cell
And Molecular Biology (Mayer and Walker, eds., Academic Press, London, 1987);
Handbook Of Experimental Immunology, Volumes I-1V (D. M. Weir and C. C.
Blackwell, eds., 1986); Manipulating the Mouse Embryo, (Cold Spring Harbor
Laboratory Press, Cold 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
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and are not intended to limit the invention in any way.

Example 1
5 Preparation of N-(2-chloro-5-methylpyridin-3-yl)-2-nitrobenzamide:

N._ _C
|N\ ol l N
— =
= NH, NH NO,
0

To a solution of 5-amino-6-chloro-3-picoline (9.54 g, 66.9 mmol) in pyridine
(200 mL) was added 2-nitrobenzoyl chloride (13.65 g, 73.6 mmol) dropwise at 0°C.
10 The resulting mixture was stirred at room temperature (18 h). The dark mixture was
then diluted with water (1500 mL) and sat. sodium bicarbonate solution was added
until the pH reached 8. The precipitate was collected by filtration, rinsed with water
(30 mL x 3) and dried to afford N-(2-chloro-5-methylpyridin-3-yl)-2-
nitrobenzamide as a pale solid (17.70 g, yield: 91%).

15
Preparation of 6-methyl-2-(2-nitrophenyl)thiazolo[5,4-b]pyridine:
O,N
Ny_-Cl Ne s
NH NO, Z N
o
20 A mixture of N-(2-chloro-5-methylpyridin-3-yl)-2-nitrobenzamide (5.0 g,

17.1 mmol) and P,Ss (7.6 g, 34.2 mmol) in pyridine (50 mL) and p-xylene (200 mL)
was stirred at 140 °C (20 h). The solvent was removed in vacuo. The residue was
purified by recrystallization from EtOH to afford 6-methyl-2-(2-
nitrophenyl)thiazolo[5,4-b]pyridine as a yellow solid (3.5 g, yield: 75%).
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Preparation of 6-(bromomethyl)-2-(2-nitrophenyl)thiazolo[5,4-b]pyridine:

O_N
N oN N g
I\ J \/Ej:/
P / Br / N

N

6-Methyl-2-(2-nitrophenyl)thiazolo[5,4-b]pyridine (2.9 g, 10.7 mmol), N-
bromosuccinimide (NBS, 1.91 g, 10.7 mmol), CCl4 (200 mL) and benzoyl peroxide
(0.021 g) were combined in a three-neck flask (500 mL) under argon. The resulting
yellow mixture was stirred at reflux (2 h). Additional NBS (1.91 g) and benzoyl
peroxide (0.021g) were added. After an additional 2 h at reflux, NBS (0.95 g) and
benzoyl peroxide (0.021 g) were again added and the mixture was refluxed for 3 h.
The mixture was allowed to cool to room temperature and concentrated in vacuo to
afford crude 6-(bromomethyl)-2-(2-nitrophenyl)thiazolo[5,4-b]pyridine (4.0 g),
which was taken directly to the next step.

Preparation of tert-butyl 4-((2-(2-nitrophenyl)thiazolo[5,4-b]pyridin-6-
yl)methyl)piperazine-1-carboxylate:

A solution of crude 6-(bromomethyl)-2-(2-nitrophenyl)thiazolo[5,4-
b]pyridine (4.0 g), Boc-piperazine (1.99 g, 10.7 mmol), triethylamine (Et3N) (1.5
mL, 10.7 mmol) and acetonitrile (100 mL) was stirred at 50 °C (4 h) and then at
room temperature (60 h). TLC demonstrated that the reaction was complete. The
mixture was concentrated in vacuo and purified by silica gel chromatography
(petroleum ether : ethyl acetate : EtsN = 100 : 10 : 1) to afford tert-butyl 4-((2-(2-
nitrophenyl)thiazolo[5,4-b]pyridin-6-yl)methyl)piperazine-1-carboxylate as a yellow
solid (3.6 g, yield: 74% over 2 steps).
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Preparation of tert-butyl 4-((2-(2-aminophenyl)thiazolo[5,4-b]pyridin-6-
yl)methyl)piperazine-1-carboxylate:

Ao o e

A mixture of tert-butyl 4-((2-(2-nitrophenyl)thiazolo[5,4-b]pyridin-6-
yl)methyl)piperazine-1-carboxylate (2.13 g, 4.7 mmol), NH4ClI (2.00 g, 37 mmol),
iron powder (1.31 g, 23.5 mmol), H,O (40 mL) and methanol (160 mL) was
refluxed for 3 h under N,. The reaction mixture was filtered, and the filtrate was

10  concentrated in vacuo and purified by silica gel chromatography (petroleum ether :
ethyl acetate : Et;N = 800 : 200 : 1) to afford tert-butyl 4-((2-(2-
aminophenyl)thiazolo[5,4-b]pyridin-6-yl)methyl)piperazine-1-carboxylate as a
yellow solid (1.63 g, yield: 81%).

15 The aniline intermediates for compounds 1-6, 11-43, 45, 47-61, 65, 67-68,
72, 74-75, 77-88, 90, 92-122, 127-130 were prepared in an analogous manner as that

outlined above, using appropriate amine reagents.

Preparation of N-(2-(6-(piperazin-1-ylmethyl)thiazolo[5,4-b]pyridin-2-
20  yDphenyl)-3-(1H-tetrazol-5-yl)benzamide:

-N
HN-N NN
\ N N\N
H 0
BocN ) HATU, Na—S
M ﬁ >——© DIEA DMF N | P
N N A~

2) TFA, CH,Cl,
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tert-Butyl 4-((2-(2-aminophenyl)thiazolo[5,4-b]pyridin-6-
yDmethyl)piperazine-1-carboxylate (85 mg, 0.2 mmol) was taken up in 3 mL of
DMF along with 3-(1H-tetrazol-5-yl)benzoic acid (38 mg, 0.2 mmol), HATU (114
mg, 0.3 mmol) and DIEA (35 mL, 0.4 mmol). The reaction mixture was stirred at
50 °C (18 h). It was then diluted with EtOAc (15 mL) and washed with water (3 mL
x 3). The organic layer was dried (Na,SO,) and concentrated in vacuo to afford
crude tert-butyl 4-((2-(2-(3-(1H-tetrazol-5-yl)benzamido)phenyl)thiazolo[5,4-
b]pyridin-6-yl)methyl)piperazine-1-carboxylate. This material was taken up in 5
mL of 25% TFA in CH,Cl, and was allowed to stand at room temperature (18 h).
The reaction mixture was concentrated in vacuo and the resulting residue was
purified by reverse-phase HPLC to afford 12 mg of N-(2-(6-(piperazin-1-
ylmethyl)thiazolo[5,4-b]pyridin-2-yl)phenyl)-3-(1H-tetrazol-5-yl)benzamide as a
light yellow solid. 'H NMR (300 MHz, DMSO-de) & 9.5 (br s, 2 H), 7.5-9.1 (m, 10
H), 4.5 (brs, 1 H), 3.5-4.0 (m, 10 H). MS (ESI) calcd for C;5H3NgOS (m/z):
497.17, found: 498.2 (M+1)".

All of the compounds discussed in this patent were prepared in an analogous
manner as that outlined above, using the appropriate acids. Those products which
did not contain a BOC-protecting group did not proceed through the TFA

deprotection step.

Example 2
Preparation of 1-methyl-4-phenyl-1H-pyrrole-2-carboxylic acid:

To a stirred solution of methyl-4-bromo-1-methyl-1H-pyrrole-2-carboxylate
(2.5 g, 11.5 mmol) in DMF (35 mL) under argon were added sequentially Pd(PPh3),
(0.66 g, 0.58 mmol) and phenyl boronic acid (3.46 g, 28.4 mmol). The reaction
mixture was heated to 70°C, and Na,CO; (11 g, 104 mmol) dissolvq%— in water (30
73
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mL) was added. The reaction mixture was heated to 110°C (14 h), cooled to room
temperature, diluted with water (250 mL), and extracted with diethyl ether (250 mL
x 3). The combined organic layers were dried and concentrated in vacuo. The
residue was purified by silica chromatography (eluted with petroleum ether : ethyl
acetate = 40:1) to afford methyl-1-methyl-4-phenyl-1H-pyrrole-2-carboxylate as a
white crystalline solid (0.257 g).

The ester (0.26 g, 1.2 mmol) was then combined with LiOH/H,O (0.15 g, 3.6 mmol)
in THF (5 mL), CH3OH (5 mL) and H,O (2.5 mL) and was stirred at 40°C (4 h).
Water (25 mL) was added and the mixture was washed with DCM (15 mL). The pH
of the aqueous phase was adjusted to 5-7 using HCI1 (1N). The water was removed
and the residue was dissolved in MeOH (100 mL) and then filtered. The filtrate was
concentrated in vacuo to give 1-methyl-4-phenyl-1H-pyrrole-2-carboxylic acid as
white solid. (0.419 g) "H-NMR (CDCI3, 400 MHz): & 4.01 (s, 3H), 7.16 (d, J=1.6
Hz, 1H), 7.23 (t, J=7.2 Hz, 1H), 7.38 (m, 3H), 7.53 (dd, J=7.2, 8.4 Hz, 2H)

Example 3

Preparation of 2-phenylisonicotinic acid:

| Nx
> S |
=
0] OH
O OH

2-Bromoisonicotinic acid (2.02 g, 10 mmol) was dissolved in DMF (80 mL)
under argon. Pd(PPhs)s (0.6 g, 0.52 mmol) was added, and the reaction mixture was
stirred at room temperature for 15 min. Na,COs (aq. 2N, 40 mL) was then added,
followed by the addition of phenylboronic acid (1.67 g, 13.7 mmol). The reaction
mixture was heated at 95°C (18 h), cooled to room temperature and filtered through
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a celite pad. Water (80 mL) was added, and the mixture was acidified with HCI (2
N) to pH = 4. The precipitate was collected via filtration and rinsed with water (2 x
7 mL). The crude product was recrystallized from 2-methoxylethanol to give 2-
phenylisonicotinic acid as a grey solid (1.2 g). 'HNMR (DMSO-d6, 400 MHz): &
7.51 (m, 3H), 7.78 (d, J/=4.8 Hz, 1H), 8.13 (t, J/=1.6 Hz, 2H), 8.29 (s, 1H), 8.85 (d,
J=4.8 Hz, 1H), 13.73 (bs, 1H).

Example 4
Biological activity

A mass spectrometry based assay was used to identify modulators of SIRT1
activity. The mass spectrometry based assay utilizes a peptide having 20 amino acid
residues as follows: Ac-EE-K(biotin)-GQSTSSHSK(Ac)NIeSTEG-K(5TMR)-EE-
NH2 (SEQ ID NO: 1) wherein K(Ac) is an acetylated lysine residue and Nle is a
norleucine. The peptide is labeled with the fluorophore 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
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 pM BNAD" is incubated with 10 nM SIRT1 for 25 minutes at
25°C in a reaction buffer (50 mM Tris-acetate pH 8, 137 mM NaCl, 2.7 mM KCl, 1
mM MgCl,, 5 mM DTT, 0.05% BSA). Test compounds may be added to the
reaction as described above. The SirT1 gene is cloned into a T7-promoter
containing vector and transformed into BL21(DE3). After the 25 minute incubation
with SIRT1, 10 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.e.
starting material) as compared to deacetylated peptide (product).

A control for inhibition of sirtuin activity is conducted by adding 1 pL of 500
mM nicotinamide as a negative control at the start of the reaction (e.g., permits

determination of maximum sirtuin inhibition). A control for activation of sirtuin
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activity is conducted using 10 nM of sirtuin protein, with 1 pL. of DMSO in place of
compound, to determinine the amount of deacteylation of the substrate at a given
timepoint within the linear range of the assay. This timepoint is the same as that
used for test compounds and, within the linear range, the endpoint represents a
change in velocity.

For the above assay, SIRT1 protein was expressed and purified as follows.
The SirT1 gene was cloned into a T7-promoter containing vector and transformed
into BL21(DE3). The protein was expressed by induction with 1 mM IPTG as an N-
terminal His-tag fusion protein at 18°C overnight and harvested at 30,000 x g. Cells
were lysed with lysozyme in lysis buffer (50 mM Tris-HCI, 2 mM Tris[2-
carboxyethyl] phosphine (TCEP), 10 uM ZnCl,, 200 mM NaCl) and further treated
with sonication for 10 min for complete lysis. The protein was purified over a
Ni-NTA column (Amersham) and fractions containing pure protein were pooled,
concentrated and run over a sizing column (Sephadex S200 26/60 global). The peak
containing soluble protein was collected and run on an Ion-exchange column
(MonoQ). Gradient elution (200 mM - 500 mM NaCl) yielded pure protein. This
protein was concentrated and dialyzed against dialysis buffer (20 mM Tris-HCI, 2
mM TCEP) overnight. The protein was aliquoted and frozen at -80°C until further
use.

Sirtuin modulating compounds that activated SIRT1 were identified using
the assay described above and are shown below in Table 3. The EC, 5 values
represent the concentration of test compounds that result in 150% activation of
SIRT1. NT means that the compound was not tested using the indicated assay. NA
means that the compound was not active in the indicated assay. The percent

maximum fold activation of SIRT1 is also indicated in Table 3.

Table 3.
COMPOUND | [M+H]+ STRUCTURE EC, s % FOLD
No NM ACT.
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EQUIVALENTS

The present invention provides among other things sirtuin-activating

compounds and methods of use thereof. While specific embodiments of the subject

invention have been discussed, the above specification is illustrative and not

restrictive. Many variations of the invention will become apparent to those skilled

in the art upon review of this specification. The full scope of the invention should

be determined by reference to the claims, along with their full scope of equivalents,

and the specification, along with such varnations.
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INCORPORATION BY REFERENCE

All publications and patents mentioned herein, including those items listed
below, are hereby incorporated by reference in their entirety as if each individual
publication or patent was specifically and individually indicated to be incorporated
by reference. In case of conflict, the present application, including any definitions

herein, will control.

Also incorporated by reference in their entirety are any polynucleotide and
polypeptide sequences which reference an accession number correlating to an entry
in a public database, such as those maintained by The Institute for Genomic
Research (TIGR) (www.tigr.org) and/or the National Center for Biotechnology

Information (NCBI) (www.ncbi.nlm.nih.gov).

Also incorporated by reference are the following: PCT Publications WO
2005/002672; 2005/002555; and 2004/016726.

112



10

15

20

25

----N 153 1.1 NH HN N s 829 226
WD 2008/ 156869PCT/ US2008/ 007776 COMPOUND No 1M+H1+

WGEIRBIASRE EC 1.5 NM % FOLD ACT. 154 [1 N \PAT/NS2008007776

1\1 428 277 s 40

CLAIMS:

1. A compound represented by Structural Formula (1I):

xzzxf
2
R \<\ /x4
X‘I
0]

(11),
or a salt thereof, wherein:

two of X! to X* are selected from —CR*- and -N-;

the other two of X' to X* are —~CR*-;

R* is independently selected at each occurance from —H, lower alkyl or
halogen;

R' is a solubilizing group; and

R? is selected from phenyl optionally substituted with one or more
substituents independently selected from —CN, -F, -Cl and -CF3, and when each of
X' to X*is —=CR’-, R* is additionally selected from a 5- to 6-membered heterocycle
containing an N heteroatom and, optionally, a second heteroatom selected from N, O

or S, wherein said heterocycle is optionally substituted with methyl.

2. The compound of claim 1, wherein:

X'to X*is —CR*-; and

R’ is selected from phenyl, fluorophenyl, difluorophenyl, chlorophenyl,
difluorophenylmethylthiazolyl, pyrimidinyl, pyridyl and pyrazolyl.

3. The compound of claim 2, wherein R? is selected from phenyl, fluorophenyl,

difluorophenyl, chlorophenyl, 2-methylthiazol-4-yl, pyridyl and pyrazol-1-yl.
4. The compound of claim 3, wherein R? is phenyl or pyridyl.

5. The compound of claim 1, wherein one of X' to X* are -N-.
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6. The compound of claim 1, wherein two of X' to X* are —N-.
7. The compound of claim 5, wherein X' is N.
8. The compound of claim 6, wherein X' and X? are -N-.
9. The compound of claim 6, wherein X' and X* are -N-.
10.  The compound of any one of claims 1 to 9, wherein:

R!is —CHz-R3 ; and
R? is a nitrogen-containing heterocycle optionally substituted with one or
more substituents selected from C;-C4 alkyl, amino, halogen, methoxy and methoxy-

C;-Cyalkyl.
11. The compound of claim 10, wherein R? is phenyl, pyridyl or 3-fluorophenyl.

12. The compound of claim 11, wherein X? and X> are —CH- and X' and X* are

independently selected from —CR- or -N-.

13.  The compound of claim 10, wherein:

R'is -CH,-R%; and

R? is selected from piperazin-1-yl, 4-(methoxyethy-piperazin-1-yl,
3,5-dimethylpiperazin-1-yl, morpholin-4-yl, piperidin-1-yl, 4-aminopiperidin-1-yl,
pyrrolidin-1-yl, 3-fluoropyrrolidin-1-yl, -NH-(pyrrolidin-3-yl), and 1,4-diaza-
bicyclo[2.2.1]heptan-1-yl.

14.  The compound of claim 13, wherein R’ is selected from 4-(methoxyethyl)-
piperazin-1-yl, morpholin-4-yl, piperidin-1-yl and 4-aminopiperidin-1-yl.

15. The compound of claim 14, wherein R?is phenyl, 3-fluorophenyl or pyridyl.
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6. The conmpound of claim1l1l, wherein two of Xi to X4
are -N-. 7. The conpound of claim5, wherein X1 is N
WG 2®@8/13d8¢9 conpound of claim 6, wherein Xi and PRI/EHEB08/007776
-N-. 9. The conmpound of claim®6, wherein XI and X4 are
-N-. 10 10 The conpound of any one of clains 1 to 9,
mhereln is -CH2-R3; and R3 is a
rogenrpontalnln heter cycle opéponally substituted

sele rom Cl- C4
alk M%Iog and mathdkytls- C4 al kyl .
. e C npoun f clal 10, mher in RR is
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of cla,m.11 X3 are -CH and XI and X4
are in elﬁeang e\rgjll?mgégﬁ&%te from-CR*- or -N-. 20 13.
The conb@umﬁlﬁﬁ_cﬂcahnmlo wherein: R is -CH2-R3; and
R3 is selected from pi perazin-I-yl, :

4- (et hoxyet hy- pi perazin-I1-yl,

> p|perng%Hﬁhghfﬁ%ﬂ§#ﬁﬁ%byler?gﬁ nhﬁkﬁﬂﬁ

25pyrrolidin-1-yl, 3- quoropyrrolldln -yl
-NH (pyrrolidin-3-y1), andEii4-diaza-

bi cycl o[ 2. 2. 1] heptan-1| -yl The conpound of claim
13, wherein R3 is selected am-4- (met hoxyet hyl ) -

pi perazin-1-yl, norpholin-4-yl
4-am nopi peridin-l-yl. 30 15.
14, wherein R2 is phenyl, 3- fyggrophenyl or pyridyl.
VO 2008/ 156869PCT/ U82008r(|00737 6. The conpound of
claim 15, wherein X2 afd and Xi and X4 are
i ndependent |y sel ect N f+ 17. The
compound of claim 1, wherein R*is Fi(% 18. The
c&rggamgerggf Ghaldm:1, represented by forrmula (I1V): HN
(I'V), or a'salt thereof, wherein: 10one X variable is
sel ectle@gBrl@mle@dlframd N-: the other two X variabl es

)i peridin-l-yl and
faeyconpound of claim

are - Is as Iub|I|2|ng group; and R2 is
sel ect Nompheny’p fl uorophenyl, and, when each
X varlab Vs additionally selected from a

5- to 6- ne ered het &1 o ycl e containing an 15 N

10 heteroat oms&nd, eptional!yanda second het eroat om
seIecteF fronmN O or S, wherein said heterocycle is
opt i orRl isy2 solubskizingigeempni t h methyl. 19. A conpound
represented by Structural Formula (V): HNIli R1-11
20o0r a salt thereof, wherein: ring Ais selected from
/NN ONK pyrdgeR} fréescompeitiobichinpiristggr @wungpouad df By ose af clddms 1
or -0-CH3. 5 20. A conpound. represen by Structura
H8r2Pupiad QWnacelmaﬁy ewytagkﬁsaﬁ tE%fF‘PtI 'ﬁ‘e@réé?er wher ei n:

15 ring Bis selected from

22. A pharmaceutical composition comprising a compound of any of one claims

1 to 20 and a pharmaceutically acceptable carrier.

23. The pharmaceutical composition of claim 22, further comprising an

20  additional active agent.

24. A method for treating a subject suffering from or susceptible to insulin

resistance, a metabolic syndrome, diabetes, or complications thereof, or for
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s Nr CH3 10s-rsjO:Pr' ; and R is a solubilizing
group. 21. A pyrogen-free conposition conprising a

w@oposasdd of any one of clains 1 to 20, or a PCT/US2008/007776

pharmaceutically acceptable salt thereof and a

carrier. 15 22. A pharmaceutical conposition

conprising a conpound of any of one clains 1 to 20 and
REHAGHRE R Al BTHERLARLE SABHLTE gamfsediifto the subjectn

Qm&ﬁnhesecrfga amRBaibai dfictaiml 22act i ve agent. 24. A net hod

for treating a subject suffering fromor susceptible

to insulin resistance, a netabolic syndrone, diabetes,

5. COMPhd £R1HoRS clelRl2d0hheidin (a0 corhg iRARL ks BB Kbine of the

sensitivity in a subjett, conprisin adm nistering to

tleeeloubptindty ofre sigenh groteireof a conposition of claim22.

25. The nethod of claim 24, wherein said conpound

i ncreases at |east one of the 5level or activity of a

). 1 Ui ThPmeiHeldf clatf 25 WheldRi theLofpofhdinttedSes d’éﬁ@é’t?l'a&

the conpound i ncreases deacetyl ase activity of the

sactivity of thesirtiin prdt@in27. The net hod of cl ai m 25, wherein

the sirtuin protein is a manmmalian protein. 28. The

met hod of claim 25, wherein the sirtuin protein is

hpran Bhdihdthod 9f cibitf 28RS Othe GlrAliiprbrein W@ Fiiind11@ protein.

compound does not substantially have 15one or nore o

the foll ow ng act|V|t|es i nhi bition of P13-Kkinase,

U DL ThER AL IR EOUC SR bRNRlE bRRCiR: fhaFSTer:.

Kinase, ransac I'va I'née Ki

coronary dilation, or spasnolytic activity, at
concentrations of the conmpound that are effective for

HRer eabhsgrethed of slauaidy) #hFigH the cpyppyndoes naf sebstantially have
MY fmotk %}:?11009695@51& acfi¥ities: inhibition of PI3- kinase, inhibition of

aldoreductase, inhibition of tyrosine kinase, transactivation of EGFR tyrosine
kinase, coronary dilation, or spasmolytic activity, at concentrations of the compound
that are effective for increasing the deacetylation activity of a SIRT1 and/or SIRT3

protein.
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