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June 20, 2007, the contents of which are incorporated
by reference in their entirety. BACKGROUND The
Si | ent | nf or magirabnReQLb@ireNc (19 R zdm@ih ot s0torR0RSs
represents a highly conserved group of genes present
in the genones of organi sns ranging from
10archaebacteria to a variety of eukaryotes (Frye,
2000). The encoded SIR proteins are involved in

REEATEDN AFHIRESTIORY regul ati on of gene silencing to
DNA repair. The proteins encoded by nenbers of the SIR

gene fHnb hgplzation blaghs ﬁ@d&%ﬁﬁfeofdéﬁs er’mwm AppligatiggNo.

AR By SRR, 1 LBl IR B AR fprrnc

1A tedit @frety9 HM [oci that contain 15i nfornation
speci fying yeast mating type, telonere position
eBA@K@R&U;NEeI | agi ng (CQuarente, 1999; Kaeberlein et

o o BP0 RS b BB i

ldﬁ)nﬁt%d? ﬁ 02 Q6Mks p%k!éhﬁ‘m tROQEHomekhs oﬁgafnZSﬂiwﬁﬁgmg from
CobB, in Saf,rmnel la typhimurium functions as

NAD
(Fichasbacierrd lee vaaeh plcCukiapatesd by e 2900)e Bhe @&wed SIR proteins arc
Agg%lgg#)&s(%/ L/er 5%%@%%@%%%@1@&01@8# ge[[ﬁ: s11§n015g tor Igyéél; F}epmr The

grofeasentodeddsanemnptasd thh$ BhgeredsmNpBhas hagh sequence
cosubstrate (Inai et al az FI 2001;. mth.
eﬂonserg:mp@l Inf, é}mlgp agﬂd cor%ggmaln-l- é?) -G Cgene in t is
2804} -is Sjnééré‘\gs&é bﬁiZ deacRtihasiosd in®RYcial HMI168 (Rét®ontain

i nvol'ved gene si | enC|ng Sir2 is insensitive to
ohﬁsmauoramtcif}'mlgu yeagtmeatifgziype.\ttlagere ponition effesty dndecell aging

TR ST ST . S 200 B B e

qjelcﬁx-‘glewh T3y BEhIONSIdedcetAades Ghehleyvedat Fﬂtﬁﬁen‘t@ 2860 Shore,
produci ng ni coti nam de and a novel

rﬂn%h%@@@g undalrrenehatyrimgrium, fgggons as an NAD
@&%E )e{zrl)rg%l %Id]f:mag 99191%] g)ng %H&ie Ieglgo%g Q].%)lsfe;rag@ (Tsang and

eacet

e ehicenic@énd, t199$)unct| ons V\/nl ch can connect its
30bi ol ogi cal role with cellular net abcihl smjn yeas

(Quar eﬂ}@lrég@(t)em isyaFlags Ilgfieacetzlbaés whl_ S gggﬁlbstrate
3ADglhet at., OOr 004 20?2'@?1%%? al>i 7090 "PARIep gtsalh QU@O Tanny and

epent | st one deacetyl as€ activity (I mai

d‘/loazeﬁOMI}l)Sdnllllte aheadeacetyB96), makysif whikh are 1nvolved in gene
2591%§é1%g5,6$819261§%11-s/eg§c1't2199 ?c( glgs,?s7l7a]f1d I histone deacetylase inhibitors like
trichostatin A (TSA) (Imai et al., 2000; Landry et al., 2000a; Smith et al., 2000).

Deacetylation of acetyl-lysine by Sir2 is tightly coupled to NAD hydrolysis,
producing nicotinamide and a novel acetyl-ADP ribose compound (Tanner et al.,
2000; Landry et al., 2000b; Tanny and Moazed, 2001). The NAD-dependent
deacetylase activity of Sir2 is essential for its functions which can connect its
biological role with cellular metabolism in yeast (Guarente, 2000; Imai et al., 2000;
Lin et al., 2000; Smith et al., 2000). Mammalian Sir2 homologs have NAD-

dependent histone deacetylase activity (Imai et al., 2000; Smith et al., 2000). Most
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i nformati on about Sir2 nedi ated functions cones from
the studies in yeast (Gartenberg, 2000; Gottschling,
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can readily deacetylate the am no-term nal tails of

hi stones H3 and H4, resulting in the formation of

1-0-acetyl - ADP- 5ribose and nicotinamde. Strains with
[

SR RchERICE plae sl BnoibaRicites Ak ARARASE I enst |

m@mrﬁeogmonmamomwmg,mao) copi es of the C. eI egans

cons daehorticalgtuics Have Shaihhat §ire e a1y ARneshdate i amino-
'téH?hﬁeﬁ%aJsrkﬁ{h&t&Fesﬁ—}%(pﬁQ%gﬁﬂhggxggﬁlféﬁﬁz{t%n%{lh@@%efﬁrADP-

agli ng arose ear I'n evol utton been wel
mommtdrme«ztmaﬁuda;&traﬁlsr\ﬂltlg eddisomal eopiet PESHRD displagvecreased

to enha n organisms health. a res
PR et Reagd aniire feSl HE SoRnb %S Fecend Plengrow tha
%Q&’lﬁf)&iltc\ﬁ ies of the Gl dfdganb S11R2 HOABIRTsith. 13|aﬁ‘)a- thd Dahelafiogaster
conserved |n prokaryotes and eukaryotes (P. Onyango e

afir? genogreaigektend\bifaispagan thosiSar@@isnis3d88s 1@@PES that the SIR2-

200 . The SIRT rtenlstar
HERD ek TP Ao, Prebr s T eing frosd B Reth s Ged pasbegn well
e ede Mmyday s ir ShdRES afAselidbed odeRe RUSIEd BS eitRinBe an
deacetylase activity and is upbiquitously expressed,
pEganissis healih and stressaseibtaged toyingreaseiits chapeg eissuryiyimg adversity.
tr ansf [ be
ol eavezﬁ}r%?soé Hgmmolglocflﬁﬁ% ttkl?a\} éss{;&é‘;rdgé 1rp siokgg}%%gnag\p al
ﬁﬁltzfryQQe@(’R)@iﬁy&hg@ et ) Prstadaatl( Nek). ScB. U&@@emm E3658 (2002)).
Biol. .158: 647-657 § 2002)). 20Cal oric

Tég §.H.<?é% PEMciRds tasgster tenbmitasho cragfag §% Adinigre domain

f .
HBIENE 0 O R 0000 g R0 BBty
Iandl sagphngyitouslyaxpessedt pamtieuilatiy in me&tbmhnall}omiwa hiagues. Upon

ettty Midehdrdr SILEL sdierf Bt S haRIep Metive
S F R niRIchbhdtal hr%ﬁb@ brd@@@ﬁhgﬁﬁép@lﬂhfeadhhypy@ts&h%@a al., J.

provides evidence that SIR2 genes nedi ate

E@Hé?lpbllég (H’éaﬁ7n(2@f)2)éct s of this diet (Ander son et
rru t at %%gs)rictrﬁgtl fc? Q%B%s;%jeteRg&ggv?l for2 0\9641‘)7]0 yeﬁrs 3 1mg{ove the health

ghdiexised thed{fedpah oE niaiviPale QNE@@SI PE00). Yeast hfe span, like that of
3',5' -nmonophosphat e) - dependent (PKA) pat hway ext end
mictazoapsais 3150 G tPerledydnicsyanéionut aﬁtﬁsemhlerﬁﬁ%’rﬂregtrlmon such

g% \f}\)n"é\é gl%cos%e “i‘h%%&%%x”y%&t[lﬁ!éh g‘!éafgﬁaﬁcﬁﬂiek 'ffcjk}’n t‘Be *S‘FR@ gE&Ydo not

ream conponent "o rirc restri
fia¢ tongyr Whemcaoriedlly, re@GoOE). pr&ﬂdes&b‘hﬂiﬂ@ﬁh’tl&t (S\FRE (gdnes mediate

rein.ar vel _sir n- o tin
i trong ok i s abfhi diet Andersor’ge gl ohal RdsLBRd ap Boina,
QGN@”M&@OWrOI\ﬁbQﬁQn§ tat e 8BRUCALIP O BRIRAY r%l@co@é responsive
S5Formul ae | through VI as are described i'n ail
bAMR\adenosine 3',5'-monophosphate)-dependent (PKA) pathway extend life span
in wild type cells but not in mutant sir2 strains, demonstrating that SIR2 is likely to

be a key downstream component of the caloric restriction pathway (Lin et al., 2001).



I n anot her aspect, the invention provides nethods for
usi ng sirtui nnodul ati ng conpounds, or conpostions

WOQEURAKéses Ng Sirtuin-nmodul ating conpounds. I n periu8bids/o07771

10

15

20

25

30

enbodi nents, sirtuin-nodul ati ng conpounds t hat
increase the level and/or activity of a sirtuin
protein may be used for a variety of therapeutic
qﬁﬁhh&ghhpns 10i ncl uding, for exanple, increasing the
['t'espan 'of a cell, and treating and/or preventing a
w de \VRrbiidey hedeirdareeselssimund-rdoddatdey @nmpuoindsambmefhods of use
exanpl e, diseases or disorders related to aging or
dh¢redls  dj abetes, obesity, neurodegenerative di seases,
chenot b Gpd

esoci HrEg e s ARG POVLR St oLl R DM paunds of
divamataedl thoowghrél acae desoribsd il detaidlbslewse, bl ood

clotting 15di sorders,. i nf] anmat.i.on, / f ] ushi ng,
ot o R POtk e inyTsRTBande Palods Rpbues Rg:

| Y &1a Rk o%ﬁai,\ﬂrtclfmgt)stﬂ)rﬁicBﬁ%h@in@%ﬁﬁﬁh-@ndﬁYatﬁ‘ﬂg%n%unds.
used for tré%tlng a di sease or disorder in a subject
tlhaertaiowibodenetts, tsituinméodwtatapsmtpoundc thenidciease the level and/or
acl.iyit for enhanci ng nuscl.e perfor ce, for .

i nel by ORI AT RAIBEL for g gl o BeapyRappplications
RhEU&RL! fo9 eﬁ&fﬁ%lb?inb'fe%&ﬁg IR FanATH N |24 R Dtr¥tini and/or
hypoxi a or ischema. In 20 other enbodi nents, _
gireventing avvide sariety of dissaiendsd disarderciaelwding, {diexpaply, diseases
and/or . act i Vi of. a sirtui rotein. . .

P LGk o find B S iR SR Tl Bt al ¥ cifeases,

exafBliRrapeltt BRst&Un&ebbath@neafpaillyi adédcyattdwithra@dschemic
i ncreasi ng_apoptosj s, treatnent of cancer, stinglation
(o]

Gventp petlar discaseropsk orsdisartetas sasiovtsoular gieasgablaod glogting
giasoqgérg,rihﬁ%nfaﬁgﬁ,hﬁ{d/cgrﬁilgmrﬁg%th.e gg&gg-t 0 z{o@g'ac%ﬁlpounds that

mnistering to a subj ect ere
phacaedketdvelbdrdjoredctienty of e satmbuptot@h ney also be used for treating a

sj.rtui n- podyl ati ng, conpound. n certain a cts,
iseass o dirordsroa i%gﬁﬁbwamme%§°%é“g&ﬁeﬁi%ﬁiﬁ%&agﬁa‘
alcAPRy, Fbr édhaf GBIl Bbr¥riAn QL R in&RAROLRGScle ATP levels, or for

i ncl udi ng ot her “sirtuin-nodul ati ng conpounds, or other
ttteeting eupicvertgeuscl@ i sBrRIdEMapESCRFPEACN IOTyprE or ischemia. In

W . Fi gure shows the chl,oride salt form
Rspmiments et Gy iRl 4ETraR e o o
ARBY Y bBa GiFa prafdn By 1888 iféd a wERiN6NBefepb@id appllicytions
(DSC). Figure 2 shows the free base form of Conpound .
Inghdingcfos exaraplepipciassingrghalar sREsHIVEY Ap Ar§AS; ICEFetag apoptosis,

| fferential: ' .Qr | - : i i
S PSR RRUAL Y BB o g
muds cribeiefurthdinbdlsive thednéthed f comepriza admirdist€anp cuadulfject in need

5Fi gure 4 shows. the ¥eek 3 fasted b] ood glucose in a
hencok parmggeytically effective amount of a sirtuin-modulating compound.

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

compounds, or other therapeutic agents.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 shows the chloride salt form of Compound 1 characterized by

Thermogravimetric Analysis (TGA) and Differential Scanning Calorimetry (DSC).
3



adm nstered the free base of Conpound 1. Fi gure
5 shows the week 4 fed bl ood glucose in a DI O nouse
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6 shows the week 1 fed bl ood glucose in an Ob/ob nouse
nodel 10 adm nstered the free base of Conmpound 1.
Figure 7 shows the week 2 fasted bl ood glucose in an

b/ ob I ' :

ool B2 SHBREn e Oak30 RS of LOypbai PRAGaRbrasd by |
diheansgravimeric AnAIYBIs(DEGE and dxffeaaitinhSdaaning Cdierimerp (DSC).
base of Conpound 1. 15Figure 9 shows the week 1 fasted

bl 0od TEHESUON teverls & Becaas EhEama in MG BuFe HOaHe

‘élﬁgﬁn&é}g t&rﬁééﬁsﬁgk%@%ﬁ@“ form of Conpound 1.

ure shows t Fasted bl ood gl ucose in an
Ob/ ob Figursd showstheadtadkn3 fasteeblodbgluces ibadibmonemodel

chloride_ salt form Conmpound 1. 20 DETAI LED
Bg@mtw%qé@d@ﬁ?ﬂ?{?%m nd 17 "5s"used her ei n, the
foll O\T’igkﬂ'etSG‘s‘hHﬁls Ay BhY 28&5H188@ bhucHRViA ol DR FRAK AGdel
set forth below Unless defined otherw se, all

tadoimstered therfaeedmise nf Chinpoved s used herei n have the

same ani a omon| erstood t. f di

Shin ) TR g SOV Y s G0E R iR R2w30 st B
"atifenstdrBE tHedRedBdd6 8F CoffpuRMEe unl ess the cont ext

cl earlrky di ctates otherwi se. The term "agent" is used

her ei Figwedehows the whrkn? &stedddnpbaivgosedn aniihiple mouse model
SARTEAL SRS or BobiBliggi cal macromol ecule (such
ASTAMUET el Eeid” Can ant ody, a protein or portion

t her edigure 8howa tixewtdld® fed Wbod pluerid iacih Ode nfdueemodel
30bi.ol ogi cal materials such as bacteria, plants,

fa_dwgmﬁter% therfreretase pafemearad Iy mammal i an) cell's or
tiss Uﬁﬁ%urg'g%ga% Y f¥erl] FaHGbI8ERuS oY ah &IWIEE nlctise model

sui t abl
adminstered the free base or the chloride salt form of Compound 1.

Figure 10 shows the week 2 Fasted blood glucose in an Ob/ob mouse model

adminstered the free base or the chloride salt form of Compound 1.

DETAILED DESCRIPTION
1. Definitions

As used herein, the following terms and phrases shall have the meanings set
forth below. Unless defined otherwise, all technical and scientific terms used herein
have the same meaning as commonly understood to one of ordinary skill in the art.

The singular forms “a,” “an,” and “the” include plural reference unless the
context clearly dictates otherwise.

The term “agent” is used herein to denote a chemical compound, a mixture
of chemical compounds, a biological macromolecule (such as a nucleic acid, an
antibody, a protein or portion thereof, e.g., a peptide), or an extract made from
biological materials such as bacteria, plants, fungi, or animal (particularly

mammalian) cells or tissues. The activity of such agents may render it suitable as a



"therapeutic agent” which is a biologically,
physi ol ogi cal |y, or pharnacol ogically active substance

wo(2008/5¥dpst ances) that acts locally or system oalrjus2008/087771
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subj ect. The term "bi oavail abl e when referring to a
conmpound is art-recognized and refers to a formof a
conpound that allows for it, or a portion of the

5H uflk tag ka@ﬁsﬁ%ﬁ %\?ng g)ﬂg;mBﬁlgﬁg}lg,g??fﬂgﬁﬁga&‘fogically

i ncorpora

acavd alblsento(o sﬁbmmt) thit qe&st loedlly drayvdemicallly ih @ subject.

adm ni st ered Bi ol ogi cally active partion of a

si rt uie teep ePlga‘(adlaalep cwftqndﬁ A0 GAMPANG i ptirgcognized and

hetdg aaflo %hvg%{i@buﬂ& Ha\’hl‘iéﬁws RYGNoAS &ﬁl%n%? ithd dnfodiR of

deacetylate. Bio Ically active port ons a sirtuin
rmmpommpadramlstéred ctorbe ableorbedbyfinsirponatedso, @i ahagiisal | y

1 |ve ort s of SILRT1 havin nBank Accessi on
rﬂgy R’tﬁ* 7‘631 toeqqgg,}ﬁggggpthgt %Aﬁors.%.aﬁama&%ﬁdn
and t h‘@l@lH?&BH?E&]\Q‘ o ORI rERfs t%&ggﬁ_?{zlgns ofg?ylrtum

include without [imtation, am no acids
@ewtsmdiavmgcaelstglmpaﬂ\lectlm OB B3F0he armutyrtoadueecmiwddﬁomgically

| d A
SHESRSRE G S RY eShurpedRe Fare ST RESNPisPoBigeically

hoti e gsitibheo CIIRT 1A G e B IHRT A ReSdi @ONBANPY 096370\ Rat

portions of SIRT1l, also sonetinmes referred to as core
gosrinpess el Altebiagimgrdomaimandibe gubstete bigding dogfain, for

SERRER SIS P ug iR g o258 AARE R

AR &n WH.ONP (BISBHO \aﬁﬂcﬂare?é&oﬁéd @&cﬁéot@%@ Banko 932 of
Accessi on No, NP 036370, which are encoded by
Bk AgeessippNe.QNY5 85228, Thege feasn BunteeRICE Semstimgp referred

VL O 23R d&ﬁalﬁb@fﬁx\% %ﬂg&gg@é %&1\%%?1) sHERIRT ~a}so scbrgetlmes

GenBank Accessi on are encoded
mefetredtd sher8d@mbims, intkhas abdut GemiBandd AR Eletsd4yno Neen Bk
9&10%3335180n No. NP_036370, which are encoded by nucleotides 834 to 1394 of
GenBank Accession No. NM_012238; about amino acids 242 to 493 of GenBank
Accession No. NP_036370, which are encoded by nucleotides 777 to 1532 of
GenBank Accession No. NM_012238; or 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.

The term “companion animals” refers to cats and dogs. As used herein, the
term “dog(s)” denotes any member of the species Canis familiaris, of which there
are a large number of different breeds. The term “cat(s)” refers to a feline animal
including domestic cats and other members of the family Felidae, genus Felis.

The terms “comprise” and “comprising” are used in the inclusive, open
sense, meaning that additional elements may be included.

“Diabetes” refers to high blood sugar or ketoacidosis, as well as chronic,
general metabolic abnormalities arising from a prolonged high blood sugar status or

a decrease in glucose tolerance. “Diabetes” encompasses both the type 1 and type 11

(Non Insulin Dependent Diabetes Mellitus or NIDDM) forms of the disease. The
5
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and dogs. As used herein, the term"dog(s)" denotes
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there 25are a | arge nunber of different breeds. The
term"cat(s)" refers to a feline animal including
donestic cats and ot her nenbers of the famly Feli dae,

ld. S 1 : " i se" .
BB R PR b attes ncllg® AT BRI Srat Gl o mere han 40
fieehies figr hémbr Polhichéesofoa wothenblviod presguleeilA0/89deeiHg or higher,

"Di abetes” refers to high bl ood sugar or ketoacidosis, ..
daehiesndeg abeys bifl me/dldestipgipad shspspogrster than 100 mg/dl or high-

%@H&g@dﬁ&@ﬁl Gk 46 Higcﬂ iR Qﬂ%%%/h% woaed
suga tus or a decreas€ 1 n glucose tolerance.
" Di abeA &ditect actormpas ©€a shratih i imolecpke thataavd vatgpe sirfuin by

oD Bl W RePERAET O APSLES, B mdtecile Mhibits 2 atituin by
2081 REBE6PCT/ US2008/ 007771 risk factors for diabetes

include the following factors: waistline of nore than

40 in K R . ' Sp.f Dl
or eseunE @Y 1A g P e AGED gamcsps e
156k oftd dilug Wissl progubésotnds of its asirgiRatgonsdaefdlf) or

/dl or high-densjty |ipoprotein of |ess than 40

FetiyelynBR dase Shichgrepuicena Rifirdsiermigedhresgpnsedp 50% of test

'. " . I i i‘ % A t i

SRS L S TPLASH B B A s,
4il)sb means thealorodx dive winkh I kethahins$ 0% wif tesbyubipeatsd iTing térm
i, . . The,term "ED50" is art-recognized. In ..
ciieranertie BT It e eRBB LIRS THEN e (o iethippgptic index of
@nﬁg%(gﬁggyg§§D§p@b9{ its maxi mum response or effect,
or 1l0alternatively, the dose which produces a

pr e- déherteinn Saypesspdinsmin hrefgsdot statesin asibflizitug! iorwhich the
reparations... The term " LDR0" is art-recognized. In
PP af RSuRE Bt Bk MighsPiRn sofpfll shecCo 2°Gr ug

whi ch T thet hiakludh SQuedd thesdansukil@dihg buflie Hngtdd to”.

"therapeutic index" is an art-recognized term which

r icdyding’ candn dnelpdipg fatipetdimiterbte” gfc wsedanigrchaegsahbe as

LD50/ B Qe 804 Igarsg}angg’ px\%':ﬁérg Bk tgﬁe%%vlin&?é fibtindl Anfbunt of

state in an individual 1n ich the level of Insulin

iimsulih@rddueeda swbnorghksiotdganrespsmsalirelative to thd hmldgicaihresponse in
[ is used to yrean "including but not limted

"i nc) udi ng'
@éﬂ&eetﬁheﬁ%ﬁat-hagﬁdnwlmeﬂaﬁaﬂge-but not linmted to"

ar e usgg-ihahef cheRde@lkYrded P8s BREMsed A&, Pefers to any disease or
resi stance" refers to a state in which a nornmal anbunt

g@bndition that is caused by or contributed to by insulin resistance. Examples
include: diabetes, obesity, metabolic syndrome, insulin-resistance syndromes,
syndrome X, insulin resistance, high blood pressure, hypertension, high blood
cholesterol, dyslipidemia, hyperlipidemia, dyslipidemia, atherosclerotic disease
including stroke, coronary artery disease or myocardial infarction, hyperglycemia,
hyperinsulinemia and/or hyperproinsulinemia, impaired glucose tolerance, delayed
insulin release, diabetic complications, including coronary heart disease, angina
pectoris, congestive heart failure, stroke, cognitive functions in dementia,
retinopathy, peripheral neuropathy, nephropathy, glomerulonephritis,

glomerulosclerosis, nephrotic syndrome, hypertensive nephrosclerosis some types of
6



20i nsulin produces a subnornmal biologic response
relative to the biological response in a subject that

woadersséwet have insulin resistance. An " posiskdvs/007771
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resi stance disorder," as discussed herein, refers to
any di sease or condition that is caused by or
contributed to by insulin resistance. Exanpl es

'&ﬁé#‘é&chdis%?&%éma?%‘?%s L ros%é hale gﬁ)nﬁﬁe&%[quzﬁho sof

i nsul i"n-resi stance Syn |ns

rpesgrahay)g@or fingdle lfﬂp@@cﬁlcpwe hsalme(,sud‘lymhemabmreghlaghes,
blood chol esterol, .dyslipidem a, hyperlipi ]

dyertiliy dereenlar qywation RobyysticoHirian s¥RArpmE) (Bﬁﬁﬁﬁ) lipodystrophy,
?f}gt%rol‘}é’lrawa%%r@%rg u¥h i ﬁﬁs%(ﬁleg lcH %}’éggfsrtlﬁk ahd cholehthlasm
arction, hyperglycem a, “hyperinsulinema and
rgppe robsto.udtﬂmlslerep Apeca amdpaspistbrylpuctdems t@t@ﬂﬁhnes, and

ed insulin rel ease, diabetic conplications, -
TR oR P BREen, O LaE lofh & @t CoRaRI A 20pact or i 5.

con g eSfietBr @Al dstd R dnith8ls” fdfERKS doﬁ@ﬁ(ﬁa%édvcﬁlaﬁﬁifo%é Which
in denentia, retinopathy, peripheral neuropathy,
naqdhdesphosqhelrg wired dbomegtand vas pugh predustn s@.ex lywiisg animal

otic_syn ert hr oscl.er osi s, sone,.
Qi T G R i
nfoﬁfetsﬁé Swinld G e® Pl em @S the Feh @ SusOhn BYiRE RAMEM indedihg
femal e reproductive health (such as nenstrua

isheasgandaather régmberﬁ oéthe gqnpgf viss degjastir sagtaangl ather, members of

gﬁ% geg%(’? g)r var ' %%f' g egl? g%é %alsé’sd ?]%{escﬁa{l%m/asks such as

aROLes byst of bﬁrdaﬂ,d: €hal edulﬁmraﬁiasmcﬁgmg dorh&sicrheedes WRd other
sl eep apnea and respiratory problens, osteoarthritis,
apembsre obihei famil arﬁﬂlw%ag%lﬁ 98¥S-bone | oss, e.g.

ost eo | lud
refergﬁ%g on%???%%t qua &%%g¥%&%ﬁ%§ r?ﬁl% als include
thuosas t;mng_esr alvsﬁdcl{ mmmia;a(uncﬂmﬁngbovmas pb;qnmsdctct),sqompamon

e.g., bovi ne a i ncl u ttle.and oth
ol o0 Gatgesy tihes s and olthes T L RiGand e i ng
10 donestic sw ne and other menmbers qof the genus Sus,

an ovi bess MEIVIdua deﬁ’dldéﬁkseﬁ?fféﬁagéﬁoﬁé?b Mi9E§ gengrally
[
RGN e G bR TR BN ITR S, Bhias FETRRes By may
fommesfpmbalaismditetda\skh iisubh ressstarse. as a beast of

bur de e ani mal inclJu

ot seshiaTe HEferidbaRaTORTAE Py B AR ey are
BeUdSo grlohdirefeto HRABRGL adnSinlsBaMbn bihef than dhferalafd topical
exenplary mammal s i ncl ude humans, primtes, |ivestock
adimibtgat{dng gswdihyrbg lbwtlwe.sand pmicdqse@/lthemtdlryutatmnpﬁmvgmpus,
ani na et.c.

%tr'fanuscvﬁfa& elggﬁéa‘? Irlg Sltratheca mtradap%% ntra‘odlafa\(i; 18[;}acfa§d18cr:,

Ilﬁlﬁiidéhﬂhlalr&ra%@ﬁfoﬂééln@‘aﬁs&ﬁfﬂhé&b%&b&tﬁalﬂfoﬁs Sebaitaduldy, intra-
i ndi vi dual s having a body mass index (BM) of at |east
adiqylargrsuheasulagsebaraghnaag, intraspinal, and intrasternal injection and

infusion.

2% &8 3% 46

A “patient”, “subject”, “individual” or “host” refers to either a human or a
non-human animal.

The term “pharmaceutically acceptable carrier” is art-recognized and refers
to a pharmaceutically-acceptable material, composition or vehicle, such as a liquid

or solid filler, diluent, excipient, solvent or encapsulating material, involved in
7



200r may not be associated with insulin resistance.
The terns "parenteral adm nistration" and

WO 2068niseeest ered parenteral ly" are art-recogni zedTandos/007771
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refer to nodes of adm nistration other than entera
and topical adm nistration, usually by injection, and
i ncl udes, without limtation, intravenous,

:%wwgﬁgqm#g %{‘}Zg‘%ﬁ&{t c?lln’poél ?g gg ch'ﬁgénent thereof. Each carrier

Zhusrbe ddereprble”iimtiegease 6 fbeddd corpaaibéd wik fieadubject composition
subcut aneous, subcuticular, intra- articul are,
S8 FOMPRRENtS AhRIAIGIONS 19 W@rpagfntn%@me gramples of materials

'MlEfE‘ﬁ{a QﬁJe a's @h%‘fﬁdc@ﬂnmg dc@%ﬂ?ﬁl@@amers 1nc1u€b (1} su arst guch as

tien host™ reters
elad:thm; ghlchwmjd sacroae; @ starchas sach aadorn 3Qiddhearidqromato starch; (3)

é{ﬁ)‘/ﬂalpg%glg t1t|§ gglll H/aeg,gq%gfl g? ltsq(idugl%rcralrb%rxymea'lyl cellulose, ethyl

%ﬁﬁl@&gﬂﬂ é&ﬁhds¥ a@&ﬁ@?f@?o%d@%%dg@&ant}? Qﬁ})ﬁ’éltt 669 %el%ﬁn (7)

vehicle, such as a I qui or sol I'I’er’,
azle] (§) entipiests) wehtasgocenveiys lahmuppg)smtyewaxa&, (9) m]r:o Isueltlas

L L PSLA 2,3 SAEE o TRES b e
" AL CRDIMRIoBs, shdh zisrtﬁoﬁjﬁ@%%l‘%olb?l' 1090%@&5%@3%1%&1'& §diBitol,

Subj ect COI’TpOSI tion S CO onents and
imgnnitobard p@ywthlelepagly@nl (lzamrsexmfpaseqf,hxdfolm and ethyl laurate;

gtil%)r?ggn’z(xélflb e%élagsafgf% ;%13 %g'iﬁa%ﬁlgﬁlqgm%%@ aXé eo%ngi aluminum

Hydesxsde; a18) a$g4ﬁfccas:ﬁ1 ({®)pygb@ncheswastq7pisoteaicsalih@r(¢h)
and its derivatives

and potato starch lbé cel | ul ose,

Ringerassodyiam, R &t %iﬁﬁ’b?hﬂo)d@PFRha&’s@ffeétsﬁwlons and (21) other
I

?*?}'2 gtlé%%ﬁt%g&gﬁgj)% %hia# r?c%? 8?‘%%8% t?n Rl;(n %@%ﬁ% Fo‘iilzng ations.

exci pl"ﬁfdtsrm Sprobhplactidtad tiarbpearicatrdatmeppasirt@cygnized and

e NENCRE N TN N DT AL

SIQMQ@@@U&IQ BF the undBhtedl 6nalHDN (814G i REsrAWdrQMG a8tetGRlte of the
(11) polyols, such as glycerin, sorbitol, mannitol and

;imlswnmyl)em the yreatiment iropkylacts’, i.euid hvr@sctethqhosmm%
th I t 1 X 1 buf f )
HEr1oh e AR rtor St oA iAo B R Station of

(tASUnrbdEdnddidrd thd d€atmRHT i@ PRRafduEe (V@] iels intchddd to diminish,
isotonic saline; (18) Ringer's solution; (19) eth

Amelingite of memtan Jugerdstinggirwantedsesinditionrns: smk@mffeemgerefrom)
other 15non-toxic conpatible substances enployed in
phar meldeueing &pyrbgenriiicat, ivattsreferbrcet te mmotnposition) wiirs &' a

or "th ra tic" treatment is art-reco

Rompp SRR o e TR Briogefiniy S BE N 1cag 19 gn
adodsé strestgel gp Em@fndno féivlet NhahmaBeh festiadl ARpiedtoty d@stress,
unwant ed conditi on di sease or ot her unwanted

sndetexistshoele ciosin aawbmt jo which thheorapasiiiarelas biegn administered.
R RINVHAE! th terhr § mednt tPERbEGRSs dh§odiRtfths 34 ulShee of, or

substantially free of, an endotoxin such as, for example, a lipopolysaccharide (LPS).

“Replicative lifespan” of a cell refers to the number of daughter cells
produced by an individual “mother cell.” “Chronological aging” or “chronological

lifespan,” on the other hand, refers to the length of time a population of non-

8
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adnm ni stered after mani festati on of the unwanted
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intended to dimnish, aneliorate or maintain the

exi sting unwanted condition or side effects

therefrom. The term "pyrogen-free", with reference to

B ERORAIL Hlaint STBlcwhdh AerfiOuR Bﬁhﬁth%‘tst MiHfordlQ tROfifespan
contalh a pyrogen i n an amount that woul d | ead Fo an
Zﬁad)eﬁf Se“ﬁﬁér&hng {he.ldespan roff atcali,l”(as ,appSleadetb cells or organisms,

mrat i on, rr SpI i stress,
&3& ©xpereaipg fhe ‘\é‘[”g’e} of Ha‘¥%§‘i§ %pr BCafhR e ¢dl; increasing
GRORGE 5); by b8 3P o&%ﬁnﬁqmcﬂbégvﬁﬁ%q'essggﬁn@ t%amtagé‘ e.g., to

termis neant to enconpass conpositions t are free
dPNAg prcﬂmbstaadtor aldrgasfgethe abilityof exhld or oxgani msctb sagvive and
for exa

opol ccharld Repl j cati.ve
i Shanv gl RIS A eIk SqSHEMEN
Cé?(lalnile'3 9@3&5}%{2 e&snﬂm%@re‘s@ @i ot ?%y raﬁﬁhhﬁ‘ r ch‘éﬁln‘:ally-mduced
Chronol ogi cal " agi ng' *chr onof ogi cal fespan," on
tstreso THeA damage, m%fequatetsait telvel, Ilrexdngat@futltqgnml@el or inadequate

popul ati o f..non i vidin el l's renains,Vvi e ep.,
doTae ) TP ket R b, G0 S
G4 or BétwesXeNHNAT A S0R4 hRBEEN, H6%An8B0Y% or M@dre using
applied to cells or organi sns, refers to |ncrea5|ng
tthethedmdsserilsid hiagight er cel I's produced by one cel
increasing the ability of cells or organisns to cope
with st&iﬁsiswtiandlg:wmmundémefgm toe cgm,potm)d BBNcreases the level
prot ei ns or,, increasing the a
B Qe et SEERa® Bolet Spp seiiNA s SiiaBo By 1n an
| R8P lary BABHdith R lat glﬁMhaercnothg édnqsbuna ngay inSfch st 1€4s0bne
exanpl e, heat shock, osnotic stress, nerg

raeliogicalastivish efin @amnyptqﬁ@ncbwt éqasfe@@ut Y%, 75%,
¢ S
Il@ C{Zgﬁg‘ioge.n% %ﬁp? li)lbl c%‘ijg%y\?{lgs SEYtI?lg%BOtel \é?xllclu@e
ieaddtylatians te. g’l,b(ﬁlﬁlstaﬁ)@@ana% 0 dib@ Ydespbh; Gﬂ%@ing genomlc
bet ween 20% and 70% . 30% and 60% 40% and 60% or nore
W@tyn@{q%]alg tHEsHE v apbeityelling the segregation of oxidized
"R AGH N ARLCATRRNAdNY ef ers to a compound

I ncreases t eve Ssirtuin proteln and/ or

i ncr CagRuifr mju%ﬂ%ﬁbc%g‘lpo%ﬁ%l"’ Yéfér)é tg % cgm%O{u‘tﬁcP hg gé’c%a%leg]the level

I n an exenp

@Rt phEyini andfog Asereades |aeIEtS§t dihﬁ%cﬂﬁw of aogrtu&i protem In an
activity of a sirtuin protein by at |east about 10%

%WPW/&mlpgd)gnej_lg@oﬂrt@p 1ﬁ51,b§1ng5@gmﬂuag V4 decEsge @l least one |
%%lbgchl' fc%lvg% 9 nh "sitan{‘pn%ggh %('\a/%% léaQPJb%QFl Qﬁ a@%yk @l 945,

g., of h es and xt endi n
[ llﬁ)ﬁMe as hmge. gEmnplarﬁlmamgjmaﬂ yctnsnd:wfcsnmgnq)rtaams inghgdeon;

e SINLOLL N Lhe segneaal L an of pLdl eed RLOLEL N mic
%Oabﬁnts,t éileﬂm'n@ma%ériﬂﬂi%nc mw%lhrrge&@ Sgrk LatRnTHRAUACH

decreasés the
protems between mother and daughter cells.

“Sirtuin-modulating compound” refers to a compound of Formulae (I)-(VI)
as described herein. In exemplary embodiments, a sirtuin-modulating compound
may either up regulate (e.g., activate or stimulate), down regulate (e.g., inhibit or

suppress) or otherwise change a functional property or biological activity of a

9



of a sirtuin protein and/or decreases at |east one
activity of a sirtuin protein. In an exenplary

woendsasgsgaent , a sirtuin-inhibiting conpound mapcdest@ese 771
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at | east one biological 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
ﬂfd g? tRILAFEHYh S &mgpounﬁi mﬁk]%‘c%‘%ﬁ%cﬂpgte%%ﬁmm
ng 1ifespan; I nereasin geno

Proteincdithgr direodscoriipdireuily. an dercaimeﬁmbﬂimtst Iaelrtum modulating
segregation of oxi di zed proteins hetween nother. and
FalpePRd may bed sirtuin-actigpting Gompavad (o5 aiSHE R dHiBlRg compound.

refer S‘S‘ir:&hlﬁ 9(9(@}3;’3 lf@férsotfo a lﬁélﬂyéra(% tfuj: glrt(l\ﬂ Aeaeétxglgé ?gdtt?ﬁ gamlly,

herein npl ary enbodi nments, a sirturn
ccm ppeferat] y30 niny sied falmaty, whicteguolude gedse Six2,(GanBananecession No.

5308 he Eublea e Strga omine Askibiopr Upart y o T2, Bd hihan

S
tsgllg*tl"g’ gﬁ@ﬁ% Jﬂ(l‘: atb(}’éﬁ&)ﬂn No. @IM 104k '&ng N @b @37 ﬁor tAeFOa83 106)) and

mpounds may a
sSIRTml(GemBmﬂeAnceesmhéfo NMe@t2287oNM 1 rﬁ)dDﬁ%tNli/ 036869,

30 RSP arR ATRER) B0 g Rt Dby v memers el the 54k

sakiﬂffn%hﬁ‘l yeﬁit' §if2~11ﬂ<9 gGRERQH. " H'sP ehh‘é"r(h%@lc%‘ues of §’§ ‘Nv§) HSTI,

to a nenber of the sirtuin deacetyl ase protein f Iy,
192, el 3eamadil§ T4 candlbe Sive Qﬂfeahumyn hxmpbiguﬁm@% hSIRT4

43RS P RThaiR PRETATERERTRE ORp GR9910es P RERER tna Frve

St KT 900 BBRIK260:023)5 | Iabfelied SINMi5T2 2 B 5@ Misht I§Ear8 3o3é0
(or AF083106 and SI RT2 (GenBank Accession

RVt ies it 30593 hSKBT h36de9 Slrﬁph@wab@R%dsuch as those

iR B a3 U g @B, RIARE BB MR
@gbss in $IRTDdueyue SIRT3 $as. t wo) HSTL, HST2 HST3 and

HST4, .and the fiye ot her hunman honol o
hSl RT4 SH?an Refein, siRpgo éﬁaefﬁ'%‘?fp#’f hg fBP nfhfj Sétitu13|deacetylases

(th %ﬁélm{%@&l%np%vsm%12;%?&1@{}1@1115%&’ SeRl SRb (GEIIAR) ABBRSGon No.

0:273). Pref ‘erred sirtuins are’ those that share nore
sPiSﬁ6$53)r Ct ¢leganai Sify2 Sl (REbBank d.ccedaidnNd.  NRufdy1 81 2)Shu@an SIRT1

KRR Decion nio” RV Fr2aBF SEh DaBER r ARERY 1 0 Bpgppman
MRTAPSERB arkNA &d=idn 2 NSO BLBT 3NNAD30593, NP_"0Sk5F4L

protein" refers to a nmenber of the Sir2 fani 'y of
eNPuOl&ﬁWQal ead& 0§ HeBprotemnsorns ewibesdnieend fraglsmsrihereof In

BESELTnb QA EAES SR YL ol int EEEER RERERT O Bbriie qgsauence
2093, o thoraimsistiig Ess20ti{lGenBeitkanfia c asisl sequdNee séﬂ\forth in
012238 or NP 036370 or AF083106)1 and human SIR

F@ﬁBﬁ RCeaessR8dY o WW@@% NE_ 03 63 69, or
38569, Slﬁ&l%ggﬁ?ﬁ mglrudéﬁg%%;gﬁes Qf)ﬂlﬁ)ﬁ'sfﬁ% allad}% portion of the

equi val ent's ‘an agnen r eof
emoglacie sd:queaceSd;dRTdrtlp moGenBanknstagdasn AopoN 9 p@q:ﬁ.’,ﬂdeNP 501912,

i\ﬁ@%’é@%@”&@%ﬁ%‘r’?ﬁ?ﬁ%ﬂs 4 4P Qo EGIEHE SFofor i PenBank

22 cERNFANE. AGC @383 26) NY2 50101, 336 HE900IRIP B5336s, JNB53685 with
085096, NP 036369, or

1to about 2,3,5,7,10, 15 20, 30, 50, 75 or more conservative amino acid
substitutions; an amino acid sequence that is at least 60%, 70%, 80%, 90%, 95%,

96%, 97%, 98%, or 99% identical to GenBank Accession Nos. NP_036370,
10



P53685. SIRT1 proteins include pol ypeptides conprising
all or a portion of the am no acid sequence set forth

woi20s@ssd8ank Accessi on Nos. NP 036370, NP 5019p27/uNebos/o07771
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085096, NP 036369, or P53685; the am no acid sequence

set forth in GenBank Accession Nos. NP 036370, NP

501912, NP _ 085096, NP 036369, or P53685 with 301 to
20601312 up s M RacR b rion S hna FRlonkfapent threot
Fedypeptdes dfahe inveation alas indhiihonitogs3@%)., BfhogldaUd paralogs),
96% 97% 98% or .99% é,g;ntlcal to GenBank Access] n

NG antRErfEgets, ofygen el Asessepdiosul o 0715
5@1%18%09&\'?\119%@959 &'%36@?.69 or P53685, and

functional fragnents thereof Polypeptides of the
| nv ent iSORTA Ipsajellnﬁ ct¢facsetoharmemberof(the sjrtpinoddabetylags patgin family

RRURE i horad e B S1ad aroleh TS catbodimgaan SR Thgrotein
Qg’(ﬁg&% huﬁ{anFﬁﬁqgQGeﬁBm%céngBW@ AAHb?@@Z NP 335BNDef

of the sirtuin deacetylase protein famly and/or to’a
w%gl BR24p a8l mesepSIRE {GenBank eccessimdNoeNP , 074 838 Ridteins,

| | k. A . .
AR50 3l s SRR oI ol s A DA b R rpratein
(SRR AGsPEaL @@mmsmgﬂa seade%&com@ﬁ@ dTSer considfith essentially

g ui val ents and fragnments thereof |n another

belpmite acid SYURIS g9t derét in GenBrnkutissssaopipgpbpHoded2,

L < g e .
LT e T —
Gem@a@ihg/%ﬂll(‘cﬁf‘aqidﬂﬁoﬁ\bﬁthe/éﬁhﬁd Qéha ,sedNBneé 63 fdsth NPGenBank
001017524 or NP 0718 oteins_inclu

pUCHanR A4Y %dﬂ?s‘?%é%l NPoQOIQlﬁ%?r“t PBNPQW%Wé i aino acid

i i 042,
SRR ORI ALa O Aol R GRAEEIK AR B35 0P, BB
NP 90d0ETRd, selNP f @F 1t87 8iwitlGe nBabriut AcE 55 91 0by 18020, 30, 50, 75 or
AAH01042, NP 036371, NP 001017524, or NP 071878 ll
frborgﬁgleﬁer\?tlvg amsno 9c1d fB stl:[glorQOan %1’611105661 s/egual?cer{ﬂ%tés at least
GONS SOYAROYE 98%, 98920k %, 9IBS R4 L 0%, idafti AN QerfSdnit
sequence that 1S at least 60% 70% 80% 90% 95%
FevessProNoD @UAHO 0429 PB_ @303 7 s AP _1001 0B 4ndr MR c&L8i7dand

TN T i Y T .

(e, bRuEIdES At PAraReh)) Vhtiies e TRigaEsts( 6f GenBAK Al@&e@gsn Nos.
and 8aralo s), variants, or fragnents, of GenBank

363AHDP0AS ] 0RG52833H 0BT B0 pansgmbodiment, a

S s e .

ot thaa/mgre charidiniabmatrixopdvoesdin gglepidasel (MR and4s lamgitochondrial

peptl dase (l\/P(E)S and/or a mtochondrial 25internediate
PeRiigsse (MIP).

3 6¢

The terms “systemic administration,” “administered systemically,”

“peripheral administration” and “administered peripherally” are art-recognized and

" refer to the administration of a subject composition, therapeutic or other material

other than directly into the central nervous system, such that it enters the patient’s
system and, thus, is subject to metabolism and other like processes.
The term “therapeutic agent” is art-recognized and refers to any chemical

moiety that is a biologically, physiologically, or pharmacologically active substance

11
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systemcally," "peripheral adm nistration" and
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refer to the admnistration of a subject conposition,
t herapeutic or other material other than directly into
the central nervous system such that it enters the
t , |
ARl S0P BRI EM AN in b Wiect STyRBInE Blo R AEARP Rtk
agtrendiéd fios user tn—the dmgnoye, abuﬁm chitigdtems trbammnyoxc;hemm@h of disease

&2&?% %Pl%e%}}n% P o Shnial R oIS et andlor

2008 gpgrqgﬁg, 07771 that acts locally or

sgst g#ﬁ%ﬁﬁ?{? In a su J%ct The term al so neans any
subst dftegeinnt theckpduti oefferd@isi ant-tedoegnl zabamulsiefers toua bcal or
mti [ treat pent .or. prevention of disease.o
PR L AT, Burrafy SRy cut TBProeRt gy himans
%M@d%@%ﬂamﬁﬁé’dl@éw&lﬁnS’dtiv'e%%sthrﬁ:ea"’I’h@'fih%k “erdPaiBE]y-
5The térm "therapeuti'c effect" is art-recogni zéed and
reéﬁeetn\se aroounﬂ’ owahs that spewry mif suds 4 sdatstamne that pwidgces some

REtfond ox SuBm e fics A Crerrapan e et St AEPTeRls to any

I@fbﬁﬁﬁéht trh@ FrRpAEutieAlyl évff&hfv@ GinbMft IR EubstRRAwill Raty
amount of such a substance that produces sone desired

|dspending ulgyxsthe gileetfand disease eondiipandieats eatedadlig weightand age
I Eiﬂlle su%ﬁe% tl?efa%)év%nb eY dtjsgaste {ll%ﬁtthe Lﬂa%ne 0 admlmstratlon and
erapeutrcally e o lve Avoun

\md likey a\rlyctd@maaddhr}gba@aérrmhai bybheof orditthryli slaﬂaﬁ ehe art. For
condition being treated, the weight and age of the
SHBPBe: STt caBResitions descrired herein vy t@oaﬁlmlmstﬁaed tnr?esufﬁcwnt

IR ¢ c’hg,'@afu FrE@EF 120 244 fi ftPdbplicable

rea i 00%0 tererénrned yaoneeatg!f;ll% %F%lgr)\eﬂéﬁp?t ﬁ”c?}be °

anth trEabmeetxaan e, certain conpositions described
nistered in suffi.ci ent 15anou

her ei n,

b oauca Fines p FaRBpR S fRGrsede Bedlishine s BeaR o peking o
Nédst ShARRAPtERARIEhd Sordlitedh &rf Badas®Nt . "Treating” a
condition or disease refers to curing as well as

anel i dihgttemy “wsiopémprirmeet”ggient t@rﬁlmimshﬁé vigiai Whigh iopften

gmlrsﬁ ;%ar? ;hlléfﬂé%e}sﬁ)rler:n or %e%e%%le Hg?a {g%mt e)e/gf ,Sru%etrg) IPartlcularly

lsexedé SisInfinpairhiehesaeshdd ‘@lingaest bﬁ“&lﬁi@ﬁﬂos(se Which refers to a
sur gery? Particularly severe vision inpairnment is
camplsie logs physiwssvision wempe thgn 20699-that gapaet hedmpravadgvigh

f [
OB AR Rel s b 2o Bl of b R APBAZ eIl eRNdehE
fraddhg. of | ess than 20 degrees dianeter (10 degrees
radius). 25 2.Sirtuin Mdul ators

2. Sirtuin Modulators

In one aspect, the invention provides novel sirtuin-modulating compounds
for treating and/or preventing a wide variety of diseases and disorders including, for
example, diseases or disorders related to aging or stress, diabetes, obesity,
neurodegenerative diseases, ocular diseases and disorders, cardiovascular disease,
blood clotting disorders, inflammation, cancer, and/or flushing, etc. Sirtuin-

modulating compounds that increase the level and/or activity of a sirtuin protein

12



In one aspect, the invention provides novel
sirtui n-nodul ati ng conpounds for treating and/or

woRi&yBdesNg a Wi de variety of diseases and di perAsres/007771

10

15

20

i ncluding, for exanple, diseases or disorders related
to aging or stress, diabetes, obesity,
30neur odegenerati ve di seases, ocul ar di seases and
[
ﬂ'll'l%g 5lg(g F)g USe%af]E)F {rgé(tﬁf%%]hﬁgacsg r?g gr%gl%er g‘; ?ﬂ)ﬁg ah '\AQ}QI]d ?er{eﬁt
Sidrh indreasdd hfitochgndridipotivids férraahandheg ﬁnascﬂe pbﬁ‘oﬂxmneb for
and/ or, act|V|t of a sirtuin protein al so be used
fIBFreasingusg “rfr lexgls cordfpr HF@M@WWH&H& pyseletissygfamage
Vﬁ%c@at EQehH gpf)ilg%} i RRERRS Gl LA dt Rkiodsd héﬂaltrMnay be
for en anci ng  musc pertornmance, Tor Increasing
muﬁatble fésTiRelrew @hsr;mmuﬁml comeaditiong am/orpmr&:\mnnmmgnethods
e §|ssue danage associ ated wi th hypoxia or

s keregy- per conpounds di scl osed herein may be
53 ui t e fefbolert %1%&%55@19%& i 1h@é?1tlon are
and/ or one or nore nethods di sclosed herein.
orpresanath nBmectusi Foumwaghdul at i ng conpounds of the
invention are represented by Structural Forrmula (I):
10 or a salt thereof, where: Xis Nor S; Y is S when
Xis Nor Yis Nwhen Xis S; 15Ris -Hor a
substituted or unsubstituted al kyl group; R is a
solubilizing group; R2 is -H #L\hed or
unsubstituted al kyl group; R3 ted,or
unsubstituted nonocyclic aryl T R R4 is
-H, a hal ogen or a substituted/ or unsubstiY ut ed al kyl
group. 20In certain enbodi meMs, Ris -H\or -CH3. In
certain enbodinents, R2 is -H &or -CH3. R?

1),
or a salt thereof, where:

XisNorS;

Y is S when X is N or Y is N when X is S;

R is —H or a substituted or unsubstituted alkyl group;

R' is a solubilizing group;

R? is —H or a substituted or unsubstituted alkyl group;

R? is a substituted or unsubstituted monocyclic aryl group;

R* is —H, a halogen or a substituted or unsubstituted alkyl group.

In certain embodiments, R is —H or —CH3.

In certain embodiments, R%is-H or —~CH;.

In certain embodiments, R*is —H, a halogen or —CH3.

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

represented by Structural Formula (II):

13



In certain enbodinents, R4 is -H a halogen or -CH3.
In certain enbodi nents, the conpound of Structura

wobodgmsbsss(!) is represented by Structural For palrasedoshoor771

10

15

In certain enbodi nents, R and R2 are each

I ndependently -H or -CH3. In certain
enbodi nents, R3 is a substituted or unsubstituted
het eroaryl group, such as a substituted or 3

unsubsti tuted nitrogen-contaopi ng het groar group,
Sparticularly a substituted o Htufed pyridyl
group (e.g., unsubstituted pyr {::} In certain
enbodi nents, R3 is a substituyed or gtituted
phenyl group, such as a netRnl phenyl, Xa hal ophenyl or
an unsubstituted phenyl group! certain

enbodi nent s, Is a_gubstitutede unsgbstit ut ed
het er ocycl yl y up, typigally where the
het erocycly |ety is attacked to tf)e al kyl noiety by

a 10het er oat ceryAin SLN\ enb )inents, Rl is a
substitute 1d¥/ﬂ/su0 tuted hete -lyclylnethykngroup
such as a a substituted or unsubstituted )

ni t r ogareq Minteaiboidigeds e and RE hid dieh mdepextdwﬂy —phéCICH;.
for exanpl e, includes a heterocyclylmeth group
cont ailRiceyaia embodupens.dt dﬁ@éHEStﬁth ORHNY satugeéidtﬁ%moaryl group,

gﬁéﬂs"é‘%&ml %Cﬁ&l‘tlﬁgu Jt]?\ﬁﬂegln tFo%r%ﬁ%ﬂ&%H%K?t%goaryl group,

articu erocycly oups

nmntdmwrlmmtnmtedandm:kul&tyﬂumd paudyl\gromt (eyg., gisobsiiuted pyridyl).
Exenplary substituents fior the hetgrocycl

in R IPEENEHASTHRETBENt} &S APHPYUYEd ORENT: 8tr1mFFé1tFﬁ5‘FPyl group,
GLOVRSa methylpheh§l, %@fat@h@nﬁ@%ﬁ'uﬂﬁ[ﬂsﬁtut@@ﬁm N

Structural "Fornul a are represented by S ructurm
For nulla cgitain)entodimants, R’ 1R3(suhstttutsd| ot abdubsiataddstabcyRlylalkyl
gr(()jupl,?kyplcall%/ wheéte tlgeet%%rlog)? qyl mme?y is attached to the alkyl moiety by a
heteroatom. In certain such embodiments, R' is a substituted or unsubstituted
heterocyclylmethyl group such as a a substituted or unsubstituted nitrogen-
containing heterocyclylmethyl group, which, for example, includes a
heterocyclylmethyl group containing a nitrogen atom and optionally a second
heteroatom selected from nitrogen and oxygen. Particular heterocyclylalkyl groups
include morpholinomethyl and 1,2,4-triazolylmethyl groups. Exemplary
substituents for the heterocyclic moieties in R' include one or more hydroxyl, halo
or methyl groups.

In certain embodiments, compounds of Structural Formula (I) are

represented by Structural Formula (I1I) or (IV):

14



Exanpl es of conpounds represented by Structura

Formula (1) include those 5represented by Structura
wohkossnsbsse (V) and (VI): Conpounds of piirgs2008/007771

i nvention, including novel compounds of the invention,

can al so be used in the nmethods described herein.

5Si rt ui n- nodul ati ng conpounds of the invention

advant ageousl y nodul ate the | evel and/or act%yity of a

sirtuin protein, particularlg, the deagcetyl activity
of the sirtuin protein. W)

2008/ 156866PCT/ US2008/ 007771 r ately or in
addition to the above propertfes, cartain

si rtui n-nodul ati ng conmpounggy of the igventi on do not
substantially have one or none of the\ollow ng
activities: igmi bitiq@ of Pl 3-\kinase, igzhi bition of

al dor educt as€, ThpFbT i\ on of e ki nase,
transactivaion o pse, coronary

di [ ati on, , at

concentratio of " the“conpound W are effective for

protein (e.Q1, such as a SIRT1 and/or a SIRT3
protein). An al kyl group is a straight dHY) ned,
branched or cyclic non-aromatic hydrocarbo ichis
conpl etely saturated. Typically, a strai j
10 branched al kyl group has from 1 to abput 20 garbon
atons, preferably from1l to about 10, and a cychiic

al kyl group has from3 tg about 10 carb
preferably from3 to abo 8.
chai ned and branched al ky
ethyl, n-propyl, iso-prop
tert-butyl, pentyl, hex%h,
strai ght chained or bra
referred 15to as a "l ower
Aromati c

,!'sec-butyl,
Noctyl. ACl-C4
group is also

up.

arbocyclic aromatic

7 and ant hracyl, and
het er oa groups gdch as\i m dazoblyl, thienyl, fury!,
pyridyl, TN /f azol yl , pyrroyl,
pyrazinyl/, thiazolyl, oxazolyl, and tetrazolyl.
20Aronathc groups al so include fused pol ycyclic
aromati & ring systens in which a carbocyclic arorfdV)c
ring Qr. r 1 1$3 nore ot her
net or S SHABL Y R LR P Ik BRls ny

benz obntayiplesiofidompbundiuiepiebéngd by Sevatotdh Faznnhla (1) include those
benzoxazol e, benzi m dazol e, qui nalinyl, isoquinolinyl
gﬁ—paeﬁeg@é g’éf SipeturplForapbe D @nddY ocycl i c rings are
non-aromati c carbocyclic rings which 25include one or
nore heteroatons such as nitrogen, oxygen or sulfur in
the ring. The ring can be five, six, seven or

ei ght - menbered. Exanpl es incl ude tetrahydrofuryl,

t et rahyr ot hi ophenyl , nor pholino, thionorpholino,
pyrrolidinyl, piperazinyl, piperidinyl, and
thiazolidinyl, along with the cyclic form of sugars.

15



A ring fused to a second ring shares at | east one

common bond. 30Suitable substituents on an al kyl,
WwOrous/ssegpgat i ¢ heterocyclic or aryl group (car lpeaushe08/007771

and heteroaryl) are those which do not substantially

interfere with the ability of the disclosed conpounds

to have one or nore of the properties disclosed

herein. A substituent substantially interferes wiyh

the properties of a conpound when the magnitud

property is reduced by nore than about 50%in{a

conpound with the substituent conpared with alconpou

wi t hout the substituent. Exanples of suitable \\\\

substituents include -OH, hal 6gen (-Br$ -1

-F), -ORa, - 5 0-CORa, -CORa, -Noe,
- COOH, -COORa, -0021e, -C(0)N NRaRb,
-S03H, -NH2, -NHRa, - N(RaRb), - CONH2, -

CONHRa, - CON( RaRb), - NHCORa, HNNRCORa,
- NHCONRaH, - NHCON( RaRb),
- NRcCON( RaRb) , S~Q( =N

- NH C(=NH) - N(
-NH C(=N e) - N( RaRb) ,
- NRd=CE=NH) - NHRa, - NRd- C( =NH) - N(R aRb)

-mﬁ%ﬁg?éNRc ~NH2, NHRa, -NRd-C(=N e)-N(RaRb), -NHNH2,

- MHNHRa, NNHRaRb, - S02NH2, - SO2NHRa, - SO2NRaRb,

- CHRa,/ - CH=Cl eRb, -C e=CRaRb, Cfe=CHRa, -

15Cke= Rb, -CCRa, -SH, -SCkRa (k is 0, 1 or 2), V)
-S(0)kORa (k is 0, 1 or 2) and - NH C(=NH)-NH2. Ra-Rd
are each independently an optionally substituted-group
sel ected froman aliphatic, benzyl, C group
preferably an al kyl, benzylic or aryl . [
substituents on Ra-Rd are selected from NH2, { NH( Ci
4al i phati c), N(CI 4al i phaticy2, hal ogy AN

Cl _4aliphatic, OH O(Cl_4ali CN, 20CQ2H,
CIE(C14aI|phat|c) O(hal oG _4 i
hal oG _4al i phatic, wherein e
C _4aliphatic groups of is
- NRaRb, taken together, substituted or
unsubstituteq%non arqqatlc het\e group. A

non- aromat i ¢/'he clic gro:p, ), bexzylic group or
aryl group ) .
aliphatic g itognt. A/substituted

25al i phatic : on-aromati c

het erocyclic/ring, a substltuted a non- aromatic

het cyclic/ring, benzyl, substituted benzyl, aryl or
upbsti t aryl group as a substituent. A substituted

al\i phatfc, non-aromatic heterocyclic group,

S ttuted aryl, or substituted benzyl group can haﬁ§D
nore than one substituent. Typical substituents on a '
aryl r(idﬂgooalh&s §1€t|he @ﬁ\&ﬂtlbﬁ OftladEg dolel domhpaings 6fithe invention,
30hal ogen; - SR, 1, 2- et hyl enedi oxy;

garpalge 9P@ﬁdéaut@@<yleth99éﬁy$cn@pﬁjlereln

Sirtuin-modulating compounds of the invention advantageously modulate the

egoi ng
I n addition,

level and/or activity of a sirtuin protein, particularly the deacetylase activity of the

sirtuin protein.
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optionally substituted with Ie; -0(Ph) optionally
substituted with R -(CH2)1 2(Ph), optionally

wosiskdedt ed with le; -CH=CH(Ph), optionally pcT/US2008/007771

10

15

20

25

30

substituted with le; -NO®2; - CN -NR2; -C(0)C(0)R
-C(0)CH2C(0) R, -C2R, -C(0)R, -S(0)2R; - S2N(R) 2;
-S(0) R, -NRSOZN(R)Z -NRSO2R, - C(=9) N(R)2 or -C(=NH) -

N(R) 2; A

el ot S i dtBich (18E REN R0 SR b Sy Rlin B btaring

aloiploahdof the investitys 1o hot @ﬁstﬁnt@alrye}rdie road oh ﬁi(ogé ofuhglfodowing

S5heterocyclic rin henyl r -CH2 _or, ]

r?Gf‘Wt‘Fﬁs‘{){]%ﬁHH}%‘gOftfﬁ% KiRFFainbibiiP 8 éﬁ)&wreéwsmab%@mb?ﬁtwosme
r f

JE e PR Aliohpt BOFK G RAGTMASHrbHED uilfio o it

eiatlhltyR agmmqentrstldmmf cdhe domipouad Sh -armelﬂﬁmtled fmymbdxﬂhkxyg the

ter cl , . Or, heteroaryl ring Vj -3
b SR e it airbhio Py SoilB e such FOmS YT Gyl 2 SIRT3
y@fyy, or sulfur. Optional 10substituents on the

aliphatic group of R are selected from NH2,
NH( C1_Atmhlkphgroup s a Nea@ght4hhingtdiranghed onaydgemn-aromatic

gééal | g)gltvlgﬁgq fs d)omR(quﬁlgl sat\:{gateél ihlﬁﬁ% acs}ral%ll?%amed or

rn;aé.ﬂ;@ecwm&l £dap ihas FORET B dbotash cathoh BB pRIGPN from 1 to

Ci _4aliphatic groups of R is unsubstitut ed
@by iaandasydic fékﬂdgrwwbastfsomr}do\aéputam esbamatpmisopreterably

q‘}/ontl E 5 afxﬂl\f?ntftx% s Sof S?I'gll%ll’]l ol o%eand%a che h(tyl ilgﬂoutplg $hclude

ormation o USG

tn@&’tm'l sthobherop@f Sbé‘prblﬁyl C@Bﬁ@ﬂ%@é—bﬁfﬁt teﬂQﬁIS}ﬂsﬁentyl hexyl,
stability sufficient to allow manufacture and t hat

PEREH 30 He A Gilegt W@r‘gb'f chafied o bpaghed plyl group is also referred
St&'fcxghel'o%hlﬁ%gf"'%g f t! me to be useful for the

pur poses det erein. As used herein, a
"sol u bAtomatrug(agrl))gm‘ups mcmdmfmaﬂtoyyctlfcaetromaac gmilps ptinH asphenyl,

20char act uff t to rove or increa
PRV ardnrecy! ahd brigrocpy wpa ek iSRS, iy, furyl,

'pvﬁhylds imf1 GRRAN Iaiblﬂn gﬁyrﬁﬂﬂpp%ﬂngl?an%ﬁﬁ, and

not 1nc ude theé group. The ydro I'ic” ¢haracter can
eiragehileved by any neans, such as by the i ncl usi on of

functi Onrafllatl roq_{f) L?p)at ) ? t}l € 5‘1 € cl condi.tion % I,
use t & PORHS BFAPyaoBTIuds 85S¢ BOIyCY ‘cca%f%‘B%}‘fPBga%ﬁﬂB n
SHHi N tabESIclis ardRASINGT diCheA&bals1 rlﬂghsﬂﬂﬁed #@5ieCor)more other

groups t hat include permanent charges

TR YIS R GrHP L i im ol b be b b diy guinolinyl,

RELEIBH Top A, et Mrs iy ) aifioindon
, N ( CHd)arofmaty Betkxocydlid £hig9 sre GoR)aNRaRa; cebecyclivhiageivmhich
sel ected from hydrogen, .| ower al kyl, | ower

Hgf&ﬂl% ANEAr Mqredeteropforns such asiitrogen, HWWISUW@? teopne. The
ainYlcah k¥ ivang, Q%oawm elgﬂwﬂm&@d%xhﬁ af\ém@é e%ahydrofuryl

substituted;, and y is I nt eger rang romO
tetrahyrothlophenyl morpholino, thiomorpholino, pyrrohdmyl plperazmyl

piperidinyl, and thiazolidinyl, along with the cyclic form of sugars.

A ring fused to a second ring shares at least one common bond.

Suitable substituents on an alkyl, non-aromatic heterocyclic or aryl group
(carbocyclic and heteroaryl) are those which do not substantially interfere with the

ability of the disclosed compounds to have one or more of the properties disclosed
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optionally substituted heterocyclic groups (e.qg.,

-(CH2)n-Rb, -(CH2),,-C(0)-Rb, wherein Rb is selected
wohomNsedss opti onal |y substituted saturated nopoeNSki0g007771

het erocycl e, an optionally substituted saturated

bi cyclic fused heterocycle, an optionally substituted

saturated bi cyclic Spiro heterocycle, an optionally

¥1| ! ugu%gtlftblglﬁt ?rra% 1a] 1gte%f'e%%llt19ﬁ1% rééﬁ)ez{;ilgsZ#]at %)tn?}gound

y Su n--ar heter oc

amhm&e geignitadigs tble fprdpmg) i$ fzada?ced by mebhothha absut 50% in a
5understood that substituents present on Ra or Rb need
rremponpad st the subséifuont eompared vath a enmpqupd syighout Hisi substituent.

Hﬂaééé 3f”stu§9b18 9&%&@% {n%lutdg B8, W!al‘i)gér[‘gb?,ﬁ gtic‘i"aﬁ% o), -OR?, -

efinitiron I'S require
5 s(mﬁ(blk't HEORS, -ABONRT, -ENg ANOF o&m(l)H JGYBRE OB R?, -C(O)NR“Rb

- sol i fforded h
RSN é@ﬂaﬁ’a&ﬁﬁ,@%ﬁﬁfw“ﬁﬁ g&eb %&%M@Nwh@
H*Pnia' 208 I@'R@r PNHIEORESRR foHb (I‘>
10t acklng e 20 |Z|ng

correspondi’ng conpdund
NBCONRRBasIREONHd, -NRCIY R,y NRECOMBR ) 0-F(NdH)-NH,, -

T
10 a}g@aﬁ le LC Tm%fch?@\lﬂgtr{gagmﬁmiﬁge)wdgg | .NH-

f@(&ﬁﬁm) NI‘Izﬁ)fNH C(j=é\Hi I)é\]HBf ede@(FNBHA(RIBAY -NROAE)(NH)-NH,,
P A AT S5 e N T PR RE ¥R B Bl -conm)
aNJMRP ,-Nwew(erw(Rala KN HNSL O HITAR? | WHSRIAREY LS@M
ARl 0o G 0"l Suralant o branched

15  CR°=CR®R®, -CCR? -SH, -SOR” (k is 0, 1 or 2), -S(O);OR? (k is 0, 1 or 2) and -
NH-C(=NH)-NH,. R*-R? are each independently an optionally substituted group
selected from an aliphatic, benzyl, or aromatic group, preferably an alkyl, benzylic
or aryl group. Optional substituents on R®-RY are selected from NH,, NH(C;.
saliphatic), N(C,_4aliphatic),, halogen, C,4aliphatic, OH, O(C,4aliphatic), NO,, CN,

20  CO,H, CO,(C, saliphatic), O(haloC,_4 aliphatic), or haloC,_saliphatic, wherein each
of the foregoing C, saliphatic groups of is unsubstituted. In addition, -NR®R®, taken
together, can also form a substituted or unsubstituted non-aromatic heterocyclic
group. A non-aromatic heterocyclic group, benzylic group or aryl group can also
have an aliphatic or substituted aliphatic group as a substituent. A substituted

25  aliphatic group can also have a non-aromatic heterocyclic ring, a substituted a non-
aromatic heterocyclic ring, benzyl, substituted benzyl, aryl or substituted aryl group
as a substituent. A substituted aliphatic, non-aromatic heterocyclic group,
substituted aryl, or substituted benzyl group can have more than one substituent.

Typical substituents on an aryl ring are selected from a solubilizing group,

30  halogen; -R°; -OR?; -SR°; 1,2-methylenedioxy; 1,2-ethylenedioxy; phenyl (Ph)
optionally substituted with R®; -O(Ph) optionally substituted with R°; -(CH;),.5(Ph),
optionally substituted with R°; -CH=CH(Ph), optionally substituted with R°; -NO;; -

18



7226728 c.Z27 d. e. or WO

2008/ 156866PCT/ US2008/ 007771 f. both R11 npieties are
wobasasedspget her with the nitrogen atomto whi pbriuReM08/007771

Z35 34 N1l Z38 are bound to forma ring of the

structurez375 Z31\

10

15

20

25

30

CN; -N(R®)z; -C(O)C(O)R®; -C(O)CH,C(O)R?; -CO,R®; -C(O)R?; -S(0)2R®;
-SO2N(R®); -S(O)R®; -NR°SO,N(R®)2; -NR°SO2R?; -C(=S)N(R°),; or -C(=NH)-
N(R°®),; or wherein each independent occurrence of R® is selected from hydrogen,
optionally substituted C, ¢ aliphatic, an unsubstituted 5-6 membered heteroaryl or
heterocyclic ring, phenyl, -O(Ph), or -CH,(Ph), or, notwithstanding the definition
above, two independent occurrences of R°, on the same substituent or different-
substituents, taken together with the atom(s) to which each R° group is bound, form
a 3-8-membered cycloalkyl, heterocyclyl, aryl, or heteroaryl ring having 0-3
heteroatoms independently selected from nitrogen, oxygen, or sulfur. Optional
substituents on the aliphatic group of R® are selected from NH,, NH(C, 4aliphatic),
N(C,.4aliphatic),, halogen, C;4aliphatic, OH, O(C, 4aliphatic), NO,, CN, CO,H,
CO»(C, 4aliphatic), O(haloC, 4 aliphatic), or haloC, saliphatic, wherein each of the
foregoing C; 4aliphatic groups of R° is unsubstituted

Combinations of substituents and variables envisioned by this invention are
only those that result in the formation of stable compounds. As used herein, the
term “‘stable” refers to compounds that possess stability sufficient to allow
manufacture and that maintain the integrity of the compound for a sufficient period
of time to be useful for the purposes detailed herein.

As used herein, a "solubilizing group” is a moiety that has hydrophilic
character sufficient to improve or increase the water-solubility of the compound in
which it is included, as compared to an analog compound that does not include the
group. The hydrophilic character can be achieved by any means, such as by the
inclusion of functional groups that ionize under the conditions of use to form
charged moieties (e.g., carboxylic acids, sulfonic acids, phosphoric acids, amines,
etc.); groups that include permanent charges (e.g., quaternary ammonium groups);
and/or heteroatoms or heteroatomic groups (e.g., O, S, N, NH, N-(CH,),-R",
N-(CH,),-C(O)R?, N-(CH,),-C(O)OR?, N-(CH,),-S(O),R"*- , N-(CH,),-S(0),OR?,
N-(CH,),-C(O)NR'R?, etc., wherein R” is selected from hydrogen, lower alkyl,
lower cycloalkyl, (C6-C14) aryl, phenyl, naphthyl, (C7-C20) arylalkyl and benzyl,
wherein R” is optionally substituted; and y is an integer ranging from 0 to 6),
optionally substituted heterocyclic groups (e.g., -(CHz)n-Rb, -(CHz)n—C(O)-Rb,

-(CH2),-O-(CH,)n-R®, wherein R® is selected from an optionally substituted saturated
19



Z30 N NRL 7 or g- both el noieties are taken
together with the nitrogen atomto which they 5are

wooesnGedse form a 5-nmenbered heteroaryl ring coegtraisnio’d®or771

10

15

20

1 to 3 additional N atons, wherein said
heteroaryl ring is optionally substituted with Rit;
wher ei n: each i s independently sel ected from

g 0 AP O

-HetdrbE)c(dRah bptiomillyl shbstitutedrsemraiéd Bid4clic/sphro l%i’éch;ZiI& ,an
and Z28 are -C(R50)(R50)-: at |east four O Z30
pbonghsubstiiadcheseprabapdkemeptionaly substtwsd partially Sepstinuted

. : O)
g argtinert ‘é%rll%éﬁtzlny@gg |“§§$€r35‘f%' %ihgyﬁ{d@r E)(R%n) o?hog‘?%ﬂ?
Smdalsgh)ti that sﬂlﬁhrtamthp&sait k)yllRa(mtR areadl hyt 1m1heize éruhetase water
e R b B i e
Qfeﬁnglon All that %%&m%ﬁ 1% %hdt @Q&Pﬁﬁg@tﬂ%ﬁﬂ( ds %loﬁﬁgﬁﬁicgﬁt‘?}"'}everse

hal o, CN, -(Cl-C4 straight or branched

athkyh})rovei(léimyl (\nﬁtér)aoldﬁ]m affoRied by=tke,unstiSrhited BF or-R® moiety.
any t sui t blen R5 are optiona
oo arBoRgeoR e, b GhblizeHeds ety Jraleorbifty of
ah& 8orYésBofRdiAg cambameiiayking enesomitiAgfg roupl R Uskee5Fold,

preferably at least 10-fold, more preferably at least 20-fold and most preferably at
least 50-fold.
In one preferred embodiment, the solubilizing group is a moiety of the
formula:
-(CH2),-R'-NR'""\R "), wherein:
n is selected from 0, 1 or 2;
R'% is selected from a bond, -C(O)-, or -O(CH3;),; and
each R'"' is independently selected from:
a. hydrogen;
b. C;-C, straight or branched alkyl, wherein said alkyl is optionally substituted
with halo, CN, OH, O-(C,-Cj straight or branched alkyl), N(R,")(R,"), or =O;

225 j/

Zze Zze

20



bicyclic fused or Spiro ring; and Z34 7 Z30 257720735
Z31 IIN-1 Z26,,2282237236238232 Z , or33 ring structure

woi2gospBtgeenal | y benzofused or fused to a nonocyelriug2008/007771

10

15

20

heteroaryl to produce a bicyclic ring. For
clarity, the term"Cl to C2 al kyl ene, al kenyl ene or
al kanedi yl i dene bridge" neans the nultival ent

stryctur.esio TP 1 -, a-CHe =CH - .

o PR Midfgiesarc ket Fgeter A P Tyseru e o whhare
to one another can be either on the sane carbon atom

or different carbon atons. The 5f oraer¥‘predutes a

spiro bicyclic ring, while the |at?®r produces a fused
bicyclic ring. It will be obvious o tho%e of skill in
the art that when two R5 are bound3¢o_ori&3anot her to

f or m are bovgd(taffetnhe ringiofdlot $tyuctire t hr ofh one of the
recited bridges), one or nore ternjnal hydrogen atons

on each R5Zwi || be lost. Ac i ngl®y, a "suitable
non- cycdtic 0, 1soiety availablNe for formng a ring
is a non-cyclNc R50 that 10 conpkises at |east one

terniﬁ%h\hidrogen at ggp—N I n/anot her preferred

enbodi ment3% he solombi l i zi oup i;®ra noiety of the
fornula;, 5{(CH2)-0-Ri wherejn n.an 1 are as .

ot Pt oy Bioteres are okt oaeis i dhe o figBtiehich they
the sakdibiundzb Fmeh SUReberdd Heiefdarylding EtdiRingUl 8:3 additional

-(CH2).-C(0)-R1", wherein n and Rl are as_ defined
above N atoms, wherein said heteroaryl ring is optionally substituted with R;";

wherein:
each Z is independently selected from -O-, -S-, -NR'-, or -C(R**)(RY)-,
wherein:
at least three of Zyq, 7o), Z27, and Z3 are -C(RSO)(RSO)-;
at least three of Zy4, 755, Z6, Z27, and Z,g are -C(RSO)(RSO)-;
at least four of Zsg, Z31, Z3», and Z33 are -C(R5 0)(R5 0)-; and
at least four of Zsq, Zss, Z3¢, Z37, and Zsg are -C(RSO)(RSO)-;
each R' is independently selected from hydrogen or a C;-C; straight or
branched alkyl optionally substituted with one or more substituent independently
selected from halo, -CN, -OH, -OCHj3;, -NH,, -NH(CH3), -N(CH3),, or =0;
each R is independently selected from R;', halo, CN, OH, O-(C;-C4 straight
or branched alkyl), N(R;")(R}"), =CR/', SR, =NR ', =NOR /', or =O;
any two suitable non-cyclic R*® are optionally bound to one another directly
or via a C, to C, alkylene, alkenylene or alkanediylidene bridge to produce a

bicyclic fused or spiro ring; and

2y
any Zyy : Zy;3 Z37 ,or 33

ring structure is optionally benzofused or fused to a monocyclic heteroaryl to

produce a bicyclic ring.
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15In a nore preferred enbodi nent, a solubilizing group
is selected from11l NN) ( ) -(CH2)1-R102, wherein n

woi2eoshseskeor 2; and R102 is selected fromO , Bcr/us2008/087771
N....--N. YFF _ 111

For clarity, the term “C, to C, alkylene, alkenylene or alkanediylidene
bridge” means the multivalent structures -CH,-, -CH,-CH,-, -CH=, =CH-, -
CH=CH-, or =CH-CH=. The two R* moieties that are optionally bound to one
another can be either on the same carbon atom or different carbon atoms. The

5  former produces a spiro bicyclic ring, while the latter produces a fused bicyclic ring.
It will be obvious to those of skill in the art that when two R are bound to one
another to form a ring (whether directly or through one of the recited bridges), one
or more terminal hydrogen atoms on each R*® will be lost. Accordingly, a “suitable
non-cyclic R>* moiety available for forming a ring is a non-cyclic R’ % that

10 comprises at least one terminal hydrogen atom.

In another preferred embodiment, the solubilizing group is a moiety of the
formula: -(CHz)n-O-le, wherein n and R'"! are as defined above.

In another preferred embodiment, the solubilizing group is a moiety of the
formula: -(CH,),-C(O)-R ', wherein n and R, are as defined above.

15 In a more preferred embodiment, a solubilizing group is selected from

|
N

z-|
z|

-(CH)»-R'®, whereinnis 0, 1 or 2; and R'% is selected from ©  , S, Ri
: e —
N N | | R1\NJ N
) " e .
N N [ l [ ]/ N R1'\N)
) N N-R; SNTOR, N A
Ry Ry Ry H H ZN 0

b 2 F, F 2 S7F F’ F 2 )F F’
Ry 31' T
_N N. o.s 1
YO, 7 @ e
R1" N . N , NR1'R1"
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_N N
Sy K I s e
_N b N bl N—/ 2 R1" OH OR1') R1 b
" 5
LY L
ORy' 0 , Or Ry’ O , wherein R are as defined above.

In an even more preferred embodiment, 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-
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, 1H-imidazol-1-ylmethyl, 3,5-dimethylpiperazin-
lylmethyl, 4-hydroxypiperidin-1-ylmethyl, N-methyl(1-acetylpiperidin-4-yl)-
aminomethyl, N-methylquinuclidin-3-ylaminomethyl, 1/-1,2,4-triazol-1-ylmethyl,
I-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
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
2005026165, WO 2005049602, and WO 2005033108, and European Patent
publications EP 0343524, EP 0688772, EP 0153163, EP 0159174, as well as “water-
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

24



INNI ONRI' NIR'-NR'-NV\LNRI'R'R'"I"R"R1L" ,,,

WD 2008/ 156866PCT/ US2008/ 007771 - -1 - - - 117L IN11
woModdRseddk, . N.:. il---FRL. c\ j \_I1sN N NHOpcT/US2008/007771
11- NNN1'

10

15

20

25

30

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,
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.
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OR1'0, or RI'0O, wherein R1' are as defined above.
In an even nore preferred enbodi nent, a sol ubilizing

woQnesBeses Sel ect ed from 2-di met hyl am noet hyl caclaseysin07771
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pi perazin-1-yl carbonyl, piperazinyl nethyl,

5di et hyl am nonet hyl , 4-net hyl pi perazi n-1-yl net hyl,

4- am nopi peridi n-1-yl - nethyl,

4-flu i R&Ld di n: -y - Ly l.i :

oyr I Olci?ag? I%l;ﬁ?l_l:[lfl)ﬁ ﬁé‘l{%l}r}ﬂudg?ﬁﬁx deri V& f?gr% 1h5]r%g§1tcri)\élses, such as
axiomdnibenor\diiil peralizadline leasth Rt d1\Hydroxides, carbonates, bicarbonates,

4- henz Ipiperazin-§%¥lnethyl, o ) )

g toplile Psh hasey basdehipi preparperthesaits of higdnteption thus include
' L eyl - di 0% j .

PRIl B oy S PO Wy

Larooabte] midodhe diken- 1-yl, 10nor phol i no,

3, 3-difluor.oazetidin-1-yl nethyl, ) ) .

2H t et‘%%?? gt ?’Wg‘Pq{ﬁr}%@HP%% PETSERL IBY§AtipRYides methods

' i ety | ! -
VKSR TRE Bl dbtthel] sfFRfillodufuths compounds; The compaunds

3ndyr bl symthesizpd peing zbmventiphatgedhpiiques. Advantageously, these
1H1,2,4-triazol -1-yl met hyl
included within any of t I ni tiNk3s set forth

\
of N
di.scl gggd in PCI publjcatians 20 2005026165,
2550 R96852 STqHR b %62‘?% NeCHRtY %U?]gﬂeérg"ﬁﬁ?%yﬁf))gmup
dexertcdadth 2 Uravirgrigrstpt 2aitpeacetophgndskci(e.gt, i2elmlo, 2'-
partially and fully deuterated variants. In certain

4- hydr o i peridin-|-yl pet.h . : : :
PP e BORNpIopiy VP BFHEA oy reagibr bl tarting materials.
N- et hyloge bﬂ%@ﬂin%n@,‘&r%lrﬁdﬁnmﬁi‘w the invention are prepared
BsgordingHy iths tedlovangmsthpl.- dxpheichyipound of the following formula:
4-f| uoropi peridin-1-yl. 8 To the extent not
above, the term "sol ubil{\zi ng group” al so incl udes
noi eti es di scl osed as bei\ng attached to the 7-position
1-cycl opropyl-6-fluoro-%¥ 4-di hydro- 4- oxoqui nol i ne- 3-ca
rboxylic acid (ciproflRd%cin) and its,derivatives, as
RUBdH&RA WathSa BRViA3 4R sudiPas MR84S calbbn i T8 16 3thdkFcarbonyl),
0159174; as well as "watersol ubiliZing groups”
2006/ 0035891. The di,scl osur f each af these t .
SR PRaEe aT B3 3t SRlely ResrlF g or A FERE R otowing
2bipeusd@npounds di scl osed herein al so include
enmbodi nents, one or deuteri um@jpns are present
for WD 2008/ 15686 PCTTS?&&G&Q 007771

N ///

R100

190 into —R'. In embodiments where —

This compound is then reacted to convert —R
R'% s an alkoxycarbonxyl, then group is typically first converted into a carboxylic
acid (e.g., using base such as an alkali metal hydroxide like NaOH or KOH) and
then reduced to hydroxymethyl using an appropnate reducing agent (e.g., NaBH,).
The group is then transformed into R' by reacting the hydroxymethyl group with R’

and, if needed, through an intermediate step to increase the reactivity of the
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select the sites at which such deuterium atons are
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salts, of the sirtuin-nodul ati ng conpounds descri bed
herein. The 5 conpounds of the present invention that
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p-t ol uenesul f oni ¢ Qci d, oni ¢ acid, oxalic
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de t he

pi sul fite,
phosphat e, nonohydr ogenphosphat e, ggenphosphat e,
met aphosphat e, pgeophosphate, chloride,~ brom de,

i odi de, acetate, propionate, decanoate, caprylate,
Jélpsﬁ(am@ung 4% oaagiet evith @@bi@ﬁiyﬁrcbl&;el,h-@ldpti@a@cét,hiazole carboxylic acid

DRI A B S e o
uhianeidg deetit 0ag e SOTRR YO €orin reGreRicecoh at e,

chl orobenzoat e, nethyl benzoate, dinitrobenzoate,
hydr oxXyBthste ghemistiyttigsippeations and methedglagies useful in

n € | ; . .
SRR oSS0 Sy PARRYSE P8 Brn e g n
getrand 1impalden Xyrbaxtaypdd, ehosd@ighgribel an B, Lamick) @bmprehensive Organic

th | f t | f t ht hal e-1 ‘
Teqnsiasratiens hysunbl WnGresne and onGe M. Wi ateave Grgups i
tad?ga;luk @ntheéé@ ;220 @8/ @1@@&? §PETdsEISZR0% @Q:Zgr? }: ieser and P?égr’s

ddition salts include those derived frominorganic
Waessits fouhrgasicafyntiasiafl ¥4)adridal.i Pagpettd, led, iEneydepddin of

tal hydroxide ar b s, bicarbonates, and the
F?@?W“gﬁé 'Sﬁgfzbﬁéﬁpﬁﬁﬂﬁﬁspreparing the salts of this
I nventh @n ek diHplatN&hb&@ment, 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
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provi des net hods of producing the above-defi ned
sirtui n-nodul ati ng conpounds. The conpounds may be
synt hesi zed usi ng conventi onal techniques.
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hydroxide |i ke NaOH or KOH) and then reduced to

fapdptosagmet hyl using an appropriate reduci ng agent
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by P AR e g e PO g Sotlave any
rReedatial biOH G InRiBit I HiStonE dele 1@%31_?11@(:& REdsS RSLHDA class
reactivity of the WD 2008/ 156866PCT/ US2008/ 007771

AL or BMes hond Hr gugoncentptiong (e.g.5 inwiv ek ¢ffagljve for modulating the
t i chl. : | ' .

ST bR L RUE RSy AR Bl RS LR

Ekanpinardylatimgwempoiin®Rss 4 siethindactivatipg cdrhpeundrishd is chosen to

hae wp ekt SN 5 RETHBRFBNEPeHUeY UL st o] ess
! e FCQYRrithibBIBHTFdn HID REGLIRAGIHRE 1M 4 enmore

sui t abl e 'reduci ng agent, such as Pd/H2 or sodi um

ipyefemblyl dtilekst 16 6018010 fohdorf @leh dW00 dold degso Miethods 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
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 ECsg 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
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typically in the presence of a catal yzing agent (e.g.,
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For example, a sirtuin-modulating compound may be chosen to have an EDs, for
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EDs¢ for modulating one or more of human SIRT1, SIRT2, SIRT4, SIRTS, SIRTG,

or SIRT7, and even more preferably at least 10 fold, 100 fold or even 1000 fold
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human SI RT3. For exanple, a sirtuin-nodul ating

conmpound nmay be chosen to have an ED50 for

30nodul ati ng human SI RT3 deacetyl ase activity that is

at least 5 fold less than the



ED50 for nodul ating one or nore of human SIRT1, SIRT2,
SI RT4, SIRT5, SIRT6, or SIRT7, and even nore
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fold less. In one enbodi ment, a SIRT3 nodul at or does
not have any substantial ability to nodulate a SIRT1
pr ot ei n. In certain enbodi nents, a
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fold, .50 fpld or. 100 fold greater induction,of the

e Paebine Bt RopotRr EBpFRlePl A avEimoPufing Ginpognd that
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¢oréRenNthesPet hed/of haivityuwdnit ditdinprot¢indasy behdaisstéed in
nodul ating .the | evel . . o )
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); (-)-
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'-
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and/or activity of a sirtuin protein and nethods of
use thereof. WD 2008/156866PCT/ US2008/ 007771
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for using sirtuinnodul ati ng conpounds wherein the
si rtuin- nDduIatlng conmpounds activate a sirtuin

pr ot ei n, increase the level and/or activity of a
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¢
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el OBE BF MRFft CAPSTH %fta)nuc SrgY that encodes a sirtuin. For example, the
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acid); (-)- 30epigallocatechin (hydroxy on sit
S ialiin &l a iic)gic geijl-eapidjpg Hecattwohe.g., gafréaatng the level of
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ST Bt ot e trlicdese doig Raclife HRLARS SR hn iR She fopth in
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introducing a nucleic acid encoding the amino acid sequence set forth in GenBank

Accession No. AAH01042.
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gossypetin (3,5,7,8, 31, 4t. hexahydroxyfl avone),

sirtinol; and splitomcin. In yet another enbodi nent,

one or nore sirtuin-nodul ati ng conpounds may be

admi ni ,&Eﬁ&%{% é’&& Hlap ﬁeinﬁ!{;dlﬁgﬁ G té tal'&gfl ?(pﬁl%géage Fh%gﬂbéuf Rlel of a
t he treatment préventi on Orovari ous di
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eurode?eneratlve di seases, cardi ovascul ar di se
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girefecabhy wotbo ktaingagt lgdnidowtids cmdlhor[sm}) onudteicacid encoding a

t herapeuti c agen er 'n si rt.ui n- nodul. a

oD B it Eaos it hilol IR Risyith, Singg i bridfhation
fdéﬁ&"t'x'oﬁ& ﬁQ%/ '1ﬁblﬁdkehﬁﬁi@za%mﬁ§ 'atWe@H% Obut S@@)ét 8$°C. When using
present within the sane kit or package, such as a

:aabldm egid that benmdeota tpeotemm thatiis dHangrd frqmae mbﬂetype Slrtuln protein,

d |
SO ProiR PR IE BB ORI i oF olgpini S preferably
vw@bglcﬁlmﬁa@wet &) i9@PHdbRII Hga LATRUIHI A iS bnB ek ceisany to express in
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L?squgﬁ espien af Gesafr that ivhielogigelly aptivey Far pnlasa W@tem that

9%‘?? GWM t9§? §ﬁ£ﬂ"ﬁh§$l§%€gng'é?ﬁ Rg %gg(%oerl]\{P 036370ﬁ

agger ed rior
aﬁeferdbn)natntamstﬂemoreesxfuctumetllibrédfeThdmra|ssrtwtata wmedimes refers to

anat her, ther tic ent . odi ment s

FENRGAids B4- 55&39%&6\ f‘@%%%%‘ﬂ“ E\?P@ég? O yrich %ré’a?é‘&%ded by
QYuclbBEIR 750 WSh RY RnBlahik WcBsIRAMN R INNG0 FRBROWRTEHTRY

al so conprise increasing the protein | evel of a

sincempassesthe INAR bmdipg aSWRIT &5 tis] sRFgrada HindmglldRT@ns. drhe core

honol. f.. |l t |

AR BT Rey sl e 0 gt Brokcisils Bido 347 Fpaimank
Re&ForPNo ANPUGI 63170, @hicH akdiaico8BE BeRclaotidds 1894 Mo 159 of
exanpl e, the Tevel of a sirtuin can be increased in a

reaniRank ai’WC@Sl@lqn N9 ML 08 RiS; ihgy abant emiteadidi? foxP3cad| GenBank
tﬁ%&@{sm ﬁ 8151’5?%?'?8 i A9 LRE Rl Rt Mh Ih uﬁeﬁ%des'ﬁ? &858 0Gr

eve I'ntroducl ng erc acid
ensn®Ahk g\ot:ls@uﬂlnmo CNM: Ci0d2338] oemﬁ)osnetan{mo tbids lsﬁaﬂm&xf
AcceSS|on No, 036370 and/or_increasing the le

@?Bonby\cmsmnrl&a LRIP AP 63 7Ruwhish @rea%icad%%am@ott%é 519% 1538

SECHASTE A SO 05, IEly adn

rfudteince.g; deadehditianscapabilitds) ced be determined Iabcd:rdm gto methods
|ncreas%%the protein level of a sirtuin may encode a
KNOVBIR et is at |east about 80% 85% 90% 95%

98% qf, A ARGl Lfeth O BRRURBEE, Hlevan Slg'driidting
e.g., SIRTL and/or SIRT3 protein.

diseases or disorders using a sirtuin-modulating compound may also comprise
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
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exanpl e, the nucleic acid encoding the protein may be
at | east about 80% 85% 5 90% 95% 98% or 99%

woidentskssal to a nucl eic acid encodi ng a Sl RT1 pg/1@2008/007771
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GenBank Accession No. NM 012238) and/or S1RT3 (e.g.,
GenBank Accessi on No. BC001042) protein. The nucleic

acid may al so be a nucleic acid that hybridi zes,
p(fc@(grﬂfn%k‘})%ém&ﬁ Sl i ﬁ@!irt I'lyoqr %(%Inéfaet h? E‘iR‘i\?&dﬂnt drfid&nse nucleic
to a elrc aC| encomga e sirturn, e.g.,

SR br afidboymStarfedeproahe isittuibtar lmgeqiredsybm tte zall. IA)ldoﬁﬁ)nant
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TR 9o gbeL mutaf L6510 sl Yag iR Ly . oo
v@dlbll(ﬂymé’ @mrltewsad Allnaemmvﬁlyglagemts t}mt aflabiabrhyscription can be used.

bi ol o activ IS capa

deac eﬂw'ipfi% 4or prodilatigig’ §riHEL deatsiny l"‘{"S?SeQEP elogludg methods for
%J)dulﬁlr%gr fHeO ntrﬁ’ﬁschB@or§I rdful gkl atenb§d19%°| s@rglﬁlﬁéll | Yethods  for
active or exanple, a protefin that 15 differs from
Wtdbdimlyyéeﬂbm'ﬂm@ d\ﬂ cogreSeorBamk mRMEAS sind wthdo metlvds known in the
036370, preferably contains the core structure

Fﬁéreof The core structure sonetines refers to am no
Mdifg/shes293 of GenBank Accession No. NP 036370, which

are encoded by nucl eotides 237 to 932 of GenBank

Ac ces dnone rmbofjmant.2hg §1vephpr hrovides nrpa@tbe@ extardingthe lifespan
L S8 s el RIS 20, SRR 7181
grbiotigdthelsGrvivhl obh cEB l’tBiM}K AEEIRB& sefeddenceN? a%ﬁ?ﬂﬁ}nicking
whi ch are encoded by nucl eotides 834 to 1394 of
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S I
Aoopesndof e inwdktiol A28 &credses thedlbndVor aivatyi of s s2bdin
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AGBES SikQTh-MNQivaliM Bddgaéhd. Whet her a protein retains a
bi ol ogi cal function, e.g., deacetylation capabilities,

can bel lxﬂ:en@hﬂdmcmlmidmcmgna)ob&meﬂod sndeergvthd amoyng of time

t.. enbodi .S, t hods f d
R A PR A e e e
dusiahy, Whdy EDlEpt alive i LENPQIMEe. FRiYbr3bsie sedES)SRIls and
decreaS|R%ithe protein level of a sirtuin, such as

lrinetent Rls, aml Fetls difareptiatsf frzelrom, memslsods traatadewith a

TREF TR DeT b R0 s st T S SR sl

lpnetain tb keétheaklls, drprogxgnipdreof, ancidiurkiNfvr 1adpea petisdnsaime.
nucl ei¢c acid, or a_ribozyne targeted to the sirtuin

Sxsh pellssapralsodisdised f@rﬁéar@e\aptatlﬂn dRiaPRRech 8 fatafies ex vivo
shddiidhioput ant, e.g., a nutant that is not capable of
deacetyﬁatlng, may also be used. For exanple, nutant
H363Y InbnSkiRbadincag cellbdcht are. 1gtended1to|.bﬂ)pre$era¢d fof Bﬁfglgeriods

5 107: 137 use, Al ternatively, ents
ShiTIS T PCURd PithorseaA paoygus compoundBiaugases e leve
qﬁ%t @étmg ofia’dirdhif pRéeine e c@l‘i’sel|n§y 8k %osasasﬁwﬁ(e@t hegé cells,
for nodul ating the transcription of genes encoding

scnunu bradoginaltgnodth mediasttadior irviissyesieserghid. Feor expmple, blood

; d h ds k i h
PRGN B AR e SR BTG MARE” oDt e

I@frﬂi\ﬁh ARRlumtiBlchRPotxd Mabinteeab&ethk 1dve$ Bddlor activity of a sirtuin
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of a cell, extending the proliferative capacity of a
cell, slow ng aging of a cell, promoting the survival

woobhosusesls! . del ayi ng cel lul ar senescence i n apeglus2008/007771
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m m cking the effects of calorie restriction,
I ncreasing the resistance of a cell to stress, or

15preventi ng apoptosis of a cell, by contacting the
i i n- t
SEb S 4 B A8, GOBRUARL AQonapiod o

degised forrforensit purpostsiman aBE Q)ﬁ'@k@éwednismgl agintin- Ihbda.llatmg
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sitbtieproteio nkae@psct h@amdiekisl,unog dpveigwnyntamd@‘bwth phases in
cultur fort %%‘ ds ti.me § Such qgel I S .cqn
plans igFig ¢ dﬁkcﬁ?%[ﬁ?'ﬁf%dn Oﬁ‘leé % St e g,
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t i-n h vel
%\{?} gﬂ}&% quQ,t of glr?u n?)?(#w 4 aﬁ% us%‘a t& %%gt ceilF %Séiﬁl f%
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row h media, etc.) or in tissues or organs. For
RBFRIAS, 951l SBePeasiPne wr ctlis hongmara el Batc.fide cells or tissue
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BBt FasE Ry couRBaiy Wi pbuBS A angtor, and/or
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veget abl es). Sirtuin-nodul ati ng conpounds t
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it e%ﬂp o@ﬁlﬁ@n%g @lﬂdetﬂiltqﬂ Ijegs%sqﬁ Eb&%‘a%% tl%ﬂdof a

mrﬁ:uirD]t)xrot\Ijeﬁt{;l Islﬁfmlrtallnremifcdiﬁheﬁte,, the c{:jis orgt?s:;at? (Sor ideheu/ cipient
1%av1332lll§)rr?1ta}? aéJltlon erll)eotEenaI%en with %Qgt/h(e)rr th%rra%\e/:\ﬁt?c erl)gre(r)l% lelssesful 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
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
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transplantation or cell therapy, including, for

exanpl e, solid tissue grafts, organ transplants, cel

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

Ca% 1L1§y ?f Elllf?lﬁl oi‘e?ﬁ'% ?eex gﬁ%?l%[’)&ﬁﬁﬂ%ﬂ?%kﬂll 1& %Qﬁ@%t%d with a
or a eno ra S or trssue

tp}ﬁﬁhaﬂumdl for bbmatddmpmmwompmmngmndomlaMg to

adm ni stration/inplantation, concurrentl th

£Qmpered Mt rsrraseiihghevel pRA{OT agtiyityof sésrtwn protem Exemplary
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or tissue may treated prior to renoval of the cells
fmﬂhmdshk:sctuhmirhemd indladeadisordgrs\or diseades @ssocmmanalth of caused by
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ABLammanen, sea dpmass At PRt aging; quréfﬁemp@or ee%@&}ﬁswéwn? fiad
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salnrrhwic dermatipasrythengs ﬁnclusl@gualryth@ma pratitomgicngd grnahema
élé)[ei(\)rg Iu\ﬁ%gdam%%fi( : arl]lgéd {) o{haensglgllnog ﬁile(r: f2 %% Cstource(s) S(f gc% u%luge I'n
)éej'rth@hhleﬁus‘? aaadidRNbStis, pebdlissidyBlinkanddr aad ek offdchs ¢f natural
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28teoln spatheyiempogimentsyirtpin-mogylating sompeupds ghat écgease e

i f. . t

?Igve'l Qﬂ?&/gﬁéﬁllv%t'glggn Lﬂé&lg}g(?glgﬁé%)pféfl\é%ﬁ g‘alaﬁig th(egﬁﬁe%t oF Younds
daad/cek bpms @o ypranmike hsahrig)ss:lmfmglfaséxamﬁlg/, firett csegoraly or third-
treat ski.n or epithelial cel

Seprcti H {onith fher! Ohg ct,qqelrtggg%g herfarmylgiipns may
%@%Qﬁnmﬁé‘@d&@&i@éﬂ?@@@l@é’&ﬂ bERe&aPAgGHEL activity of a

sirtuin protein n an exenplary enbodi ment, skinis
cont aéﬁce)@bahnfqﬂnmtmmarcmeamgmb 00 moa:@smtstn modulating

RISt B B Firu e el ity VTRt o By PR TR e be
ml@é& & ﬁevémepé ar }éhéﬁd);ﬁe@érftivb CednPbsitiis SWihen @8tlinta ons

that may be treated in accordance with the 5net hods

. gbemepisEentivemesthod, supqeptiblgi skisy iddieated prigr &raimegsible condition

ﬁgﬁghgkgﬁlﬂl%gug caused by inflanmmation, sun damage
or

atura For exanple, the conpositions find
uti | i tSyrtuin- ﬁlh@lﬁtﬁt@/ﬁﬁhpcﬂmd@mdyﬁ&aidm&tedmécadgmr agdtemically to a
dermatitis (including irri tant contact dermatitis and

arpgftgireoncormbadimart Adirfuin-godulatingicomperndis taliyeredilagplly to

CORA Grorken S PRSI R TR AL o (AR S

10ep| de lamzthyxsersbdmhﬂema st&am&bla(tmga:louﬂ:ongd fenincgessgs the
tive der se. orrE]EH eg

D e T ol s & R B el dPrE g S Py ratine o

ARdeRWHcond@ABR gl?dtfé@&' SEExR¥rHalR B R ar @Eﬁb@ﬁedcb &k subject;

sources, discoid | upus erythematosus, dernatonyositi’s,

pmlquasfpsdeoseb@smgdhﬂ caie 0§mes¢¢s0@f>f @s:ubsec@,fe pasfierainset of

e kst B OF RO TR lispsPit 84 SRS &b fop regsing or

@re%gﬁﬁg A dRE&Ne & RoA@iYioh eeldeRtof 1fespane mictiRat fRNteatihg or
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formul ati ons may be adm nistered topically, to the

skin or nucosal tissue. Topical formulations

conpri sing one or nore sirtuin-nodul ating 20conpounds
@’&en‘tlﬁgra%?s%% et(lﬂ‘ecoln@}fﬁ)h B%%[O e eﬂaf*eyan% cépa%itwbals and
rotei n may a use reventive, e.

crhehoqbsr fov ematnn@qr mequsgtal disesse WmmdUmdesLﬂtmg from cell

chenopr e ive nmethod, suscep skin is tr ate
SRR pE SRy 1icepmneniodanen on meopiaes ot o 5F decreasing
ithelkatd B@dcurrence of diseasls'thati s'ﬁoHPﬁjH{eele{iﬂn ©P ﬁ'@ﬁl&ﬁ@é’ts I'&¥tain
be delivered locally or systemcally to a 25subject.
lembtmdenenthadnetbnd does mitracubnredodnidbé lethabibnposediby 8 disease,
deI [ ver ed I ocally to a tissue or organ of a subject by
f}é top| cal formulation, etc. I n anot her
e nbodi Iﬂ'%l@f ancdthet efbdidinsmdy Eﬁhirﬂﬂlo@ﬁﬁﬁﬁg B8mpbatd that increases
increases the level and/or activity of a sirtuin
ﬁh@te@blrmﬁlﬁy agtvitisea pistuin protein mpyde qdnemeﬁrmdrtg agsubject in
se or _conditi i r.bat ed
S35 B el 0E kel MEMER e 86 e GERLBRGLo frocts agains
daessemdiotGghinst afp@bﬁ)s&f [tS€BElfed Eitat HleatinSaRIEdt with 4.
after onset of senescence; nethods for extending the.
|q0fr@§pra<h descrifeds hejpiacis simiariie gubiegng the satiegy to hormesis, i.c.,
Q
L R e £ R REAE o Yrp R S hab Bl Mkl fregpan.
d| Seassirtoin-modwatin®eormpduaids rigat ircrédze t}wle{mlfaeﬂm lavtévity of a
apacity of cells; and ngthods for treating o

ca
SHEVR REQIAY mavheahmimistired Ehasyubiest to BEYFR 3sing AndkAging Telated
JBABGGeRes gP éfspaseé RueEhd ?tereﬁ@a?fjéhQ@cﬁ% Sheatt I]ﬁhﬁ?tzﬂﬁﬁiltls high

does not act by deécreasing the rate of occurrence of
dileegyessutdand siidrieer's digeasé. f@hplacmnditmlsshm JC@E be treated

cer,t ments, a net n

e%cda% %@?ﬁrfﬁfiﬂ%ﬁrﬁaﬁ § vsegatsga“f}y aa%&ﬁ% e%% gehas
GafeRls, glaicyifh, MAGhNRNarRRRROH RN Sirtuin-modulating compounds that
Sirtui n-modul at i ng conpound that increases the |evel

anetease theckev el ang/asfactavigy of wlﬁumméﬁlm caruglspbe administered to
%Qﬁf‘e&s %retr ﬂn% o% d?s%gée%cé chr%r fj e&lséa% 0595&%51% dyw th cell death,
Pt s an 0 proetec]t Ft's

rease espan of

e@ bfder ag@iorefst tthﬁIlﬁ 69 &mddsath &yeinpdry am@de@mcsudel thoses
bel i eved that treat |e§gma subject with a conpou
devertgkvithaperheglsd wionglyd ysfi)cEien; cr{gnweﬂ% 86111 death or

?Is#ﬂﬁét‘f@ﬁ k§ch As Earkin®d 6 gﬁkis%sﬁlﬁth'%%eﬁ’ ssdl?@aB@frh&l'nﬁle dcferosis,

gani snd and nmay exten eir
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;
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.
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agi ng-rel ated 15consequences or di seases, such as
stroke, heart disease, heart fai lure, arthritis, high
bl ood pressure, and Al zheiner's di sease. Qher

dit I
glogolr el?cgﬁx @Bg&l’aﬁﬁ‘gg P(tn% %gtt %&gislg ‘f’tgeglg%ll a%?/ act1v1 yy ofa
sirtiin peoteiatcan atsbshe agindnictenal toawiibjeecsulfésringdgem an abuttanhsease,

Sirt nmodul ati ng conpounds that i n rease the | evel
%armaa&?t P ¢p pygaélforaﬂ%ﬁlep &t smﬁ%wf g frere étraée
s -
2?%9%*‘@%@%%?%‘ B E UL (R TPRRL oBl BT RRen,
onatbriating qenglomads thaeincedakstherleval ard/br ety of Bxsértyih grytein

dse se | ude thos ¢iated with neural cell
ﬁ% gﬁ%lreﬂi’y‘zrs?mﬁﬁﬁ?oi‘ﬁ“b‘fernuscul ar cell death or

Qy@ymgyu@,ﬂ,p,gy&g as Parkinson's disease, Al zheiner's
di sease, nmultiple sclerosis, amiotropic | ateral

scl er ds|aspthan@tnhm;mmanhajrywtmtupmrpVAbmmeﬂlmdﬁon netting and/or
ion

d,t t
FaTihg B car iR AR D peas 5 At SP AL it i picdihereot a

mrgﬂﬁnﬁ&ﬁ@ata@ctoﬁﬁ;oah@ kiR inH@PENBE dveD Bnd/BY SdtRAY IFlad$rindin
such as aplastic anem a; ischem c di seases such as

PyOEHX di aI infarction and stroke; hepatic di seases

S UC h aé Qstﬁgiar ‘alsrégfegttha{st ic%r% ch grgg%:é]?):r ?rleg;er?tgg ugigg?ﬁei: gii‘cﬁin—

I Seases Su

aﬁdtﬁﬂaﬁrgl cﬁhﬁﬁ)uﬁds thiaDpefdasgs thdagwryend/or 4dMRitslofa stktin ipPotein
W I'ight; 30lichen planus; atrophy of the skin;
dng aﬁiea%atrﬂloawapahapr mpyocaditiss siach asdfliopatbig srrdigRlyaPayype

TRUSH RO 08 E oy, Hidtholil BEQR My oA, GRls- RUBORHT € of

i atl on exposure at'| ng
coraupaisithyh aichemor @adientyopathgyaild leypeiftensiectardiomyophthg.

S| rt rotein can al so be admnis d.t ubj ect
21F4 BHAEE PF Bifh s Bl toCuReats mettipdh dgeribes hipein ar
QUGB 175648 IF tBe mafbr IRRICPRsscHirh Rirb MBI Pk Sise P as
or nyocardial infarction or a subject suffering froma

st avata, &@r@rqrxﬂrwaven@ theisiarptidsartedieh.dhé aerebonpisutm arteries, the
Lhcrease,.t he evel nd/o CtIVIt of a

6Qnoa{1 8rt<ri]r1er§H e 1*1ac arBeneﬁSe ?morraggxg fles, hg gﬂgﬁsegf %r’fjenes. Other

lviayeilar d‘i@&ﬁﬂds avAazahbatrebled @apeevented mdlﬁkl@ﬂh@ﬁé‘h%‘lated to platelet

enbodi nent, the invention provides a nethod for

eEALHRD. Hitdebnal grievelesi the sloreerlar averdlat. die WIasEOTHY,

S I ARG RAET AR By g
and thar ceatrhli anidtperipheral senvoul sysnod Fha sirtuin-modulating compounds
that increase the level and/or activity of a sirtuin prétein may also be used for
increasing HDL levels in plasma of an individual.

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

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.

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
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protein include cardi onyopathy or nyocarditis; such as
i di opat hi ¢ cardi omyopat hy, 15netabolic cardi onyopat hy,
alcoholic car di onyopat hy, drug-induced cardi onyopat hy,
0] t
&%ﬁégf#% g&lg}[ %ﬂo‘?ﬂy c%ﬁ}l{)]‘yasc@gg? gﬁﬂ] Oﬁg\%,}é%’ di eélt lJassmum-
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ka%fy&b rkdtiveeAdSseldTRadigNA] oPRR{0Tn 86d énbddineht, ﬂqesdl(fsE Birn
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padisihen @ftoam 1B mnewed@alpart of a workgelatadiemedhiead peimedure, e.g.,

t dul aty CRNPO
tﬁ%tlmftﬁgefl éad ?ﬁ%eﬁ?é{/ce easur tcla? a%oct ervelniﬂi? ’Pg’éf S &{atlon or
mﬁhekpbsumisué@ﬁﬁsmﬁmeﬁm@zall@ B such @Idathmgccﬁlqmmaw
interventjon, and disorders relating to an abnor nal

Ip&sferab bfa%lgwt%@aéﬁ@wsa@aﬁbmﬂ@é%etxyosm@r%%m&%apoptom
| ats d that
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pr ot eiSirtafaymbdulatiing corspamed ney ghar tie wied doctoerbing ahd/on

t herapeutic with another cardi ovascul a

ORBYSAG Fncer, 1 FFEai SHRIGEITEAT gl%ﬁﬁr&%&a gompounds fat
inGERa%esIel Qanba ekt ARIL O sit@ld Motein ﬁfay%esdséd Frfreating and/or
protein may be admi ni stered as part of "a conbi nation

n)h@teapw tanceniCatoramreatmiction hahiecnrtinked ¢eareduchommothher

I n- modul atin ound. t hat . .

TR o 1 dp Y e BBl oo ROl aggrease i the
Pevel ehdlofyivitg ofdRirkiif pRiteid rasy lﬁ’@ﬁieﬁﬂffoﬁtr@ﬂﬁflgl andlor Pheventing
t herapeutic wth anot her cardiovascul ar agent. Cell

pidengecafrage-relatedglisqrders. yash @p.oor W%WG?@SEKWI&WY
[ 1 Qr [ [
5?1%{6@5?%& 1&15}53 Bé ?r\é%l%d %Qg (earsélg& %1 %b&%atﬂ{g{ n\?é%l%ﬁ ggee those of the
bexieaid kidhegdioviednedependedOdankers yndleding badavte psosthis eesdicular,

radi ation or toxin, In one enbodi nent, the dose of
PG PRI FABF B RNP @135, GRd i GRETHES: B FANceFs agsociated with solid

Y\G}ﬁ&srz?hﬁhﬁl%{? ﬁe&xﬁi ml§/‘BQ%QHl'iI'ﬂsteFe-dgimecﬁgfﬂtQ't}%t%ﬁﬁ)q

as a prophyl ac asure. I'n another enbodi nent, the
Cadeetoif bh)odrcetlspa o, Embemunc eari ke trexted b ddmmlstermg a modulating

uni nt e onal | n suc t he comoun

PG B Wopd iRt BtoiB font oSS! BRI el rowit. c.2.

%aesaahealgoq)é t%&éa btﬁ&QQ§é§§éssth3{5&Hd)ettfbﬁteal-ipélﬁgé‘@lmnmmune
eve oprrent of acute radiation Syn rone.

diseases, e.g., systemic lupus erythematosus, scleroderma, and arthritis, in which
autoimmune cells should be removed. Viral infections such as herpes, HIV,

adenovirus, and HTLV-1 associated malignant and benign disorders can also be
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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

" . L co : ) ¢ . o
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adm nistered directly into the tunor. Cancer of bl ood
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rBhpghans thandohabitg o dhwarttdé celllarpralifpatim. treat ed by
adm ni stration of sirtuin-npdul ating compound.
Al t er fAMRIBRYON BETAPLes CHMPHSINGIHIHHipraRPqula e ostgaes and a
e e B B S PP e iV ion
dherapicd kricevrent the aitjbeciuse Gnecomb i eatapealtove thg eoentrayalbe
cp-adm ni stered with nodul ati 5conpoynds descri ped
iR ferpoHI %! tiericmtEy et Pty derege. In bt s
tehdodinfehiCifie BRIV I0Se (EDLP Riheld@eraRadue agbdtf &span
or conpounds that render cells sensitive to stress.
Chwburatien ap eenvieotianpd shemathyrapeutissegentsy whise sl meromkiindtion
QuitH 4 SiHbih m’ﬁ%ﬂ' A% BSnGSl ‘éﬂgle‘ésﬁsﬁghabt%‘és BELULEBS, for the
i'nduci'ng ce dest F7OPoY edaé ng 19 1espan Or 1 ncréasing
shaRotherptitid 4pent 41066, and dher mofe prRfdrhblgtat 6 Fol 1 O felll be even
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Ci = | : . ‘
AR, D510 TR PRt B S0P CnBiion
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to u ed cel | ul roljferation. Conbination
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PrkGBRVARILRNAD SRR BLH fRAH I &iggent may be

advant ageous over conbi nation therapies known in the

Newurdyed DismsevBisooddrs nat i on al | ows the conventi onal
chenot her apeuti c, agent to .exert greate ffect at
ower Mg nea it A O b el CeESertds lve
dager AdePofaQirtan haEmt AabaRALd tCtré@ BRtientPSuffering from
conbi nati on of conventional chenotherapeutic agents,

nwheradegengratiye disgasengndgraumatic or mechanical injury to the central

nervous system (CNS), spinal cord or peripheral nervous system (PNS).

Neurodegenerative disease typically involves reductions in the mass and volume of
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even 25 fold | ess. Conversely, the therapeutic index
(TI) for such chenot herapeutic agent or conbination of
such chenot herapeutic agent when used in conbination
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Si rtui n-nodul ati ng conpounds that increase the | eve

srelyinesin @pd {5 asyoqated wiihy thgidgath ob bedim cellfrinme ageperf the bram 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 is another neurodegenerative disease that causes uncontrolled
movements, loss of intellectual faculties, and emotional disturbance. Tay-Sachs
disease and Sandhoff disease are glycolipid storage diseases where GM2 ganglioside
and related glycolipidssubstrates for f-hexosaminidase accumulate in the nervous

system and trigger acute neurodegeneration.
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15treat these disorders and others as descri bed bel ow.
AD is a CNS disorder that results in nenory | oss,
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in thinking abilities. These | osses are related to the
death of specific types of brain cells and the
br eakdown of connections and their supporting network
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peri pheral nervous system which may be caused either
by di seases of the nerve or fromthe side-effects of
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neur opat hy i nclude seizures, nutritional deficiencies,
and H'V, though diabetes is the nost |ikely cause.
30In an exenpl ary enbodi nent, a sirtuin-nodul ating
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di sease, injury (I ing surgical intervention),
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%r prev%gt § Solyél%%}mine 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
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
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Dent 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, Spinocerebell ar ataxia
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Blood Coagulation Disorders

In other aspects, sirtuin-modulating compounds that increase the level and/or
activity of a sirtuin protein can be used to treat or prevent blood coagulation
disorders (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.
Blood coagulation assists in maintaining the integrity of mammalian circulation after

injury, inflammation, disease, congenital defect, dysfunction or other disruption.
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enbodi nent, a conbination drug regi mren may incl ude

drugs or conpounds for the treatnent or prevention of

neur odegener ati ve disorders or secondary conditions
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I seases by occlusion of an inportant artery or vein.
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henost asi s" includes the induction (e.g., stimulation
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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.
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
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i nvol ving 20 pl atel et adhesion and thronbus formation,
and may nanifest as an increased propensity to form
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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
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Finally, patients with AIDS can devel op |i podystrophy
or insulin resistance in response to conbination
therapies for AIDS. 251 n anot her enbodi nent,
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e
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protein may be admi ni stered as a conbi nati on therapy
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td'fa%@{eis,n\gh(s) hadyH¥ ﬂn&igﬁl&es"j‘ op%@qglii(gly to develop any of these
conditions. For example, the subject may be a subject having insulin resistance, e.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.

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
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di sorder, such as insulin-resistance, a pre-diabetic
state, type Il diabetes, and/or conplications thereof.
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20i ncreases the level and/or activity of a sirtuin
protein may increase insulin sensitivity and/or
decrease insulin levels in a subject. A subject in
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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.
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
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Addi tional 'y, sirtuin-nodul ati ng conpounds t hat
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and/ or inflammati on associ ated w th aut oi mmune
di seases such as organ-tissue autoi rmune di seases
(e.g., Raynaud's syndrone), scleroderm, nyasthenia
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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

vasodilator or an antilipemic agent (including anticholesteremic agents and

lipotropic agents). In an exemplary embodiment, a sirtuin-modulating compound
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flushing inducing agent, (2) intermttently with the
flushi ng i nduci ng agent, (3) staggered relative to
adm nistration of the flushing inducing agent, (4)
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and/or activity of a sirtuin protein my be used as
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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
dosage of sirtuin modulator selected from a compound disclosed herein, or a

pharmaceutically acceptable salt, prodrug or a metabolic derivative thereof.
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serotonin reuptake inhibitor (SRI) to reduce flushing.
In still another representative enbodi nent,
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and/or activity of a sirtuin protein may be used to
reduce flushing side effects of chenotherapeutic

agents, such as cycl ophospham de and tamoxifen. 20In
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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.

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,
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15Mul tifocal Placoid Pignment Epitheliopathy, Acute
Reti nal Necrosis, Best Disease, Branch Retinal Artery
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treatment of an ocular disorder.
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20to the subject in need of such treatnent a
t herapeutic dosage of a sirtuin nodul ator discl osed
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prevention or treatnment of danage to the eye caused by
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i n corpgadeinembadithents itheimypytidroprovidsametiypds dolf togating diseases
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bhisathdedrsa (e.g., mitothiondenk misy) dntrealing tHeyunitiees dfmgocHondria
provi des nethods for treating di seases or. disorders,
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subj ect ‘in need thereof a therapeutically effective

alnad vl dberefi ifmotruinereased mito chogrdoehanoiyitst .indlnds dssees or

m.t ochondri.al ,activity refe 0 15increasing activity
gfsotr‘?cwe S Pﬁsf)gé{?g hf Q"\%Y‘l}i’qngi”ﬁ[a?)(#‘ﬂ}cﬁloﬂg the overal |
nunbers of IHickAsiR@MBIdaNéRs nethHdst B¢ Fremild @ikeddBSS) disorders
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m tochondrial activity include diseases or 20di sorders
Jachemaabanalyses Niseaehaptidisardemassemated gith 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 mitochondnial activity generally include for example, diseases in which
free radical mediated oxidative injury leads to tissue degeneration, diseases in which
cells inappropriately undergo apoptosis, and diseases in which cells fail to undergo

apoptosis.
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In certain enbodi nents, nethods for treating diseases
or disorders that would benefit fromincreased
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subj ect suffering froma mtochondrial dysfunction.
Met hods for diagnosing a mtochondrial dysfunction may
i nvol ve nol ecul ar genetic, pathol ogic and/or
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25status in patients with nuscul ar dystrophy. In
certain enbodi nents, sirtuin nodul ati ng conpounds may
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M tochondrial nyopathies range frommld, slowy
progressi ve weakness of the extraocul ar nuscles to
severe, fatal infantile nyopathies and nultisystem
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and infantile nyopathy (benigrn or severe and fatal).

goxic demagd, or bypoda.nents, sirtuin activating conpounds

may be usef.ul for.treating patients sufferin rom
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IMuscée Periforneariysdi nents, sirtuin activating compounds

may b eful .for 10treating.dis 0 i.sorders .
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bl ood. In certain enbodi nents, the nethods involve
arfease snitachprdrin agtigthn ingseasy mifqchandrial diggeagsingnd/or increase

%[&ﬂgﬁﬂiaﬁ?%tssi ncrease mtochondrial activity,
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ability of the athlete' s nuscles to perform 25when

P PRTtSARAtAG 10 BPU A YItss 1 ERhanpced sPAts OB aR S ot trensth, speed
BRE EMUFRNCSre R &REd By af RREEhse 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,

long distance runners, short distance runners, etc. Enhanced sports performance in
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and endurance are neasured by an increase in nuscul ar
contraction strength, increase in anplitude of nuscle
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bet ween stinulation and contraction. Athlete refers to
an individual who participates in sports at any |evel
and who seeks to achieve an inproved | evel of
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ST PRE B T P DR o B &
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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i nfections by influenza, herpes or papillom virus) or
as antifungal agents. In certain enbodi nents,
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and/or activity of a sirtuin protein may be
adm ni stered as part of a conbination drug therapy
W th anot her therapeutic agent for the treatnent of

VJ S
44 ncfREGIRS Fol BB H0dn o OB ay be adinistered to
dmehh anineadd iovitripyovef their abilitytonwthaarel farming doaditions longer.
adm ni stered as part of a conbinatio rug therapy .
Wi th aEumeRodvafng £RTRRPUNdy &ht increase rt]h%‘a&%@e%r ahdyity of a
'E?rl‘lhf? grétélﬁ% al?@bgﬁs?éartb bededle rlﬁés‘ﬂ;ah NGleudRsRtakas vakes,
g., humans, ovines, bovines,

erqmstnme to yapopmﬂem plraam hesne dmqumasnt nonmpeﬁmiumapphed to

ri mat e,

at
T e Py s o5 0 Bingh I ARGy PECrabiipEet bt are
%ﬁ&fdah?%&ﬁ’ﬁé’@to ﬁBdlEﬂeaﬁéorﬁ;%dnaz Inyﬁﬁﬁ{er %ﬁ{bbam‘%ﬂl@ plants and

pr okaryodtic cel e.g., bacterial cells. For
efmatspalr@treatmﬂwhtatal qmgmmmﬂ uiod o pmlymeenédhpmngtte Raease

farmaninmals to.inprqve thel.r ability t i thstand .
SRS 6 Dhees ST TG e iantiRedy ity b MeRGAM wirn
Q@Hﬁ@uﬂ@bSdetsaﬂsedIH&élﬁa@g tdipreb@vetheand/ or activity of a
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produce a conmpound, I n anot her enbodi nent ants and
flp‘e}v@%araﬂaowsm WGk X3St B3 s&»dh%malsmgt%%ﬁ% P&yt and
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Qﬁﬁ&ﬁ@@d@ﬁ%ﬂk@hg§ﬁg for nodulating |ifespan in yeast
cells. Situations in which it may be desirable to

ext endbitthia-mpddsemcanpgus thas didreas g ledel aadipr pedabsef a
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qooqetinn sf htvady. GeaeraHgetht heeth@lselesaitebdrerae tiayiteyappfiedto
any organism, €.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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woul d be applied to useful insects, e.g., bees and

ot her insects that are involved in pollination of

plants. In a specific enbodi ment, a conpound would be

applie [ .
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acid, such as an aptaner. Assays may be conducted in a
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sirtuin with a test agent under conditions in which a
sirtuin can be nodul ated by an agent known to nodul ate
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sodsde pepsies 6f pFik Isudeapiapsé cmspmning)macesyjaﬂed 3 82hAgmrticularly

TheREe] stuahas i BBL S e B BRIV erthe acetylated pepride

(ARl ys-Ly€ Othér@%bﬁ?é?&é’ir@{p@ﬁh&% Btdnt!Buman h1stones H3 and H4 or
Arg-Hlyfﬂ@{s Lys her substrates are peptides from
it

raorasat @mm@ aqgi Sulistrtesomaphe élaetqglemtcelihaﬁﬁnm mey fe SIRTI,
en c. The sirntui

SR SIRES s Wi n e Rl s paeneg TR Ll fipb obtained

(e BIONEOL. ‘BhdrEhciamiag bekbadutesdl 50 abé @ POBhids and B®pped,
reacti on may be conducted for about 30 m nutes and

S« Hpyith nicotigamidg The MRAE i Thwresgent avHsitymsaay/drugodisenyvent kit
/ i
B0 PBL AR SRR ey IR BRI e tever o

Iaeaf@latloﬁ &@ﬁtay Ia@etalys)are cﬁismlbealrmemﬁayxsanaatel @2&02)iJbBibli @hem.
Bitternan et J. Bjol. Chem 277: 45099 The

1%V 087 Tﬁfo‘GY%ltqfé?‘Pdd’flattOﬁ‘é’fé’i’? BIEPI PrRngyisayseay beggmpared to

QHMEF&? rh&dul?ﬁcfheot’ BY §lrul il l}ﬁl‘é%%h&rbeJnetol? otk (dephritely or

in the presence of one or nore (separately or

simultarenedvistompaodp damilbed:l bsreimn, pducthmagiserve wh pehtinvagr

serve as po ive o ve controls. 'rt ins for )

TE Ty OB, Sy U it R e R i Igt i rgteins or
YortRsHstth&HBsf. shféeeaﬁas%eeﬁ Shéwn RaRiPRENENANRL &hFdURds appear to
that activating conpounds appear to interact with the

Npteeackivith shoN-terrRnes op SBRE mgotetns foreseiip thaussagdagiyde N-

BB 8 e B RS R0 LB5 8 SR T abou
agifls adidd T4 7aror 1-25208irSi r 2. I n one enbodi nent,

a screening assay conprises (i) contacting a sirtuin
Wit h alnt0§§@n‘é’ﬁéﬁlﬂe%ﬂﬁs%\?ﬁ“&%ﬁWhP@aP%%ét)rcﬁfl@c‘l!u‘h%léF‘“um with
I t
e aEp AR ARRLORIAA Siokive Ao copliidhs S BARR!HE B Qiruin o
(dleac)etydetteehmuhstrgtetlh eh@ﬁisemal ofahe ms’eagdnat arah(iQdetelmining the
ate, whe | oner | evel cetyl.ation .of e
T oF el o s Bt iereiha ower exg o Sgop ok e
@bdthee ARRE B%e&fe JffiBe ¥e‘§§5 eﬁgﬁéﬁtl\ﬂqu 't}feaét%énéehﬁtthé 8t agent
test agent stinulates eacety ation by the sirtuin,
wheatesthat thie gése ngéng semuddtesadeatstlykation byalﬁe $ll't9ms Mte:aataéngher
Ln th sence est ent relative
1Fsb RERRLAFRES: B s ifialet i P ER ek S efhisBplaftive to the
ap&ike bhtHekdt S gaifar@icites tia@ ﬂlettysttagani*x{a&lbn& uedtety}@tqug&he
for identifying an agent that nodul ates, e.g.
Striwiyl at es, sirtuins in vivo may conprise (|)
fgni aﬁ\gletﬂgds for 1c¥ent1\f\§/mg an a%géttheﬁqggéulﬁng e% s%?f?&lgt% Sirtuins in
vivo may comprise (i) contacting a cell with a test agent and a substrate that is
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appropriate for the sirtuin to deacetylate the

substrate in the absence of the test agent ; and (ii)

determ ning the | evel of acetylation of the substrate,
t.1.0n -

IBEL S SuLMEL oL Bhe il BB BB L

dbbAWseindér ¢dnditions appgerittei forihe airasin thdéacttyiate tetsubstrate in

[ d | b
IR e bsenee TLIbEIDASRE oty HDidsrmpin h hedatad of artylpon fLihe
Qh§§t?ﬂ§ Svideih r&qD\tv@lSlteanﬁ"réEﬁtgtﬁln@h ¥ thed Qibkife APEE ﬁ?%ieﬁée of the

the test agent indicates t e test agent I nhi
dest@gentirelationtathe absense of thientest Aggn eddcatedthaiuths tesabgent s

Ao SERaRecB5R vy e e eteas plie ot sgkpylation of the
rbitRfk FRe %sﬁﬁk%rof(iﬁmrsi nt %HRQ tb AR AREAR JfPhe test agent

determne t | evel of acetylation of the substrate.
mg@tﬁath@stmaw beerd dutelits deacetylatioatbyghe sintwent/y ptefarred

BT amaRe s paidk WHish otk 2RTEOBI RS it Fifher
HeSeHVell BieddiM THRUAEhES nﬁa@%hh&%%se Aysmieihe rcéﬁﬁto determine the

substrate is an acetylated |ysine, e.g., E-acetyl
|19\§1 ﬁéa‘(qtylemn efethe gy stlraaﬁL)’Subartrai@Fm%be addedyte cellFate A
Erra %&k@(f‘:@% o a§ el%tﬁ;ﬁ Jetermﬁ‘%sorﬁ about 10pM

G@ mﬁMtemh N1 pfc&fé@br}gfrtf)mmlﬁbﬁtbmﬂml\@ td1my sﬂlaﬁ)isﬂénout 200uM. A
prefer y from about 1 to 1011M such as 1 pi
ma%fs'a ﬁlemtrafe 1& an P%etwafqé lytige teeB E-aentYdYHES QHHO& filf’eLys FdL) or
§ {
hour S, q“p),%e er ak ﬁ%?}égggm){t%o %Hrlfmg%}%g H}%ﬁm i9
|tnthd3talt1$l AaKTSA) adscH mapdecisatat dohc@0tdDARS rangmg frdratabout 0.01

r str.ates ) r de yS, |S,a poor .

360G, BRASHO SR Bl oLl B R RGBS b 1REGn of cetts with
%h&%@rcbmpwﬁh afd tmytrﬁayna@eoetb%%duét@d fstambuf Y0 minutes to 5
nodul ators of SIRT1 in vivo. 5. Pharmaceuti cal

bontsopief¢rably fosatimat 413 hayirs San%mnnigbttmbgl@mIsand class II

qﬁ-gl?}%g bﬁs tﬂgtrc%lrtgmns%%straﬁesf %[%/,Slhgﬁt)rg(gﬁ C\gﬁ Iias g }gtg%gsﬂ% t{ﬂte l"or SIRT2

@ad evel Rso4 sﬁ?)(st‘rhtél fEﬂSRT?OF sikKafRk&y may be used to identify

sirtui n-nopdul ating conpounds and their physiologically
ters1o8 SR & wie- sol vates may be formul ated for

adm ni stration by, for exanple, injection (e.g. SubQ

IM IP), inhalation or insufflation (either through

the r‘rd’(ltalimﬁfceﬁﬁitdi@dmpds)ltmxﬁs oral, buccal, sublingual,

trans nas(ia par ent er

admi ni rsgflflg FAno t%%‘?ﬂ%‘&?ﬁ% rl{)%ff ltlerem may be formulated in a

%bﬁ\téﬁ'tlﬁnmgéﬁrﬁF hﬂﬁ 6REBPHR ﬁﬁ%l(ﬁ@glcﬁm&bﬁt‘éﬁfe‘iﬁmers or
l ocal Iy, at the SI e where t target cells are

prepents, For @(ampln satigpecodulding @mpmunds gahtheaphfybialogically
(agc'e%tdble sa?ts ahd sg'lrvgt%g e Ib%atlorrLLllzji e(a "for ac?m?mstratlon by, for example,
injection (e.g. SubQ, IM, IP), inhalation or insufflation (either through the mouth or
the nose) or oral, buccal, sublingual, transdermal, nasal, parenteral or rectal

administration. In one embodiment, a sirtuin-modulating compound may be
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Si rtui n-nodul ati ng conpounds can be fornulated for a
variety of nodes of adm nistration, including systemc

wo20ek/tsegscal or localized adm nistration. 5 TeghRisasR®07771
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and fornul ati ons generally nmay be found in Rem ngton's
Phar maceuti cal Sciences, Meade Publishing Co., Easton,
PA. For parenteral adm nistration, injection is

r r r
P SR 5] 4 QAT ol B EAR S, i g i
amﬁmurgim GxafhulHQe fgqrbmddat:aébnosplhalqumd aéal.uti ons,
preferably in S|olog|cally]go at i bl uffers

as Harﬁertgmmoétapé@g 6PMBPUNGsS S8 pe rEwaed BK 2 vaRety S¥1Rodes of
IR R K S R
U”Mhmlq;lemm& fomaalafionsgenaratl yahsobé fomind die 8 emington’sFor

i aentinSiBee Bleads duBLiRB S, FasBner&: Ferpcsriga
UinfiRREMES i E&Rff\r@ HrdRr &0 WY@ ih © HtanRENET, Wlthﬁ/é@us

pharmaceut ' cally acceptabl'e exci pi ents such as bi ndi ng
dgteaptesit@real and ptﬂ:@gtﬁlnabusn Foethjentioneths camphynds can be formulated

pobﬁ idgsé:h%%g,grg'ygr%‘?y hgy?orégégﬁ{)i (2{%{3%@16 buffers such as Hank’s

NSo RO oY ﬁlﬁgéﬂsr&ehﬁﬁw H QR e dmhpihBY fa9 Be Formulated in solid
phosphat e | ubricants (e.g., magnesiumstearate, talc

derm iand regssobyed on sespeadadsimeedjatelymstatte uss. dyephidized forms are
u rch glycolate); or wetting agents (e.qg.
asé“nrc]i]uﬁécﬁryl sul phate). The tablets may be ZOcoat ed

by metihedsalwahlinikfigtysh, il }iHﬁﬁnatfetunczﬂldt}mp@smbﬁpﬁfagttalcmhe form
for oral adm nistration may take the form of,

for
ot afepFramalsy teblueﬁsn Lozeggeru%ca@ﬁulgmﬁea@fi i sonygntionalmegs with
I
e R SSILI ool B 8 AT € bt
| mhajzé siamhemiyahymysroﬂtdyndmr lgrdeqw@meoi)ybmaﬂwiv@hﬂmemdillers (e.g.,
gggg%s\émgﬁt:ng&gt%che gg l@l ]g)gk&dgggle% dl L \Selsubrlcants (e.g.,
GRA ukl%estéa%tevt@td M QY; Mfeg%@@egi ;ﬁ%tals&ré}a&rss)omum starch

emul si fying agents (e.g., lecithin or acacia);
rgbynoaha:ch)e ouwetteigiagents (¢.g., godluat lawnyd s@lphate) Ty tabdetemay be

clpgt\ég IbS/'(,ﬁl:? B%cis v(eéll gﬁg\%{lrlél? alt ed},\l/ TS })face%lalrezitlonsl 1§o)r ‘ordt rJigmlmstratlon

ﬂﬁ@pt‘ﬁke pYfA %Y BN geahs1s, Dilutfodk Myeutdrdhspehbiens, or they may be
preparations may al so contain buffer salts, flavorin

qsesshicdgs arty QWéiéltC’éfﬂr ﬁgn%@@mrswab w06 pHies peitable vehicle

P

T
ghapeavedtically acceptatie radaldlli}’bmm&hraafshmnbmg lagbréth . g.oporbitol

(e.q. ul ropary .delivery), sirt dul at i )
S¥HPe aﬂﬁéowﬂwéﬂwrﬂréwﬁ@g@weﬂ éﬂlf H}g% qnhulﬁl%éng GBFRBfe-8-
qLki i 9§§8ac§np rrﬁ')Yx %§§§"\t/é?1‘id19§‘(efg' Oﬂ?oﬂﬂ SRS Hflif éﬁ&s?&ﬁﬂ%lcohol or
or a nebuliser, the use of sui t abl e propell ant,
dragtipnated hd:guarbd:l@ 6ills)oaruhmebmna;ves |(¢ ghhwtlofl lonprapykiphane,
3\!' chl rotetraflu r oet ai.g car bon di oxi de or otEetrf It

oA PEgates OF FoipHfeacidls At pregapngus ey 2156 BBl Bitfersalts.
maﬂﬁg,%ldrldmd%e@%ﬁ{gagéﬁé a@mppxro%heél Qra‘ﬁ@hé’ﬁ)rto@al
del i ver a netered anpbunt. Capsul es and cartprld es of
eidgnmsg@ticat iay bé ewitabde farmutated mvworﬁmlledsdﬁasealfdhe active

ormul ated contai ning a powder mx of the
cc8 8% and a suitabl e powder base such as | actose or
starch. 10Si rtui n-nodul ati ng conpounds may be
formul ated for parenteral
61



adm ni stration by injection, e.g., by bolus injection
or continuous infusion. Formulations for injection may

wobkeogpisessent ed in unit dosage form e.g., in appeuisefsdH7771
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in nmulti-dose containers, with an added preservati ve.
The conpositions may take such forns as suspensions,
solutions or enulsions in oily or aqueous vehicles,

and 1 ' . g AR
cuspor i AdRlh Gl B EHbELES te 2GR I ARy), ituin
Ahdvdulatatg coatpounthmagbieicorvemendebivtreday tHeeformn g @nderosol
formfor constitution wth suitable vehicle, e

SPEP| ITeseHiAtSH &iom prsssyiized packseyr gynebyliger, with the use'o%'a’suitable

b bettafr, RO ahb a0 QRO e, ISl oTRoRn iR at ed i n
ectal corpositions such as suppositories or retention

ehettamtetaflgoroetane aianbhangdidOide v etiter emtdblesgrspbstht oase of a

bases .such as, cocoa butter o t her. gl.ycerides. In
RIGOHFiZH A0 hiorosHER Uit HAX bRACERT ISR b PERYIdiag A valve to

delilét ImeRed Ahdurg. CHItaRY RH§ cERYd Rk P e%.e, g‘ePJtﬁ‘Y“ Fatugd iPsn
a depot preparation. Such long acting ormul at 1 ons may
behaeimrmnsdatedmpy berfpinaulated iconta{ning a esedp mix of the compound

suhcut ousl| r intramuscul arl r by intranuscul ar
G RE PV PR RRE Fr. s mowa ot g
CONMPO Wi Gint Y dk8tih @ EsTHpAIRE ndyt i rthhRRIdefoPpArKARFdIC Of

hydr ophobic materials (for exanple as an enulsion in
admarisegianeingsiclipnor- g4 by bebus iripgionrargiopgnues igfsion.

ool \ dori ) ‘ .
SR8 BB E | ebltEhes Flp PARTRL Rl iy oo
alr o multe-dostesnpiaderBesith b addyd @eserenbedihesdmpositivhs may take

conpounds described herein can be fornul ated 30for .
Jush toféw af SUSPRBS1ERTH £9 BORTPRBUYSIENS epiy TN epyse\ghiglesy and

I . . .
(oA Y Rt 1Sl B0Re Shrlihng iy Bodspersing
tagentCNS térnati vethe tharauivesngrgdieal may batrepoweder(fermy for constitution
in race%ﬁpra%. WD 2008/.156866PCT/ US2008/ 007771

ivwfhe% PHERIOY e ot F BB AV EM P TEL HHCT RELRSF U3

ol ecfiAhinDRbdRLIR Ep&inds Afay3l®be foBmPlatedin@elustt | on

of a chineric fusion protein that conprises a
COIPOPHPRS Pishtas dePRASHOTIERaeY ratentieh Prgrnas, £.@r, cantaining
%Hg\getnrt]i | eillalu Coeslitlo > zgsfeacuechnaosI c%(c:uI §uti N of %H;%ir nﬁtciszo esWi th

an agenP B TS teer f |ncapa% e of Cross ﬁb Y €' BBB)

i N an [atkienph té hedpholatiotddesofibddgrevidusipdagemaunsdulating
transport pathways of the BBB; pharnacplogical .
spmppRydsanayialse b bermwdatpd ay  deRotipreparatisng Suell lopearkine

. € i 3| . r-
Torila R hast % fimin SO B b BBl oHTEE e b B RARRL Sy or
dintsamongiclard ypér hhmtdantusgulat injeation HEnWBBBr ey athpleesiosimt i C
di s tion (resulting fromthe infusion of a mannitol )
gch{a‘fﬁaﬁ PRPGURHETEY EPEL ot g peLgn%s*fC_ g hydrophobic
B LR0¢ @B EXandit by 8n BYERIorSHMAA ReeRiblalka) 8f ®AxBhange resins,
10pept i de). Li posonmes are a further drug

dehs spprpghyoiubie dérichives feasianyplé,misacpatbhgy soluble salt.
cordinaly, i.n the nethod, of jpvention the active

CorBb s Rt oS L oelePEa " 1 The Torm of a

|'i pos girBerdith eMBbUinSfEs, € cdrh PAFATBSscRIbEd Welelr k¥ YoPMulated

a person skilled in the art. Liposones can be forned

forclplizenydpitks senppl ngppespitam (FN8) (rsvigwedsn Begley,

| est er ol tear vyl amne,Qf i dyl.chal i nes.
RS BhELS i MR ARl A e TR AREBR b ol Al Bges or
dngadadiass, tdlthe CHSencRibe] hadessRRESal strategies (e.g., intracerebral
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including, but not Iimted to, small unilanellar
vesicles, large unilanellar vesicles and nultilanell ar

wovRed/He§s. Another way to produce a fornul ati @gr/us2008/007771
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particularly a solution, of a sirtuin 20nodul ator such
as resveratrol or a derivative thereof, is through the
use of cyclodextrin. By cyclodextrin is neant a-, 13-,

AV i A - 1. QS i .
OBV BL ARREE Dy SHELALRE S i SRR
i @.g.1meodyntivatod chineinfusionipedteincthateconiprises d evahsponrspeptide that
cyclic oligoners of glucose; these caonpounds form .
i h?é@as*lf%lﬂ%%ﬁﬁn ész%%thgml iselh syrfageupolards an pynkinafin with an agent
e e HeEpiblPERpisine RIS Ay ¥ e ot e or e
dinde génoius ¢radseatgeatiwayyso fahe BBEe hhhrmiaepldgheal stagtegies designed to

absorptjon,. particularly buccal and sublipgual
Apesshe P lpiliplop herudF B, QbiiediongERaer-splyble agents to
88 oFORABSe HOLIHRCAS SrIREL iRy B AREA BRI infiGy Gthe BBB

aged and pediatric patients, 0 have difficulty i'n
sathipemismpticydiruptiors@esultingpemehé mfnson efiz maagitol solution into

T

eepiipé)e, chewabl e dosage forns, wherein the |length of
time an active agent remmins in a patient's nouth

pl ays ldnosamesrareafurtisralrpgdelbtesy sistinmyyhidiels eastbuiniectsple.
taste.. ki ng the..extent 1o Ich a | ent
RTERPRY W e Bl b b pllVerfho Rl Bl e

Rldatinseesd incht faronpsiiposonte delinetylsgsiash. CHs0¥Bies are well-known
preparati ons) ,mag conpri se from about 0,00001 to 100%
Rychprasort skahgbingba aftoLiposarags gandin formed fremse wagiehy of

. 0 Crtui . _
RoERo Bk TR R AR A FRORIFS. Liposoms
sheirignsabledfduthatmethod ofinyamibrd@somiphechl higpes of lipasomes

i.ncorporated j.nto.a topical fornulation, contalni a .
BRaEe Bunot imited de. srlal Gaamal IRt Vesig e b e U Rl Vesicles
ddSn@d gt vahdien and conprising any such materi al
known in the art. The togi cal carrier may be sel ected

so as Awotherovayl® nrhdu ulation, parnticwiarly @deltipr,cpf a sirtuin

for e.d., .as_an ointnent,. | otion re
g Uit i i Tesygratolor & desiyajivefictent I yeh e vsgof
ne¥loaexteiaNBY ic§8dd&iria i9Rkaktial pofor 9idyBRUeXBMUCHIbYextrins are
occurring or synthetic origin. I't is preferable that
tdescrihstlan dedilam Prthe et alotU.8dRar Nel 4,731.pe4twhible issiocorperated

ent ,or _other ¢o nents of the.topical,fornmulation.
ESPEHR L L BrenSt T Ty ase v e o el Bpag gpmpounds
| fo6h itPusiG! edmplak &Ookith SnRath Ol ee ne1BENX ten A Bdthe lipophile-
15sol vents, gl Kceri n, mneral oil, silicone, petroleum
jseehipg cavaien 9fithe pygledexdiin mpleapdsyet abl e o0i l's, par abens,

Waxes ’Rﬁ)@(ﬂytdlf's?ntleyﬁﬁng or dissolving dosage forms are useful for the rapid
absorption, particularly buccal and sublingual absorption, of pharmaceutically active
agents. Fast melt dosage forms are beneficial to patients, such as aged and pediatric
patients, who have difficulty in swallowing typical solid dosage forms, such as
caplets and tablets. Additionally, fast melt dosage forms circumvent drawbacks
associated with, for example, chewable dosage forms, wherein the length of time an

active agent remains in a patient's mouth plays an important role in determining the
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Formul ati ons nmay be col orl ess, odorless ointnents,
| otions, creans, m croenul sions and gels.

wobég/iskksodul ati ng conpounds may be i ncor por @icgrishais®o7771
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oi ntments, which 20generally are sem solid
preparations which are typically based on petrol atum
or ot her petrol eum derl vatives. The specific ointnent

bfﬁ(ﬁntt gf &g'te z?s% ext%ﬁtt tﬁR}?ﬁ i& %1 %‘a&%t l?l:)(a Ji)?ec‘c? to throat

I'S one Fovi
cmttnmsmoﬁtha:gacdeé ag«fmy, and, preferably, wll provide
for other desired characteristics as well gﬁag. ,
erl | | HHEPagsuticplcomnasitions (fFlugingaesmetia prepaialiops) may

VR rlsE Fronfib ok B éﬂ%@i t ?@@%%ﬁ&%sdfr&ﬁ%dl”t%%% 8t ABI0.1% to

noni‘rritating an onsensitizin
Si% byiweiglodiiloat ongote smnmdmdtmyng) eormpautds adesdribad ihetedn.

| otions, which generally. are preparations, {o be .
appl i J8'ong mbeatiRani, < tirtinmodhlatios comPeK ‘iﬁ%m%‘i‘oﬁ%ﬁ”e is
M&rﬁ@xla{e\i 1hﬂoCHJt'on‘3f fo?%mdtloﬂlébgtaﬁﬁ RERHi¢4P0Srrich tﬁ’él'fliscébnerally

solid particles, including the ac%)ve agent, are
puged ot tOpnaladngtadmlmstraicnmnﬂl cologsising aptyi sopls mateial known in

F‘%%ltld D W?%’Hgggg ﬁ‘ﬂ tg‘? 5o ?Sr?trg)\(,jﬁggglﬁ ?ly:pr%mposmon in the

$1e§11réa ﬁn&m@l gl at hAGiMARRO WIS, BRYMPAi¢rBEAIRINAE8oil Nobution,
creans, which inerally are viscous liquid or

su sk, andmay Semeomprised hba maitérial af eitftes natrallyaecsprring or
b r .and cont a

Mltheﬁga 58 E“ nal;ﬁs: rgl?lmglﬁaﬁ é%%sez%&eadq(ffe et nortJ a\éeerselyf.ﬁ?fgct tpe
rhhﬁﬁéiagdﬁt cﬁmemdmp@mrdfswto@tcapﬁirmlaaltounE)aanﬂplas bAgdiable
al cohol such as cetyl or stearyl al cohol; the aqueous
poRisd cagipas foy usahﬁm@ﬁlqutwqﬁ@e élgglaﬁlﬁ pYd OB RRIHeXIE gEganic

1

RElveRACE ol XEnaF o e AR Rl ok K96} B0y Tty acidg,
axpttableeds, pardtens ngtoan, asl thelipea, is generally a
noni oni ¢, ani oni c, | O or .anmphoteric surfactant.
Sirt urﬂr?"ﬁlﬂg’dloﬁf Ry b@&ﬁl}fﬁfﬁ%wdﬂﬁﬁ%%ﬂtﬂ?@& HBIORE IR 0
HhicfREMNiSAOR ge)i ch general |y are thernodynami cal |y
st abl e, |sotrop|cally cl ear dispersions of two
i i s Sititie- mod}uad@g cayupdunas nedyl beancorpartagad, ingst @bihéntg dvhich
b interfaci urfact nt nol.ecul
EEnfuy BisSr bR nsppirA ot Mol s SRR B ER RSt or
et @btr&%ﬁl‘ﬁ&fenvlﬁ%) Th¥ Spdene Sihtment base to be used, as will be
Si rtui n- nodul at i n n‘Eounds may be incor por at ‘ed into

g@prepk@mhﬁhpwﬂ e gdnigoaf that 31l prepdetorogtimum drug
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of solids, and may comprise a liquid oily emulsion of the oil-in-water type.

Sirtuin-modulating compounds may be incorporated into creams, which

generally are viscous liquid or semisolid emulsions, either oil-in-water or water-in-
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(e.g., octyl nethoxycinnamate), dibenzoyl nethanes

(e.g., butyl nmethoxydi benzoyl nethane), p-am nobenzoic
acid (PABA) and derivatives thereof, and salicylates
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The data obtained fromthe cell culture assays and
ani mal studies can be used 5 in fornmulating a range of
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may lie wthin a range of circulating concentrations

that include the EDSO with little or no toxicity. The
dosage may vary within this range dependi ng upon t he
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modulating compounds that exhibit toxic side effects may be used, care should be
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Fritsch and Maniatis (Cold Spring Harbor Laboratory
Press: 1989); DNA Coning, Volunmes | and Il (D. N
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4- et hyl - N- (2- (3- (nor phol i nonet hyl )i m dazo[ 2, 1-
bi t hi azol - 6- Aphenyl)-2- (" pyridi n-3-yQ hi azol e- 5- car box
m de ]f‘éorrpound 1) Preparation of

6- (2- Mg Pro@ﬁh%@ﬂe}élﬁ‘a{?‘saié%[ €L 1k i AeRbBuR: RAPORY Y ks for

acid ethyl ester
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
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
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In a typical run, 2.1 g of ethyl
2- am not hi azol e- 4- car boxyl ate (Conbi Bl ocks, 0.0123
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with 2- brono-2'-nitroacet ophenone (3.0 g, 0.0123
nol). The reaction mxture was stirred under refl ux
for 18 hours. It was then cooled to roomtenperature
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e R ARG Te SRR Lo Ay anchi B Y Vit it the

tsRilCofGhe b ODMMECHIM RS AfOERdiRed RilI33n e lltgran%'éGSéED for

was added and the reaction nmixture was stirred in the
iesamplet Mdlenulg Glouing A NalBratofyyMamug], 21 B3R56l. h/Spmheaenk,

HR B et bl shing Pt SRl P LGN ronine

Wadliiees [ ehd DA Ne (6Veled!, € 983)d OLigba M dtRle @ nthERR (M. J. Gait
3ueous | ayer was extracted wth CH2C12. The conbi ned
&

géﬂ$® Maillis et aleld - FricatiNgi #A8NA2TDiudeig AcihHlyhtidizaten (B.
[ﬂr orm 'QQ st B%&%ﬁg%dgfﬁ%ugtm%éhﬁ ibf AN ation (B.D. I-fames

ogr aphy usi a mxture of pentane
a6t hitipgiak kds. d684)5 C2ltuge OF Ahfm{1Zalist(Rot. (Hreshyy,-Alan R Liss,

L Tl e P T b
EP'%&%QI' G@ldlé]ﬂo MBRepMt e higs t1984) the treatise, Methods In Enzymology

(2-Nitro-phenyl)-imdazo[ 2, 1-b] t hi azol - 3- y1Fnet hano
I(AcaBBnimgress. 158., NoY pnGkie Neamstir ¥Solovebod Magnatlandiells (J. H.

VR RN Por1os Bt o P Cold B aBenT boiad R fiihegnn

tEheyBREY] UBIsM 54 sHE1 YRV UWRE AEedd 0 IhARNbLEIRINEAINEIheds In Cell
and stirred for 15 mn. It was then quenched wth

kﬁrnwobaqulaéﬁwlagx eayigriand WVplogrz edsthacadsrtie Rerss dreienc1987);
85(? I%l\ﬁf 3 ngéﬁrlelgl}t 12%@& M elgm%fl lt)tr lg/fr S’gfﬁ' gnd C 8

rBla’c&dve\h}L eds. 61986) Qﬂaxﬁbﬁl@ﬁh@ﬂfﬂlﬂo\d&dhnﬁr@(@éld@‘pnng Harbor

triethylam ne and 0. 14 nL of
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
purposes of illustration of certain aspects and embodiments of the present invention,

and are not intended to limit the invention in any way.
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nmor phol i ne. The reaction mxture was stirred at room
tenperature for 18 hours. The next day, it was

woQomzBkdssat ed and the resulting residue was pactrjuskasnor 771
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bet ween CH2C12 and water. The organic |ayer was dried
(Na2SO4) and concentrated to afford essentially
guantitative yield of the product. This naterial was
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dnepakation efif-olitrp-Rirenyhdplidezo[ 24 thifipzelerd-carboxylic acid
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2008/ 156866PCT/ US2008/ 007771 and filQ,8red. The
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(-

2-(3 oy W' n- 4- yl et hyl i m d@zo
henyl ne. Preparation of Corjpetnd 1

25L3/ Pyridyl)-4-methylthiazol g 5-carboxylic acid (0.61
g, 248 nmol) was 10 di ssol VT \.n thionyl chloride (2
m.) and the m xture was stirred with heating (82 C, 3
hours) . Upon cool i ng, the sol went was renoved and the
resi due was dried under high vac. The acid chl ori de
Vn\?i E)\I;ivg\r% etyﬁlr%glﬁng%l &eofet ¥ %ogmfr%{ azo?e 424§ %91%%‘1(60%@}-

BloSsno0phH® hiom)OMEsI ﬁh)’)ke)dl witklag ell2oflmbihtyhethzDketéne along with 2-
pani | ine (0.87 e reaction was

pnec earqasetﬁPlﬁrmﬁ\&%m&s P&ﬁ?%m%}a Hhyy regegiqn, mipdurgiwas stirred
Uﬁﬂeﬁ%hH& rd. 1tws‘ﬁ§{jc ‘Mléﬂo%&ﬁqgﬁﬂkﬂertaﬁﬂg ax'i(hﬁltered to

resul ting so was tered and was
acdopve somad ofmhe kalids. . Thchigltiaed wak cumsetrateditot affoadl BAi0dg of 6-(2-
0.97

i p Aot Rimi98fos2 1 R hralsrarreraoysli ACid £5pS bR Mo gl H =

388).y! ) pheny1l) - 2- (pyri di n- 3-yQ hi azol e- 5- car boxani de.
The HC1 salt form of
4- et hyl - N- (2- (3- nor phol i nonet hyl )i m dazo[ 2, 1-

Preparation of [6-(2-nitro-phenyl)-imidazo[2,1-b]thiazol-3-yl}-methanol:
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6-(2-Nitro-phenyl)-imidazo[2,1-b]thiazole-3-carboxylic acid ethyl ester
(14.50 g, 0.0458 mol) was mixed with 100 mL of THF and 100 mL of water

containing 7.3 g of NaOH (4 eq). The reaction mixture was stirred at room
temperature for 18 hours. It was then concentrated. The aqueous layer was washed
once with CH,Cl, and then acidified with 6 N HCI. The solids were collected by
filtration and dried to afford 7.4 g of the acid intermediate. This material (7.4 g,

0.0256 mol) was mixed with 200 mL of anhydrous THF along with N-
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20b] t hi azol - 6-yl ) phenyl) - 2- (pyri di n- 3-yQ hi azol e- 5- car
boxam de was prepared by dissolving the product (0.16

WO 2908i186850% HC1/ CH3CN (4 nl). The sol ution wasptdeR2008/007771
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freeze-dried to afford the salt (0.17 g) as a
yel | ow-orange solid. Oher salts (sulfuric acid,
nmet hanesul fonic acid, maleic acid, phosphoric acid,
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and to _remve sone of the solids.
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6 (2 nitro-phenyl)-imdazo[ 2, 1-
b] t hi azol e- 3-carboxylic acid ethyl ester (Calc'd for
dreepapNBoMS:  3£8. 3 3-(3-merphofindrydmestigyimidlgzo[2,1-b]thiazol-6-yl)-
reparation of
[lgw?'%[ AMES- phenyl)-i m dazol2, 1-13] t hi azol - 3-y1] - net ha

. N HN .
6-(2-N|tro-pﬁ)é | )-imdazo[2, 1-b] t ij azoke 3-%a boxyl i c
i Nest g 4509,00458@Yhst '
@ er (100 nmb) 1 iNi
q). caction m xtdrewas/stirred at room
18 hours. W en concentr at ed.
The aqueous | ayer was washe ce with CH2Cl12 and then
aci di fd th .6 T i ds IIe b
FE1 br der e b an L 2251 S5 e SEGS mhel 1,58

iine e dielvedhih 95 il f Cal,C(, aléhOwith .1 B3 tiethylandse (0.330

taken up i n anhydrous THF (200 nL) along with N
hanesulfonyl chloride (1 eq, 0.12 mL) was added and the reaction mixture

was warmed to room temperature and stirred for 15 min. It was then quenched with
brine and extracted with CH,Cl,. The combined organic layers were dried with
NaySO4 and concentrated to afford the mesylate intermediate. This material was
mixed with 6 mL of CH3;CN along with 0.33 mL of triethylamine and 0.14 mL of
morpholine. The reaction mixture was stirred at room temperature for 18 hours.
The next day, it was concentrated and the resulting residue was partitioned between
CH,Cl, and water. The organic layer was dried (Na,SO,) and concentrated to afford
essentially quantitative yield of the product. This material was mixed with 6 mL of
methanol and 1 mL of water along with 200 mg of sodium hydrosulfide hydrate.
The resulting reaction mixture was stirred under reflux for 6 hours. It was then
cooled to room temperature, diluted with 100 mL of absolute ethanol and

concentrated. The resulting residue was mixed with 20 mL of 9:1 CH,Cl,/methanol
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20nmet hyl norpholine (2.8 nL, 0.0256 nol) and cooled to
0O C. Isobutyl chloroformate (3.35 ni, 0.0256 nol) was

woadoedestgd t he reaction mxture was stirred i pctths2008807771
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bath for 3 hours. NaBH4 (0.97 g, 0.0256 nol) was added
as a solution in water (30 nL). The reaction m xture
was stirred at 0O Cfor 45 mn. It was then warnmed to

.38 %ltteférﬁg slfh%gﬂ{rgieaﬂp%_@%?%ﬁ&tt{i%toeaqfora- D AAPREEn 4 iflethyl-

was ex

2008z R6B6RREZILUSI00R B9lamide. The combi ned organic
| ayers were dried with Na2SO4 and concentrated to
afford the crude product. Purification by

r 1. uUsing a mxture of pentane/ethyl
ace? at e@a‘?ﬁ;&/ éld&g&)}b g of

[6-(2-nitro-phenyl)-imdazo[ 2, 1-b]thiazol 3- y1] mstha 0
| (74%vyield) (Calc'd for G 2H1 I N3CS: 245.3 ,
found: 246). A_Péleparatl on of

4-16- (2am enyl)-im dazo[ 2, 1- 131t hi azol 3- 3}1 th%/
|l pi per&zime oxyllc acid tert-butyl
[ 6-(2- J@\—FN/phe -inidazo[ 2, 1-b ] thi azoI

ol , 3.64 nmmol ) was dissol ved fm\ C12 (100 rTL)
aong with triethylamne (0.51 ni, 6 64Nl )

Met hanesul fonyl chloride (1 eq, O. 28\ﬁ1{) was added and
the reaction m xture was warned to roomtenperature

and stirred for 15 min. It was then quenched with 15
brine and extracted with CH2C12. The conbi ned organic

| ayer 2-(Rel widi)-ganethylthipgtsdraghosyie aeid {0 tged- & mmol) was

t el a
PR L TR e (S TR oo R Mo 2
GChoﬁﬂs)nUpoB c6dlimgrohg sdAn¢cht Bag r@hpeddaidtie (&&Qleﬁ@as (ﬁw@"under
aic ﬂ%ﬁ—.tl rred . at roomtenperature for 1 day
0

agyd, ghlorjgeswapthen suspapdes magmips Hyeémetqnﬁgﬁdded toa
méﬂo%%%% cpzﬁgt:a Winegs. gmﬁ)%ﬂﬁ%gthgg%gﬂd%z@m BRh&Lol-6-

The organic |layer was drie
¢bagine (&B2gd, 2. 6 rambhr dheseativh atdspubjeard it aticrowaye B’k‘&]ﬁlatlon

st ety Sqlybat yosruf i vish ST R B g solid

ag e Red(2A0y A¥Bd witherddRfotal inbhahS1ACHHeAR 1l Wes Wik dWe'Sfford
stirred under reflux for 24 hours. It was then cool ed

0(97rg)&$1%)@fp‘bﬂmthwld\1éad3mbﬁim%wl)iﬁﬁéamé%mmmwol -6-

o t 2 nm.) and extracted
%B?tﬁ M@“%% @gtn‘bazﬂ d§ 'S?rga’ﬁar%ld%ayer s were dried
Wit h mglam sancfoﬁﬂaﬁenﬁétﬁyleﬁ (Lq3ahbhdlikoA&hgl)@hidazo[2,1-
am no
PHL@&%? Zl)mh%TJYE)NéEWdIB 3yy1ﬁ@tqa9le#iyicﬁépmw@ was Paersssd by
L
L L e s DR
freeze-dried to afford the salt (0.17 g) as a yellow- orange solid. Other salts (sulfuric
acid, methanesulfonic acid, maleic acid, phosphoric acid, L-tartaric acid, citric acid,

and malic acid) were prepared in an analogous manner.

Example 2: Synthesis of N-(2-(3-(piperazin-1-ylmethyl)imidazo[2,1-b]thiazol-6-
yl)phenyl)quinoxaline-2-carboxamide (Compound 2)
Preparation of 6-(2-Nitro-phenyl)-imidazo[2,1-b]thiazole-3-carboxylic acid
ethyl ester:
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446- (2- Am no- phenyl )-i m dazo [ 2, 1-b] t hi azol -3

-yl met hyThpi perazi ne-1- carboxylic acid tert-butyl
woesigrsed66. 25 nmmol ) was taken up in 1 nL of pymricaiuseons07771

along 10with 1 eq (50 ng) of 2-quinoxal oyl chloride.

The reaction m xture was heated in a Bi otage m crowave

reactor (160 C for 10 min). It was then cooled to room

tenperature and concentrated. The resulting crude

product was purified by chronmatography (Iscg, gradient

el ution, CH2C12 to 95% CH2C12, 4% nethanol any 1%

triet hyI amn ®Hpurified product '? en S

with a soluti cont ai niMg 1525% tri N _uar ‘

(TFA) in 8_'2 12 (2 m.) for 2 hours. I/t was then

concentra and the resulting refidie was triturated

W th ethyl eter to afford the deswec product as the

5

TFA salt (Cakc'd for C25H23N70S: 469 , [ MtH] + f ound:
470). I HNVR (300 MHz, DMSO d6) 6: 13 (br s, 1 H,
9. 8 (Hn agtypitalHiup, @hﬁi(bmmsothihzbi)e fcboxylal (Qr’ng Q0129 mol) was

PLC yas perf or med
Titeoibig el S Foeur 28 M ong NS o mP L irgaegtaphnone
5 I@ I0I gO@Q) 15BBn (T 8Tﬁé"reﬁct'i6ﬁ ?fméthI% \meﬁ@dt{ﬂﬁew&hx tf&el18 hours. It

I'owi ng condi tions: O, nodified wth
I-Wﬁsnh@ emilet mboméelpha@elre alqhﬁitemi te lrmwrrsonfﬁ’/eMbe dol(cB The

' 5°/to9 radl 5%.t 0 0/ t
Ty o B 3 SR ot R bR 4T
) t‘h‘lhizbﬂ:tﬁ-ca@oﬁ 156 ddial BthyRest@nUa fdrrm4H,2813©£s m8.3 , N@+H]+
2008/ 156866PCTy / US2008/ (}),07771 Exanpl e 3: Preparati on of

Aok 3A9)2- pyridin-3-yl -thiazol e-5-carboxylic acid 12-
10 (3[1,2,41triazol-1-yhnethyl -im dazo[ 2, 1-bi t hi azol -6-y1
) - phenyl | -am de 5Preparation of

%@hmmﬂy J(zﬁn(rz-]metniyg ipkidnyd 2 ;1-bjthiazol 2 yl]-héihiahoRz
ol e: 0., NON

O }*f®

0]
§
6-(2-Nitro-phenyl)-imidazo[2,1-b]thiazole-3-carboxylic acid ethyl ester

(14.50 g, 0.0458 mol) was taken up in THF (100 mL) and water (100 mL)
containing NaOH (7.3 g, 4 eq). The reaction mixture was stirred at room
temperature for 18 hours. It was then concentrated. The aqueous layer was washed
once with CH,Cl, and then acidified with 6 N HCI. The solids were collected by
filtration and dried to afford 7.4 g of the acid intermediate. This material (7.4 g,
0.0256 mol) was taken up in anhydrous THF (200 mL) along with N-
methylmorpholine (2.8 mL, 0.0256 mol) and cooled to 0° C. Isobutyl chloroformate
(3.35 mL, 0.0256 mol) was added and the reaction mixture was stirred in the ice
bath for 3 hours. NaBH, (0.97 g, 0.0256 mol) was added as a solution in water (30
mL). The reaction mixture was stirred at 0°C for 45 min. It was then warmed to

room temperature and concentrated. The aqueous layer was extracted with CH,Cl,.
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To a solution of
[6-(2-nitro-phenyl)-imdazo[ 2, 1-b]thiazol - 3-yl]-net han

woebog(i68s69, 0.6 nol) in dichloromethane (1.65pck/usass/ 007771
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added SOC12 (400 nmiL, 5.5 nol) at roomtenperature. DW
(0.3 nL) was added and the reaction m xture was
stirred at 1030C (2 h). The reaction m xture was
ecinit. I
]?ﬂfét X g‘lt.;“ger#)fgﬁé‘ﬂg q‘a); ngfevcg'lceg O\In ﬁa%’ﬁi and Joﬁgén(?gt&iyto afford the

2rodd m'odllimt f?}dﬂlﬁﬁat(d&rlﬁy tHer}ah)gfaph)/-(Isco usmg a mixture of
|mdazo{ i azol e _as olid (174. 9, 99%
)Heg}aee/e hyl acetqip)ﬁfgergpqi 8r0E of 6 (2 mtro phenyl) -imidazo[2,1-b]thiazol-
t 0
&q n%{%élr%ﬂ ?ﬁkﬁ/‘a&%gﬁ(@ca LELHRARoSL- YA k- H PESRAC 246).
3 Chl or oret hy1- 6- (2-ni tro-phenyl)-im dazo[ 2, 1- 13] t hi az

e (64,0 2 N was di ssol ved in. DVF
%ep&aéwrb% %—Eﬁe(z%aem-ahewrl) -imtdazol 241-pjlthiazel- -s(lmytlaylb
; 'mqé ) and Nal (20 ng).
%ﬁééﬁagglg%li gn m %légéldgtg%mggtygt@slt?fed at room
tenperature overnight, and then at 35C (8 h). The
m xture was passed through a silica gel pad, and the
filtrate was Nconcentrated in vacuo to giye ‘a\yell ow

solicg le solid. was washed with et et @ gi ve
Y

- 3- N
[1%41 Vazo yl met hyl -i m dazo[ 2/1-b]thi azole as a
yell ow solid (54 g, 75% el d). MR (DVBO- d6, 400

): 8 5.75 (s, 2H), 7. 4o}t§,\;b4), 7.52 (m1H), 7.68

(m 251H), 7.79 (m 2 (s, 1H), 8.19 (s, 1H),

8.83 (s, 1H. WD 200%866PCT/ US2008/ 007771

Preparation of

2-(3-[1,2,4] Triazol -1-yl nmet hyl -i m dazo[ 2, 1- b] t hi azol -6

-y1l) - phenyl am ne:

6- ( 2- Not(2dNieephenyh) 3rdazol, i 1bi]ta'za@bL-1-yif]l-met11hy¢l (il ¥ gl Bz} mmol)

2. 1-plthi gzo 4 65 mmol SSO

St hisb Vel 18 e o Bt il R SRS St 3 2 mmmo).
M esknesaSomy atlordeq 1 29d0.baek )i Wisedded bid tHe. reérdﬁl%n mixture was
reaction m xture was stirred under H2 at room

teHTREd 4@ TraEn eznnfa%ye angrréirged dex | ominy K psdhepaguangled with
Rdma %ﬂ? %g{ré)cg&{]wﬂh% HlE2 9&4 c&%ne@ﬁ%&hQQaYérL We%gnmnh

concen I N VaC Ive a ye W SO
i, 50, aad covashiesteaitd hffen‘dhhél alesylateghteemediate. This material was

I h
%@%ﬁﬁ}%’ é&@k 'C%% rﬁ%ré% ”gf*ﬂlﬁbmgﬂqyga%ém(w &9-i 304 wenq)) and

%@ﬁihﬁjag}le (&(ﬁlﬂgf Rk Qﬁ}nglf) and stirred at room temlperature forl day The
4- Me 2-pyridin-3-yl -thi azol e-5-carboxylic acid

r&ction mlxture was concentrated and the resulting residue was partltloned between
o TR T YRRl e I BRAL A BRI B3 %onGentiblea to

afford essentially quantitative yield of the product. This material was taken up in

methanol (6 mL) and water (1 mL) along with sodium hydrosulfide hydrate (200
mg). The resulting reaction mixture was stirred under reflux for 24 hours. It was
then cooled to room temperature and concentrated. The resulting residue was diluted
with water (2 mL) and extracted with CH,Cl,. The combined organic layers were

dried with Na;SO4 and concentrated to afford 0.90 g of 4-[6-(2-amino-phenyl)-
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15A m xture of
2-(341, 2,4]triazol -1-yl net hyl -i m dazo[ 2, 1- b] t hi azol - 6-

woyd)s/1spdeeny!l am ne (60 g, 202 mmol ), PCT/US2008/007771
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4- et hyl - 2-pyridi n-3-yl -t hi azol e-5-carboxylic acid (54
g, 245 mmol), HATU (154 g, 405 mmol ), and DI EA (132
nm., 800 nol) in DMF (850 nL) was stirred at room

PSP By Bt 9 8 GRS
f(iQatodfor @3, HuisO£3d 4'\115‘1 pMH-BlIg€od(d: guant i ty of wat er,

acet one, nethanol and DCM t o give a white solid (79 g,
79 %yield). The solid was recrystallized fromacetic

| ] at. Na2CO3 solution (1.0 Lx 2),
\Rﬁeg?rw(?‘d%%bg{lﬁgzbl (1.0 L), and dried in a vacuum
oven at 76 WD 2008/ 156866PCT/ US2008/ 007771 45C
overni ght to give
4- et hyl - 2- pyridi n-3-yl -thi azol e-5-carboxylic acid [2=
(3[1,2,4]triazol -1-yl nmethyl -i m dazo[ 2, 1- b] t hi azol - 6N¥1 N
) - phenyIFan1de as a white solid (62 g, 62%yield).

1HNVR (DVBO-d6, 400 MHz): 8 2.79 (s, 3H), 5.78 (s, o
2H), 7.22 (m 1H) 7. 35N(m 1H) 7.51 (s, 1H), 7.60

(m 1H), 7.79 (s ) 58.04 (s, 1H), 8.3

(m 1H), 8.41 & J=8.0Hz, 1H), %
1H), 8.86 (s, 7 19 \ 1H) 12.78 (s, 1HN\ N/

ESI - IV5: 1) 521. 4(M+23(Na)). The HCL salt of

4- mePRyl N 2- py¥i di n- 3-yI - t hi azote- 5- car bokyl IN"aci d [ 2-

(3] 1, 2 4] 'azol-l-ylmethyl-im'dazo[Z,T[\I i azol -6-yl
) - Ryl Fani de was prepared 10 by suspending 5.20 g of
the free base in nethanol (350 mL). To this was added
AN HC1 (35 nL), and the m xture was heated until

di ssol ution. The solution was cooled to -78 C and
dried via | yopholization to afford

L PSR 0L 1SS IR k-
-qaﬂt)oxphe ayidtert-buoiyd esteﬂ—szﬁimOll wadfakgn) upsn & mylebf pyvldme along
%%léllp é@ﬁ ig(i) EEéSI n.glg%uffnoxglaol Cl"lzlc())lr‘l t ll“ger:] reagt(l;crnie renrl])l(thge va\}arllsdheated in a
Biotage microwave reactor (160 °C for 10 min). It was then cooled to room
temperature and concentrated. The resulting crude product was purified by
chromatography (Isco, gradient elution, CH,Cl, to 95% CH,Cl,, 4% methanol and
1% triethylamine). The purified product was then treated with a solution containing
25% trifluoroacetic acid (TFA) in CH,Cl, (2 mL) for 2 hours. It was then
concentrated and the resulting residue was triturated with ethyl ether to afford the
desired product as the TFA salt (Calc'd for C;sH,3N;0S: 469.5 , [M+H]+ found:
470). "HNMR (300 MHz, DMSO-dg) &: 13.9 (br s, 1 H), 9.8 (brs, 1 H), 9.6 (brs, 1
H)8.9—-7.2(m, 11 H), 4.8 (br s, 2 H). The analytical HPLC was performed on an
Agilent 1100 Series HPLC equipped with a 3.5 um Eclipse XDB-C18 (4.6 mm x
100 mm) column with the following conditions: CH3CN/H,O, modified with 0.1 %
Formic acid mobile phase. Gradient elution: 5% hold (2 min), 5% to 95% gradient
(11 min), 95% to 5% gradient (0.3 min), 5% hold (2.7 min), 15 min. total run time.

Flow rate: 0.8 ml/min. Retention time = 3.04 min.
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Ei ght acceptable (Regul atory and pKa) salts were nmade
of Conpound 1, nanely wth hydrochloric acid, sulfuric

wo20oghsesret hanesul fonic acid, nmaleic acid, phogphiarsensoor771
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acid, L-tartaric acid, citric acid, and malic acid.
The resulting salts or the 20free base were then
screened on: 1) Processing, norphol ogy, polynorphs; 2)
Crystal shape, single stable polynorph; 3) Physical
stability; 4) Open dish accelerated stability (40
ExttniplRBY) Prapatatdbyf BMuthyled:pyvidiat35pbihiaiodans-carboxylic acid [2-
Eiéﬁure 1 di stI ays the Differential Scanning )

ot Fhisiesal-Ioxbaieghnl-dwidazel Zhrbithiezelc-yynheny Gramide
Compound 1, which show snmall endotherm c transitions
around 111C and 192C. The Thernogravi netric Anal ysis
(Preparatimmul ft3s Chhnho omttleyleo-( B Qitgepbenyl)limidazo] 2, hdh] gtiszader
heati ng, potent idatxll y associated with | oss of sgINent S

2 2

(rmost likely due2t' g water | oss based on the
hygr oscop'st\ptﬁi‘f ure the this HClL salt) S\I?@HN no
wei ght | oXs ppvght S\cofrespond to the i degt hfiZd
transition tenperatures at WO

2008/ Mx®866PCT/ US2008/ 007771 111C andcii92C. Therefore,
these two DSC thernmal events appear to be associ ated

wi t h s @eelpten piive(2-pirasdeaamgidazoRatbitbigrel- Silgesthanol
X hing _ ;
(18504 AP ARRL AR 10, fRe8 SO FRTESS mob

irdéthaerhperatuge. ARAPRPS3ShL) oMas addddamdaha batticmhiix tubdwadistRred at
2 denpnstrates that the free base form of Conpound 1

RAsC & B)- deacastigprmsine waggesled i 05360d iy RRcipyate was

. . nal 3 . j ] )
EPROGLED P B phioR AT ook BieRlc - ORERL PR BT plemy)
D3Clazp[ 2TIGA| thimgolletas a whiteagopiddt 3 goapuned]l exi sts only
as a single phase (i.e. no polynorphs) over the
thernal range eval uated. 10Potential pol ynorphic phase
FRPILTIoAVAT6- (2Rt BPhTRY ) 33N9E 4 REiaPol-1-1 BREthy REmARED[ 2, I
Figure 1 above for the 1 salt, could |l ead to changes
thdthiszolelr ug subst ance under common storage and
pr ocessi ng cS:Qndi tions. Since the polynorphicgy

transitions?cen _have significant effectss on, 2

di sspiuton and Ki oavailability of the drgEg uce
it agt i C. o select forns of the g/subst afice
that /mi nimze or 15elimnate the patential for phase

Sitions. Therefore, the resul\‘\tf NTom Figures 1
=N

3-Chloromethyl-6-(2-nitro-phenyl)-imidazo[2,1-b]thiazole (64.0 g, 0.22 mol)
was dissolved in DMF (600 mL), followed by the addition of 1H-[1,2,4]triazole
(30.4 g, 0.44 mol), K,CO; (91.0 g, 0.66 mol) and Nal (20 mg). The reaction mixture
was stirred at room temperature overnight, and then at 35°C (8 h). The mixture was
passed through a silica gel pad, and the filtrate was concentrated in vacuo to give a
yellow solid. The solid was washed with ethyl acetate to give 6-(2-nitro-phenyl)-3-
[1,2,4]triazol-1-ylmethyl-imidazo[2,1-b]thiazole as a yellow solid (54 g, 75% yield).
'H-NMR (DMSO-d6, 400 MHz): & 5.75 (s, 2H), 7.40 (s, 1H), 7.52 (m,1H), 7.68 (m,
1H), 7.79 (m, 2H), 8.05 (s, 1H), 8.19 (s, 1H), 8.83 (s, 1H).
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and 2 taken together indicate the the free base form
of the drug is superior as a drug substance based on

woi2oss/apgsar ent single crystalline form of Conpegntisiesno7771
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Exanple 5: In Vivo Testing 20The purpose of this
exanpl e was to conpare the efficacy of Conpound 1 in
salt and free base fornulations in two di fferent nouse
d. o
4B Pasfon B LEHGE A bl - YREBEEdER) - B RHol S
Qﬂteﬁymnﬁmei t hrough the experinment of efficacy. For
the diet induced gbesity nodel, six week old C57BL/6
mal e m ce 25(CharcP Ri ver Labs) were fed a hi gh'rat
di et (60% Nes ~
appr oxi mat NS/
apprOX| mately 40 g. Test conpounds were adm ni stered
dallym’/l;a ral gavage at the indi caNe//d\,qI es. The.
vehi cl=eyused was 2% HPMC and 0. 2% DASSy | ndi vi dual
nouse body wei ghts were neasured tw ce weekly. Every 2
weeks @-{p- Nughphlényﬂ)ﬁ@-[immjmazm D-@'lrﬁétﬁm @aidhzo}g Fb]tmazole (54 g,
were bled via the tail det erm nati on of

dion dygel) VStSéiessgmeéam eﬁ‘ﬁﬁ‘l’lﬂlosulvapsd/@éh%%e?% &) was ﬁ‘bdefihénd the

30 P8 BTt PB4 P PR GRSy g red uncer

dbmp acars demparatton( ddysy Sihegeactidn mneture $/ad @si.passed through a

ichashph anp e MR ey el Briactp b E ARy ow solid. The

RBRA R4k HaSEed WK K@ldho MoGBvd @-’(‘3 | aCHiriagPLi S}Iméﬁyl imidazo[2,1-
i nportant satiety protein that neurol ogically signals

tbiihiazn6-0f)-phenylaming e a lyelbow sokidr{#6eag, 990 yisldlonozygous
and a heterozygous strain is included as a control
(Ob/+); this group should not show i ncreased wei ght or

mr@pﬂlragiouwsaeMeaﬁyldﬁpfymm-Bm tARzORLs-e4 iRy Ec /tidljel ng
high fat diet. ound 1 in the free base

f(élrlra,mgawehthb&blmmatlhe Bbithiazabp-yDrabendsamide:of
the bl ood gl ucose test for the free base_of Conpound 1
at 100 ng/kg/day 10 was simlar to tha /o\ resveratr ol
at 1000 ng/kg/day, netformin at 400 nghkg/ _Mod
Compound 2 at 100 ng/ kg/ day, which all exhibilte
significant reductions in blood glucose fromSigkk 2

onwar ds (Figures 3-5). The results of the blood/~0
gl ucose test Hgt Conpound 1 was simlar to thatNof

resver as~oLN net m n and Conpound 2, whi‘,ohl al |

exhi bi Qed’ si gt t reductrTons™in bI @
week 2 ds 1 igures 3-5). For the gounda
qOuR-at weeks 2 and 3, the p valye> | ess than .01,
a\signi fi cant decrease fromthe v&hicle group. Wi le
t he bl ood gl ucose renuai ned | ower thih the vehicle for

the V@?Kmﬁ‘tufeegf 919G P24 HBSb1- 1Iﬁ%et%'ygﬂhfd'aE@{QCleb]W%zdeﬁ?l)
for Conpound 2 and resveratr ol

phenylamine (60 g, 202 mmol), 4-methyl-2- pyr1d1n -3-yl-thiazole-5-carboxylic acid
(54 g, 245 mmol), HATU (154 g, 405 mmol), and DIEA (132 mL, 800 mol) in DMF

(850 mL) was stirred at room temperature overnight. TLC indicated that the reaction
was complete. The precipitate was collected by filtration, washed with a large
quantity of water, acetone, methanol and DCM to give a white solid (79 g, 79 %
yield). The solid was recrystallized from acetic acid, washed with a sat. Na,CO;

solution (1.0 L x 2), water (2 L) and ethanol (1.0 L), and dried in"a vacuum oven at
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Compound 1 dosed at 100 ng/ kg as the free base showed
i nproved potency 20in the ob/ob nodel, as evidenced by

woRo@is6s566- 8. During week 1, there is alreadypar/us2008/007771
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30

decrease in bl ood glucose of alnost 60 ng/dL fromthe
vehicle group. This trend continued for the fasted
gl ucose at week 2 (Figure 7) as the Conpound 1 group

| <3 S
PG S el Ao HERS R GATRAL T e b cid 12
t(8RlL 3 4]t {1 - yiadetiey 1 iasd dze 51 -bitaiazolBOY ) phehiijtamide as a white
d trated 25 hij ghl ignjfi t { f
Cemnetc 98, 0 20 ARl LT L5e ekt n o
IROr aset I ) WesK (i, 11H19TA qﬁslﬁ)é%é%gﬁﬂﬁ.ﬁ%,ﬂ%)ﬁm, 1H),

decrease re gtlve to the vehi cl
Sebisd1 B)/80i8 @ pldt), et t(s,diH)e 8 tSUy(d c.o+80@k z,d )CB.TP gonp iH), 8.86

Too o 8 B 7 ol RN EresGR0 Tror ok S 20
fasted bl ood glucose data is shown in Figures 9 and 10

respectively. EQUI VALENTS The present
i nventTherH @l salti afelsmathyhd -mytridan-3 tithiggole-5-carboxylic acid [2-

Lrtuin-activati conmpound d hads of e

Rp S e S h Rt <09 By 3B ide vas prepared
iby\akidn@ihg R BE R fidcSivdds HiethetHall6] @BOYIEL)S PRFthid wal ddded 4N
is illustrative and not restrictive. Many variations
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Figure 1 displays the Differential Scanning Calorimetry (DSC) results on the
HCI salt form of Compound 1, which show small endothermic transitions around
111°C and 192°C. The Thermogravimetric Analysis (TGA) results indicate a
general loss of weight on heating, potentially associated with loss of solvents (most
likely due to water loss based on the hygroscopic nature of the this HCI salt), but no

weight loss events correspond to the identified DSC transition temperatures at
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1, wherein the conmpound is represented by

ni trogen-contai ni ng heterocycl yl nethyl group; 10R2 is
-Hor -CH3; and R3 is an unsubstituted pyridyl group.
2. The conpound of claiml, wherein Rl is a
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Fodaothemni kevgnt at 236°C which is associated with a single, crystalline melting
point. Since no other thermal transitions are observed in the DSC or TGA results, it
appears Compound 1 exists only as a single phase (i.e. no polymorphs) over the
thermal range evaluated:

Potential polymorphic phase changes over the thermal range of 0 - 125°C, as
seen in Figure 1 above for the HCI salt, could lead to changes to the drug substance
under common storage and processing conditions. Since the polymorphic
transitions can have significant effects on dissolution and bioavailability of the drug
substance, it is practical to select forms of the drug substance that minimize or
eliminate the potential for phase transitions. Therefore, the results from Figures 1
and 2 taken together indicate the the free base form of the drug is superior as a drug

substance based on its apparent single crystalline form of Compound 1.

Example 5: In Vivo Testing

The purpose of this example was to compare the efficacy of Compound 1 in
salt and free base formulations in two different mouse models of diabetes, a diet
induced obesity model (DIO) and the Ob/ob mouse. Blood glucose was the main
determinant through the experiment of efficacy.

For the diet induced obesity model, six week old C57BL/6 male mice
(Charles River Labs) were fed a high fat diet (60% calories from fat; Research
Diets) for approximately 6 weeks until their body weight reached approximately 40
g. Test compounds were administered daily via oral gavage at the indicated doses.
The vehicle used was 2% HPMC and 0.2% DOSS: Individual mouse body weights
were measured twice weekly. Every 2 weeks throughout the study, mice from each
group were bled via the tail vein for determination of blood glucose. Statistical

analysis was completed using the JMP program (Version 6). Data were analyzed by
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Compound 1 in the free base form was then tested in the DIO model. The
results of the blood glucose test for the free base of Compound 1 at 100 mg/kg/day
was similar to that of resveratrol at 1000 mg/kg/day, metformin at 400 mg/kg/day
and Compound 2 at 100 mg/kg/day, which all exhibited significant reductions in
blood glucose from week 2 onwards (Figures 3-5). The results of the blood glucose
test for Compound 1 was similar to that of resveratrol, metformin and Compound 2,
which all exhibited significant reductions in blood glucose from week 2 onwards
(Figures 3-5). For the Compound 1 group at weeks 2 and 3, the p value was less than
.01, a significant decrease frbm the vehicle group. While the blood glucose remained
lower than the vehicle for the week 4 fed glucose test, the significance was lost for
Compound 2 and resveratrol.

Compound 1 dosed at 100 mg/kg as the free base showed improved potency
in the ob/ob model, as evidenced by Figures 6-8. During Week 1, there is already a
decrease in blood glucose of almost 60 mg/dL from the vehicle group. This trend
continued for the fasted glucose at week 2 (Figure 7) as the Compound 1 group had
158.3 mg/dL glucose compared to 285.3 mg/dL glucose in the vehicle group.
According to ANOVA tests, the p value was less than .0001, which demonstrated a
highly significant reduction from the vehicle group. Although the blood glucose
values increased in week 3, there is a significant (p<.01) decrease relative to the
vehicle groups.

A second ob/ob experiment directly comparing Compound 1 as the free base
vs. HCI as well as Compound 2 all at 100 mg/kg was performed. The one week and

two week fasted blood glucose data is shown in Figures 9 and 10 respectively.

EQUIVALENTS
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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.
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CLAIMS:
1. A compound represented by Structural Formula (III):
3
0] S \‘/ R
N
RN
RZ
S\‘%N
\ N /
R (11D,

or a salt thereof, wherein:

R is —H or or —CHj;

R'is a substituted or unsubstituted nitrogen-containing heterocyclylmethyl
group;

R?is-Hor —CHs; and

R’ is an unsubstituted pyridyl group.

2. The compound of claim 1, wherein R' is a heterocyclylmethyl group
containing a nitrogen atom and optionally a second heteroatom selected from

nitrogen and oxygen.

3. The compound of claim 2, wherein R' is a (substituted or unsubstituted non-

aromatic heterocyclic)methyl group.

4. The compound of claim 3, wherein R' is a morpholinomethyl group.
5. The compound of claim 1, wherein R' is a 1,2,4-triazolylmethyl group.
6. The compound of claim 1, wherein the compound is represented by

Structural Formula (IV):
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R? (IV).
7. The compound of claim 6, wherein R' is a heterocyclylmethyl group

containing a nitrogen atom and optionally a second heteroatom selected from

5  nitrogen and oxygen.

8. The compound of claim 7, wherein R' is a (substituted or unsubstituted non-

aromatic heterocyclic)methyl group.

10 9. The compound of claim 6, wherein the compound is represented by

Structural Formula (VI):
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10. A compound represented by Structural Formula (V):

7 |
gEe
o)

(VD).

V),

5  or a salt thereof.

11. The compound of claim 10, wherein the compound is a free base.

12. The compound of claim 10, wherein the compound is a salt.
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13. A pharmaceutical composition comprising a compound or a
pharmaceutically acceptable salt of any one of the preceding claims and a

pharmaceutically acceptable carrier.

14. The composition of claim 13, wherein the pharmaceutical composition is
pyrogen-free.

15. The composition of claim 13, further comprising an additional active agent.
16. A method for treating or preventing insulin resistance, a metabolic

syndrome, diabetes, or complications thereof, or for increasing insulin sensitivity in
a subject, comprising administering to a subject in need thereof a therapeutically

effective amount of at least one pharmaceutical composition of claim 13.

17. The method of any one of claims 16, wherein said compound increases at

least one of the level or activity of a sirtuin protein.

18.  The method of claim 17, wherein the compound increases deacetylase

activity of the sirtuin protein.

19. The method of claim 17, wherein the sirtuin protein is a mammalian protein.

20. The method of claim 17, wherein the sirtuin protein is human SIRT1.

21. The method of claim 17, wherein the compound does not substantially have
one or more of the following activities: 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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