SI RTU N MODULATI NG | M DAZOTHI AZOLE COMPOUNDS RELATED APPLI CATI ONS
This application clains the benefit of U S. Provisional Application No.

60/ 936, 633 2héd BsssUne 20, 2007, the contents of which ted by
reference |On tf/1e?8r6 entirety. BACKGROUND The Sil en?&%/dfsgtrmrrg)??zfr;l‘

Regulator (SIR) famly of genes represents a highly conserved group of

genes present in the genoghgypl vBbGHIIREEIMI BRI HRLRHAebact eria to
a variety of eukaryotes (Frye, 2000). The encoded SIR proteins are invol ved

in diverse processes fromregulation of gene silencing to DNA repair. The
proteins encoded by nenbers of the SIR gene fam |y show hi gh sequence
conservation in a 250 am no aci d core domain. A well-characterized gene in

this famly | , Which is involved in silencing HM I oci
1Y RELRTIS WPPICRIIORS . o

t hat cont ai i nfor on’specitying yeast mating type, telonere position

effects and cel | Bgh agpl{catiad enimds thtARBefikeeb st Paivisi@tal alpplicdti9No.Shor e,
2000). The yeast Sir2 prot ein belongs to a fam of, histori c deacet yl ases
(revi ewed. | 1600 eh B1edaio00 20 FIOHe oDyt offuhich w2 IngHBP BIES TooiSREreRSy

Sal nonel | a t;. Qlﬂéf'&ft functions as an NAD (nicotinam de adeni ne

di nucl eot i de§{ epenée t ADP-ribosyl transferase (Tsang and

20Escal ant e-B@CKGROANDI98) . The Sir2 proteinis a class Il

deacet yl ase whi ch_uses NAD as cosubstr , 2000;

2001; Smith et alThe %élnf?a’ﬂ%?n %?g“i?tor ?Siﬁbgamn&%ﬂ n&ﬁaem%dm)

Unl i ke ot hercoﬂ@é}g&f Ylo5 6P eﬁ@ryes@lt Mﬂh@gerﬁﬁﬁes' JPREM RN AnBRBErcHh! enC' ng,
Sir2 is insensitive to cl § and 11 hi'stone deacetylase inhibitors |ike
25t ri chd$t atdrchagb{ctSa) to(al met;ecf aikaryochGGryiaﬁ@Q)yTbe emdoded MM ProteiBaiareh et
al ., 2000). dDe(fcet%/l ation acet%h ﬁ i ne Si rg ' ti tI coupl ed
Fo” Nab hyar dnyalved PSR pihsesiee Bornaition Hhed ibaring f bA ki Fpfoe
conpound (Tmﬂféfns%c@ded by2R08bels VT YSIR gétle famAYARGW hi@Nsyquaisd Moazed,

2001). The D- dependent "deacetyl ase activity of Sir2 is essenti al for its
functi ons whionkereatipncio ﬂr?é@tanillng aguidiont defneial Arwelechdradtededd gengin Hes abol i sm

7 vesst ( CHbanes, 208l S Sl o OB BB o R BN
acti vi t 5(i naforeatiéh specdOHG; yedsd rhitirgt typé,.teloﬂﬁ@@ﬁosﬂﬂ&ﬁéffects and cell aging
(Guarente, 1999; Kaeberlein et al., 1999; Shore, 2000). The yeast Sir2 protein
belongs to a family of histone deacetylases (reviewed in Guarente, 2000; Shore,
2000). The Sir2 homolog, CobB, in Salmonella typhimurium, functions as an NAD
(nicotinamide adenine dinucleotide)-dependent ADP-ribosyl transferase (Tsang and
20  Escalante-Semerena, 1998).
The Sir2 protein is a class III deacetylase which uses NAD as a cosubstrate
(Imai et al., 2000; Moazed, 2001; Smith et al., 2000; Tanner et al., 2000; Tanny and
Moazed, 2001). Unlike other deacetylases, many of which are involved in gene
silencing, Sir2 is insensitive to class I and II histone deacetylase inhibitors like
25  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
30  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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WO 20081156866PCT/ US2008/ 007771 i nformati on about Sir2 nediated functions
cones fromthe studies in yeast (Grtenberg, 2000; Gottschling, 2000).

Bi ochem 6gp 54sv@kgg have shown that Sir2 can readily deag@ipsh@kBoiPE
amno-termnal tails of histones H3 and H4, resulting in the formation of

1- 0- acetyl - ADP- 5ri bose and nicotinam de. Strains with additional copies of
SIR2 display increased rDNA silencing and a 30% | onger |ife span. It has

recently been.shown that _addit,i on copies of the C el.egans SIR2 honol og,
sir-2.1, andnnfpﬂ’éatf?n %P&“Lﬁggz%etdéase‘gé\nftég‘bse‘??@“eﬁ@ P S&%Bﬁ’d’ Xe’la?ﬁe span in

t hose or gani(@ﬂﬁenb‘Elﬁ%,QObO’;DGJ)@s%hIng’gtzobbﬁ SI R2- dependent regul atory pat hway
for aging arose early in evolution and has been well 10 conserved. Today,

Sir2 genes are bdipeheaical stuseschasg shaer thad St isam ceaddy dgaesaylptetheamugtt h and

stress resistance.t.0 ificrease  its ance..of . survd vi adviersi Ly,

SIRT3 is a ?\%) agéalgﬂsf(’%lmesﬁllu%?nq gﬂt%aﬁ@g%é%&ﬁerfog?%%élr(%f éacgfy?'él'Ae%%ar yot es
(P. Onyango rdbseéddnd, nibstdtamibetStraiiCaith additiondV2bpRY of $ BED3rsR0 Mikcré282) ) . The
SIRT3 protein is targeted to the mtochondrial cristae by a uni que domain

15! ocat ed atDNdesinewging @s30%6lquesr hitesspRnDi hge prasady begn drosinthefeacet yl ase
activity and ik I QU I [ tigcularl y.i i |y
active ti ssgggl.ﬁotfjg%ﬁg#rs tz(i)(rP\s eeér(' Q?éc(é)ap ggﬁ%ﬁjp %@ﬁ%’ﬁd%f%ﬁ’éﬁ% ]?Eﬁjg@ﬁ#%a\%géé to be
cl eaved i nt dSa2gend beatly agiehd Hfd pamidyholde ot daaishon drhisdmpibdsithat tipg SRS S| ng
pepti dase (MPP) (B. Schwer et al., J. Cell Biol. 158:. 647-657 (200231).
20Cal ori ¢ r d&psdent rggulptory palbivay fenaeindaross exlyzn syehtioniagdihanberpevelhe

heal th ad_ eXh@nske! Nodhl,{SPPaheS b BIIDLPI MR Gved B0Mantegpt i fe span.

| i ke that of netazoans,”is afso ext y I nterventions that resenble
cal ori ¢ r esbrganisndnheadthcndasessaesiglanco®ancréae it chaovesfsurhaingdiversitpast and

flies lacking th ne do i ve l.onger en calorically restricted
provi des evi gencgnﬁ;gt% %ﬁ‘i@?ﬂ’ééﬁgéR{%&]?aét‘%Coqﬁgw\fgﬁén B fxoé‘?saﬂnd%eal th
effects of thidystestr. (MHRES OMIEPr&. Natl2R83. 3¢ @%@9@?9?5309363@,(2@6@51) :

I
Moreover, nutations that reduce the activity of the yeast .
gl ucose- r esgonsSIRE3 prNFin(iatiegeted toethg misichomdrop lusiph by @) unigysedodeam (Pl CA)

A D L R
cal ori ¢ resthd Ghipdiquiubivaxpldssdd, phrtidhlarly 20 thktaboBBallyAdMVBRYs s 0Updad herei n
A OVl S st o The itachondria SIS s belioved 1o be eleaved ifto a smaller, aciive
form by a mitochondrial matrix processing peptidase (MPP) (B. Schwer et al., J.
Cell Biol. 158: 647-657 (2002)).
20 Caloric restriction has been known for over 70 years to improve the health
and extend the lifespan of mammals (Masoro, 2000). Yeast life span, like that of
metazoans, is also extended by interventions that resemble caloric restriction, such
as low glucose. The discovery that both yeast and flies lacking the SIR2 gene do not
live longer when calorically restricted provides evidence that SIR2 genes mediate
25  the beneficial health effects of this diet (Anderson et al., 2003; Helfand and Rogina,
2004). Moreover, mutations that reduce the activity of the yeast glucose-responsive
cAMP (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).
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In one aspect, the invention provides sirtuin-nodul ati ng conpounds of
5Formul ae | through VI as are described in detail bel ow I n anot her

aspect, g hetVBMes0n provides nethods for using sirtuig@qﬂghﬁk@g@7}n

conpounds, or conpostions conprising sirtuin-nodul ati ng conpoun
certain enbodi nents, sirtuin-nodul ati ng conpounds that increase the |evel
and/or activity of a sirtuin protein nmay be used for a variety of

t herapeutic i i,ons 10i ncludi ng, for exanple, increasing the |ifespan
of a cell, éﬂ@£hgég{¥ng and/ or preventing a wide variety of diseases and

di sorders incl udi pigyide@heRNRER veHlifBRSBSI@htiSE ShHRINYs hed Aleftbds @fags ng or
stress, diabetes, obesity, neurodegenerative diseases, chenotherapeutic

i nduced neurtbprgbfiy, neur opat hy associated with an i schem ¢ event, ocul ar
di seases and/or dj sorders tﬁardiovascu ease . ood cl

| ar di ttin
15di sorders, infl (PR HRFPSPUY 8%%?41‘35 e "&'mdgufattlﬁlignc?rrrrl@ Il,ﬂg(%ﬁl ng
conpounds t hedrmuler eaFSudhel heMmeldesdibedlin a6tail beloyv.of a sirtuin protein may
al so be used for treating a disease or disorder in a subject that would

benefit from i ncriaanetherninseh shainyantiancrrovides methods &rising siguiRuscl e
per f or mance, fg@l?lgt'il?gccréogrﬁlu}zdun gﬁar%z&:%gne oégopnsl c%\é%n%%%orrtlﬁig-rméi({u?ﬁrigcgwgﬂnqugds.l N

preventing i SOCI at ed "W ypoxi a or

200t her  enbogli ¥RBiInSemBydirhihts,- JiReinlrabdulgtingoeammpoiads tHatinctase drdevdlhadloevel
and/or activity of a sirtuin protein may be used for a variety of

t her apeut i ¢ asfipity ehe SN Preteinamaybe yseel Tesavasicdy of herapgeliGepRlispiionsar
sensitivinty . ress,.. eas.i.ng. -0S] t r

stiml aton BRuEhEeRE e REleCRTAGBRPLRASK ofd B IEThellnd AREE -

descri bed f usrthentingal wide valietyroftdivedses aaddisosderathe]wdirgg, dor exgnipbe, dissadgsect i n
need 25t hereof  a harqac&utiqally effectjve apount of si rtui n-nodul ati ng
compound.  ©r disorders s¢latad fo aging oF stressndialstes, QP eIty BEHASTEECRBN BT FHES may be

adm ni st er edual AR Meutil ifRIBA H@ﬁl‘o?ﬂhw ﬂeﬁr@ahﬁfasgm%'myad 8@l ng ot her

sirtuin-nodul ating conpounds, or other therapeutic agents. 30 BRI EF
DESCRI PTI ON «¥enfl HEnIDRAYYANGSand/or dis¢tidgusy eardiovhepnkar dissasshblood gbotiag t f or m of

Co 1 teri d by Th i trij.c .Anal i TGA d
5t or arlsi o edis: Retemprary Thue Tsityatodate e PR Mtee for m
of Conpound jicchay @Bei&ki Z&ﬁopé/cti-ﬂﬁ't?rdg)@%[rﬁﬁh pRStéihGnANAbY B¢ Bsed Tedre@iitg a

Differential Scanning Calorinetry ( . i . .
disease or disorder in a subject that would benefit from increased mitochondrial

activity, for enhancing muscle performance, for increasing muscle ATP levels, or for
treating or preventing muscle tissue damage associated with hypoxia or ischemia. In
20  other embodiments, sirtuin-modulating compounds that decrease the level and/or
activity of a sirtuin protein may be used for a variety of therapeutic applications
including, for example, increasing cellular sensitivity to stress, increasing apoptosis,
treatment of cancer, stimulation of appetite, and/or stimulation of weight gain, etc.
As described further below, the methods comprise administering to a subject in need
25  thereof a pharmaceutically effective amount of a sirtuin-modulating compound.
In certain aspects, the sirtuin-modulating compounds may be administered
alone or in combination with other compounds, including other sirtuin-modulating

compounds, or other therapeutic agents.

30 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



Figure 3 shows the week 2 fed bl ood glucose in a D O nouse nodel
adm nstered the free base of Conpound 1. 5Figure 4 shows the week 3 fasted

bl ood gl j DI O nouse nodel adm nstered the free ound 1.
Fi gure 5Lk§ﬁg\§os§/1tgﬁ%6meek 4 fed blood glucose in a DIO mgggﬁfr%r%@fgllogﬁgp

adm nstered the free base of Conmpound 1. Figure 6 shows the week | fed
bl ood gl ucose in an Ob/ob nouse nodel 10 adm nstered the free base of

Conmpound 1. Figure 7 sho he ek fasted_ bl ood glucose in an

Ob/ ob nouse nDdeIF‘EEJ%&ngP@’rSéE‘; %‘{%% f3e 8“Bé?§§°8¥p°€5ﬁ%ﬁ§hﬁr&dfgzedc& Figure 8
shows the "Veﬂl%n%o%n%dirﬁ’étﬁe%ﬁiﬁ&Q%Aﬁrﬂ%@%&ﬂiaﬂ@%ﬁi abriadtryipkened the
free base of Conmpound 1. 15Fi"gure 9 shows the week 1 fasted bl ood gl ucose

in an Ob/ ob nouseigued shassiths weeled fedblobd ghichssim 0P1Q hwustihedede salt form
of Conpound week 2 Fasted bl ood glucose in an

ar]‘?BH ¢ Fi@ure 10 ﬁ/hows tgﬁ
Ob/ ob nouse pytergd fhe Xebash of FemnodBddase or the chloride salt form of
Conpoundsl. 20 Dﬁfﬁg&&ﬂ%@%@% RELON fstdeEblond biueBSe in a DIO Afoudseddber ei n, the

follow ng ternms and phrases shall have the neanings set forth bel ow. Unless
defi ned ot hexdniinsgered the frexbase oalCommpusdilentific terns used herein have the

sanme neani ng as nmnm under st ood 4 o, .0n f ordi skill in the art.
25The si ngul ar fgﬁﬁ%re'rya%ﬁowsgﬁe Weglf}g fefhlgpgigugpﬁ%lél ﬁgﬁﬁ%roursé é’rdglnce unl ess

t he context asghfadténed dhetred B:se OF MRMonad 1The term -agent” is used herein to
denote a chem cal conpound, a m xture of chem cal conpounds, a bi ol ogical

macr ool ecul e (sutiEugS donischereckdifed blapd ghicppman @b/ep sraisamadebor ti on
thereof, g€ GymifstBeR e bRE oPofioLAGY . mrde Trom

Figure 7 shows the week 2 fasted blood glucose in an Ob/ob mouse model
adminstered the free base of Compound 1.
Figure 8 shows the week 3 fed blood glucose in an Ob/ob mouse model
adminstered the free base of Compound 1.
15 Figure 9 shows the week 1 fasted blood glucose in an Ob/ob mouse model
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.

20 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.

25 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

30  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



30bi ol ogi cal materials such as bacteria, plants, fungi, or aninal
(particularly manmalian) cells or tissues. The activity of such agents may

render itwé%(}s‘?’ﬁks‘%ﬁas a "therapeutic agent” which is appirRls9sisedHy -
physi ol ogi cal |y, or pharmacol ogically active substance For substances) t hat

acts locally or systemcally in a subject. The term "bi oavail abl e" when
referring to a conpound is art-recogni zed and refers to a formof a

dth | | ows for,,i . i f .the. t .of 5 d
corpouns 1o B aLSt: bie)  ARELURToF D5 B RSETRED

physi ol ogi calkdiye fibiahedld® stisstahcesih8GctsAbcdIBldraPbteinfealth Ik ishibilest.
adm ni st er ed. "Biologically active portion of a Sirtuin" refers to a
portion of a sirtlherteqm Obieavailable’ vghea roferiingfocadompouindiis gri-renoghized anthe

bi | i d late. .Bi ol ogical,l i ve. i f irtyi
corpr | ve. 1 NSt dBi o EspmePpEdinala RS FE 4TS piDn XL a FhUF; ont o
SI RT1 hagi NgofipoBankimizeessd,ab bdabsd¥BedB 3 rpbiatedepcaaRGS/idehe NAD+

bi ndi ng domai n and_the substrate binding domain, for exanple, nmay include
wi t hout | i miph¥tiplegicaliriavialabld os BPiceogr pticakienuhom Ads edmiinstend: NP_036370,
whi ch are encoded |.des 237 £0.932,, nBank..Accession No. NM
012238. Therefore}a?(%iﬂgﬂségllrl)ggg)%tg% plogt losno?rfte Sllgrrglél ?‘téﬁpgﬁf)ead) OI%?%gliasa & core
domai n. O herotbintaogigcabibloghal hotdyifgOsichek $hedbiilyRd Headdtfates Bisloigitally
referred to as core dommins,_ include about am no acids 261 to 447 of
GenBank Acc@Séysorprigns i grpimanay gpmemsedhe cagdonuin of sifuios e Biolggisaldgs to

1394 of NBank. : ' . %ﬁ%ﬁi: : ] ' to 493 of
GenBank1 ccgsm W@gg’gﬁymﬁl C ar@gﬁ%@%%gﬁ%@ggﬁédes 777 to
1532 of 20 EecBapdss AedeABHdrindiag ddMail2RBBe sobstatchihdiagidomaagifos 254 to 495

| i ch | eot i 13 t
o ot <cedllon b NELBRCS B, a2 2SO0 By oo 81 1

Accession No. NP_036370, which are encoded by nucleotides 237 to 932 of
GenBank Accession No. NM_012238. Therefore, this region is sometimes referred
15  to as the core domain. Other biologically active portions of SIRT1, also sometimes
referred to as core domains, include about amino acids 261 to 447 of GenBank
Accession No. NP_036370, which are encoded by nucleotides 834 to 1394 of
GenBank Accession No. NM_012238; about amino acids 242 to 493 of GenBank
Accession No. NP_036370, which are encoded by nucleotides 777 to 1532 of
20 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
25  are alarge 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,
30  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



The term "conpani on animal s" refers to cats and dogs. As used herein, the
term"dog(s)" denotes any nenber of the species Canis famliaris, of which

there 25ak@ 2908/ Rk nunber of different breeds. The tergeraabioghorHefers to
a feline aninmal including domestic cats and other nenbers of the famly

Fel i dae, genus Felis. The terns "conprise"” and "conprising"” are used
in the inclusive, open sense, neaning that additional elenents may be

i ncluded. "Di tes". refers to, high plood s r or .ketoagi dosj s s well as
oo 3OS fof et et M RISt R oS e BEmaRehan 4 cu hi o
bl ood sugar jgdiRt §& Mén 8r TERCRESHr WonHnUBRDE pTrékls@:feQﬁ%O/SS%xﬂH%t&ﬂﬁgher,
enconpasses both the type 1 and }jépe | (Non I nsulin Dependent Diabetes

Mel | itus or thglypijdes@bave bT0 mall diastingskdood ghicosargreater than 100 mg/dl or high-

2008/ 156866PCT/.1US2008/.007771 rj sk, factars for di.abet.es include the

ol | owt ng 1 SEUPSIGRa St qtredbahad BEAIIR i o pORBE B8R or 38°1 nches
for wonep, bl ood preisedtaetivatortIPaBrniitPa foldtul At activhtgl ¥ Siefuikliey above 150
ng/ di, fasting blood %Lucosengreater than 100 ng/dl or high-density

| i popr ot ei n bidingtesitt Aaidinget infibitor’] of airuisris sagngtgeule inhibitionsriuin by A " dir ect
activator” qf a gior-ttui nis a nolecule that activates a sirtuin by binding
toit. A"directeimhibitor" of a sirtuinis a nolecule inhibits a sirtuin
by binding to it. Jhe,.term "ED50" .is art-recogni zed._ln certain
enbod ments., _EDsTHES T GRAE BRI FHF T aaEas: BBt fhe

mexi num r es YRBS6f Laru@fWIAEK prodiucdOsuok 8F e hiakfhim rbfRnsOsE 1t G produces a
pre-determ ned response in 50% of test subjects or preparations. The term

"LD50" 18 arltemetivelpi thedosd whishmreduses apoddetermised rdponsssr g’ dfdedtose of a
drug which is, lethal in 50% t.est .sHbj-ects. The.term "therapeutic jindex"
O o SRS 98 BrepBrOs e i oPBNE S b se G AT coh R SR et b
defined as Wseddaibthe dbSdbfa HAlWhidl PEletHas (H 5096 16 gest sidfjvts The témst ate in
an individual in which the level of insulin in the blood is higher than
nor nal . therapsutie igex FAanat-Fryosnized am Wiy cheefarstp tha therapeutisunderopf

: In'[ne£ gﬂaﬁgeébqu;}gqif‘ﬁgl’@gsr Iﬁ?gll n]g:iﬁr']i(:lnuglegigs?;;cggt r la:‘ (ranr tse'(tjot g s?;'?euisﬁdMi ch a
nor mal afount of The term “hyperinsulinemia” refers to a state in an individual in which the
level of insulin in the blood is higher than normal.

The term “including” is used to mean “including but not limited to”.
“Including” and “including but not limited to” are used interchangeably.

The term “insulin resistance” refers to a state in which a normal amount of

20  insulin produces a subnormal biologic response relative to the biological response in
a subject that does not have insulin resistance.

An “insulin resistance disorder,” as discussed herein, refers to any disease or
condition that is caused by or contributed to by insulin resistance. Examples
include: diabetes, obesity, metabolic syndrome, insulin-resistance syndromes,

25 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

30  pectoris, congestive heart failure, stroke, cognitive functions in dementia,
retinopathy, peripheral neuropathy, nephropathy, glomerulonephritis,

glomerulosclerosis, nephrotic syndrome, hypertensive nephrosclerosis some types of
6



20i nsul i n produces a subnornmal biologic response relative to the biol ogical
response in a subject that does not have insulin resistance. An
"insulinwesh &% p&e disorder,” as discussed herein, refernkgmﬁm&”gisease
or condition that 1s caused by or contributed to by i nsulin resistance.
Exanpl es include: diabetes, obesity, netabolic syndrone, insulin-resistance
syndrones, 25syndrone X, insulin resi st ance, high bl ood pressure

hypert ensi on, | ood .chol esterol, d sI

QBT pi dor Eangi St B R ST HE Py A s SRREEPBI Ty ar ¢ er y
di sease or myeeRhey ook ?élﬁrleiéﬁ?aduaﬁwe%ﬂweem é’sm@b{é?ﬁfal fedghidngiesa and/ or
hyper proi nsul i nem &, i npaired gl ucose tol erance, delayed insulin rel ease,

di abeti ¢ conipferttlatyj wregplar nwl@domgﬁdmyenfaoxad@aayndmr@daws)hdglOd&Stmphy,
30 f f
SOpector = SengEstie Jepel it L, SHIOKS iepanl e ARG AR

gl oner ul gnepdyiut, tdbstrudt verskdepla ?ﬁéd AOSESiratSPREBILMS, SYEHAFAMES, AAMper t ensi ve
nephroscl erosi s sone types o cancer (such as endonetrial, breast,

prost at e, anuebﬁmmnﬁnd@@wpkméefb@ﬁ§0@$en&e@ﬁahegmspoor femal e reproductive

heal th (such as strua Lrregul-ariti infer t | ar. ;ovul ati on,
pol ycystic ovaria s&?ﬁar H%St?l%%%‘f‘ Is Ir?e%rséo H?mg thca edycnuafl t%gérjo l(r:lel at ed

di sorders, sHelld&sthed beh®nesed fsb@ibmyiaxahbwbmdd@dm legd. | 4 bovagd snimfagout ,
obstructive sl eep apnea and respiratorg@problens osteoarthritis, and
preventi on aneluding gaitterand sthes spembess of the ggnupBes goreae nimal includipg ¢ er m

L1 vest qpk apRlESRIBLYAR HONBAL LPALEH, QA RS Al Oghydes hose

being rai se vari ous bovi ne an
i ncl udi ng camedqearamihatﬂnembaiemifﬂmg@msﬂm gemusnd%gmts andpathen memhensmsﬁl

including 10 domestjc sw ne and ther ers of an _ovi ne
ani mal i ncl UBF BeNUSHedse; eéf‘i‘f’é‘i’ eslngf’mﬁH%‘S%ftﬂiﬁsg‘ﬁ}‘ﬁszegms‘fthasgoat s
and ot her mepber§ @ stio?ﬁu %ﬁ'% Cape m@'gﬂelgngi ifcidRl GMAAHNRIS s IRk Beher @i sed

for specialized tasks suc e as$ a of burden, e.g., an equine
ani mal incIudhngmdoﬁﬁgﬂhamndkwetwagdnmﬂhpnsnenbers of the fanily Equi dae,
genus E 15T term." ma i int art, and ex manmal s
i ncl udeqﬁumans g Bs ma t‘%lgff"%fh’i grt(z}nﬁcq)ﬁmp;l]ad'ymrﬂg cg‘é‘a/m nes,

etc.), corrpafmn%saﬁmml@ l{v@stBeck afitillI@Soludifl bbeiBes gjb%lﬂesagﬁ ) esipdnsor( €. 0. ,
mce and rats). "Cbese" individuals or individuals suffering from

obesity are agemals 4By caniges, flings st honchipdants éelg., missandiaes). (BM ) of at

| east 25 or greater. Cbesity nmay
“Obese” individuals or individuals suffering from obesity are generally

individuals having a body mass index (BMI) of at least 25 or greater. Obesity may
20  or may not be associated with insulin resistance.

The terms “parenteral administration” and “administered parenterally” are
art-recognized and refer to modes of administration other than enteral and topical
administration, usually by injection, and includes, without limitation, intravenous,
intramuscular, intraarterial, intrathecal, intracapsular, intraorbital, intracardiac,

25 intradermal, intraperitoneal, transtracheal, subcutaneous, subcuticular, intra-

articulare, subcapsular, subarachnoid, intraspinal, and intrasternal injection and

infusion.
A “patient”, “subject”, “individual” or “host” refers to either a human or a
non-human animal.
30 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 resi stance. The terns
"parenteral adm nistration" and "adm ni stered parenterally" are
art-recooRbsasek Besser ef er to nodes of adm nistration ot hegridigsssm-ef al and
topi cal adm nistration, usually by injection, and includes, w thout
limtation, intravenous, intranuscular, intraarterial, |ntrathecal,
intracapsular intraorbital intracardiac 25intradennal, i ntraperitoneal,
transtracheal , subcyt aneo subcuticular,..intra- arti Iar , =Subcapsul ar,
subar achnoi Y HIEALAMRIFINGARY PYRIP SPRIPRSiFof o] Euppeienb fgriory BeFpfitier '
"patient”, "fifjbechcoeptabledliiy tithiihse Of beil®@&Smpdtil&with g ﬁibﬁé%%orﬂ &Hﬁ&{\ or a
non- hunan ani mal . 30The tern1"pharnaceut|cal?y acceptable carrier"” is
art - r ecogni zad itsreempenents anpnet lphama@eﬁmlp@amtysme examplesotmeteriaksl |
conposition vehi cl e h as solid f |II il uent
xcr o ent . sQgl RYGHRs 8 R e ic fhfcle i ® Srnen 0B PR b
transpor t5' NJa&bie, ghﬁbwéndmﬂm& %D Starchies, GBI &t stah@r 8@fpdras! @ta@c&f (3er must
be "acceptable" in the sense of bejng conpatlble with the subje
conposi t i on &Hulose.qind dtsisrieativesangh @8 sodinm parkpxymethl Kell Lﬂaftei, g 1 Sone
exanpl es of [ I y a
carriers inc ug§§é%&fuﬁ@&%rggaéﬁéEbégvgﬁg@?g%gaﬁﬁ#Jnggha @gbb@é (2)
starches, suak; &3 ek6ipiens! alchsandopbittdr and bapoRitory3yaxes] ybidssuclaad its
derlvatlves such as sodi um car boxymet hyl cel | ul gse, ethyl cel |l ul ose and
cel | ul ose ad¥eateil, cafonsedif.ea fl%ﬁg&e a?ﬁsﬁme(%l) olivg ¢il, coB) O’é]é’ll(éﬁw'i’ealé 7)

t al ¢) I
such a5 Deanth CLDEIToLs Hich BrGRfRR: YLD TLITROLTIE RAT ANt BTPICR) o7
corn oil andnamytbéaml ﬁcﬂyethy]eﬁé@)ycgl ¥ t2) esters wodh za;setpyl@pgdteami ¢hyklabrate; 11)

pol yol s, such_as erl . sorbitol, mannitol hyl ene gl ycol; (12
esters, sucﬁlakmﬁgﬁig ‘%ﬁﬂme?ﬁyﬁspﬁﬁ?ﬁ?gmq@@§3 WTH}Q%ﬁfferigg :
agents, suc [ I | gi nic
acid; (16) ?ﬁ%ﬁ%@?@ﬁ%ﬁﬂm%ﬁ?%‘i‘%ﬁ%%“”@%“‘.<Eiﬁ8§%h§*esah‘.%%§? ¥

sol ution; (IRingethsdlutine (Y lethyl 2830hph é%(bhzéupep}bm tbtéfer§ohmpnm rad (Ahdtherl)
ot her ﬁ on-to icbcogﬁfh bl e ubstanc? 8”? g ed 'Q(PP utlcal
f or mul atlPondio SRR piE RS P FRbIaed it ARYERsEtica: FYPRTRER: 1 s
art-recogni zed anthe term * prophylactlc” or “therapeutic” treatment is art- recogmzed and
refers to administration of a drug to a host. If it is administered prior to clinical
manifestation of the unwanted condition (e.g., disease or other unwanted state of the
host animal) then the treatment is prophylactic, i.e., it protects the host against
20  developing the unwanted condition, whereas if administered after manifestation of
the unwanted condition, the treatment is therapeutic (i.e., it is intended to diminish,

ameliorate or maintain the existing unwanted condition or side effects therefrom).

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

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

“Replicative lifespan” of a cell refers to the number of daughter cells
30  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-



refers to admnistration of a drug to a host. If it is admnistered prior
to clinical manifestation of the unwanted condition (e.g., disease or other

unwant ed whahgsREsckhe host animal) then the treatnent i %CWI%E(W)O tjc,
i.e., it protects the host against 20 devel oping the unwanted conditi on,

whereas if adm nistered after manifestation of the unwanted condition, the
treatnent is therapeutic (i.e., it is intended to dimnish, aneliorate or
nmai ntai n the,.existi unwant ed. condi ti on or .side effects theref.rom. The
orm - pyr ogalivKieeld HTHDY PBIHEe {458 8hpuERpRon e @riagdns blepi

conposi tion §ihadel1d @8 St dif®MHedi fBspan RY A QRERM aks RpplfeidReNS of fdhniRd] d 1 ead to
an 25adverse effect (e.g., Trritation, fever, inflammtion, diarrhea,
respirat ory refess tosigsreasingl theowinebes o6 dkyghtarcells prodacesd ity e cello indnéasingt he
conposi tion has, heen.adm ni stered. For e le, the termis nmeant to
enconpass odMpaRnEy HETe khbraist a0y VA Gps pafedribaldaele - ko

endot oXi B SUSKNA2protéifs; YA Reasthd thE ABRitY §AEMR DT iofin(dntdSh suriRePhndat i ve

| i fespan” of a cell refers to the nunber of daughter cells 30produced by an

i ndi vi dual "o¥istiep liyaig state fagt peges vodercrpartighlageonditiong hgo ntpssdiferal
lifespan,” on. the other hand, refers.tq the |length of ti. a. npopul ati on of
non-  divi dieﬁam@gq’ ?‘gggéor%gl %Ssm ?/t}ca tﬁeés’\ﬁélnen(%%%rla\a% OETChﬁmlggﬁlé'ﬁllngy&%l ncr easi ng

the |ifespanueks, ®DN&Idamagé, ingicheadisalg1dveE inddegsenit@iged 168, lor inadeq@pe! | ed
to cells or organisns, refers to increasing the nunber of dauahter cells

nb
produced by miaerd devel). iLifespaseanderinereassd iyt as lesst gaaut 20%x 3Q%g4RTos #8% 0 cope

Wi th StgssesoanhGauBabodalRIRe, 303 and BRI RUAHE! AmoRNUAY | nCTeasing

s
the ability o s or or°gan|sm;’to survive and exi st in g state
for | onger unethodsedgaribédchdréin. condition, e.g., stress (for exanple,

heat shock, osnotic stress, high energy radiation, chem cally-induced

stress, DNA damagsirthinastedataigconddduneyertss th ARARRHIaAEHAL iHcRGEEs theVelel oOr
i nadequate nutrient level). Lifespan can be increased by at |east about

20% 30% 4092 Shhem PIgewoTiET inseases At lpasioan dctipoty of309staindreein. G and 60%

or nore usi ! i he er.el:0,.. " S i N- I i
conpound” re g&?ié{}ggglbg%?r&p%b%fq ?ﬁgta%:tlg%t}%%oénsp The Iﬂg&e}{/ﬁ{g?regg %t"i%%s'} '? %fl: n
pr ot ei n 1and/Wologivar &tivéag ofit sirads proaeia bycit ilaast aboat 1@06s525%ubepT7Soei n. I n an
exenpl ary enbodi nent, a_sirtuin-activating.co und may. i ncr.ease at | east
on errp y IO%S%, or more. Exemplary biologica actngtles (?fp s?rtl?m prot)e/ms include

deacetylation, e.g., of histones and p53; extending lifespan; increasing genomic

stability; silencing transcription; and controlling the segregation of oxidized

proteins between mother and daughter cells.

20 “Sirtuin-inhibiting compound” refers to a compound that decreases the level
of a sirtuin protein and/or decreases at least one activity of a sirtuin protein. In an
exemplary embodiment, a sirtuin-inhibiting compound may decrease at least one
biological activity of a sirtuin protein by at least about 10%, 25%, 50%, 75%,
100%, or more. Exemplary biological activities of sirtuin proteins include

25  deacetylation, e.g., of histones and p53; extending lifespan; increasing genomic
stability; silencing transcription; and controlling the segregation of oxidized

proteins 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
30  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



15bi ol ogi cal activity of a sirtuin protein by at |east about 10% 25% 50%
75% 100% or nore. Exenplary biological activities of sirtuin proteins

i ncl ude dgauisylssdesOn, €.9., of histones and p53; extengihbshidsePan:
i ncreasing genomc stability; silencing transcription; and controlling the

segregati on of oxidized proteins between nother and daught er cells.
20" Sirtuin-inhibiting conpound” refers to a conpound that decreases the

| evel of a sirtuin rot in. and/ decreases at le activity of a

ST tui n pr ottt rrorRlan SEiiedan e Semranes Bavaf RmROiaf 4ty comound
nmay decr easeyrdfeid Sawt dQQ&l}berhQEé&%l A GEHNh e bRUiAerits, ol sitiinRh&dBhtih Py at

| east about 10% 25% 50% 75% %9 or nore. Exenplary biol ogical

activities cfompoundimayheat %ﬁnm-a%whumC@EMEmyll Satttllllt‘.lﬂnhlbltglg COGfPOIﬁnét ones

and p53; extending,.lifespan:, i asin n c.stabilit

ranberi pt1on - andHREFORIT 15T E CgReEat iR Sefddtask e BrosfB A Mot veen
not her agd dﬁ%&f&&blﬁt@'tbé 51r2 family, whiEh uicﬁrdfé%uét@tzfﬁg}eﬁ%ﬁpw&dessro@tfr%S to a
conmpound of Forrmulae (1)-(VlI) as describ her ei n n exe

embodi ment s,P33685) Cuie gﬁ’@)ﬂ%’l@tl f@eftﬁﬁ%msmy EPLﬁélﬁl@b ané@um@ne (e.g.,
activale or eRiulakhy, ALYl B0 6P Al B2 (GUPRISTAY) Bhy

ot herw se change I ona proper bi o | VI t Sirtuin

protein. SirSIRTM-(GedBhiak Aagesmﬁpwnw _OE233cNM Q’)3@69Iwm 038369,y tuin protein
either directly or indirect In certain enbodi nents, .a sirtuin-nodul ating

conpound nayNheH80 %aratléﬁﬁ%étlW/)aErPF?g“Sccfﬁ‘bébf@&llb’rmambfﬁflstlﬂﬁlhdft thisifeRs i ng

|
oo et n 1P daktil g S bR et G Rer Dhobitfosdlel SR (HBABTY, 237
(GenBank AcdéSE2,diSTNbandPHST8HInd tBe fiwk @gan hulan hdmblddien BATKTAGSERT4,.0n No.
NP 501912), h SI RT, Bank A NM 012238 d NP. 036370
(or AFossiod)@ﬂEﬁghn%n ?@éﬁ%ﬁl&%&éﬁé@ggﬁéﬂgﬁ N%W HSIIGV. R 0dds ggye NP
036369, NP %59%99?@%1&‘%6&9?) RIS uifd tt%rth&%rthtaéhtt%rmares i ncl ude t he

four 10 additional yeast Sir2-T1ke genes ternmed T genes” (honol ogues of
Sir two) HS‘BijIHQT@ WlHSS"IR”éhd eH$MRTa,m11dtd1énf2| then MtﬂleSrIRﬂ“anmchmmsogues

hSI RT3, | RT4, . hS|l RT. 6 | RTY. h t | 9 CGe
Bov 15! 858 ahbeshaviae bR PsgU h S EHE BT SAgC AT el PLRTIA e ar o

t hose that sdbgérﬁlﬁrgm;sgdahlgrsmqg%awth SIRT1, i.e., hSIRT I, and/or Sir2
than with SIRT2, such as those 15 nenbers haV| ng at | east part of the

N-terninal sequendeRpi esetain”irafes) IRPIMamberafdbasir? fanglRrbsiguinrieaeet 9eser3 has.
In one embodiment, a SIRT1 protein includes yeast Sir2 (GenBank Accession No.

P53685), C. elegans Sir-2.1 (GenBank Accession No. NP_501912), human SIRT1

20  (GenBank Accession No. NM_ 012238 or NP_036370 (or AF083106)), and human
SIRT2 (GenBank Accession No. NM_012237, NM_030593, NP_036369,
NP_085096, or AF083107) proteins, and equivalents and fragments thereof. In
another embodiment, a SIRT1 protein includes a polypeptide comprising a sequence
consisting of, or consisting essentially of, the amino acid sequence set forth in

25  GenBank Accession Nos. NP_036370, NP_501912, NP_085096, NP_036369, or
P53685. SIRT1 proteins include polypeptides comprising all or a portion of the
amino acid sequence set forth in GenBank Accession Nos. NP_036370, NP_501912,
NP 085096, NP_036369, or P53685; the amino acid sequence set forth in GenBank
Accession Nos. NP_036370, NP_501912, NP_085096, NP_036369, or P53685 with

30 1toabout2,3,5,7, 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



"SIRT1 protein"” refers to a nmenber of the sir2 famly of sirtuin
deacetyl ases. In one enbodi nent, a SIRT1 protein includes yeast Sir2

( GenBank weoegsisesssNo. P53685), C. el egans Sir-2.1 (CenBelshssesshpn No.
NP 501912), human SIRT1 20 (GenBank Accession No. NM 012238 or NP 036370

(or AF083106)), and hunman SIRT2 (GenBank Accession No. NM 012237, NM
030593, NP 036369, NP 085096, or AF083107) proteins, and equival ents and

fragments ¢ hes eafiol NP YiBbe ST IHGTRI Ly A2tk KRR AGAUIEReRo

pol ypepti de ‘Cotfipri si’ng & Seq Sisti consi s 0 essentf'i ally

of , the am molysdptdecsiiBd ifvefifdn hIgs intlhide KmdBBHRRNK, MRS Al phfsogshP
036370, NP 501912, NP 085096, NP 036369, or P53685. SIRT1 proteins Include
pol ypept i desvaganisr erfragnats, opGeaBpak Aicesssion Nase NEnD33 78 NE_Sefllence set

forth in Ge [ S, 6370, NP 501912, NP 085096, NP 036369,
or P53685; Wﬁ-@%@éﬁ%@%%u%ﬁ%gét forth in GenBank Accession Nos. NP

036370, BIP 501912:SINIP3 GS5EA6 refd3 103I6REAberasf tROSHEM ddatétyBOd poteih Garhil?, 3,
5 7, 10, 15, 20, 30, 50,75 or._nore conservative anm no acid substitutions;
an ani no acidd®s i ahemolagat 3 SIRi1 pretean. koore eragdiment, a S84 3 prodgingso, 979

98% or 99%:j i t j S

200081156866I5@§%§2%‘8%a/no%§% g%gﬁﬁg%‘géésﬁ% %%@g& %%G’ﬁg-g 88%6 T P53685,

and functi omNi_001 agmed) and heueo$ I (GaRankesccodsidmBol NP e0i1i8G8) pdosging, ncl ude
honol ogs (e.qg., ortholo and paral o variants, or fra nts, of GenBank
Accession N&g_si o EiSEs A W@giviszegﬁﬁméﬁﬁmﬁpdm@gﬁ P P8BS,

S" SI'RT3 1pr Otiﬁélﬁ&esraeﬁcﬁflﬁeprtige %oﬂBH%Tr‘lgTa%feqﬁéh%e ThAdiding &?&%h!i'sﬁx%@es{%&gaﬁlg{‘ RT3

famly and/or to a honolog of a protein. I n-one enbodl nent,
prot ei n i ncloficths atmimmaciSkedrEn¢ e Banttk inAG erd3aikohcddssioANIB.INAPI01082,036371, or

and equi val STR-D38 PN SRRT B4 er S8 07 (P STRE? reifeipiais polrgpigs’ "
protein 10i Relipei@hglIRG YRRR6A OL1HMARS SEi0GequchSs Y& T6Rh GPGEABAINY of or

consisting essentially of, the am no acid sequence set forth in GenBank
Accessi on Nd%qcemfm%@,mf@ B a08,71 NP o091 7524 or HP_Rp1 §781 Sregamigp Rel

2ot 5L oL RO PR SRR A B ol el L a0 2
or NP_07187&P t0oe0ari2apoelPd071878 with 1 to about 2, 3, 5, 7, 10, 15, 20, 30, 50, 75 or
more conservative amino acid substitutions; an amino acid sequence that is at least
60%, 70%, 80%, 90%, 95%, 96%, 97%, 98%, or 99% identical to GenBank
Accession Nos. AAH01042, NP_036371, NP_001017524, or NP_071878, and
20  functional fragments thereof. Polypeptides of the invention also include homologs
(e.g., orthologs and paralogs), variants, or fragments, of GenBank Accession Nos.
AAHO01042, NP_036371, NP_001017524, or NP_071878. In one embodiment, a
SIRT3 protein includes a fragment of SIRT3 protein that is produced by cleavage
with a mitochondrial matrix processing peptidase (MPP) and/or a mitochondrial
25  intermediate peptidase (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
30  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
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15 sequence set forth in GenBank Accession Nos. AAH01042, NP 036371, NP
001017524, or NP 071878 with 1 to about 2, 3, 5, 7, 10, 15, 20, 30, 50, 75

or nore GRBSHEYREdee anm no acid substitutions; an am nopggidGRBYEAEE t hat
is at |least 60% 70% 80% 90% 95% 96% 97% 98% or 99% identical to

GenBank Accession Nos. AAHO 042, NP 036371, NP 001017524, or NP 071878,
and 20 functional fragnents thereof Polypeptides of the invention also

i ncl ude ho s, ((e.q., orthologs.and par al variants, or.fragnments, of
GonBank Accatdiio ey oxRiesmis s (B8 GuBahs kM 135 SROLS ol ETE" |
one enbodi MBAdendedl O Be3inRhOHRIzR0diS) Clik] Bfiti gatfonaGeRMenOér frevdioRoPd@enset hat

i s produced by cleavage with a mtochondria] matriXx processing peptidase

( MPP) and/ oror an Hietepbarnsenhpf ¢asirable phistiraltos nppagal idgueleprprmtrnd/or The
terns 'syst ec%&itiggsrqnna{nstnrir%i ONum "nadrri ni stered systemcally,™ "peripheral
adni ni stration and "Admnrsteres peri pheral ly" are art-recognized and

refer tosthe admTHestmattherapehti@effetd) Baikt-fos@asdd Ardrefdri®y AlpRaltdrc or ot her
material other than directly into the central nervous system such that it
enters the pPustPifeféecusynimals, pargculafy ammals, andguerernsrtpl arboymsansand ot her
| i ke proces My I 1 c.a SR SR e = Te i zed and
refers to aﬁgésgﬁg%ac%}a;ﬂg?cggég?h;a %lvgga %ro&lebg?l(%?Pfdﬁg g‘ﬁ;aﬁegﬁ%glslcal ly, or
phar macol ogieffattive @anduinemeahsthanamouniof 206h3d ibsB668Eh pBAAOS/BME’ 71 t hat
acts locally or systemically in a subject. The term also neans any

subst ance i HFERARCHOF syemicriiacsatd regtrsebls beg tét,islﬁﬁatw@aplmhfe 2%t ment or
prevent ign Gleatlhciadfio HordgbulibilyRARRNCE BB {BF WPl Rl Shial or mental

devel opnent and/or conditions 1n an animal or human. 5The term ™t herapeutic
effect" is aependarmgpuinztbd salnectrapfl dissatecconditondeiny treayat, ¢ weighf @t agen

animals, particularly mamal.s, d nore particularly hu .caused by a

phar macol ggioigfq %}I%Jﬁiiit%seé’ ﬁBQ’t?ﬁE%d‘s & Cgﬂé‘i@%’ t'lh? Hﬁ‘ﬁﬁre %%%HPHSQ?%‘W ive

?mount " neanse ltil_F@vaﬁ'éH)éHﬁtreQdilysththtéhrﬁH&%%‘BE@of&ﬁinapiﬁlg}l(iﬁﬂlm&esi red
ocal or systemc effect at a reasonable benefit/risk ratio applicable to

any 10t r eat wsampleTerstaitheomapesitionsalessribstifhsrtin vaydremdminisferediior sibeicaince
o ¥ ISR A% HRRD ARy SO A0G Bl SRESGCONG LA BRLNGC L eal od

t he wei and age | el verl e sé condition,
t he manner gficlad@dtmiest rati on and the |i ke, which can readily be determ ned
by one of ordinary skill in the art. For exanple, certain conpositions

described herei n HESAIBE” aGANHIISR 6F digeash rafesuipicuEngat welagsmsiotayngabduce a
desired effeck: ale Mp(%@lﬁq)qqué &ensf diditd.sk ratio applicable to such

treat nent.
The term “vision impairment” refers to diminished vision, which is often

20  only partially reversible or irreversible upon treatment (e.g., surgery). Particularly
severe vision impairment is termed “blindness” or “vision loss”, which refers to a
complete loss of vision, vision worse than 20/200 that cannot be improved with
corrective lenses, or a visual field of less than 20 degrees diameter (10 degrees
radius).

25
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,

30  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



"Treating"” a condition or disease refers to curing as well as aneliorating
at | east one synptom of the condition or disease. The term "vision

i mpai r meno 206 Bksset © di mi ni shed vision, which is oftenp@arbyspartially
reversible or irreversible upon treatnment (e.g., surgery). Particularly
severe vision inpairnment is termed "'blindness” or "vision |loss", which
refers to a conplete | oss of vision, vision worse than 20/200 that cannot

be inproved with corrective | enses, or a visual field of |es han, 20

degr ebs  d arfbrenisy Bb UGGk Beaikn dissise o8 HBoRdeF ing ihifs dratetidd bRbe ) o
aspect, the fidHgairbAABd RIiR¥hERR1 A Q¥ ityS ol dahAndIREuadlE perfRRmeEN@s f or
treating and/or preventing a wide variety of diseases and di sorders

i ncl udi ng, fioereastagpiussle didelgsels, anfodiregmgarpreventing thusdedigsueydapnagst r ess,

di abetes, obesit 30neur odegener ati ve. di seases, .ocul ar di seases and

i sorder s, _canita SNl PPOURLEREL g DfeE Fa s ing B eBheEhEE Ry Bt s on,
cancer, 3nd/sitatle ¥&Mis8Gn a Phermadeltichl BompBHbRhADIEr GRGIAHNEdthéds | ncrease
the level and/or activity of a sirtuin protein nmay also be used for
treating a dlissdessd hereindi sorder in a subject that woul d benefit from

i ncreased m tochaondrial ,activit for hanci n I erfor. , for

i ncreasi ng nusclg%&$ﬁeF%VéFE?ubgﬁP%¥H?§@%1@%%’ (H%@gsgﬁ%fﬂggﬁggc % tissue
damage assoaepdesshtod bhStygraval BogfiulagDhem a. Ot her conpounds di scl osed
herein may be 5suitable for use in a pharmaceutical conposition and/or one
or nore nethods disclosed herein. I n one enbodi nent,

si rtui nqgodul ating conpounds of the invention are represented by Structural

Formula (1): 10 ,
O x\I
R
~Y
RN
R2

R§J/ \_

7>

R ),
or a salt thereof, where:

XisNorS;

Y is S when X is N or Y is N when X is S;
15 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.
20 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



or a salt thereof, where: Xis Nor S; Yis Swhen Xis Nor Yis Nwhhen Xis
S; 15Ris -H or a substituted or unsubstituted al kyl group; R is a
solubiliqugﬂ&#gggh R2 is -Hor a substituted or unsubstibiiSshsRbio¥] 9roup;
R3 is a substituted or unsubstituted nonocyclic aryl group; R4 is -H a

hal ogen or a substituted or unsubstituted al kyl group. 20In certain

enbodi nents, Ris -Hor -CH3. In certain enbodinents, R2Z is -Hor -CH3. In

certain enbodinents, R4 is -H, a hal ogen or -CHS3. l,n certain
embodi ments, the conpound of Structural gFormula gl) i present ed by
Structural Formula (I1): In certain emdodi nenys and R2 are each
i ndependently -H or -CH3. In certa ts, R3is a

substituted or unsubstituted heteroaryl S a substituted or
unsubstituted nitrogen-containing heteggaryl . bparticularly a
substituted or unsubstituted pyridyl gronp (e.g.,\unsubstituted pyridyl).
In certain enbodi nents, §3 is a gubstitutyd ar unsgbstituted phenyl group,

such as a net hyl phenyl 5 Nbst 1 tuted phenyl group.
R

| or

N

S

Y
(.

In certain embodiments, R and R? are each independently —H or —CHj.
In certain embodiments, R is a substituted or unsubstituted heteroaryl group,
such as a substituted or unsubstituted nitrogen-containing heteroaryl group,
5 particularly a substituted or unsubstituted pyridyl group (e.g., unsubstituted pyridyl).
In certain embodiments, R’ is a substituted or unsubstituted phenyl group,
such as a methylphenyl, a halophenyl or an unsubstituted phenyl group.
In certain embodiments, R' is a substituted or unsubstituted heterocyclylalkyl
group, typically where the heterocyclyl moiety is attached to the alkyl moiety by a
10  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
15  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



In certain enbodinents, Rl is a substituted or unsubstituted

het erocycl yl al kyl group, typically where the heterocyclyl noiety is
attached yl moiety by a 10heteroatom In cert
enbodineﬁ?gfhgﬁsggka substituted or unsubstituted heterggggﬁg n@?ﬁ?* group
such as a a substituted or unsubstituted nitrogen-containing

het erocycl yl net hyl group, which, for exanple, includes a heterocyclyl nethyl
group containing a nitrogen atom and optionally a second, heteroatom

sel ected fromnitrogen and oxygen. Partdcul ar heteroc Ryl al kyl groups

15i ncl ude nor phol i nonet hyl and 1, 2, 4-trNgzol yl peth groups. Exenpl ary
substituents for the heterocyclic noieti i cll ude one or nore

hydr oxyl, hal o or nethyl groups. odi nents, conpounds of
Structural Fornmula (lI) are represente al” Fornmula (111) or (1V):
Rl R (IV). Suitable values of R and R3 are as, descri bed above.

Exanpl es of conpounds rﬁgresented Foezmul a (1) include those
5represented by Struct WO

2008/ 156866PCT1US20081007771| (V) (

R (111)

HN

R! av).
Suitable values of R and R'-R® are as described above.
Examples of compounds represented by Structural Formula (I) include those

5 represented by Structural Formulae (V) and (VI):

15



Compounds of the invention, including novel conmpounds of the invention, can
al so be used in the nethods descri bed herein. 5Sirtuin-nodul ati ng conpounds
of the inyenhisPResgvant ageously nodul ate the |evel and/ ggtagbdoghoby7pf a
sirtuin protein, particularly the deacetylase activity of the sirtuin
protein. WD 2008/ 156866PCT/ US2008/ 007771 Separately or in addition
to the above properties, certain sirtuin-nodul ating conpounds of the

i nvention do not substantially have one or nore of the follgynng
activities: inhibition of P13-kinase, inhibition of aldor e,

i nhibition of tyrosine kinase, transactivation of EGFR t [ [
coronary dilation, or spasnolytic 5 activity, at concentirati ong| of the
conmpound that are effective for nodul ati ng the deacetyl a
sirtuin protein (e.g., such as a SIRT1 a
al kyl group is a straight chai ned, branch
hydr ocarbon which is conpletely saturated.
10 branched al kyl group has fromlIto abou
Ito about 10, and a cyclic aIkyI group Hes from 3\to about 10 carbon atoms,

An
non- ar omat i ¢
a straight chained or

al kyl groups include nethg eth IN, ) propyl, n-butyl,
sec-butyl, tert-butyl, péntylJ-hex A Cl- C4 straight
chai ned or branched aIk grouyp is ; Kef erred,)15t o as a "lower alkyl”
group. Aromatic ( NQI Oups i bocyclic aromatic groups
such as phenyl, naphthyl, yand anttracyl, and—heteroaryl groups such as

i mdazolyl, thi |, furyl, pyridyl, pyrlnldyl pyranyl, pyrazolyl,
pyrroyl, pyraginyl \thiazolyl, oxazolyl and tetrazolyl. 20Aromat i ¢ groups
al so include/fused pdlycyclic aromatic ring systens in which a carbocyclic
aromatic ri or het/feroaryl ring is fused to one or nore other heteroaryl
rings. Exanpl i ude benzot hi enyl, benzofuryl, indolyl, quinolinyl,
benzot hi azol e, benzoxazol e, benzi m dazol e, quinolinyl, |squ|noIKN§ and

i soi ndol yl. Non-aromatic heterocyclic rings are non-aronatmn
rings which 25include one or nore heteroatons such as nj
sulfur in the ring. The ring can be five, six, seven or
Exanpl es include tetrahydrofuryl, tetrahyrothiophenyl,
t hi onor phol i no, pyrrolidinyl, plperaZ|QyI plpeEgdlnyI
along with the cyclic fornlof sugars. A\Xing fuyse
at | east one common bond.

car bocyclic
oxygen or
nber ed.

|azoI|d|nyI
a second ring shares

HN

N

N\
N
\__/
N (VD).

Compounds of the invention, including novel compounds of the invention,
can also be used in the methods described herein.
5 Sirtuin-modulating compounds of the invention advantageously modulate the
level and/or activity of a sirtuin protein, particularly the deacetylase activity of the

sirtuin protein.
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30Sui t abl e substituents on an al kyl, non-aromatic heterocyclic or aryl
group (carbocyclic and heteroaryl) are those which do not substantially

i nterfereayyhéysheabi ity of the disclosed conpounds t@chans,RRE§79f nore
of the properties disclosed herein. A substituent substanti a? l'y interferes
with the properties of a conpound when the magnitude of the property is
reduced by nore than about 50% in a conpound with the substituent conpared

with a conpound 'tho t he substi | es of swtable su .tituents
include -OH, hal é’ﬁra? B! m%ﬁ#’b tion toéﬁﬂabqi‘)e ProR§fies, certggn \ng

-(0) le, - CNonmpdfeRds of P Ahven@OPdS not s‘ﬁgggﬁt‘%llﬁfﬁv@)owgé%ore opﬁ%@:(}%lm,ng SO3H,
-NH2, -NHRa, -N(Raltb), -COORa, -CHGQ Ra, - CON( RaRb),

- NHCORa, - NRCRAies:-inHOUNHD T PISJKOEN: vH;ubLtlon@N(drecR@)qse iNhibOEOHE, tyrosme

) g(RC (N:IO\IER? HNﬁénl\zlgg ? ?{H‘ 8&(}%0?336 kni'ﬁ NHIdllth& N{%gj'nohza

- NH- C( =Nb) - Neti@ity, bbbt ondoRaRomp dﬂh@&hﬂﬂ%@é eﬂf&d&ve fo¥HnSdai M fel e,

- NH C(=NRe) - N( RaRb) - NRdH- C( =NH) - NF12 - NRd- C( =NH) - NHRa,

- NRd- C( =NH) _dm%j:t@tyon aqtiRity of 8NRA)in mqgem (pRd sg(h:m I.R’Nmrgl/or a SIRT3

- NRd- C(=Nf e) - %&L%{ -NHNH2, - NHNHRa, -NHRaftb, -SO2NF12, - SO2NHIt 3,

- SOZNR3I t b, - CH=CR e, -0 e=CRaRb, CRe=CHRa, - 1SCRa:CRaRb, CCR3,

-SH, -SOkRa (ki SArDalkgzl @oup]s a st&i HtkBRmed orasched ot cpdliconddtdnmatic
NH- C(=NH) - NH2. | e-Rd are each i ndependentl ﬁwn optionally substituted group
sel ect ed fr@w@ﬁa@lonpﬂa@wcomeztﬂy sagratgqd.orpicelly astrgighpeledisedhen y an al kyl |

nrp ) N PEhePARYPerotRbO gl PHATLL SSEBof ol PRSI TG 0

0(G _ali phatabm)t 10Nad a E)¢1ic20KMrh up R (fEdm 8l tb [abé‘uhtl m)car@(ﬂwbmg préfeadbilphati c) ,
AR TR SRR h%’%%éé?n i
on- ar onat 1 & et eses mrb TSl BRI Bk S@‘? SERTOYR DB 1 50 have
an al i phat| oentyl sndbedtyl LA €d -G stphight @amwba@whed;aiksl goup alsoqreifcrbfsii tuted

25al i phg% roup can %ﬁfo have a non-aromati c heterocyclic ring, a
substi t a?ﬁ%n-wgfﬁ i&° W&t erocyclic ring, benzyl, substituted benzyl,

aryl or substl t ut ebndtyd (agnpgk@up@r@hﬁi%&mobyamaroAaﬁy ipt Wh@ChsPhepat i c,
non-aromati c heterocyclic Bdljb substituted aryl, or substituted benzyl

group can haeehthyl an ﬁéhraﬁhlea eteroanyd groupFypele as inidaznl vl theemyd, forvlan aryl
109,20 RSNy TR FRYNEEE, AT TR R o . 5
tetrazolyl.

20 Aromatic groups also include fused polycyclic aromatic ring systems in
which a carbocyclic aromatic ring or heteroaryl ring is fused to one or more other
heteroaryl rings. Examples include benzothienyl, benzofuryl, indolyl, quinolinyl,
benzothiazole, benzoxazole, benzimidazole, quinolinyl, isoquinoli'nyl and isoindolyl.

Non-aromatic heterocyclic rings are non-aromatic carbocyclic rings which

25  include one or more heteroatoms such as nitrogen, oxygen or sulfur in the ring. The
ring can be five, six, seven or eight-membered. Examples include tetrahydrofuryl,
tetrahyrothiophenyl, morpholino, thiomorpholino, pyrrolidinyl, piperazinyl,
piperidinyl, and thiazolidinyl, along with the cyclic form of sugars.

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

30 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 with le; -0(Ph) optionally substituted with |e;
-(CH2)1 _2(Ph), optionally substituted with le; -CH=CH(Ph), optionally

Substl tuted b Rglel: N - 18 QN - N(RIZ: - O0) L) RecrigBlfichP) R
O)R -S(0)2R -S2N(R)2; -S(0)12; -NRSO02N(R)2; -NRSO2R;
-C(=S)N(R12; or -C(=NH)- N(R)2; or wherein each independent occurrence of R
is selected from hydrogen, opti onal | y substituted CL.6 ali phati c, an

unsubstituted 5-6 nenbered heterq S5het erocyclic ri

O CPh) « or - BEPH) SRR GT ORI B BR AP SbEGeRPoR

i ndependent QREIHHSRERHUAE oﬁhe%o;sé?@ i @éa%lcé&w hldra'8fah aBbutdof, & gnt
substituents, taken together with the aton(s)" to which each R group is

bound, form eongpindevitfethe dubspithend ickmiparet etitly @cyropguind withdut thor substimentar vy

(N9 N9 D et Sk SR SR SRS e P eLed o B'W%ﬁﬁ}- Sel ect ed
from NH2,5 NHO@GQR8I- cmthq)C)&%N( @iﬂaNu@h@oc@HZ,cdaekeg@coﬁaA@ R&ERE,- OH,

0(Gi 4al i phatic), " Cl4al | Q)hatl C -4 aliphatic),
or hal oG Aal PEHANR R Wik, nNéiachNId\R ° tNERTR0),e§61 ,@H%FC@P}H&% ¢ groups of

i < FE@EE’?T%@W EaRIS Ko Chas REG R R NP OR R b e

conpounds. ASHETRURIRPEINR CORH,eNRGONRE - NFEDON(RER®) AP MHIAN H, hat
possess stabl I ity sufficient to al | ow manuf act ure and that maintain the

integrity ofC L ORRS U =NED-NR R, i- @(ENR )d‘éHB,O@(tNRt)rNERt o WENRSEf ul for

h a
morety Toat NaER RILEER R MR %?%I?%Rfﬂapﬁéve"gr R ease
t he wat er - so@@MRﬁ)w{gtNHh@(mkbqun -NI—W(D(%NRF)tN(IBaR ncNm(deC(qasHmear ed

| d d Th hi |
charact o1 CoNIBECGOR R oy B oo RS E B MRe-He D RBRR)

functi onal OUARRS. rﬁgiaé(Jmé@tlﬂaﬁd)erN cq@gN Apns‘r\uﬁﬁawseséq\lﬁormcharged

nmoi eties (e.g., carboxylic ofi ¢ aci osphoric aci ds, am nes,
25etc.); gr oilpﬁ\llﬂﬁat-SDﬁféRﬂtf’e - PHFERRANCIHRERIRYS -CRS @RaRﬁu@R&rcaHsz -amoni um

0 U SO e 9 DRSPS T 8 YRR St
N-(CH2) y- S( OBJQC@@:NH) NH,. R*-RY 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



N-(CH2)y-C(0)NRaRa, etc., wherein Ra is selected from hydrogen, | ower

al kyl , Iovver cycloal kyl, (C6-Cl4) aryl, phenyl, napht hyI (C? C20)

aryl al kylw ?g()g 30 wherein Ra is optlonally subshichhiSshs g Y 1S an
I nt eger rang| ng romO to 6), optionally substituted het er ocycl I'C groups
(e.g9., -(CH2)11-R', -(CH2),-C(0)-Rb, -(CH2)6-0-(CH2)11-Rb, wherein Rb is
sel ected froman optionally substituted saturated WO

20081156866PCT/ US20( 8/0 1771 noc cI i c heterocycle, an ogptionally
substituted SNt %9) bcﬁé@@)gcyt,q R arp@& o‘r%ppl}?\ substituted

db ° | |
ond an opt oSN RIEESONS ﬁkﬁéﬁﬁ%f;% 5 MRS DRRE LSRRk W R RENEY OF e
and n is an NH9ge m&gh BscH haepdAdem o%)curréﬁcesﬂwhsisaec@ﬂéﬁf@dwgént hat

substituents present on Ra or Rb need not inprove or increase water
solubility owmontamesmbsuhg@do&is@lmf@dcca:umsgbgauneé St@nbmbqurhemwml grcope of
this definit, on that,is.r ired | t such .su not

si gni fi cant II§F ?89/%%1159&%8h?%r g&gh);ﬂf bi{ tﬂl et E%tlv‘ﬂ%ﬁ Faflb gﬁ?@ Orby t he
unsubsti t ut egholb amrm&bemélﬁtdécu&&ce@sfRﬁrtmher%a%e sﬁﬂ&ﬁt&ﬁ{ Sbdikfeddnpg group
increases the water-solubility of 10the correspondi ng conpound | acking the

sol ubi | i zi ngsupstitupntattakeatopethef with thepatefnés)ad whict edch ®Stgrdd)y fsdodnd Nforme
preferably at_| east 20-fold and_ nost preferablﬁ at | east 50-fald. In
one preferred’ én%@bﬁ@ﬁtcyclpﬁlécywﬁ@mqwkxhr@ylgPb ?Jeﬁ%rﬁ%ﬁ@vylg&%he

formul a: 15-{ 43420 nis r% él)y(s'gl C?{ed fra %&%wﬁ@ehz nr%%lfﬁf:tégﬁ éﬁa@m 0, 1 or

2; Rwis select ed each
i ndepend@nt | spbstithersts ed tli¢ aliphatic gi‘tmfbrdfgé’r‘are selected from NH,, NH(C1_4a11phatic),

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
15  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
20  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,
25  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,
30  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



20b. Cl-C4 straight or branched al kyl, wherein said alkyl is optional
substituted with halo, CN, OH 0-(Cl-C4 straight or branched al kyl),

' R O, 504 6728 c. Z27 WD 2008/ 156866PCT/ US200
) ( Qlo2808/156466 c mﬁ?gﬁ%ﬁ%m@?z

noi eties are taken together with the nitrogen atomto

y

Iy
N( Ri
RE'

Z38 are bound to forma ring of the structurezZr ,-- Z30\ | /N 1CN Z31\

Z32."

RI

10

15

20

---- N Z33 , or

monocyclic heterocycle, an optionally substituted saturated bicyclic fused
heterocycle, an optionally substituted saturated bicyclic spiro heterocycle, an
optionally substituted heteroaryl and an optionally substituted partially substituted
non-aryl heterocycle; and n is an integer ranging from O to 2). It should be
understood that substituents present on R* or R® need not improve or increase water
solubility over their unsubstituted counterparts to be within the scope of this
definition. All that is required is that such substituents do not significantly reverse
the improvement in water-solubility afforded by the unsubstituted R? or R® moiety.
In one embodiment, the solubilizing group increases the water-solubility of
the corresponding compound lacking the solubilizing group at least 5-fold,
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:
hydrogen;
b. C;-C, straight or branched alkyl, wherein said alkyl is optionally substituted
with halo, CN, OH, O-(C,-C; straight or branched alkyl), N(R,")(R}"), or =O;

20



both lel noieties are taken together with the nitrogen atomto which they
5are bound to forma 5-nenbered heteroaryl ring containing 1 to 3
addi ti onaloNo@lRQbRks Wherein said heteroaryl ring is optipphlshdospbstituted
w th RC mﬁerg%n: each Z is independently selecteg ?ron1-0-, -S-,
-NRC-, or wherein: 10at |east three of Z20, Z21, Z72, and Z23 are at | east
three of Z24, 725, 726, .Z.27, and Z28 are at |east four of Z30, Z31, Z32,
and Z33 are -C(R M, and at |east four of 734, Zz35, 736, 737, and Z38
are each Rl % ?@?&}épgenﬂ%?tleﬁ ag%tﬂ@&le E%eg}eb?ﬁ“ﬁ?ﬁé‘i’ BegeRAton @1"-"é§gélﬁeryai ght or

15branched al kyl optionally substituted with one_or note substituent

i ndependently selected fromhalo, -CN, -OH, -QQ*%%\- - NH( CH3) ,

-N(CH3) 2, or =0; each R5 is independently seléted fromRL', halo, CN, OH,
0-(Cl-C4 straight or branched alkyl), N(R )(RC, =CR1l', SRI', =NM,

=NORI ', or =0; any two suitable non4sgclieZ®s are optionally bound

to one another diar€béund t30orm wirdgafhe sttucire al k§d7ene, al kenyl ene or
al kanedi yl i dene_bridge to produce a bicyclic fused or spiro ring; and 7-

Z21 736738 Zs
231/ N\ K\N/
| ON—
Zsp / Ry N
33 , Or , or

g. both R'! moieties are taken together with the nitrogen atom to which they
5 are bound to form a 5-membered heteroaryl ring containing 1 to 3 additional
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:
10 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
15  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
20  orviaa C; to C; alkylene, alkenylene or alkanediylidene bridge to produce a

bicyclic fused or spiro ring; and

any Zoy7 : 233 Z37 ,or 33
ring structure is optionally benzofused or fused to a monocyclic heteroaryl to

produce a bicyclic ring.
21



any ring structure is optionally benzofused or fused to a nonocyclic
heteroaryl to produce a bicyclic ring. For clarity, the term"Cl to

C2 al kyl | ene or al kanedi yli dene brldge nean | ent
Seractor RB BB B o A e Yy DRI YR O

noieties that are optionally bound to one anot her can be either on the sane
carbon atomor different carbon atoms. The 5former produces a spiro

bi cyclic ring, | e the atter s a fused bicycljc ring. It will be
obvi ous to those ‘& cltyyt ?W‘?‘héloéf’t 2 le%éﬁfei%n %1" eﬂbﬁﬁ*& "¢ o one
anot her to fmfd@e’an{ehmmemﬁb@émcytﬁl@ﬁ&ésvc@{Z-t@mughz nepef=che -recited

bri dges), one or nore term nal hydrogen atons on each R5 Will 'be |ost.

Accor di ngl y,CHB=CHuiarafld-Gitn- Thehve Oietnos é‘tayala\xmtlbaail)ebdlmld tbonai ng a

R5..t hat .10 t | . hyd
fom o "Wk e Sl Pl e o et Gubet SPRG JMup Te a
noi ety of t HBroh&@ prdiites a 6HH bi c‘}@h&!lﬁ wWP@ﬂh%'lzﬂte@ pRotcE 4 k& bRSchEhped

above. I n anot her preferred odi nent, the solMbilizing group is a

moi ety of t Hewilbberpbwious tochpgeiof- Skxlbl)ﬂ-tm art thitevheniwe Rindrelmund4e enas def i ned
e i ol RS SRR o Ay S SRR BT LY,
fromO , S, or rriore tdriithal 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

UU@

-(CHy)n-R'®?, whereinnis 0, 1 or 2; and R'? is selected from ©

] N S— p—
N N | | R1'\NJ N
) " R L
Ry, S
N N N N N
I , ~ 1 1]
R1 3 R1"R1' R1) N R1’ H 7/N\ ,O 2 A b
— TNy - ' }
- N Q Yo S OLC
N 4 QF Q
SO Y OL G F
b 2 F, F bl F’ S7F F’ F 2 F )F F’
Ry Ry '
N N o :
- ~ ~
YO, @ QY e O
Ri' °N . N ’g NR4'Ry’
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,N "Oy\ ir, 1 c\N NNHO N-NNNS, OH, R1' N.O RO, or RL, whereinare as
defi ned above. In an even nore preferred enbodi nent, a sol ubilizing

group is @ 2@ Bekekr om 2-di met hyl am noet hyl carbamoyl,  pepus 008/007771
plpera2|n car bonyl, piperazinyl methyl, 5d|nethylan1nonet

4- nethylplpera2|n 1- ylnethyl 4- an1nop|per|d|n | -yl - methyl,
4-f|uoropiperidin-l-yl-nethyl, nor phol i nonet hyl , pyrrolidin- | -yl methyl,
2- 0XO0-4-benzyl pi perazi n-1 -yl net hyl , 4-benzylpiperazin-l-ylnethyl,

3- oxopi per azi n- 1yl met hyl, pi perigtrn- I-ylnekhyl pi perazin-1-ylethyl,
2, 3- di oxopr opytam norret*ﬁyl*““'t hi azgl i di n- 3yl met hyl ,

4- acetyl pi per n y t ﬂacﬂtylpl razi r phol i no,
3, 3- dlfluoroﬂalﬁ/51n({i§ Myl Nt ¢ iPazal - ?QfﬁetEyLN
thionnrphollﬁidﬂylneﬂhy , oxothléﬁnrpholﬁﬁt4-

di oxot hi onor phol i n=4-yl met hyl..1H i m dazol - 1- yl met hyl ,

3,5-dinethy|piperqgin- I yl methyl, 4-hydrox ypi p eri di n-1-yl methyl,
N-net hyl (1-acetylpipgri di nc4-yl)- aninonethyl,

N- met hyl qui nucl idi n- 3-yl am thyl, 1H1, 2, 4- trlazol 1-yl et hyl ,

151- met hyl pi BBf'i diP- 3-,yar-Rixy nét hWher@ﬂ R4“drt wodefiriedabbdé.n- | - yI . To the

extent not included within any definitio set forth above, the term
"sol ubi i zi ng gr ofHE™ eé(F%B‘qrﬁBTeJ "S‘f 'P%‘ﬁn@gt |Sg£lg3g2§tg FOUP &S §7iecitd eRed t o

1 Cycl bpropy Lot PUBTECE ISR PR PR PRSP

(ci prof | 6xadlimpthytahinomethat,idvaethydsperasineli- $](Iﬂ€m1$§dd4-|amlIR@quﬁubh-lle)dt i ons WO
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,

10 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,

15 1-methylpiperidin-3-yl-oxymethyl, or 4-fluoropiperidin-1-yl.

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

20 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.

25 The compounds disclosed herein also include partially and fully deuterated

variants. In certain embodiments, one or more deuterium atoms are present for
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20 2005026165, WD 2005049602, and WD 2005033108, and Eur opean Pat ent
publications EP 0343524, EP 0688772, EP 0153163, EP 0159174; as well as

wat er solwBi,hds7ishshc9r oups” described in United States papgflsRidRbisati on
2006/003‘%91 The di scl osure of each of these patent pu%l?cat?%ns S

i ncorporated herein by reference. 25The conpounds di scl osed herein al so
include partially and fully deuterated variants. In certain enbodi nents,

one or nore . deuteri onB are pr nt for
2008/ 156866 PCHIIISHHBE Horgdy geﬁé%ﬁmaégcané%fcb‘#wéﬁaﬁ HaYBICRRIY i the

art can sel efdudfagh StobB8arpre¥dfirch such deuterium atons are present.
Al'so included in the present invention are salts, particularly

phar maceutical ly @lsoerp:thatﬂdenslad pxssermﬁn\tehmxs aretmlm -pagttulaly plgroecquticaltis
descri bed herei 0 u t he rese tion that possess a
suf ficient |y Qﬂﬂﬁmag gﬁﬁ?ngﬁﬂ %#ﬂhﬂ§8§° S?@ﬁ%ﬁ?&ﬂﬁi oups, can
react w sh aynplinds &‘{H@?feséﬁt 1h%?ﬁi%ﬁ'ihzﬁ PR3RBSa sifidichIP L&A, G safftigitgani ¢
acids, to forma sal Al'ternatively, compounds that are inherently

char ged sudmsigson bask Eungtipnal groppst eammgt wiith pmygefa nwaberfodimrgaggbesegi t h an
appropriate caounteri.on (e e suc chl or

fluoride, d‘%gr"%?réﬁ‘r‘&?? ‘(%%Birﬁ a}%{l Orm a S?ﬂeﬁ& %Wﬁg's C%‘HBO Scl@ittaﬁ%r eof
descri bed hénigdrentt) Sfargddsbuiheastthcselyigk Qgﬂﬁelﬁﬁr}gmtrogamcbﬂ tirat £saltwnphydr at e,
di hydrate, trihydrate, tetrahydrate) sol vates of the conpounds and

salts ther e@ppwmo(@n@apv é%gs afh@hdwlecﬂia%éxrmweoehl%dwr dyogdel hydr at es
can gengpal | ﬂﬁ%k§§} by a skilled artisan. 15The conpounds and salts

t her eof can e prese |n anDrphous or crystalline (including
co-crystalline amemlrr)pmﬁ@dﬂén(f @lllmhereof descrlhﬁdd&rdi@ﬁ]@'@nﬂlqlu(&nﬂhb (hy&dltéso form
acid addition s§lts are |norqa@]c aci ds such as hydrochloric acjd

hydr obr oni ¢ (&8> e degapronydrale, dibydrate; wihydrate, tirbygratnicad seivates 88d t he
like, and ortg@&lgp&ﬁfdgﬁn&gaq tﬁére@ft m&%%éng%ggfega&noa%mo}bgﬂasﬁﬁﬁ fonic

acid, oxalic aci bronophenyl -sul toni ¢ aci oni c acl succinic
aci d, C|tr|dwdnndumbeﬁu@aﬂyhesdpdaébyQGkﬂbﬂdnkand the like. Exanples of

such sal,ts inclu t he sul fate ros bisulfate, sulfite, sul fite,
Shocnhats: momongapHEG L e HReR<ah Bk aRtsepA AEO R h SSisTAL B

pyr ophosphat(gchii O&d- mapﬁgmhq%obmgQFg?ﬁnﬁgetate pr opi onat e, decanoate,
capryl ate, acrylate, 25formate obutyrate, caproate, heptanoate,

propi ol ate, oxal A dds epmopalyemploped todpom a@kdb?édmoél salig brgdaoganicaedar at e,
mal eate, b Uty ae as]hyd'rgéh?(%"ic ac15l Eﬁ% eDr01’n1c acu(l) af;[y%rmodlc acid, sulfuric acid,

phosphoric acid, and the like, and organic acids such as p-toluenesulfonic acid,

20 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,

25  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,

30  glycolate, tartrate, methanesulfonate, propanesulfonate, naphthalene-1-sulfonate,

naphthalene-2-sulfonate, mandelate, and the like.
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benzoate, chl orobenzoate, nethyl benzoate, dinitrobenzoate, hydroxybenzoate,
nmet hoxybenzoat e, phthal ate, sulfonate, xylenesulfonate, phenyl acetate,

phenyl pr apphos@diResspheny! butyrate, citrate, |actate, gampgrhdsRxyRytyrate,
30gl ycol ate, tartrate, nethanesul fonate, propanesul fonate,

napht hal ene-1-sul fonate, napht hal ene-2-sul fonate, mandel ate, and the |ike.
WO 2008/ 156866PCT/ US2008/ 007771 Base addition salts include those

derived from i norgani ¢,base su S a ni or. al kali, or alkaline earth
ot &l hydr oxi des. BeReagRan sdts Bibde BnareRve M ind e e, Sirtiices veer v
in prepari ngmdénieAl dralifli dridlidaline 8k hfalydoxids! sBormest biduitvdatexi de,

pot assi um hydr oxi de, anmoni um hydr oxi de, potassium Scarbonate, and the
li ke. and dlog ik §uely bagsp ubripl iormyeptinmgrihe saltseofthie seventipm thawtindnder ovi des

met hods of produci ng t.he above-defined sirtuin-mdul ating conpounds. The
Comounds. mapSREhtehaE: B Get Ry BS b Eh A PR GRS ant ageous! v,
t hese cospoufifonateCarM¥@Reent |y synthesi zed fromreadily available

starting materials. 10l n one enbodi ment, certain conpounds of the invention
are prepared accdreforing & apshar smbedimentntie persentHinyertionprevidpongthods t he
foll ow ng fap o - Ri re.Ric i rou at—wcan he transforned
nto an al kot Ppestsing the el Rl Slrufod g RRubdt iR bEE " cicn

as an al koxynar bosyntiesized gsing ebivenyioailaedhniques.1 Bidvafitegeiuel, Wekdr a 2- | eavi ng
group, 2'-nitroacetophenone (e.g.,  2-halo, nitroacetophenone where halo is
typical |y bregmposrdscas sppyeniently sypthesized Bpmdgadily 29HpRIg stprting materials.

10 In one embodiment, certain compounds of the invention are prepared

according to the following method. First, a compound of the following formula:

S

\ 7/NH2

N
R100

where R'®is a group that can be transformed into an alkyl (e.g., methyl) group

substituted with a leaving group, such as an alkoxycarbonxyl (e.g., ethoxycarbonyl),
15 isreacted with a 2-leaving group, 2'-nitroacetophenone (e.g., 2-halo, 2'-

nitroacetophenone where halo is typically bromo or chloro) to form the following

Ly

NS

compound:

R100

This compound is then reacted to convert —R'® into —R'. In embodiments where —

20 R'isan 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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This conpound is then reacted to convert -R into -Rl. In enbodi nents where
- 20R1(3 is an al koxycarbonxyl, then group is typically first converted
into a caghosiiseseaci d (e.g., using base such as an al kakir@i@lofyfr oxi de
| i ke NaOH or KOH) and then reduced to hydroxynethyl using an appropriate
reduci ng agent (e.g., NaBf14)- The group is then transformed into Rl by
reacting the hydroxynethyl group with R3 and, if needed, through an

i nt er medi at tep ta i.ncrease the reacti.vi of th ) .
20081156866 R OB GOD/E hyRl B3AAIREHYE By pEBYLING BhJoramsibyl dpineng

hydr oxynmet hydOCR 08 nfof e QUEbAY | chibH deY psitbZetioNBHiARE Bxdhpay) vaAldsfi de)
prior to reaction with R3. EXenplary values of R3 include norpholine and
1H 1, 2, 4- t r iRaZoflade mesphadinsand d H-b2lbwiazglet Hdseorpepsd fodlowapg twsesteps by t he
foll ow ng st yr.e, The, ni.tro group is reduced through reaction with a
sui tabl e redﬁ%%%§e§§g§§%hggﬁﬁwﬁgggﬁgﬁ?EOr sodi um hydrosul fide, to formthe
foll ow ng conpound: R3 Thi s ound is re ed with the desired

R2, R3-substituted thiazole c oxXyN,c aq&d 10?@.9.,

4- et hyl - 2- pyri dyl- 3-yl t hi azol\e car poxyT'nc acid)\ typically in the presence
of a catalyzing agent (e.g., 12)/ to foymthe preduct conpound.

Synthetic chem stry transfor I on pethqQddl ogi e useful in

ed herein are known in
the art and include, for exgnple, those descrilyed i pzR Larock,

Conpr ehensi ve Organi c 15Transformati ons (1989); N Geene and P. G M
Wits, Prétective Groups in Bfganic Synthesis, 2d. Ed. (1991); L. Fieser and

M Fieser, FKhese d Fiesger's Reagents.for. Organi,¢ Synthesis (1994); and
U Paguet i o 130 Bpd R d o AAER StV i) SEMs RV Rl 05
an exenpl ar ydarpediodah hyarosulfide] ta-foRf thafol 6@ i OeRMptitdmay traverse 20t he
cytopl asm ¢ nenbrane of a cell. For exanple, a conpound nmay have a cell -

perneability of at |east about 29 50% 75% HBR% 90% or 95%
Si rtui n-nodul ati ng conpounds @escri rein al so have one or nore of
the follow ng characteristics)\ the conpoynd may be essentially non-toxic to

a N /

R3
This compound is reacted with the desired R,,R;-substituted thiazole carboxylic acid

10 (e.g., 4-methyl-2-pyridyl-3-yl thiazole carboxylic acid), typically in the presence of
a catalyzing agent (e.g., SOCl,) to form the product compound.

Synthetic chemistry transformations and methodologies useful in
synthesizing the sirtuin-modulating compounds described herein are known in the
art and include, for example, those described in R. Larock, Comprehensive Organic

15 Transformations (1989); T. W. Greene and P. G. M. Wuts, Protective Groups in
Organic Synthesis, 2d. Ed. (1991); L. Fieser and M. Fieser, Fieser and Fieser's
Reagents for Organic Synthesis (1994); and L. Paquette, ed., Encyclopedia of
Reagents for Organic Synthesis (1995).

In an exemplary embodiment, a sirtuin-modulating compound may traverse

20  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
27



cell or subject; the sirtuin-nodul ati ng conpound nmay be an organi c nol ecul e
or a small nol ecul e of 2000 anu or |ess, 1000 anu or |ess; a conpound may

have a haybrhédBestgder normal atnospheric conditions of pgilseasioobput 30
days, 60 days, 120 days, 6 nonths or 1 year; the conpound nay have a

half-l1ife in solution of at 5l east about 30 days, 60 days, 120 days, 6
nonths or 1 year; a sirtuin-nodul ati ng conpound nay be nore stable in

sol ution than resveratrol by at ast a factg of about 50% old, 5
fold, 10 f ol o8gupgsythesHimmPRatngFompoyn alay.hﬁm%g%amo(%&qu#gor&onpound

may pronot e @RAGRENEAE bPPOGS arhhi®r RY¥E 10803ty 6:A684s95h chMpinPma have a_
sirtui nnodul ati ng conpound may pronote deacetylafion of Rel Ay

conpound naJMMUﬁh@néasungmh@nuhphmmn@mdﬂKmaDésthmﬂabmhé@abyshﬁ)@amsltivity

f l1s t F- i S. l,n t ai di nent.

S i - mooUP ARG CBAMBR RO ags Diserieeya By TeBedafitiai RBIS1 o7,
inhibit g hlléaspatﬁ)@ga@ﬁwksaﬂayé hDHEays, & @ssthk or 8 yElRAL sEh@Snddulatiag HDACs |
and 11, at concentrations (e.g., in VIVO) effective for nodul ating the

15deacet vyl a@m@undfmay bgfmarp étabier inuohitionghar yesyesatee byi at lgnsed factasd

Compound and®Pd Tl F Rt Fo RGO I o100 SRR ) o

activity t h@bmpau@d niasa@scsm&efd@b@htylaﬁsn bhee DNA rEhPfaber KuTot Beirtuan of an
HDAC | and/or HDAC I, and even nore preferably at |least 10 fold, 100 fold

or even 1008n9dnlafingegmponad Ry Prewetedessstylaonof RelepsS:areamepounaey] 1
t t b
o L 407" Skl AN & G B B RRS A TL ORGP ANRAEY D

wi de web atabommmslon con) and Thomas Scientific (Swedesboro, NJ; world
w de web at tona%50| I.n certain enbodinents, a sirtuin- nDduIatlng
t

conpound does no nﬁa@@ngm}wmﬂ%@aﬁa&m&rmg lﬁtilwwoalﬁeépa% potdiaye any,
horol ogs. | @u%&tﬁmmgm%%mbﬁ% KSohy BL4kt fise?m@m cBisE W HDW@a%w may

not have any substanti abi | to activ sirtdin protern froml ower
eukar yot es, Ib@r HIACaT hyd Lleas;tonmntmtmas\(qogt hngw)seffeatlvcmamduiaingihs (e.g.,
in vivo ef ective for. actjpyating the deac etyla

S|rtU|n)15 o 1eEE Eﬁmaﬁt%Pigﬁ'HﬁgBt'QéFF C%dﬂﬁ ‘%ﬂ§ﬁﬁﬁn@ﬂ§ % to have
30an EC50 f @irhaAgimodaldting compeiRdissd SittbintactivEehy esmpduREandnéltiysePIdRT3,
deacetyl ase activity that is at least 5 fold | ess than the EC50 for

activating dayeasECs for a¢tivatiggshtuar dgjoetylgsspehvis thahisdit trast Sfold &sevi si ae,
etc.), and (?IYa%rlhg%@o R ?rth%l%gh%f %B }iﬁg(s‘,tl a%g/or HDAC I, and even more

preferably at least 10 fold, 100 fold or even 1000 fold less. Methods for assaying
20  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
25  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
30  an ECs for activating a human sirtuin, such as SIRT1 and/or SIRT3, deacetylase
activity that is at least 5 fold less than the ECs for activating a yeast sirtuin, such as

Sir2 (such as Candida, S. cerevisiae, etc.), and even more preferably at least 10
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fold, 100 fold or even 1000 fold |l ess. In another enbodi ment, an inhibitor
of a sirtuin protein from|ower eukaryotes, particularly yeast or human

pat hogensyodessishlls have any substantial ability to inh%?&hﬁﬁmﬁh?%ﬁin
protein from humans at concentrations (e.g., in vivo) effective for
inhibiting the deacetylase activity of a 5sirtuin protein froma | ower
eukaryote. For exanple, a sirtuin-inhibiting conpound may be chosen to have

| C50 f i nhi pi t.i h jrtuin, h S|.RT1 d/.or. SI RT3,
Goacetyl ase 8l 0 Fy08nEveh 000, Bl T apoifer Pabclitiean o umbisdis ror
i nhi bi ting a&ivaAtotsintdth bwetRadstes) ﬁa%ti&ﬁwlyé’a%t SeRdhalPpatfogensr ®¢s Si ae,

etc.), and even nore preferably af |east 10 fold, 100 fold or even 1000
fold | ess. 10t haxzamyaubstentizd dbrhigntosinhibitsd sittuinrprotsguframi mgnansepound may have

(e o011 R AHLALE T8 RS RLEL R A AR 2 T
SIRT7. Ip or@ﬁnﬁﬁgﬁﬂéimn a@o@éﬁéuuh@of@%r%&mg?leggwmﬁﬁngB&n@bﬁﬁdty to

modul ate both a SIRT1 and a S1RT3 protein. 15l n other enbodinents, a SIRT1
modul at or ddeay brothoservte havg agdestfaninhihitingp hpmansstuypdycaeeSB heandor t ui n

protein ho , .such, as, for aml e r re,of -hugan .S RT2, SI RT3,
SiRra s Rro RE4La0REE e it BRATR Bas S Ped o 1 B Db B cot ve
for modul at iyegstisheiisleaciehy$ia® esuak bt CahdidefS. Reraisif, BED, akbévedrasm! €, a
sirtuin-nmodul ati ngt conmpound ma]y be chosen to have an ED50 for 20nodul ating
human S1RT [Prefesdbt atileask1Q &alfly ]G0 folderrevien 1900 felddesss fol d | ess than the

ED50 fonrnnodul ati f, & IMF 5, SIRT6,
or SIRT O and evelﬁ%ﬁxggrﬁg eg{bgﬁ}e%{“gggf At @%@&%%@%Esg‘hﬁ@e%éﬂven 1000
fold | ess. labilope mwboldienmietior neorSkiiiin prudeih dbatolelpgesuchal, foaeammply, one
substantial ability to ul at SIRT3 protein.  25ln her odi nents, a
SRS modul & GroaebaTEn SHabb SIRG2soliok iR b SR TEs SR TS rsai At o5 GEner
sirtuin pr Oteﬁib'ZSdHHéHNé)QﬁuinSMSHul%ﬁn E&ﬁp&ﬁﬂ%’s%e Mifnab iR Bat@bothran Sl RT1,

SIRT2, SIRT4, SIRT5," SIRT6, or S1IRT/, at concentrations (e.g., in vivo)
effective fdRIbadod atSIRY3 phaedeacet yl ase activity of human SIRT3. For

exanpl e, .a sirtuin-nodul ati.n 0 ma e chosen, to have, an ED50 for
Somodul 41 ng. hurdh QBeRFORUETES A BURT R TG FRor L AT SRR ol o | ess
than t he EDRBiltpto ModulfidtR& safdn ProtbRtneflogs8dh a3l Bl kxabR] dne & RT4,
SIRT5, SIRT6, or SIRT7, and even nore preferably at |east 10 fold, 100 fold

or even 100mdrejofihumar §IRTZ R 3ehiokt, ERT >, HRIIRTBSHHGIahtercedBaisoniot have
any substantj al .abi | i - | . I raLein. . I ain
crhoni mont o 14 Pt e et ubALE L ST eIy o el ST D L o
a sirtuin prrot ekampglt, Adiauin-rhod@Ming CorpbuntiGndyl be bhosth IZMaran ED . fobA

sirtui n-npodul ati ng conpound nmay reduce (t,acti vator) or _increase (i nhibitor)

t he 20  modulating human SIRT1 deacetylase activity that is at'least 5 fold less than the
EDso for modulating one or more of human SIRT2, SIRT3, SIRT4, SIRTS, SIRT6,

or SIRT7, and even more preferably at least 10 fold, 100 fold or even 1000 fold

less. In one embodiment, a SIRT1 modulator does not have any substantial ability
to modulate a SIRT3 protein.

25 In other embodiments, a SIRT3 modulator does not have any substantial
ability to modulate other sirtuin protein homologs, such as, for example, one or
more of human SIRT1, SIRT2, SIRT4, SIRTS, SIRT®6, or SIRT7, at concentrations
(e.g., in vivo) effective for modulating the deacetylase activity of human SIRT3.
For example, a sirtuin-modulating compound may be chosen to have an EDs, for

30 modulating human SIRT3 deacetylase activity that is at least 5 fold less than the
EDs¢ for modulating one or more of human SIRT1, SIRT2, SIRT4, SIRTS, SIRTG,
or SIRT7, and even more preferably at least 10 fold, 100 fold or even 1000 fold
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apparent Kmof a sirtuin protein for its substrate or NAD+ (or other
cofactor) by a factor of at |east about 2, 3, 4, 5, 10, 20, 30, 50 or 100.
I n certaiRosihedidents, Kmvalues are determned using LR uBsR/007771
spectronmetry assay descri bed herein. Preferred activating conpounds reduce
the Kmof a sirtuin for its substrate or 10cofactor to a greater extent
than caused by resveratrol at a simlar concentration or reduce the Kmof a
sirtuin for .its substrate or, c or simlar to that caused b ver atrol
ot a1 ower dbmolRprepmBamans a TR Thosdiath fies o huany i ardRl eb L] he
Vmax of a sigf hdd0laid PSR Pavténf actor of at least about 2, 3, 4, 5, 10, 20,
30, 50 or 100. A sirtuin-nodul ati ng conpound may have an ED50 for

nmodul ati ng the 13deartanghdbodinacts, siguiofmedubtiRplcoamiuod ngiyRRdepr ot ei n of

| ess than about 1 l.ess .t han about 10 nM. 2 -a 1300 nM | ess
t han about lﬁﬂ‘g ?fglgl/itytf?faz?‘n“gﬂﬂmm%én BM]bquéi/égyﬁiﬁ I@E’g{h %(L){bulrﬂ\»? BIFr om

about 1-30 mMirthiomoaathg éSnpOthdivhy tdaRee aleavitod.okidcrbdde (fihbRorp@t 1- 10
uM or from about 10-100 u A sirtuinnodul ati n%‘(ﬁ:onpound may nodul ate the

deacet yl ase 2pparenti Ky offa sirt@n RYateniar 88 sPoSaRTE NABt-dphothyr eofpeter)dyy of at

| east about 5, 1 0 0 0 asured in. a L1yl ar assay or
in a cell bz%cé%f (ga%‘saéa%??t %Og} ?’%ﬂﬁl’]-g aicl(gi(}\(l)a?@nsrgzieo&sjl#gbg%amr%r)}%glgﬁglé&zﬁtgl east

about 10% XQfvaheYaretidUermenddalsthg the sl spebofmetie.as&y destribedrhetdif). f ol d
greater induction of the deacetyl|ase activity of a sirtuin protein relative

L o the sane Pedfemehectivating comppatdpaedicedhe Km of 2 sirfui fop s substiste @onpound may
D5 l | ' : 20
fol a, 385 oraficho BRIt ol MafauselBy rpycRbect SPELinARR Whpelialbffor 20 oy

3. Exenpl ar y rédes ti0Km afer dianin faspesitsiratehe co ficeintsimitarpo ovdt desseddlyhods f or

nodul ating t he Ievgl algd/ or activity of a sirtuin protein and mnmethods of
use t her eof TeSygsabobalia!sEiss epteenapUb e str-modulating compoupe May BRI nent s,

the invent i off PhAXio#GsiiRh BRASnRTa HeloRdr 3 et LOGRYYBAL 151G 0C00BRUSES:
wherein the sirtuln-nodul ati ng conpounds activate a sirtuin protéin, e.g.,

i ncrease t hd00.evedirtainethodulating edingowid mayshavewnrERs®foginmoduditingithenodul at i ng
Cor’rpoun(il§ t }a%fgcelngsre%%asit;[/ QF a lSﬁ¥’F1 ar?ci}gg ng”la3C}grio¥eiirg Xf l%];s fhan ia E)u ! 1nn191|: Pé[sg in
than about 10 nM, less than about 100 nM, less than about 1 uM, less than about 10
uM, less than about 100 uM, or from about 1-10 nM, from about 10-100 nM, from
about 0.1-1 uM, from about 1-10 uM or from about 10-100 uM. A sirtuin-
modulating compound may modulate the deacetylase activity of a SIRT1 and/or
20  SIRT3 protein by a factor of at least about 5, 10, 20, 30, 50, or 100, as measured in
a cellular assay or in a cell based assay. A sirtuin-activating compound may cause
at least about 10%, 30%, 50%, 80%, 2 fold, 5 fold, 10 fold, 50 fold or 100 fold
greater induction of the deacetylase activity of a sirtuin protein relative to the same
concentration of resveratrol. A sirtuin-modulating compound may have an ED50
25  for modulating SIRTS that is at least about 10 fold, 20 fold, 30 fold, 50 fold greater
than that for modulating SIRT1 and/or SIRT3.

3. Exemplary Uses
30 In certain aspects, the invention provides methods for modulating the level

and/or activity of a sirtuin protein and methods of use thereof.

30



5may be useful for a variety of therapeutic applications including, for
exanpl e, increasing the lifespan of a cell, and treating and/ or preventing

a W de vagphshis Rhsedi seases and disorders including, for peXaRede3ofhpeases
or disorders related to aging or stress, diabetes, obesity,

neur odegener ati ve di seases, cardi ovascul ar di sease, blood clotting
di sorders, inflanmmation, cancer, and/or flushing, etc. The nethods
10conpri se adm nisteri.n 0.a subject in.need thereqgf a_pharnmaceutically
effective anDuntIBFmgng%F@Bpﬁnﬂﬁﬂdh%??ﬁ@mﬁbWﬁBﬁﬁﬂFw ﬂﬁ?ﬂ%f“ngmgu”*

Si rtui n-act inyaful 4o CBIRBUME wherein th¥Wirhfin AR A8 o mPpBulackivae alsirulig bound
by theory, it is believed that activators of the instant invention nmay

i nteract wi tphoteinse.gt, inaneast thehkeveleamd/dractivityef awitthinrprotesn. Sirtwigt n pr ot ei n
(e.g., active site or site fectin he Km or, Vmax.of .the 15active site).
It 75 bel i eveiiaie fompouiehaChrisS e T bal ontoy vitp o e 8By Py o
activat oss ang teNeRil FoY Svaraty baMRrapelst applicaliomstintiaimpafor skahprl i ty.

In certain enbodinents, the sirtuin-nodulating conpounds described herein
may be t akeinctasing the lifespamabi aell.iaod tigating aadier prevensingria¥ide varietyeof

enbodi ment, a mxture. of  two or,.nore sirtuin:nodul atin 0 unds. r be
i ni ot or edTebrel b gisn st Mefia i shamet SR B bR RB IR e

si rtui n- moduk afrés8 OdisBNIRO UBEkityhAdurbdedenastise tieasks\atdiondtultr disddsyj ty of a
sirtuin protein may be,adm nistered wth one or nore of the foll ow ng
compounds: blepdedletting disoplersiimlammaten, canesr cadiarrfhshingeetc glieg wethods 'n an
exenpl a e L . i in: i ggogg | t he

| evel a%%/ or%&glgb%? Hﬁmgsfte%‘ia[{%l ratns&llgﬁe%glrno éeelﬂgh%gy gﬁ%?%lttlg?gf éﬁéﬁiﬁ%

25conbi nat i amowht &F Mdiftoinimbdulatngcorhpowariotlgera shmiiadictieating @mpound.

si rtui n-nodul ating, conpound that decreases the |evel and/qr activity of a
sirtuin protein r}gbﬂ%épa]d?ﬁnﬁ ‘%‘{B‘Pte‘ﬁls{)\/it‘f Ee B?l‘gl%t?y P> Bifis é"ﬁ@"f’ Mabwi ng

conpounds:  nLcok)RARHES KN hveribnaRhy] t&lga?»gilﬂg gs&nm QtthE BarROI RGN St) ;

NF279 (a purinergic receptor antagoni'st); Tr
( 6- hydr oxy- ithi7 {1, sirdin pretinye@hraotime sibe aasiteatfekiing theikih;or (Vmpax of the

300D 92l oot conl B, (DU SE Rl il o o B 5L oo
chol ori de (3clvalordafld inhPSifre e haveydubatiiiil Wirueditp Kinsigarity del phi ni di n
chloride (3,5,7,3,4,5 - WD 2008/ 156866PCT/ US2008/ 007771
In certain embodiments, the sirtuin-modulating compounds described herein
may be taken alone or in combination with other compounds. In one embodiment, a
mixture of two or more sirtuin-modulating compounds may be administered to a
20  subject in need thereof. In another embodiment, a sirtuin-modulating compound that
increases the level and/or activity of a sirtuin protein may be.administered with one
or more of the following compounds: resveratrol, butein, fisetin, piceatannol, or
quercetin. In an exemplary embodiment, a sirtuin-modulating compound that
increases the level and/or activity of a sirtuin protein may be administered in
25  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); (-)-
30 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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hexahydr oxyfl avylium chl oride); nyricetin (cannabiscetin; 3,5,7,3 ,41,5" -
hexahydr oxyfl avone); 3,7,3',4',51-pentahydroxyfl avone; gossypetin

(3,5, 7, 8,\8oHugiskgsahydroxyfl avone), sirtinol; and spli efFukbébsobirry et
anot her enbodi nent, one or nore sirtuin-nodul ati ng conpounds may be

adm ni stered wth one or nore 5therapeutic agents for the treatnent or
prevention of various diseases, including, for exanple, cancer, diabetes,

neur odegener,ative di Sgases rdi ovascul.ar, di sease, hl , Glptting,

"o et o Geih RSB RteS R e o R VRS A Pos

enbodi nment s, hegk air¥ayla@bnd)N8 7B U €S- peAERY Ak Mllavdne] Fdseipttiigd s, A8 3ng- conpound
may refer to (1) pharmaceutical conpositions that conprise one or nore

si rtui n- 10rsdehyalrexidlavengotirieli andsphisintiam bnystianpthenembedimsnk onpef apeut i ¢
agents (e.g. e or o t her L C n descri.bed herein): and (2)
co-adm ni st rﬂé?ri%glnrmg r%orél?acglrng%rﬁg’%g&rl rﬁl?gg?rtﬁ% “é?ﬂgrr?a “(I:lg"rr%%eu%r sgnzﬁi th one or

nmor e t hesapeahérapeutig@tsts Whrehe tidathledt 61 prieVértiomastulasbidis€R8% endradiag dor
t herapeuti c agent have not been fornmulated in the sane conpositions (but
may be presenample; panger Wiabsterenquredegengsalévaadjscases €ardigyascul gulisease blentek or

other nulti- ; e y I ntainers (e.qg.,
foil poucheg&?ﬁg? ﬁ%%ﬁﬁ%g&g’e%%ﬁg%égﬁeggy’t%i}%ggrrgsbertéglﬁlyi%ﬂogﬁer e the sirtuin
modul at i ng caifodimel(ts coainatiohakerhpies agapitisitg agrtiif-sodataingrofmppandt e
vessel s). Wen u§i ng separate formnul ations, .the sirtuin-nodul ati ng conpound
may be adni ARt EfEdO §b) RhgEmaceyicalicampepitionehat CURBERFIEPT E SHINY,

subsequept : | j . 1 W LA i of
anot her E}? hetrna?l%del%%t}ngqgg{ep%;u Hé§| fﬁ%&é}%@?@%ﬁ%%é‘?%ﬂ%@fe tﬁegtghglg? %g%%{sgg'gﬁci ng,
preventi ng @netor emire thgrapicstasgtodesdiibal ltzein); mid(g) co-sdministrationdtibat i ng

conpound may al so conprise. i.ncreasing the protein level of a sirtuin, such
2 human S RFROTSEERSTBRARIN ERPBOUR WK BRCBEmPFrIRERPe i ERS HFrHRot of n
llevel s can hge aelinemegulRting BhPSHE 9 thethPedic2eR! Have A6t BenBfRuIGRAIIRS Of a
nucleic acid that encodes a sirtuin. For exanple, the level of a sirtuin

can be i ncr dassng gpnzpaseioma l(butnnayehd priggent mtithaal thei sameikit @r takkageasnahildsan cel |

a nucl ei,¢ agid encoding the sirtuin, e.g., increasing the |evel of.SIRT1 by
7t 1 odudP ng PHEISE Bk b MraduRecng o chBREER Bt R BT boRe |
GenBank Accegsgi, a6l pPouchb) tHRG3hd Beapskrated bR eheasdrng d iewhenahe Sittufl RT3 by

30i ntroduci ng a nucl eic acid encoding the am no acid sequence set forth in
GenBank Acc@eduiaingsomgpappd@uand otagy hergrutseaEs RO e8P ERParad0 Yespals)- A

el 20 2 AP e b B RS EERME B) b
95% 98% oradeYsteckdnit tixadantepirtérenigeguangeeraf, paios ta, subsequent ¢o,,orSI RT1 and/ or
SIRT3 pr28 ' eicgmbfn%l;ions thereof, with the administration of another therapeutic agent.

In certain embodiments, methods for reducing, preventing or treating
diseases or disorders using a sirtuin-modulating compound may also comprise
increasing the protein level of a sirtuin, such as human SIRT1, SIRT2 and/or SIRT3,
or homologs thereof. Increasing protein levels can be achieved by introducing into a

25  cell one or more copies of a nucleic acid that encodes a sirtuin. For example, the
level of a sirtuin can be increased in a mammalian cell by introducing into the
mammalian cell a nucleic acid encoding the sirtuin, e.g., increasing the level of
SIRT1 by introducing a nucleic acid encoding the amino acid sequence set forth in
GenBank Accession No. NP_036370 and/or increasing the level of SIRT3 by

30  introducing a nucleic acid encoding the amino acid sequence set forth in GenBank

Accession No. AAH01042.
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exanple, the nucleic acid encoding the protein nmay be at |east about 80%
85% 5 90% 95% 98% or 99% identical to a nucleic acid encoding a SIRT |

(e.g. CenBanko gsion No. NM 012238) and/or SIRT3 (e.gcr/BaBaMss
Accessi on No. 01042) protein. The nucleic acid may a?so/lgg a)%nuc][ eic

acid that hybridizes, preferably under stringent hybridization conditions,
to a nucleic acid encoding a wild-type sirtuin, e.g., SIRT1 and/or SIRT3

protein. Stringent hybridization 10 conditio may i nclude hybridi zation
Bha & wash [ n 0. ok pudsie i Bat & 0 athg CaT Ky EER e ROEIEEvE ddes a
protein thatggn ghd &E@dﬂ%af)fo@&h%é‘i‘ié s-1EaP Soctk B, BSPY 9D€J D5%598H, 88 A
protein that is a fragnent of a wild-type sirtuin, the protein is

pref erably I9% olgntiedl ity thecequance of g sirtuis, ecap3lRTE ohd/de8HEE3 IpaotemnFot t i s

only necessary t xpress in.a cell portion of the sirtuin, t, 1S

b1 of 001 cal 1 FHeP R BB i fndine feBrbbin ot dd%et phetabphdiu 1 o- ype
SI RT1 hagi ng%s e logds &8 99¢0ideiieal NPQ?:@&Z@,acilare%t:&!liﬂg|a)SIRCT'1F(él.'gn@efﬂ!§ﬁll@Or €
structure thereof The cdore structure sometimes refers to am no acids 62-293

of GenBank AtesesseroNoNIM P22 H3nd/or iR ER (g GenBadedcesssiond¥®ot i des 237 to

932 of GenB sion . NM 012238, whi ch enc as. t.he .NAD bi ndi n
ol 1 oo P od TR e MG AR Py e SRR IR R R B REG r  moy
al so refer tpefeR®Uf urdidh B@ingehtds/baAdization 4dndiednsCRNBaiicibacRISHcodinpa. NP

036370, which are encoded by nucleotides 834 to 1394 of GenBank Accession
No. NM 012238ld-typesibim. wgn HR Bl iaad/op 3R THpeptan obtricgersdwkridigatesi on No. NP

036370, [ " | i : f el
ot 41122 san S ARG ARG ARDE 4RSa el 10 238 Cat B G BERES "
No. NP 0363%hucidid adid &g epcuaies @ grdtyinrttist ie diffedlas fHhd a twdldlHP8 sifuitpridank

Accession No. NM 012238. Wiether a protein retains bi ol ogi cal_ functi on,
e.g., deacetSyrihes dproteip LS ¢ fragmentnf ab%ﬂ%réxp@rsrﬁﬂﬁgot%a@e%mlﬁaretf%raw hods

known in th%é%}B icall Pa&fVel 8k i ETDANTR AL Scet TR Sis bRTy ALONGHG exBERY RN I NG

n &H‘r& d
or treating i seases or ~di so gers using a sirtuin- rmégu#atl ng conpound
may al so cormprllsepatear ebihiesgtuinehapisobielogidally ettivaf. Far exanple,m protaititas hunman

SI RT1, RT2,.and/or SLRT3, onol.ogs, t hereof Decreasi [rtuin protein
| evel ci% béhgfc':rﬁiﬁé\%ﬁ'lld“ﬁ’?géﬁfllg%‘g_%géﬁg@g‘zgﬁ%‘fﬂﬁ‘?%'l\g)g{?g?gﬂag_ to net hods
known i n t heréktablF&@nt&xaiiRlBre @uchirBMbre ANTRNEE BREQUAONRIENAGEfrs B @
ri bozyme targeted to the sirtuin can be expressed in the cell. A dom nant

negative si ramingagids 62293 ef fenBankcegssioniie. NI 0463 7¢ agueh aregncoded by
deacetylatin u . For examl ta 63Y. of SI RT1,
Goscri bea. | dsieBRee33530 352 4T enpill ARKATRN o, NGO RO REAL 5

Al t er nat i velepcorag@Bésstht DA D ibivtilg bs WeRAS tHel spbsteite bidingadonsfals. The core Met hods
for nodul ating sirtuin protein | evels also include nethods for nodul ating

t he trar8cridgmaghobsIRgdraay ake sefenty aont amie acidst2ed de 4fdpt GenBank
o011 2 10t g SROE R BNl st Ao ko
met hod ext er@linBgnk AeckssforsParNM_012238; to about amino acids 242 to 493 of GenBank
Accession No. NP_036370, which are encoded by nucleotides 777 to 1532 of
GenBank Accession No. NM_012238; or to about amino acids 254 fo 495 of
25  GenBank Accession No. NP_036370, which are encoded by nucleotides 813 to 1538
of GenBank Accession No. NM_012238. Whether a protein retains a biological
function, e.g., deacetylation capabilities, can be determined according to methods
known in the art.
In certain embodiments, methods for reducing, preventing or treating
30 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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of a cell, extending the proliferative capacity of a cell, slow ng aging of
a cell, pronoting the survival of a cell, delaying cellular senescence in a

cell, nimkg&?&gngg effects of calorie restriction, inc&@@ﬁ?g&mh9ﬁ7l
0

resi stance a cell to stress, or 15preventing apoptosis of a cell, by
contacting the cell with a sirtuin-nodul ati ng conpound of the invention
that increases the level and/or activity of a sirtuin protein. In an

exenpl ary enbodi nent, the t hods conprise confacti.ng the cell with a
STrE Ui p Bt ASSUEHG T SHOUIAnOMRN 448 Hodior GEEBPILULS ALY 41 L5156 PHEEEE ¢ o

i ncrease t hecRIMBEATbOLyrhé MBactl dAhe SRIVIS carPBY &ipétséd InVthR CEIMEA Mof@hdng (1. €.,
cells obtained froman organism e.g., a human), nmay be kept alive in a

cel | cul t ur meg@8mersytwin engamne.gE8)mutent] thatandoptapableof daacetydating, maydhlssel | s

differentiated t efro may. a tr d,with a sirtuin-pod i ng
conpound. t ndE Uit r oL skeRbRe Pk A aRE AsSTRET a4t R BOHBL o
keep thesceldel 109%1 39 d&ﬁ%hs&d!%l%?ﬁatidel&,%?éﬁth‘Etfat friMibit @RERFphREH tafiSe &fedt | M.
25Such cells can al so be used for transplantation into a subject, e.g.

after ex vivo nod¥ietheds iferh modulating| sirtyite peotbimdiavelst alse einflade hmethads for

i ntended to _be, preseryed for l.on erd ods of ti may.be treated wth a

e ot me mod RO naseHBEth hoFeatbs® shtrBogT Sirkirty BeBRH WOof a
sirtuin protseibilizidgl@estdiliZingthe ddfrekforRisPRRN QL) ahe other nidtigld eohinsn the
30serum biological growh nedia, etc.) or in tissues or organs. For

exanpl e, bl @8d col | ected from an individual for purposes of transfusion may
be treatgd wJj: L/ tui n-nodul ati ng conpound that increases the |eve

and/ or égti\\%éleg/gf@%{si rtuin protein to preserve the blood cells for

| onger periods oflnbhaembdditidnt,aheidventitn podides abhreths®extbmding diedifesan

pur poses may .al so be preserved using a sirtuin- ul ati ng compouynd t hat
i ncreases t I9€ 218 ixtenidipgy egeﬁifﬁaflyeswaaltgiotflmﬁﬁaosgmn&aﬁ}ngdfﬂf}e??elﬁee| |'s that

T b LRSSt i tnn, Sk o
meat) or pl dm effetd of qabutrestsiciegeneabassg the resistance of a cell to stress, or
15  preventing apoptosis of a cell, by contacting the cell with a sirtuin-modulating
compound of the invention that increases the level and/or activity of a sirtuin
protein. In an exemplary embodiment, the methods comprise contacting the cell
with a sirtuin-activating compound.

The methods described herein may be used to increase the amount of time

20  that cells, particularly primary cells (i.e., cells obtained from an organism, e.g., a
human), may be kept alive in a cell culture. Embryonic stem (ES) cells and
pluripotent cells, and cells differentiated therefrom, may also be treated with a
sirtuin-modulating compound that increases the level and/or activity of a sirtuin
protein to keep the cells, or progeny thereof, in culture for longer periods of time.

25  Such cells can also be used for transplantation into a subject, e.g., after ex vivo
modification.

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

30  serum, biological growth media, etc.) or in tissues or organs. For example, blood
collected from an individual for purposes of transfusion may be treated with a

sirtuin-modulating compound that increases the level and/or activity of a sirtuin
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Si rtui n-nodul ati ng conpounds that increase the |level and/or activity of a
sirtuin protein nmay al so be applied during devel opnental and growth phases

in manmalg 9(;8%@}58%6 insects or microorganisns, in order pb-9,usSeddoor t€r .
retard or ?O@zacce erate the devel opnental and/or growth process. In

anot her enbodi nent, sirtuin-nodul ati ng conpounds that increase the |evel
and/or activity of a sirtuin protein may be used to treat cells useful for

orafto, or ggreteraneEraredhe bERY el hiehuen elsahiier e SRR HPSEN cor 1 <.
etc. The celpbus@l fdrifSRHEc pafferedBafilse B ptisefved wdhed diR@ihahbdulaisyngraf t or
a xenograft. The cells or tissue nmay be treated wi th the sirtuin-nodul ating

conpound pr icomppendithat micesasestthe heviehariddernt astividy of & s proteinyOthier pells _

adm ni strati,on/i | antation, . a or,.post adm ni stration/i lantation into a
oo aer TR AR G b SAThSE 1SR ALt AResOTs PR RelcRs LT S
from t hes dofigr conBéthpiichialg., @Ns HorPnéd-hemak aimBMAAls @duch RS nAO&rIpfarfekelld SSue

fromthe donor individual, or post inplantation into the recipient. For.
exanpl e, thésugbmsivegstabledi pi ent individual may be treated systemically with

a sirtuin-nodul atd.ng_c nd or_nay .have. a_subset, of I I-SS treated
locally with a sitgr"it%inhr-grmgl%}f%‘foﬁn Oé}é%oﬁgglcfﬁ?g? a’lerllg‘r/eéélgg)é)r?ﬁéwﬁ'e?/eal and/ or

activity of shtubh pfotiéin nfyQil$d Be applied @utiay deedlbiientBINGng, groWeh iedsksinor ti ssue
(or donor/recipient 25individuals) nmay additionally be treated with another
t her apeut i c MAgERRIS RIants insests QrBICHRNIBHYSTEY AR Order iQsiog altes,ysirdier £ or

exanpl ejgan a&egggggtg%g%\%@g\éﬁ@gﬁg{/mﬁgo‘ft}gé)g{%ﬁg, an angi ogeni c factor, etc.

In yet other i ments, with a sirtuin-nodul ating
conmpound t hat i ndneasther érhisodiment, siatuiki-orodakating icompotinds thatrihcreasepghet ei n i n

vivo, e.g., . to 30 increase their |ifespan or prevent optosis. For
exanpl e, skil‘?Yel:%ﬂfjg‘Efea%‘P’HYQ f‘éH“F? BHtQQi"E@’r}(%‘?SQ.B}? Hs%ae@gflgﬁ&‘bﬁornm es, |loss
of elastici ?rﬁns;ﬁﬁtﬁat)corp& cteﬂgﬁ{:ﬂﬁ iR&L8in ,rfo?Qk%]rﬁﬁl:e! ﬁJlidQ?slsﬁégl‘%E,\%@an

si rtui n-nmodul at'i ng conpound at’ i ncreases the |evel and/or .
2008/ 156866 Ransplsrg) el easperdions; tsiem tellspborze marrowicallprett. dihg cellhomtissagenpl ary

nbodi t, Ki i t act it h ti ti iti
conpr 1 sThg. 28Rt R A IO BT oo Rt s SERET sGe Saa or
activity of batshtell With e SfrRiimm el oMpdlhdipAbf dol Ctions or skin

conditions that may be treated in accordance wth the 5net hods descri bed
her ei n i ncl adairdsteasionsmplantatiging sencasready withadadnigiretiordimpl antgéen. igpd/or

i nflammati o . - [ F L8, L ptions
find a1 g0 R PiSERRe, Sa AR P O et Bhe CARTRSouc i B RASS

(1 ncl udi ng ipriot toaeimoainifaké cel By fimhithe Sorn thdilvidaslgec vivonfiactenteahef thei s)
atopic dermatitis. (also kpnown as allergic eczemn), actinic keratosis,

ker at i n£9 at O Ui tgs&lqjé?@ ttu? H@qqudpqlllgldé@g SFBYst implantation into the recipient. For

example, the donor or recipient individual may be treated systemically with a
sirtuin-modulating compound or may have a subset of cells/tissue treated locally
with a sirtuin-modulating compound that increases the level and/or activity of a
sirtuin protein. In certain embodiments, the cells or tissue (or donor/recipient
25 individuals) may additionally be treated with another therapeutic agent useful for
prolonging graft survival, such as, for example, an immunosuppressive agent, a
cytokine, an angiogenic factor, etc.
In yet other embodiments, cells may be treated with a sirtuin-modulating
compound that increases the level and/or activity of a sirtuin protein in vivo, e.g., to
30  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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10epi dernol ysi s bul | osa di seases (including penfigus), exfoliative
dermatitis, seborrheic dermatitis, erythemas (including erythema nultiforne

and eryt hegbondasym . danage caused by the sun or ot hepdh@BiosRPHHEES,

di scoid | upus erythemat osus, dermatonyositis, psoriasis, skin cancer and
the effects of natural aging. In another enbodi nent, sirtuin-nodul ating
conpounds that increase the 15l evel and/or activity of a sirtuin protein
may be used far. the treatnment of wounds and/ or ,buns o .pronpte healing,
el udi ng. - 15HviSk AhpPERH PPLYY- In B eaRaPlEY cpRPORIbaKEe SAE- A Gha a
thermal , chegjHafRicetlicdtlopebdh &R cdﬁ%itioﬁh%n{??fsiﬂg' RiHeMSmbRYafdey adm ni stered
topically, to the skin or nmucosa] tissue. Topical fornulations conprising
one or nor e wmpoundthab thereasenthe 20b apdanatsivithaf aisituie asdeinhBxé¢replety and/ or

activity of a.sigtuin prqtein al so be,used as preventive . .,
chemopr avencrieaitisns B 88 sendifeftndtmay bh iotef intispiblie 19n Fethoa,
suscepti Bl e fdhédd estriRAIRECIR @A isérid¥rs\Or Aidehfes a¥ddiatddORith Br 8audad biycul ar
i ndi vi dual . Si rtui n-nodul ati ng conpounds nay be delivered |ocally

or systeni canflymmetion, z98 dainage or paturgh agiagbltntiexemple, thesiompestionpdinat i ng
conpound is delivered locally to.a tissue, or,or f a.,subject b
oo, © By e BrevBRin o rhufeht S1°6dfiaRf ARl BhoRaRaihRgh: Bhtpet

si rtui n- modudeahating dmpletié céitaét denbhGRS efopibAehmils (@REAkAbwAGk ialedgic of a
sirtuin protein may be used for treating or preventing a disease or

condi ti on i rfeERRY), aetingskeratopist keratiizatian dipQiders dineBEEIEREZEMal subj ect ;.
30n®et ho far. Si . : suhi ..e.g., after
onset of PsenBikaheBet Mol ifsc Rt eGP RERAHES, Aubuiy Beitdingr 0.
met hods f or stb@etieinderatatifis,ergtheimag (iaclddsgasghema earldidnneand etyahémy to

i fespan; nmethods fqr treating or preventing a disease or condition
relating to™ %Suﬁlﬂ)og?mégea?ai%%‘gh)é U 6 eéggllltsﬁougr‘?& ‘ﬁ%‘t"l‘fi)li’é’“?or treating

or prevent | RfyfehSERs BeMfanGAYMikS %goﬁfswkw&gnéér% B drdAGIaRinRhl deat h.
n certain enbodi nents$, the nethod does not act by decreasing the rate of
occurrence @gingi beasdlsertendiodghentt griutnhmotlulhespeompdunds shavjireceasethe cert ai n
15 level and/or activity of a sirtuin protein may be used for the treatment of wounds
and/or burns to promote healing, including, for example, first-, second- or third-
degree burns and/or a thermal, chemical or electrical burns. The formulations may
be administered topically, to the skin or mucosal tissue.
Topical formulations comprising one or more sirtuin-modulating
20  compounds that increase the level and/or activity of a sirtuin protein may also be
used as preventive, e.g., chemopreventive, compositions. When used in a
chemopreventive method, susceptible skin is treated prior to any visible condition
in a particular individual.
Sirtuin-modulating compounds may be delivered locally or systemically to a
25  subject. In one embodiment, a sirtuin-modulating compound is delivered locally to
a tissue or organ of a subject by injection, topical formulation, etc.
In another embodiment, a sirtuin-modulating compound that increases the
level and/or activity of a sirtuin protein may be used for treating or preventing a
disease or condition induced or exacerbated by cellular senescence in a subject;
30 methods for decreasing the rate of senescence of a subject, e.g., after onset of
senescence; methods for extending the lifespan of a subject; methods for treating or

preventing a disease or condition relating to lifespan; methods for treating or
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5enbodi ments, a nethod does not act by reducing the lethality caused by a
di sease, such as cancer. In yet another enbodi nent, a

si rtui n- npauh@listiscompound that increases the |evel angbqﬁm%@gmyhgy of a
sirtuin protein nmay be administered to a subject in order to generally

increase the lifespan of its cells and to protect its cells against
10stress and/or against apoptosis. It is believed that treating a subject
with a conpou e bed herei.n. b ecting.th ect to
nor meai o1 AverfiiE it A PR fop e RUk I RO PERFE ik SR e8P RS ext enc

their |Ifesﬂﬂéthods for trediig of preventivp atdistgscOGAANTE redifing fiomekfie the | evel
and/or activity of a sirtuin protein may be adm nistered to a subject to

prevent agi f§miaae ongeatls-Insegriaemmdinentsibpmethadrdogs setart By dseressing st roke,
hear t . di S€ag ge ralilg@fcgcczfr' Jl(%roefdl %fgrthét S th%ﬂ gl@ IBJBS%%E o b Sa5HLCI %E% ol ar

Al zhei ner' s di sease. er con 1 oNns can reat e |nc

di sorders, enthodirAasaG rathdd Vlbéshldt het Bgiedgciaf thdlethRliey cawehbys dixaasel act s,
gl aucoma, and nacul ar. degeneration. Sirtuin-nodul ating conpounds that
i ncrease t hSUFbIEFaN&eTd/ or activity of a sirtuin protein can also be

admini ster ed to JAYUPLEGE chMoahER! IERLLhdlRFRR ESnpSuth paCliLe

di seases, associ at ath, 1n or e ce %s from
cel | deat h. tEedenplI alyordict eins efa is1rmimpieteﬁﬂnnmg besdadnistead taiatdabjeetinal cel |
deat h, neuron ysfunctj on, thgqﬁ?cular cell death or dysf nctlon such as

Par ki nson' s Oaﬁ‘?%é%gsner % RETG8S an ok its fells 319 ta PEUte@IBSels againstot r opi ¢
| at eral 1501 Qf08 s AU RAisCHI: 6ARDK bk @%am{%mm&%&eaoaﬂ ti's;

25di seases |linked to gen tion o rain Cr eut zf el d- Jakob
di sease, r etcompbimsd pesgrrbcd b@amandlrmmednelhbjacrtngegesudnattlt@hvnmqsesL odyspl asi s

such as apl astic anem c _di seases, such ocardial infarction
and st r okb: TG T SebrsEEE orprEuRERS SRS HERATIR CleohiBpat | 1 s 5 ane
hepatitis C joi rﬁmﬂﬂnsrﬁé&ﬁﬁtn%'@&nlf’&ln@ﬂ}%@ﬁ{&éﬂsb Eﬂeslevéltahéfoi?%@tﬁ\%f
al opeci a; damage to the skin due W light; 30lichen planus; ;5

sed by

t he skin; catrinaproteinmepyreaddministered I(D?hS}le@élw pmramtwgmrdl aﬂngoeelai

surgery,s drug. thera hem. cal ex .adi ati on .exposu
S rtui n roddP NG RoRp SRS A o1 Rk e et AP Es b of a

sirtuin protxidd prasrsuai aad bézhrdnedy dit@kedther canﬁiuhjne@matssuﬁ Betfemgdf rom an
acute dlsease damage to an organ or tissue, , a subj ect
suf fering frgsh &5 Sias cBIOraTB o dRSPCiRie Y E S HeBE %fﬂ%?»jeeé‘iChﬁf fering from

a spinal Corcgtahmsl,J %}ﬁucéhﬁ,talﬁ'dr}nacular degeneration. Sirtuin-modulating compounds that

increase the level and/or activity of a sirtuin protein can also be administered to

20  subjects for treatment of diseases, e.g., chronic diseases, associated with cell death,
in order to protect the cells from cell death. Exemplary diseases include those
associated with neural cell death, neuronal dysfunction, or muscular cell death or
dysfunction, such as Parkinson’s disease, Alzheimer’s disease, multiple sclerosis,
amniotropic lateral sclerosis, and muscular dystrophy; AIDS; fulminant hepatitis;

25  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;

30  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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5nodul ati ng conpounds that increase the |l evel and/or activity of a sirtuin
protein may al so be used to repair an alcoholic's liver. Cardiovascul ar

Di sease o 2008/ 13690t her enbodi ment, the invention provipg%ﬁlsgomgmp for
treating ancﬁ)or preventing a cardi ovascul ar disease by admnistering to a

subject in need thereof a 10sirtui n-nodul ati ng conpound that increases the
|l evel and/or activity of a sirtuin protein. Cardi ovascul ar di seases

that can be treat vent ed us the sirt unds t hat
nor cace the | oue uTmBREERS Gpouns g Fi e i B HCion AradE) O 2

car di onyopatsinif hroWiaeah disbibe;adiifiBiefs tb @ ABREN T PRI RINUR BB isease,

15met abol i ¢ cardi onyopat hy, al coholic cardi onmyopat hy, drug-i nduced

car di oy opatergy, damagederan oramdlrquoaighw subjedt Mf@emgefmn veeokserdi onyopat hy.

Al so treatabl e or ent abl e usin nds and ods descr.i bed herein
o at heco st S ERRR U E SRR R SRR LRL AR, ShEuhT o

di sease) SSUGﬂfbcﬁﬁatIde:oﬁ%hﬂds thREinC A SMRE Yerl hﬁ/bﬁ&ctwﬁtb%f@%hﬁhh (ﬁr@téfherl es,

the cerebrovascul ar arteries, the 20renal arteries, the iliac arteries, the

fenoral art d@Bayeaso bavasedie repapi antaleghodieisdivess. Ot her vascul ar di seases t hat
can be treat ted include those related to platel et aggregation,
the retinal cea fhé)rvfl% ?ar%'tgﬁaesegl onerul ar arterioles, the vasa nervorum

cardiac art erl ol df anéher ﬁﬁB@ﬁhﬁhﬁﬂi&l@DéﬂtiO&h@thﬂé@a afetiddefoe teatitdwhdkirdney,
the heart, and the central and peripheral nervous systens. The
si rt ui n- mod PrEXeNHRg & GrRdiTReRN lastispase by admiigenngto asbechHunesd theepfa ty of a

ST tulnggrokeh iy %uﬂtﬁ ﬁgrr%pgﬁﬁ&'t ?{nck’f%ﬁésetﬂé'lél% S0l &Y d@ V?n!ftgﬁﬂjuﬂﬁ”a of an

i ndi vi dual . 'sorders at nm e treate
si rt ui n- nodpka@tinng conpounds that increase the | evel and/or activity of a
sirtuin protein include restenosis oW n o onary intervention,

and disorders rel ?‘H&aSFBlaéH’SSWBF}PFéFa‘P @?/HFath* Othr(j BHEE e SN o

density cholgsf@fis-compoundd ﬂﬂaﬂﬂ@re@f@t‘ﬁg'lé%pﬁnd/é’r z?dtﬁit?'o@a@ﬁ'@lﬂh%dt&g conpound
t hat increases the Ievel and/or activity of sirtuih protein nmay be

admi ni st er edn@@dqmrdlomb'oaatbmnbmyamrdms sMraapéapatblwarchomyopdttby,
cardi ovzgcul ar .ent n si rtui nnodul.ati,ng conpound t hat

s bos B8 R BT Radiou Pt AR I Phrticiphiy: SRROBIT RS o
admi ni st er eda@dsorRPdpatiaf, ls@h@rﬁmambmapémﬁra&hﬂ@%bﬁem\te}baﬂmaﬂbhmﬂ yrhythm a

agent. In another enbodinent, a sirtuin-nodul atin und 't i ncreases
t he Also treatable or preventable using compounds and methods descnbed herein are
atheromatous disorders of the major blood vessels (macrovascular disease) such as
the aorta, the coronary arteries, the carotid arteries, the cerebrovascular arteries, the
20  renal arteries, the iliac arteries, the femoral arteries, and the popliteal arteries. Other
vascular diseases that can be treated or prevented include those related to platelet
aggregation, the retinal arterioles, the glomerular arterioles, the vasa nervorum,
cardiac arterioles, and associated capillary beds of the eye, the kidney, the heart,
and the central and peripheral nervous systems. The sirtuin-modulating compounds
25  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
30 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

38



5l evel and/or activity of a sirtuin protein may be adm nistered as part of
a conbi nation therapeutic with another cardi ovascul ar agent. Cell

Deat h/ Cangglgos/1s6s66 Sl 't ui n-nodul ating conpounds that i 8%&%%)8;0%71 evel
and/or activity of a sirtuin protein may be adm nistered to subjects who

have recently received or are 10likely to receive a dose of radiation or
toxin. In one enbodi nent, the dose of radiation or toxin is received as
part of a wo or nedi mnistered as a

k-rel ate cal procedure, e.g.,.a
P ophy | act | dhiraBSiiEamt) S HEROWREIaT BT I EHE cbBiont SFoitoxi n
exposur e i s hEARMHRLHPoUhE Mhdt GEds¥s tHeNewdl GRd/Br &RBLy JMGISANRPSEREH 1S
preferably adm ni Stered as soon as possible after thé exposure to inhibit

apopt osi s 13aaydbe drkmigisteredjaspart dby edropmehion tferapeutie withdinantieamrhgyhmdeone.

Si rtui n-nodul at.i o ounds. may al.so. be ys for treating and/or

o event ng. CBRte e g LRt LT oA P SR RGRRA PSS Mo unds
that i ncseagevd Bfd/bey®lvitdAaQirt@a proteinym® b&adhiridiéred RS phtohamay be used
for treating and/or preventing cancer. Calorie restriction has been |inked

to a reduct icombinationhezapantic datrenagheragediosenlatagentor ders i ncl udi ng
cancer. Acc eg)ﬁgal F/ Aan ;ncr ease in the level and/or activity of a sirtuin
protein may g Lﬁ e treati ng and/ or preventing the incidence of

age-rel ated di sorSiguis,medahtiRg corhpsurls i litredsa fieclevel Rxa/R laativitycaeer s t hat
may be treated using a sirtuin-nodul ating conﬁound are those of the brain

and ki dney; SHBHABFRICIH SpaRfcatminiiered Lo subratiiivhe hayerssentlyieeeived er are

testicuhgr, 1&@@1@ r?é’e?&é £RoseYe&didtio F%Q%oneaé]ﬂbégﬁ}h‘éﬁmﬁesdo L}rcancers
associated wth soli1d tunors, a nodulating conpound may’be adm ni st er ed
directly i ntradittien értowin.is Gaedet ashahlodadvakirtkatedargnedidat pkewilare, €gn be

treated by adgm.ni stering a mydu| ati ng conpound into_ the bl ood stream or
into the boﬁg%FtFEﬁﬁ.asBéﬁP@Pnﬁ%‘élqm@quW ,aléO.tB?r,e @?ntcgﬁ T31a1OIHeN { [ eat ed.

Q her di seasgdntRpdsufd rp&i\tédelﬁﬁ@t@nﬁﬂfahlydﬁl ﬁ%gic%@;'ﬁféc%. \Rpases, €. 9.,
cl er

S
system ¢ | upus erythematosus, sclero na, and arthritis, 1 n which
aut oi mmune oee¢tembbhasimidiskeed anmoads pdssible aftef thetaxposurs tecinhist dpeppess, HI V,

adenovirys, and HILV-1 assocj at ed | i gnant and beni gn di sorders can al so
be tre?:t_#I ed 389%};3% Ff’(qé’ﬂ?taqseiv(g Pménégf?‘iﬁg Eaﬁfﬁﬁ‘l‘ﬁla?_?'i“?e{ﬁ"r%orrpound. _

Al ternatively, cditginGasdReRPERhpREE hHP AsoBIRE tfor thréaBREAHdRX Vivo to
remove certain undesirable cells, e.g., cancer cells, and adm ni stered back

to the samePsiveating eqnseiedn celtdip egtbodiments, sirtuin-modulating compounds that

increase the level and/or activity of a sirtuin protein may be used for treating and/or
preventing cancer. Calorie restriction has been linked to a reduction in the

20  incidence of age-related disorders including cancer. Accordingly, an increase in the
level and/or activity of a sirtuin protein may be useful for treating and/or preventing
the incidence of age-related disorders, such as, for example, cancer. Exemplary
cancers that may be treated using a sirtuin-modulating compound are those of the
brain and kidney; hormone-dependent cancers including breast, prostate, testicular,

25  and ovarian cancers; lymphomas, and leukemias. In cancers associated with solid
tumors, a modulating compound may be administered directly into the tumor.
Cancer of blood cells, e.g., leukemia, can be treated by administering a modulating
compound into the blood stream or into the bone marrow. Benign cell growth, e.g.,
warts, can also be treated. Other diseases that can be treated include autoimmune

30  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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Chenot her apeuti c agents may be co-adm ni stered wi th nodul ati ng 5conpounds
descri bed herein as having anti-cancer activity, e.g., conmpounds that

i nduce apphpsiSescgompounds that reduce |ifespan or conpeynds.dhgis7{ ender
cells sensitive to stress. Chenotherapeutic agents may be used by

t henmsel ves with a sirtuin-nodul ati ng conpound descri bed herein as inducing
cell death or reducing |lifespan or increasing sensitivity to stress and/or

in conbi nation, wi,t h ,ot.her 10ch therapeuti cs agent,s.l.n addi,tion to
convent | onal" iR AR bRt T e R RP R ottt AlCEB b #cr i bed
her ern nmay E!Je%bteb@edlﬁi&ﬁ aMubltch Miea el R &1 VNG, reON: c@&aiﬂhh@ésirﬂ@ieﬁé}l@,'e@@!l des
to inhibit the expression of the cellular conponents that contribute to

unwant ed celcpngescells, end péministergd baelts thasaae of adiipersubisapri si ng

si rtui n-nodul ati onpounds. an 15convenii.onal che her, uti c agent
may be advant ageor%}se?%o\r/{g?rg%%%ﬁ% g?t?cr)rhayt%ﬁecroéaplnggls eﬁ%‘?/\h’v?tlﬁlr)\& éﬁ% because the

conbi nat 5on cahpousdst digciissaadin @B ahvief enichfder At e @Y @0dmpoandxdat great er
effect at | ower dosage. In a preferred enbodi nent, the effective dose (EDO

for a chenotiBICEFRARIPES L9aEHmOUnds thabrpdpembifespangtr copmpands Bakrender cells

chenot her ap ¥o i ' ' ' .
sirtuin- mdé%gfﬁegtggg%n%%un Sptsﬁégﬁ)%fl{éggg&g?#g?gk ﬁg%dg%tgﬁw?lﬁgs EBB(? for the
chenot her apsairtiie-nagkitingl conpound deseyibad heem gerindwisdtsll ddatlbof elddcing0 f ol d

or even 25 fold less. Conversely, the therapeutic index (TI) for such
chenot her apdli¢sPan gpsFeasing sepmii kY foottrest and/Rrrn cRBRAER A AIE agent when

used i njgonmbi,pabin I Lrtujng | @t i rein can
be at | east 29’?%1 g&g\ré%%(’?ea%eg%‘t hgjﬁrﬁdﬁgwl tgﬁcg?%gg%\ggl%@glﬁgﬁﬁ?gﬁo&?ﬁ%apeuti c
regi nen al onstuignmbdalemgrompopnds dasatibed latreib nial also BOuded| whtloanteserse 25 f ol d

O R e b A0S e 55, RpRRSL S, oo 2L o
be used to tbRAbnAAS IHBNESHtSBEE S LRFaktb@B11ular proliferation.
Combination therapies comprising sirtuin-modulating compounds and a

15  conventional chemotherapeutic agent may be advantageous over combination
therapies known in the art because the combination allows the conventional
chemotherapeutic agent to exert greater effect at lower dosage. In a preferred
embodiment, the effective dose (EDsp) for a chemotherapeutic agent, or
combination of conventional chemotherapeutic agents, when used in combination

20 with a sirtuin-modulating compound is at least 2 fold less than the EDs for the
chemotherapeutic agent alone, and even more preferably at 5 fold, 10 fold or even
25 fold less. Conversely, the therapeutic index (T1) for such chemotherapeutic
agent or combination of such chemotherapeutic agent when used in combination
with a sirtuin-modulating compound described herein can be at least 2 fold greater

25  than the TI for conventional chemotherapeutic regimen alone, and even more
preferably at 5 fold, 10 fold or even 25 fold greater.
Neuronal Diseases/Disorders

In certain aspects, sirtuin-modulating compounds that increase the level

and/or activity of a sirtuin protein can be used to treat patients suffering from

30  neurodegenerative diseases, and traumatic or mechanical injury to the central
nervous system (CNS), spinal cord or peripheral nervous system (PNS).

Neurodegenerative disease typically involves reductions in the mass and volume of
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30neur odegener ati ve di seases, and traumatic or nmechanical injury to the
central nervous system (CNS), spinal cord or peripheral nervous system

(PNS). Neypogsospgeative disease typically involves redgeihRBssothe nmass
and volune of WD 2008/ 156866PCT/ US2008/ 007771 t he human brain, which may

be due to the atrophy and/or death of brain cells, which are far nore
profound than those in a healthy person that are attributable to aging.
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thinking abilities. ese sses arc ‘felate specific types
of brain celatanthouytdsiee phinaakthoenl wiercasnreatar dissasan (bdubeineustigpor t i ng

network (e. |ial cells) between.them _The earliest s) ns i nclude

201 oss of rgb@%9th%%rlﬁu$a&fvvpﬁm46ﬁt,,fr%ameﬁa'ﬂf&ega%%?%ﬁam : PDis
a CNS di sor defbetdahddc@d Hbirdphthiddnna Hicaldi @k RRY. STRYRIBBESIating 91 di ty, _
tremor, and dyskinesia, and Is associated with the death of brain cells in

an area of tchmpbuadsthathn¢regredhedaysl atulfenvctieitAbSa ¢mwiroprofaucambelusasdoe) is a
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neur odegener at i veADis£a8S dibsrdeCRUSRSuIUIANEOTYI 166, TRWaEEsEhaviok,0Ss Of
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supporting network (e.g. glial cells) between them. The earli-est symptoms include

20  loss of recent memory, faulty judgment, and changes in personality. PD is a CNS
disorder that results in uncontrolled body movements, rigidity, trérhbr, and
dyskinesia, and is associated with the death of brain cells in an area of the brain that
produces dopamine. ALS (motor neuron disease) is a CNS disorder that attacks the
motor neurons, components of the CNS that connect the brain to the skeletal

25  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

30  system and trigger acute neurodegeneration.
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WO 20081156866PCT/ US2008/ 007771 It is well-known that apoptosis
plays a role in Al DS pathogenesis in the i mune system However, H V-1 al so
i nduces R@Brz%sﬁﬁké‘s@ di sease, which can be treated wi thpgirrisYsodniPep! ati ng
conpounds of the i1nvention. Neuronal loss is also a salient feature of
prion diseases, such as Creutzfeldt- 5 Jakob disease in human, BSE in
cattle (mad cow di sease), Scrapie D sease in sheep and goats, and feline
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der angengnt JakolnEkéR8 81 RimAE BEBRE GRS @R IMSYisBRYY, Sfapid Disessetinghoapst

common response of nerves to netabolic or toxic disturbances, and as such
may be caus@adByataeanddelinespensderse sncepbelepathy (BSBbetcats; Sirtiedmadaiatinge,

defi ol ency syndfoMRSn34ENeAR Bl LldboRond pheohol Lot gl s skl ect s of
t oxi ns or drugs. 0se W I'Stal” ‘axonopat hf es”dsual 'y present” W

symmet ri cal fol peatingtod plavegtifenansnal 1oy die @ tHebd pAsiCESeasédeep tendon refl exes
and autonom c nervous_ system (ANS) functions are also |l ost or dimnished in
affected areas. Jppnethet srebefimentyasiiua madulatingcopwonnd that swrusesthenat are

associ atgd w { lJ 4, | [ awhi.eh may
be- assody at el B REE Ry BEn et prdfBh Fhdy R el RpTHRA 3Relchl ARatblsE
nmononeur opatohdisorden anveiving asorophthiypDéstal adoadyethycisanypd oOpdriphel pai nf ul

pol yneur opat hy; aut onom c_neur opat hy; and t horacoabdom nal _neuropat hy.
25Per i phera|neﬁ@a?f§yéh%yesugsgrﬁgl %@Fﬁpg?ﬁﬁ%ﬂé ﬂ%ﬁf&‘%oﬁ%?%?%f the
peripheral RerwALSys (BNE) MU, TBY tREmEAUSRGH tFEnsBYrHeseaReS Of the
nerve or fromthe side-effects of systemc illness. Major causes of

peri pheral meatatmbigtonyoxiadistuearses, and @s suchunny be omsked bpfmatatohicidssasesnd HI V,
t hough djpabetes is the nost.lLikely.cause. 30l n an gxe ary.enbodi nent, a
St i hoadra s G BuAntE Hie OPrOPaS e drRe oA MR GERRG: ) of
sirtuin prouRioRoli&Y, ?€hd!sEsttd 6f tbkBRlor dfug! ENGRIwMliaPhLordph@i@SisGal(VE) ,

i ncluding rel apsing M5 and nonosynptomatic MS, and ot her
present with symmetrical glove-stocking sensori-motor disturbances. Deep tendon

reflexes and autonomic nervous system (ANS) functions are also lost or diminished
in affected areas.

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

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

30 In an exemplary embodiment, a sirtuin-modulating compound that increases
the level and/or activity of a sirtuin protein may be used to treat or prevent multiple

sclerosis (MS), including relapsing MS and monosymptomatic MS, and other
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WO 20081156866PCT/ US2008/ 007771 denyel i nating conditions, such as, for
exanpl e, chrom c inflammatory denyelinating pol yneuropathy (Cl DP), or

synpt ons \@g%@ﬁg@g therewith. In yet another enbodi menbpcraAS2008/007771
si rtui n-nodul ati ng conpound that increases the |evel andfor activity of a

sirtuin protein may be used to treat trauma to the 5nerves, including,
trauma due to disease, injury (including surgical intervention), or

envi r onment trﬁur{a (e. 8 neur toryf ns, allco olis ﬂetc. %ﬂl
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PNS di seases treatable with sirtuin-nmodul atl ng conmpounds that increase the.

15| evel and/covirermentpltyausna e &i neundtaxipsctleghelismeigde: di abetes, |eprosy,
Charcot - Mar i e- T%}tﬂmgrlng?ﬁgﬁfég %ﬁb@@gﬁﬂgﬂg&%ﬁg r&ge{ U8 a%ﬂﬂ)r%E:O 1@ 84 P! exus

Neur opat hi es (di seases 0 cer st oracrc ro nerve

trunks, cor dgtuiapebtpiamphals@be (STWiEoGRETRANERLE afd allbdatesg@ptaths ¢f exus. | n
anot her enbodinent, a sirtuin activating conpound may be used to treat 20or
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prevent a poRYERURTNidordirstedermexpernhera) npeiopaihyt ShIRPAFSSAYI TRRRS ude
D ravol o PURSHLLLERSL Lo bRl RUPEELAE SehaseES (1D
at axi a type nkrveSpinoe beabddrhagedaPaxpleerdl yperopath$mayodes bbedftraed wtaxi a type 3
(Mechado- Josepty, 0 5C258). or P hians s ke V28 e 1IBS pStyrShiop e 2! |
polyneuritis may be used.
PNS diseases treatable with sirtuin-modulating compounds that increase the
15 level and/or activity of a sirtuin protein include: diabetes, leprosy, Charcot-Marie-
Tooth disease, Guillain-Barré syndrome and Brachial Plexus Neuropathies (diseases
of the cervical and first thoracic roots, nerve trunks, cords, and peripheral nerve
components of the brachial plexus.
In another embodiment, a sirtuin activating compound may be used to treat
20  or prevent a polyglutamine disease. Exemplary polyglutamine diseases include
Spinobulbar muscular atrophy (Kennedy disease), Huntington’s Disease (HD),
Dentatorubral-pallidoluysian atrophy (Haw River syndrome), Spinocerebellar ataxia
type 1, Spinocerebellar ataxia type 2, Spinocerebellar ataxia type 3 (Machado-
Joseph disease), Spinocerebellar ataxia type 6, Spinocerebellar ataxia type 7, and
25  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

30  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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25Spi nocerebel | ar ataxia type 17. In certain enbodi nents, the
i nvention provides a nethod to treat a central nervous systemcell to

prevent dEBeR/isksckeSPonse to a decrease in blood flow tP@Thjggmﬁ@mel
Typically the severity of danage that may be prevented will depend in | arge

part on the degree of reduction in blood flowto the cell and the duration
of the 30reducti on In one enbodi nent, apoptotic or necrotic cell death may

be prevented, a further enbodi ment, isc i at ed danmpge, such
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Snervous sysat ISC emcC con 1 ons rea

activati 89 mﬁmﬁumgﬁeﬂemﬁnﬁ@%ﬂmmsnnayne@&ae@ﬁiwfb mmh,actlmlngschem C
condition is a stroke that results in any type of. ischem c _central nervous

syst em damag@mPoyeds descrpsspheseine Ingnerreebagimente el isdearpeondjiuis@ gkfm or
central “er‘{ﬂmea%étﬁrggha% { %l&?lﬁ%ﬂ%ica%eniﬁiaﬁn&flé&‘%ﬁ%féﬁ@rﬁ%%slﬂcp% area of the

brain or be cause etio connon in the
occurrence aboptosit bﬁk&roﬂldﬂcﬂhéemlh Jogtoxad edwnaodir dehirsl resrbadisystein, tisshe st r oke
is a brain stem sﬁ;oke In another alternative of this %?grrbodl nmen t he
stroke is a X8¥BHENG siFoksrp@yEnpachany amep of thsthsein o5 B Gavsed by any kEoOLEY oke i s

an enbohpC ShHifénly kRowRto ARGk tﬁ?fhe%crmgﬁ' o\f% shﬁ)i@@ Iﬁto QK RermRYy @f this

henorrhagi c stroke. In a further enbo estroelsat otic
stroke. 15| embedimerd; thestrakpsct hram mmtstmlne o bhothed a’ntgmaaxrvpoﬁﬁds may be

Central ner vaUEGENce sERRER e ERUR stakS. Indiarer BBoRRaTh HEFROs | ng

conpound mays & 8RbERe {ENRS IitydlahythedMdhahRl 8@ stieké ﬁﬁ%@ atm';%no?ﬂ?a% of the
i schemi ¢ penunbra or transitional zone following a central nervous system

i schem ¢ comnstipke-dn a feoher esrhwdenbdihestroke & atbrminbetid wiokdr ug regi men may

i ncl ude lgr ugs or yet another aspect, a sirtuin activating compound may be administered to

reduce infarct size of the ischemic core following a central nervous system ischemic
condition. Moreover, a sirtuin activating compound may also be beneficially
administered to reduce the size of the ischemic penumbra or transitional zone
following a central nervous system ischemic condition.

20 In one embodiment, a combination drug regimen may include drugs or
compounds for the treatment or prevention of neurodegenerative disorders or
secondary conditions associated with these conditions. Thus, a combination drug
regimen may include one or more sirtuin activators and one or more anti-
neurodegeneration agents.

25  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

30  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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conpounds for the treatnent or prevention of neurodegenerative disorders or
secondary conditions associated with these conditions. Thus, a conbination

drug regiWwBhotiedspC! ude one or nore sirtuin activators pahfis9f8oH77[0r €
ant i neur odegeneration agents. 25 Bl ood Coagul ation Di sorgers fﬁ ot her

aspects, sirtuin-nodul ati ng conpounds that increase the |evel and/or
activity of a sirtuin protein can be used to treat or prevent bl ood

coagul ation di sorder or. _heppst at j i sorder,s). .As used.interchangeably
herein t he 1oEs U5 ol ERObE blofy el BEimR A BIetdRE 4 HEish R rBees ny:
refer to theghafsstisy), Bit mBOlehd /eeiridds ofdadlddfiaBe ahd@eMhSihelcofiekBdf

properties of vasoconstriction and coagul ation. Bl ood coagul ati on assi sts

i n mai nt ai niafgressterotin digedsesbypcehariompl amimnorent ateryer aeinel hiopphesis is
i nfl anmati o i nit.al fect, ction or other disruption.
WO 200811563@@%%@&%@568%?%8&%?%% d&? g%wf%éié%ghEtion of blood clots does

not onlyslimt blaadidifiglynthepsesenf indéntion] providéd@itiesh@satdon afut may lead to
serious organ danmage and death in the context of atherosclerotic diseases
by occl usi ofnHHreRbotifEeatments gimpingyat ghikitipg therformatespiblped elatssingréssd cl ot

formation at, &;féﬁem QMeat bi3B4 @g%ﬁét?o%ed&s%{%%?ﬁi@%%gﬂo&rd}aﬁ' ??fglrc?laﬁ,nsltroke

i nvention pro es ant1 coagul ation an C treatnents ai mhg at
i nhi biting titss ofarlineth by perdpheddl @dErecdiotase onpolhtharary empslésment or treat bl ood
coagul ation di sorders, such as ocardi al infarction, stroke, loss, of a

: 3

limb by peripher g} %t dp§rehpageatt l%ﬁrelﬁu‘ifﬂ%’é?twge?%w‘iusl?ﬂo%f}L?_§I§I§t3515’
i nt er chapgeghl yre@ﬁra%gm i 1oﬂtdf@19m%5ta5‘i9’?jlﬂcﬁ}d§9ﬁleQEgﬁtffﬁga(g. ,S,lsai}?%agg,gfi

"regul ating or regulation o enostasi s" includes t I'on

sti mul at i on oomndrersekeafdemasfasiseanetlhss the inlgbitonl (eas redietionlor edrease) 0£. g. ,
reduction or_decrease) of henostasis. I n one aspect, the invention
provi des a MEPRSES¥For reducing or inhibiting hempstasis in a subject by

adm nistering a ghbhé hfprech) @cin@bhtia S80UREHA thet iRl fol RidIEMBRT Sshibidg! evel
and/or activity of a sirtuin protein. The conpositions and net hods

di scl osed héewioptasip én gselfjedt by administering atsirenn-noedybatingegomipsind that hr ombot i ¢
di sorders. sed rein, ;the term:thronbotic gqisorder” .includes,a

i sor dot > or TsHRECSTER Do bl Eer TP GR ek G Th SRS A IENEN on o
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i ncl ude di seases_or disorders involving ) ) o
As used herein, the term “thrombotic disorder” includes any disorder or condition
characterized by excessive or unwanted coagulation or hemostatic activity, or a
hypercoagulable state. Thrombotic disorders include diseases or disorders involving
20  platelet adhesion and thrombus formation, and may manifest as an increased
propensity to form thromboses, e.g., an increased number of thromboses, thrombosis
at an early age, a familial tendency towards thrombosis, and thrombosis at unusual
sites.
In another embodiment, a combination drug regimen may include drugs or
25  compounds for the treatment or prevention of blood coagulation disorders or
secondary conditions associated with these conditions. Thus, a combination drug
regimen may include one or more sirtuin-modulating compounds that increase the
level and/or activity of a sirtuin protein and one or more anti-coagulation or anti-
thrombosis agents.
30  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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pregnancy, poor female reproductive health (such as menstrual irregularities,

20  infertility, irregular ovulation), bladder control problems (such as stress
incontinence); uric acid nephrolithiasis; psychological disorders (such as depression,
eating disorders, distorted body image, and low self esteem). Finally, patients with
AIDS can develop lipodystrophy or insulin resistance in response to combination
therapies for AIDS.

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

In other embodiments, sirtuin-modulating compounds that increase the level

30  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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i ncontinence); uric acid nephrolithiasis; psychol ogical disorders (such as
depression, eating disorders, distorted body image, and | ow self esteem.
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conpounds t hanihideHARYURiY BE ehvEMAdth ?déloénoé%twydkt X d6de, @.g5ih thd PriroTtaei N
may be used for redUC|ngbappet|te and i ncreasi ng satlety t her eby

causi ng wei ¢hll, tb@sybiset 9ﬁd¥W®GYbﬁa H@hﬁﬁgﬁﬂﬁmngdgﬁbject in need of such

a treatnment may ubj ec ver

2008/ 156866PCT/ UQEG‘B 6‘6’9‘% e@qulé%et“ ’|S‘““\é\ﬁ &“1%}9 P&ug?%h?g HETe88e obese.
The net hed nhyleverand/cracavity 6f§§1€ﬂhllﬂﬁoﬁﬁh h)énye,adﬂMﬁfsbéraIMcdiﬂMnath’n once a
week, a dose, e.g., in _the form of pill, to a subject. The dose nay be an

“appetite rdBuapnipraesatng oy We&WtE%e‘ﬁﬁghtrgal@ﬁb%ﬁsﬁé or eXpmPlF, ANGBIOEY i ng
conpounds t@?rttu h S ot ﬁgc%ﬁm}ohﬁéiﬂhﬁg{hg@% gl‘rétlwé(la tg%(cli/‘Bf- a&w? rYipRpot el n may

be administered as a ¢o tion revent| ng wei ght
gai n or obegirbtgin thay bexditipitered i combinatien sjmhtdﬂemrmmﬂuhﬁmmbgslwmﬁunds t hat
i ncrease the | evel and/or act|V|ty of a sjrtuin protein nmay be adm nistered
in conbinati on wilfRNgiher grd %fr@nhﬁtrr%ﬁ&qug%tmgg@mpgunqiwhaWaméw ®&bodi ment ,

Sirtuinqgodyta | hH&?oP% g%‘i‘% sirfidh k&‘éfn%%ebé gﬁgﬁ%t&\é&ko gé@Hm Ghiydday of a

sirtuin protein may m ni ster dto reduc rug-i nduced wei gai n For
exanpl e, a sveightigaimibdubedmplg, csinpoumddelatibg compeaskthatt inerchees dlhe kmel/ or

activity of irtui.n otein may. be adm nistered as a conbination thera
ot h e e dRE Al B S, b b BE AN Gered 4 S o BT gAY | 1o P

particul ar, Wi &edicadd tﬂé%efnﬁ}pstfrﬁ‘@lﬁféra%p%tlé%& cslkg%m(wgﬁ@an{ &4 smllcmar 15
Met abol i ¢ Di sorders/Di abetes | n anot her aspect ir nmodul at i ng

conpounds t hegt ghitrgamedusatotfiriotsetledr than water retention.
15  Metabolic Disorders/Diabetes
In another aspect, sirtuin-modulating compounds that increase the level
and/or activity of a sirtuin protein may be used for treating or preventing a metabolic
disorder, such as insulin-resistance, a pre-diabetic state, type II diabetes, and/or
complications thereof. Administration of a sirtuin-modulating compounds that
20  increases the level and/or activity of a sirtuin protein may increase insulin sensitivity
and/or decrease insulin levels in a subject. A subject in need of such a treatment may
be a subject who has insulin resistance or other precursor symptom of type II
diabetes, who has type II diabetes, or who is likely to develop any of these
conditions. For example, the subject may be a subject having insulin resistance, e.g.,
25  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
30 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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and/or activity of a sirtuin protein may be used for treating or preventing
a netabolic disorder, such as insulin-resistance, a pre-diabetic state,

type Il dydbgifsessand/ or conplications thereof Adm ni st pathRBodRfoo?71
si rtuin- rmgul asl?ll%ng conpounds that 20increases the |evel anc}f/)’or activity of

a sirtuin protein may increase insulin sensitivity and/or decrease insulin
l evels in a subject. A subject in need of such a treatnent nmay be a subject

who has insulin resjstance or other precursor s om of .type || .di abetes,
Who has typarTnaoe e CatbayRss et et SRl aLony Srdig v iR St

condi tions. gréteinenayhé Bdmiriferet Bh 86thbiaMoPith ohk R @fdre RAYIINBetiO 8kt

resi stance, e.g., 25having high circulating | evels of insulin and/or

associ at ed dafldinmatory Disersas as hyper | i pi deni a, dysl i pogenesi s,

hyper chol est er ol eni i_mpaired gl ucase,.tol erance, high bla | ycose sugar
| evel , other mani Pé’?ieéta:égé)eﬁgs’ (s.)lfmg‘yﬂltﬁ)glﬂﬁgn&f’(’lﬂ%@dtséﬁ%tgg?{?asggﬁ%%géﬁcI erosi s
and | i pogdystah@ph¥etivity of a sirtuinprafirLeie \Red teFoR dr PRVent SHikédsk br nodul ati ng

conpounds that increase 30the |evel and/or activity of a sirtuin protein
may be admi siisprdaragsosiated wshinfiapmation. (hérteipymedilatineccompaynds thet sgessse ng a

net abol i c di r r ! .one Nols - .

D001 156660100 ABgR 66 S BLE el s {hmimists s R g e MsFease ¢ e
| evel and/ orofgdt} drvdfiey thefiniiasibh bl inflapiraiteind Wik Used pebphiplastiediBglthen
conbination with one or nore anti-diabetic agents. Inflammtory D seases In
ot her aspect8mpepnds arg Prederablynrayided wplraace ofamy InfamnEmtasy FeRponsQ  5and/ or

activitypof 4L U g i g I se or
i sor den*asSSEPLL InfHAFE oFRM npenid by ph&Rh: YRR ENE B NORPRC,
i ncrease t heedpeusds oangthptonascti vity of a sirtuin protein may be adm nistered

prior to the onset of, at, or after the injtiation of inflammtion. Wen
used prophyl acti §a|ap§}t?le&%b%%w68tzﬁﬁ§mawda PéF%\‘E‘W“‘b‘?s&SP‘d%‘e?Sr?t Bivance of

any i nfl ammadQi Ynd/ESRIAVES 0Pk sﬂ%iﬁ%ﬁ%&iﬁ%aﬁ%ﬂé&h% @kt @ pr&fent NfergRERAYNS
may prevent or attenuate inflammatory responses or synptons I'n

anot her enbaetipiratery ceiditionsninvheilihgasthmadompditic putrheary fibrasiss ellergis | evel
and/or activi Ly of a sirtuin praotein be uselgi1 1ot eeraet oL R 1\/teergt
al lergi 42 anti™HissBrybsnarycith AtoBsEe. Pt hrRghS e Frpiiemi i Eess
pul monary fisbidise; ardl i @irénic obstructive pulmonary disease (COPD). The
compounds may be used to treat chronic hepatitis infection, including hepatitis B
and hepatitis C.
Additionally, sirtuin-modulating compounds that increase the level and/or
20 activity of a sirtuin protein may be used to treat autoimmune diseases and/or
inflammation associated with autoimmune diseases such as organ-tissue
autoimmune diseases (e.g., Raynaud's syndrome), scleroderma, myasthenia gravis,
transplant rejection, endotoxin shock, sepsis, psoriasis, eczema, dermatitis, multiple
sclerosis, autoimmune thyroiditis, uveitis, systemic lupus erythematosis, Addison's
25  disease, autoimmune polyglandular disease (also known as autoimmune
polyglandular syndrome), and Grave's disease.

In certain embodiments, one or more sirtuin-modulating compounds that
increase the level and/or activity of a sirtuin protein may be taken alone or in
combination with other compounds useful for treating or preventing inflammation.

30  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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15rhinitis, oxygen toxicity, enphysema, chronic bronchitis, acute
respiratory distress syndrone, and any chronic obstructive pul nonary

di sease (ER conpounds may be used to treat chrogj [
i nfection, izﬁ%flﬁz’g#ﬁg hepatitis B and hepatitis C. Addit?g%%*g?@,@;"b);#?

si rtui n-nodul ati ng conpounds that increase the |evel and/or 20activity of a
sirtuin protein may be used to treat autoi nrnune di seases and/or

i nfl ammati on soci at it ut oi ne di seases such as_or.gan-ti gsue
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dermatitis, multiple sclerosis, autoimune thyroiditis, uveitis, systemc

| upus er yt hdewel esd/er agtidatyd e’ sertds grateims eloneat wi gombisatipol Wigh ath¢upgentsli sease
(al so known as_aut.oi mmune pol ygl andul ar . syndr and rave's disease.

0 certan dRuAMBR e aGE S Y BNCO Mo en R LR Be el Re:

i ncr easest hgnloghee bmdBdintint eid Mkthvd Provadésl fof tHefusPbObiguth-Madulating aken al one
or in conbination with other compounds useful for treating or preventing

i nf | ammat i orfompoupdsibafi inerepse tha davebandenactivity of psutuin podein 42 redyce Biepounds
that increase.the | evel .an [ activi f si.rtuin protei y be used
for reduc: ngendte of FGienREor fhiih i b Suah bibeBeBltl bRy 007751 o

f1 ushi ng andhéioph¥al Wbagshes whi ch are synptons of a disorder. For instance,
t he subj ect nmethod includes the use of sirtuin-nodul ati ng conmpounds t hat
i ncrease the | evah apoleLRsPaels situinymedulatiag compoungls shatjincrease dheleyel i n

conbi nat hon W S, i [ NCH Ly of
fl ushi nébang)qg}rop ﬁgmg{oafgahgsglg&?w r{):%%ncérggggkl ?egin Sgl %gﬁﬁ?g?rﬁfggﬁcg?é%gﬂ I ?/rent s, the
met hod pr oviinederfcoor sdveritys ef Hashsng &nd/or- oo diakladsiwig cle erpodereffedthat anoticr ease

Sever Ly of VEURIY SRaloie-ngeoed Suhiad e pRedmes o SR bpausal
woman. in anghBeg aREMSSEvertingldi QRN ALimgs CARPRMRdaniRakrihaEs gase the
| evel 10and/or activity of a sirtuin protelin nmay be used as a therapy for
reduci ng t heatient in need thereof a formulation comprising at least one flushing inducing
15  compound and at least one sirtuin-modulating compound that increases the level
and/or activity of a sirtuin protein. In other embodiments, a method for treating drug
induced flushing comprises separately administering one or more compounds that
induce flushing and one or more sirtuin-modulating compounds, e.g., wherein the
sirtuin-modulating compound and flushing inducing agent have not been formulated
20  in the same compositions. When using separate formulations, the sirtuin-modulating
compound may be administered (1) at the same as administration of the flushing
inducing agent, (2) intermittently with the flushing inducing agent, (3) staggered
relative to administration of the flushing inducing agent, (4) prior to administration
of the flushing inducing agent, (5) subsequent to administration of the flushing
25  inducing agent, and (6) various combination thereof. Exemplary flushing inducing
agents include, for example, niacin, faloxifene, antidepressants, anti-psychotics,
chemotherapeutics, calcium channel blockers, and antibiotics.
In one embodiment, sirtuin-modulating compounds that increase the level
and/or activity of a sirtuin protein may be used to reduce flushing side effects of a
30  vasodilator or an antilipemic agent (including anticholesteremic agents and

lipotropic agents). In an exemplary embodiment, a sirtuin-modulating compound
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i nci dence or severity of flushing and/or hot flashes which are side-effects
of another drug therapy, e.g., drug-induced flushing. In certain

enbodi meng§.,0dk/%Bdegod for treating and/or preventing dr?@Thﬁ?Mﬁ%gnyiushing
conpri ses aénlnlstering to a patient in need thereof a fornulation

conprising at |east one flushing inducing 15conpound and at | east one
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formul at ed 20i n tlhenstheeersbodiment, tlsniaventiparprovidega sepoddoe treging dnalfdrons,
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f 1 ushi ngsi ndggrbaatA88 RnbolRent, the agftiash i'h%l@_béth%ds_@oﬂﬁ%ﬁi—ﬁlbﬂﬂlatiﬁ%_ of the
flushing inducing agent, (4) prior to adm nistration of the fl ushing

i nduci ng ageampopsis theisergassrine layehad/ori astividy pba sistuin petdin ¢etduge 25i nduci ng
agent, and var i [ icon thereof. Exenplary flushing,inducing
agent s incIg@%?%gggggggﬁgggfﬁﬁ%ggF%fl%gﬁ@§f Iﬁ%gﬁgﬂFfﬁg%@g§%§h§f,

anti - psychotmetbod @ivelves tienapedbirtisn-moduktiigcemponals thitdakesis, thahgel
antibiotics. _l.n one enbodi nent, sirtuin-nodul ati ng conpounds t hat

i ncrease t haénfeyastivatydfssitenipgpteip tofredpcsiflushing splegiftcs afaptideprassaetst o
reduce ushi.ng: Si S Qf: v j . il 1 gent
(includ?gg g%?%%ﬁgﬂggﬁé%gﬁﬁbF%ﬁg%?ggéﬁgﬂﬂ#%@Pﬁggﬁ%C@ggﬁggkfhﬁﬁggﬁmgxenplary
enbodi nent , tle leveltandror aotilityad fi ngjrtamngrotendcane w2084 &G B8oaRa ALIBRA68/d07 771

that increases the |evel apd/or activity of a sjrtuin protein may be used
to reduce fISERANIRY degithert ithg SFOPRIR THeRSs oDIDOT o 2T b BecpRior In

anot her -enbqgdj,gente. the invention provides a nethod for treating and/or
preventing hyperlipidema with reduced flushing side effects. In another
5represent ative dmbetidimembodinhentsysirhonmadubitingsonipeundsthef increase the

si rtui nypoduyl ati ng conpqunds that increase the . level and/or actiyity of a
sirtuin g‘r)o_ eevieLaT(gorr "_écglg'@g 0? rd “ﬁ@roé?laénaéﬁ‘etfee‘ésteg agpat Q?B%Gfltélﬁeé& % &not her
represent at syt RMpIARE inhibit®t (SRINRGedibecsBingt NEstHPhoMher representative

sirtui n-nodul ati ng conmpounds that increase the |evel and/or activity of a

si rtui n proeebadieent csitea-moduaingrompiends that ingregse thetlpdd pndos aett gty of
a sirtuin protein may be used to reduce flushing side effects of chemotherapeutic
agents, such as cyclophosphamide and tamoxifen.

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

In another embodiment, sirtuin-modulating compounds that increase the
level and/or activity of a sirtuin protein may be used to reduce flushing side effects

25  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

30  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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10or anti-psychotic agent. For instance, sirtuin-nodulating conmpounds that

I ncrease the level and/or activity of a sirtuin protein can be used in

conj unct i\gg o@dHEkdssSt ered separately or together) with acg&/s90Rb7{ eupt ake
inhibitor, or a 5HT2 receptor antagonist. In certain enbodi nents,

si rtui n-nodul ati ng conpounds that increase the 15l evel and/or activity of a
sirtuin protein may be used as part of a treatnment with a serotonin

reupt ake i nhibitqr Rl ) to . reduce flushing..In .still another
representative eﬁﬁcgg‘?ﬂgﬁﬂ?ecﬁ ?ﬁﬁf’ mVﬁBﬁ%éF?W@‘O&dWBHW&E Birapsed by ease t he
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side effects of chenotherapeutic agents, such as cycl oghospham’ de and
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am odi pi fe. swelling dfftheufaiEavhieRidoshdribociged Withntmafbdtiah bngn iempAeInds t hat
i ncrease the level and/or activity of a sirtuin protein may be used to
reduce fl usi§-BgadiogBMEne)iesRONSO SUG asdROPHE BEWEES. For exanpl e,

e R o o i
D sorders Odemag@da fpaiculdnembodireits, ireteid damage 8 causedtyadisthitantesinbi ti ng,
e b R s et e, B S SoEpa
patient a t ( e _ : J

or B et abol  LRp a8 e b B B P B e TR RRS 0§ B8
certai n aspestdativk mavelar degerteraion).t he vi sion inmpairnment is caused by damage

Lo Lhe optic ner 48 i gSILLal (ST YOUS, St ol ABaRL| ul gf, ebodt ment s
created by @eabsdion, Nonekii®htivRaN dd RalhRHN MAROH I IERhStiOR R &indPENErSiarRge | s
caused by Prosthesis and RPE Transplantation Age Related Macular Degeneration, Acute
15  Multifocal Placoid Pigment Epitheliopathy, Acute Retinal Necrosis, Best Disease,
Branch Retinal Artery Occlusion, Branch Retinal Vein Occlusion, Cancer
Associated and Related Autoimmune Retinopathies, Central Retinal Artery
Occlusion, Central Retinal Vein Occlusion, Central Serous Chorioretinopathy, Eales
Disease, Epimacular Membrane, Lattice Degeneration, Macroaneurysm, Diabetic
20  Macular Edema, Irvine-Gass Macular Edema, Macular Hole, Subretinal Neovascular
Membranes, Diffuse Unilateral Subacute Neuroretinitis, Nonpseudophakic Cystoid
Macular Edema, Presumed Ocular Histoplasmosis Syndrome, Exudative Retinal
Detachment, Postoperative Retinal Detachment, Proliferative Retinal Detachment,
Rhegmatogenous Retinal Detachment, Tractional Retinal Detachment, Retinitis
25  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.
30 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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5swelling of the nerve, which is often associated with an infection or an
i mmune (e.g., autoimune) response such as in optic neuritis. In certain

aspects q{,otzb@s/fsg%gntl on, the vision inpairnment is causegrR¥éRlob 3
damage. In particul ar errbodl ments, retinal damage is caused by di sturbances

in blood flow to the eye (e.qg., arterloscler05|s vasculitis). In
particul ar enbodi nents, 10 reti naI damage is caused by di srupton of the
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Retinal Det AERHRSErngfoubeisupisst inaerhaf sushitesahpene, thegapguicdosagep gnent osa,
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bacterial i RhgetibOPStdrRred in E}wruﬂ%bmléﬂ §JChK]§ £ub”&d stitgRgy, gyl osi's,

syphilis, gonorrhea), viral infectlons : | ar Her pes Sinplex Virus,
Vari cel | a Zedménistefingtp thepulirelgalnged pﬁ@dletqatm@ntgtherapeutlc dosage of a

15  sirtuin modulator disclosed herein. Ocular surgeries include cataract, iridotomy and
lens replacements.

Another aspect of the invention is the treatment, including inhibition and
prophylactic treatment, of age related ocular diseases include cataracts, dry eye, age-
related macular degeneration (AMD), retinal damage and the like, by administering

20  to the subject in need of such treatment a therapeutic dosage of a sirtuin modulator
disclosed herein.

Another aspect of the invention is the prevention or treatment of damage to
the eye caused by stress, chemical insult or radiation, by administering to the subject
in need of such treatment a therapeutic dosage of a sirtuin modulator disclosed

25  herein. Radiation or electromagnetic damage to the eye can include that caused by
CRT’s or exposure to sunlight or UV.

In one embodiment, a combination drug regimen may include drugs or
compounds for the treatment or prevention of ocular disorders or secondary
conditions associated with these conditions. Thus, a combination drug regimen may

30  include one or more sirtuin activators and one or more therapeutic agents for the

treatment of an ocular disorder.
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subject in need of such treatnmept,_ a t,herap utic dosage of a _sirtuin
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I n one enbodi nent, a conbihation drug regi men nay ugs or
conpounds f of atshrauin a@a{atmgtcompomnda\lmreased nufocbondraal adtu‘&tyr efarstor secondary
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mitochondria (e.g., mitochondrial mass), increasing the numbers of mitochondria
thereby increasing mitochondrial activity (e.g., by stimulating mitochondrial
biogenesis), or combinations thereof. In certain embodiments, diseases and disorders
that would benefit from increased mitochondrial activity include diseases or
20  disorders associated with mitochondrial dysfunction.
In certain embodiments, methods for treating diseases or disorders
that would benefit from increased mitochondrial activity may comprise identifying a
subject suffering from a mitochondrial dysfunction. Methods for diagnosing a
mitochondrial dysfunction may involve molecular genetic, pathologic and/or
25  biochemical analyses. Diseases and disorders associated with mitochondrial
dysfunction include diseases and disorders in which deficits in mitochondrial
respiratory chain activity contribute to the development of pathophysiology of such
diseases or disorders in a mammal. Diseases or disorders that would benefit from
increased mitochondnial activity generally include for example, diseases in which
30 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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30i ncl ude one or nore sirtuin activators and one or nore therapeutic agents
for the treatnment of an ocul ar disorder. WD 20081156866PCT/ US2008/ 007771

I n one enhgdj kseg@ Sirtuin nodul ator can be admi ni steﬁ,%ﬁ/ds%o%;amggpcti on
with a therapy for reducing intraocular pressure. In another enbodinent, a
sirtuin nodul ator can be adm nistered in conjunction with a therapy for
treating and/ or preventing glaucoma. In yet another enbodinent, a sirtuin
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activity generally include for exanple, diseases in which 30free radical
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mitochondrial deregulation.

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

25  status in patients with muscular dystrophy.

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

30  defined, with some overlap between them. Established syndromes affecting muscle

include progressive external ophthalmoplegia, the Kearns-Sayre syndrome (with

ophthalmoplegia, pigmentary retinopathy, cardiac conduction defects, cerebellar
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WD 2008/ 156866PCT/ US2008/ 007771 In certain enbodi nents, the invention
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in need thereof one or nore sirtuin activating conpounds in conbination
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enhancing cardiac and cardiovascular function, improving sexual ability, increasing

20  muscle ATP levels, and/or reducing lactic acid in blood. In certain embodiments, the
methods involve administering an amount of a sirtuin activating compound that
increase mitochondrial activity, increase mitochondrial biogenesis, and/or increase
mitochondrial mass.

Sports performance refers to the ability of the athlete's muscles to perform

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

30  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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ataxi a, and sensorineural deafness), the MELAS syndronme (m tochondri al
encephal onyopat hy, lactic acidosis, and stroke-li ke episodes), the MERFF

syndr one a0/ Rdeg €PI | epsy and ragged red fibers), |ippraishelsPor771
di stribution weakness, and infantile nyopathy (benign or severe and fatal).

5In certain enbodi ments, sirtuin activating conpounds may be useful for
treating patients suffering fromtoxic danage to mtochondria, such as,
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25when participating.in orts activities. Epnhanced sports. perfon-nance,
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'n electrolytes, caffeine, vitamins, carbohydrates, etc.
Other Uses
Sirtuin-modulating compounds that increase the level and/or activity of a
20  sirtuin protein may be used for treating or preventing viral infections (such as
infections by influenza, herpes or papilloma virus) or as antifungal agents. In
certain embodiments, sirtuin-modulating compounds that increase the level and/or
activity of a sirtuin protein may be administered as part of a combination drug
therapy with another therapeutic agent for the treatment of viral diseases. In another
25  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-

30  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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may be used TFYptaRgGedqdpmgee Auppesippng P lontserds makealsp bgsoptagied vt | nf ect i ons

by infl q@nzgcgpﬁg)%ﬁgisde%m?&%éréﬂpgggw R o9k S, anti fungal agents. In

certain enb Sirtui n-nodu conpounds that increase the |evel
and/ or activity dh oshesiertbodimengtsatuinmaydubeingdomposhéy thdt msrepsy the déveh

conbi nation drug therapy with another therapgutic ent. for the treatnent
of viral di §@§§>é§9ﬁ\rw ot R ProteInmgy Fh‘é?f{)g’rél?(fdﬂ'%%‘t’i‘ghﬁﬁ%’laﬁfr? ¥t onpounds
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adm ni stered as part of a conbindtion drug therapy with another anti-fungal
agent . include any process in which yeast is used, e.g., the making of beer, yogurt, and
15 bakery items, e.g., bread. Use of yeast having an extended lifespan can result in
using less yeast or in having the yeast be active for longer periods of time. Yeast or
other mammalian cells used for recombinantly producing proteins may also be
treated as described herein.

Sirtuin-modulating compounds that increase the level and/or activity of a

20  sirtuin protein may also be used to increase lifespan, stress resistance and resistance
to apoptosis in insects. In this embodiment, compounds would be applied to useful
insects, e.g., bees and other insects that are involved in pollination of plants. In a
specific embodiment, a compound would be applied to bees involved in the
production of honey. Generally, the methods described herein may be applied to

25  any organism, e.g., eukaryote, that may have commercial importance. For example,
they can be applied to fish (aquaculture) and birds (e.g., chicken and fowl).

Higher doses of sirtuin-modulating compounds that increase the level and/or
activity of a sirtuin protein may also be used as a pesticide by interfering with the
regulation of silenced genes and the regulation of apoptosis during development. In

30 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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Subj ects that may be treated as described herein include eukaryotes, such
as mammmual s, e.g., humans, ovines, bovines, equines, porcines, canines,

felines, WeRsARkdsgan primate, mce, and rats. Cells thatbtRRYoRRoIHEAL ed
i ncl ude eukaryotic cells, e.g., froma subject described above, or plant

cells, yeast cells and prokaryotic cells, e.g., bacterial cells. For
exanpl e, nodul ati ng conpounds may be adm nistered to farmaninmals to

i nprove their abil] to withstand farm ng conditions,l onger. .. .
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anot her enbdBIFENE™ ¥ M¥ints and fruits are treated with a conpound prior to
pi cki ng gnd shipping to increase resistance to danmage during shi ppi ng.

Pl ant seeds may al so be contacted with 10conmpounds descri bed herein, e.g.,
to preserve 4hemAssaydt her enbodi ments, sirtuin-nodul ating conpounds t hat
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li fespan, stglwgu%ewgtf%?é\%a%fl?re%lftgﬁﬁﬁlf@“‘? 8554 ‘&Fﬁ@leél I}Iﬁoqtﬁg’é& eleasqy hj s
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other insects that are involved in pollination of plants. [n a specific
embodi ment , Maootpoendl.wdultl Bechegp! Béd 90 (8eed). mublaved NADR rheoren geiet i on

of honeyl.s Gebqgélglg lagsayt(%ﬂg%gg? gts alg?\i&flci)cpseﬂi: @25 ?ﬁ(ﬂ)ﬁ? yYQteotﬁlgrp slu%t%&etsfjrtuin
assays include radioimmunoassays (RIA), scintillation proximity assays, HPLC
based assays, and reporter gene assays (e.g., for transcription factor targets).

An exemplary assay for determining sirtuin activity is a fluorescence
polarization assay. Fluorescence polarization assays are described herein and are

20 also described in PCT Publication No. WO 2006/094239. In other embodiments,
sirtuin activity may be determined using a mass spectrometry based assays.
Examples of mass spectrometry based assays are described herein and are also
described in PCT Publication No. WO 2007/064902. Cell based assays may also be
used to determine sirtuin activity. Examples of cell based assays for determining

25  sirtuin activity are described in PCT Publication Nos. WO 2007/064902 and WO
2008/060400.

Y et other methods contemplated herein include screening methods for
identifying compounds or agents that modulate sirtuins. An agent may be a nucleic
acid, such as an aptamer. Assays may be conducted in a cell based or cell free

30 format. For example, an assay may comprise incubating (or contacting) a sirtuin
with a test agent under conditions in which a sirtuin can be modulated by an agent

known to modulate the sirtuin, and monitoring or determining the level of
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cell based %ﬁﬁ@[‘{zﬁmeﬁ@ﬂ yP&Ingsctindk Aescabed hbfeln) iwhidtinay séryve a§ posleseoi bed in PCT
Publ i cati on Nos. WD 2007/064902 and WO 2008/ 060400. Yet ot her nethods

cont enpl at edeB#iE Goniralst SuBlRcios &t Wythgassageinay de fuld danetl WH@ RIGHITBAT S or
AR o T L LT o L T
exanpl e, an iﬂmsnywﬁthyhc:blntpnnﬁms iofi SIAL i prgte(msrfocusetiaclid avg3ysansludé MN-n
20  terminal portions of sirtuins, e.g., about amino acids 1-176 or 1-255 of SIRT1; about
amino acids 1-174 or 1-252 of Sir2.
In one embodiment, a screening assay comprises (i) contacting a sirtuin with
a test agent and an acetylated substrate under conditions appropriate for the sirtuin to
deacetylate the substrate in the absence of the test agent ; and (ii) determining the
25  level of acetylation of the substrate, wherein a lower level of acetylation of the
substrate in the presence of the test agent relative to the absence of the test agent
indicates that the test agent stimulates deacetylation by the sirtuin, whereas a higher
level of acetylation of the substrate in the presence of the test agent relative to the
absence of the test agent indicates that the test agent inhibits deacetylation by the
30  sirtuin.
Methods for identifying an agent that modulates, e.g., stimulates, sirtuins in

vivo may comprise (i) contacting a cell with a test agent and a substrate that is
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with a test agent under conditions in which a sirtuin can be nodul ated by
an agent known to nodul ate the sirtuin, and nonitoring or determ ning the
| evel of 56866PCT/ US2008/ 007771 nodul ati on of ' -0, 1 n the
presence vg%ﬂ%ﬁs&%ﬁ%&ét agent relative to the absence of tﬁgq&e%@%}é)gqgﬁ{ The
| evel of nodulation of a sirtuin can be determned by determning its
ability to deacetylate a substrate. Exenplary substrates are acetyl ated

epti des which .can.be obtained from BI Pl ymout h Meet i PA) .
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substrates dhealseptd efetbe tesbagentipamd (i) sletenmni B therldvahiof ocetylation ef theat ed

am no aci d. strat.es .may be fl uorogenjc. The sirtuin. be SIRTL, Sir2,
STRTS, “or = SHOMTAG R ™ prlev e A alatin B8 s ot TR PESAM SO TIBE o ned
10 from Bl OyEd: agdlielagasio tAE abRYicO6f ek ab &l iddiEatadBbt thd esihgust es and

stopped, e.g., with nicotinam de. The HDAC fl uorescent activity assay/drug

di scovery kistimuliesdracetglagmmby pee siftigh Whatres athighies dgveheladstylatpadtithe

Bi 1 tonnan et T2 e pR5eiag dihe Ry el i B3S BurRbRdTIR el ot on

of the sirt ghdicites that eIy ap@i ikldbitoosRRESThtibA blahdsirtudy &l peferfeadul ati on of
the sirtuin in the presence of one or nore (separately or sinultaneously)

conpounds de8bsiraels Amaceiyitedprptidenyich dy Yeo peclerablivtilupsoganicy ag Birthes
control Si i f.OF i fL I I j

pr ot ei nalor (SEi iR vERfy 43R hAbd B TAANE. THOE HHIg me RO & R Othe, ot ng
conpounds appehof acetylatier aitthe wubdtratd) Subbttatesmay Be adde8ItRERlls @raot ei ns for use
in the assays inclyde N- 20ferm nal_ portions of sirtuins, .e.g., abqut am no
aci ds 1- 176 SGRCCPIrEEEn FnegleR m agpebiMi AW d M pretesa yfr_fnz%*zo%?fim 2.

in one embog) ﬁﬁm;ev%n%régpéf&%gﬁﬁ&% BBIPIIORRE td | hMVEQOLIRES AH¥At SoGinat Wi N
with a test agent and an acetyl ated substrate under conditions appropriate
for the sirtpuéfarredsubstretetiy hmaectylateddubse, reag. ce-acetylHpsinb idnerdeokys, fdL) est

agent ; .and (il et 1-ni the 25l evel of .acetyl.atio e substrate,
wher ei nlg |$\()Jé°r‘)‘1€3<ﬁéﬁ§1§'fﬂa2‘g?r§fé eﬁd?hlﬁ"f%ort(?fe"l%sagé’%?éﬂttaés ﬂrﬁl{)ﬁ‘ggﬂ? esence of
the test agenthdstitiatA VESAY wiieh AR§®RGEedPht dohBerdtRSionfERBIng fish GBS @S.Ohat the
test agent stinul ates deacetylation by the sirtuin, whereas a higher |evel

of acetyl at it@h0&EM; preferallyifrom abowi O hio Hhddesveh apf Vhdngubsgtion Ispefhat i ve
to the abse e i.ndi cat.es t 3 inhibits
deacotyrat; eEsy chlosbEahe RGMbRRaR M IGed R ER' 9T e O ot

modul at es, @ogrs, pférabllydbeshous il 13 hdurs JificeVTSA infditEaliplasskand dlassant acti ng a

cell with a_ test agent and a substrate that is 59,
20  HDAG:s, and that certain substrates, e.g., Fluor de Lys, is a poor substrate for SIRT2

and even less a substrate for SIRT3-7, such an assay may be used to identify

modulators of SIRT1 in vivo.

5. Pharmaceutical Compositions
25 The sirtuin-modulating compounds described herein may be formulated in a
conventional manner using one or more physiologically acceptable carriers or
excipients. For example, sirtuin-modulating compounds and their physiologically
acceptable salts and solvates may be formulated for administration by, for example,
injection (e.g. SubQ, IM, IP), inhalation or insufflation (either through the mouth or
30  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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WD 20081156866PCT/ US2008/ 007771 capable of entering a cell in the presence
of an inhibitor of class | and class Il HDACs under conditions appropriate

for the Z‘jr‘l,gtzw%sgéégdeacetyl ate the substrate in the abs?’E?ﬁIS%OS}OEl%ﬁ est

agent ; termning the | evel of acetylation o e substrate,
wherein a | ower |evel of acetylation of the substrate in the presence of
the S5test agent relative to the absence of the test agent indicates that

the test agent .stinu] at deacetyl ation by the sirtuin, whereas a.higher

| evel of acédjpinsiesd IBPESEYhét@ﬁﬁggWg‘Fée '?]ﬁt TRet GSHB A RIESPh 1£n N ?ég‘?c‘g‘fgent
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at|

i nhi bits deacetyl on by sirtuin. A preferred Substrate is an
acetyl ated pept i dirtuishinotulagngteopgunds eambeé foriulasedipenivariehsoffmeddset 10

descri bed herei.n. The method may further .c ise lysjng.the cells to

det er mi ne t REMIRERLIQH 1 i‘@?% %’_f%%‘célflgF‘Pfﬂcaglg’gi?claﬁf‘eéjya@g?&rﬁﬁ?%s may be
added toscelt3hfihués £RNBARGIAAGAOECANYI Mgl bé RimalRemlndbie about 10mV
preferably fromabout |OpMto 1 evén nore preferably from about 100pMto

1nM such aPhabvaceutiod Sivienpes Méade Pablishing Coatfestos, B urarayerderel | ysi ne,
e.g., a-acetyl .lysine (Fluor .de S., FdL),.or. 15Fl uor, de Lys-SIRTI. A
preferred i ﬁﬁ%ﬁ‘%‘i?‘“’d‘r gr@?cg’é’él 1 Hﬁegg%‘?daéréclni)lqmﬁﬁi&nqsgmﬁ IWRESPRMS n A (TSA),
whi ch may bentigReitéHeal; aRE SUBJuBINONS FoRMGEdionS the bapeuidstal betforndiaei
preferably fromabout 0.1 to | OpM such as 1 | ncubation of cells with

tM
the test coripddad sehdionperefghanly it @mﬁ&ogj@alb'ogfmmaﬁiékp pufferapishtas Hanlg sut es
to 5 h , f l.y | t1-3. LSl T k. bi l. |
bnd_ ol ad0” bR R et oA 1ngadidl ik comPifiod may bR Tphlifiedin slll PSP 1

poor substr gbsin had redifSIR cd od sespendddaiasnalistulgiricate ufo LySpilided forsisabe an

assay may be used to identify nodulators of SIRT1 in vivo. 5.Pharnmaceuti cal
Conposi t i ondlspgngleded.r t ui n- nodul ati ng conpounds descri bed herein may be

formul ated in a GRAVENLLRRALW IR, &le mgc&agalwomgﬁoﬂbxﬁgg{mhemﬁ

acceptabl e carriers or excipients. For exanple, sirtuin-no ati1ng
conpounds and, fonekxamplaytabletsolyizeagdsy oncpepicapiepasd bysoanchtmohvatas witly be

f | ated f dmi ni stration by, f le, injecti .g.,SubQ. I'M
1By T S st e PR e PRI SRR B A P B LB Hose) o
oral, buccaly,isaihicAgp@Yvinl 86RBbr hy RS/ prof A ik B uléNe);fatdrale.g.,

rg@ﬁ%ﬂ
adm ni stration. In one enbodinent, a sirtuin-nodul ating conpound may be
adnmi ni st er edadtessaitligrocrystatiing osiluseheeaciumehydapgpatphosphate)alubrispis éng., . e.

ie,[] Cé) -speci f il‘r(]:agtniegilslr%estea?arltg?tglc c?rrsilficlalf;i gsi&%ggdn’ts (%l.g(.),opqitatg %{a?a{ grsgdﬂi% stfal’é‘fli d,

glycolate); or wetting agents (e.g., sodium lauryl sulphate). The tablets may be

20  coated by ﬁxethods well known in the art. Liquid preparations for oral administration
may take the form of, for example, solutions, syrups or suspensions, or they may be
presented as a dry product for constitution with water or other suitable vehicle
before use. Such liquid preparations may be prepared by conventional means with
pharmaceutically acceptable additives such as suspending agents (e.g., sorbitol

25  syrup, cellulose derivatives or hydrogenated edible fats); emulsifying agents (e.g.,
lecithin or acacia); non-aqueous vehicles (e.g., ationd oil, oily esters, ethyl alcohol or
fractionated vegetable oils); and preservatives (e.g., methyl or propyl-p-
hydroxybenzoates or sorbic acid). The preparations may also contain buffer salts,
flavoring, coloring and sweetening agents as appropriate. Preparations for oral

30  administration may be suitably formulated to give controlled release of the active

compound.

61



Si rtui n-nodul ati ng conpounds can be fornulated for a variety of nodes of
adm ni stration, including systemc and topical or |ocalized adm nistration.

5 Techni rrmul ati ons generally may be found in DS R077S
Phar maceﬁkylﬁ?g ! g%ﬁnces, Meade Publishing Co., Easton, Bﬁ%méor garelnt er al

adm nistration, injection is preferred, including intranuscul ar,
i ntravenous, intraperitoneal, and subcutaneous. For injection, the

d b l.Lated.in |iqui | uti : ferably in
hyi ol ogi cal 1y JUFAPEF e perBeletien (- preBiEE5Ml foPsr R nger s
sol ution. | Nné@datdOdbmpoiads RN YeRdayeBntRAIdRErdliA R oA oFahlaérdser m and
redi ssol ved or suspended imediately prior to use. Lyophilized forns are

al so i ncl udegiray presentation fromapressirized packs dramebuhserpwith tlecesgtaf @sbitable

conposi tions _nmay, t ake t formof, for exanple,,tablets, |ozenges, or

capsul es prd] %?%l&ng '%’oﬁ@gﬂﬁoﬂg@%rmﬁﬁ%ﬁge’ﬁf%mowu ﬁoé?%h%%euti cal [y acceptabl e
pSu L0l nal .

exci pi enss SigtorsethiflibioRthanLitisor Bofide oP bR bdtdbl SAdI e e8sesdfay Ch,

pol yvi nyl pyrrol i done or hydroxypropyl methylcellulose); fillers (e.g.,

| act ose, m dresHsdcresabiheelosigeosut wey badetermined oy pgevidipgasyaben te) ;
| ubri cant s ((:cﬁliger’a ASA c;’{]m%tégqrs@}eg’anﬁ %inr?n(? res\fé\)g![eltgﬁa e'latl%I s gnagrg s (e.g.,

potato star of sodirum'starch colat e agents sodi um

| auryl sul phatiggr. or theufflabt filag bedyrmbslatddcontaiindy powtaadix yfhe ckmpwtind n t he
art. Liquid preparations for oral adm nistration nmay take the formof, for
exanpl e, solaifiaghgable ppyder base sudpaslastesor $#ckhey may be presented as a

dry progyct for cqngi bihdign i bdhplle A n Ok RlIRM bARkenYeR ¢l e before

use. Such liquid preparations” may prepare y convention means with
phar maceut i adiiyisaaceyiainjeetian . g1 beboki difjeansarspatinting iafsions (e. g.,

sorbitol 25syru cellul.ose.derivatives or . hydrqgenated edihbhle fats);
enul si fyi ng%@‘é‘ﬁ’(‘”’é“’{‘%%‘ﬁ Inje¢tiony mAy Ee BreseRtgd iyt ﬁ%ﬁ‘gséwb&wgm%?% e.g.,

ationd oi |, Rijh hrBEHEESconShifdrs, W AN prdededivaNPh e ESR @R fayriaks) ; and
preservatives (e.g., nmethyl or propyl-phydroxybenzoates or sorbic acid).

The prepar atshgnormays abspensoms, aolutibns reemulaions in dilypemaquagys wabides, agd and
sweet eni.ng agents. as .apprqopriate, Preparations for .oral 30adm nistration
may be 400t AT PR R ALLECOGEs e EE At roPr Rl T Y RE e 0
conpound.  agents. Aft@hata@ly, Théhdtilelifgrediéni mgbam POl fBrm fORdoReR@E¥n
delivery), sirtuinnmodul ati ng conmpounds may be conveniently delivered in the

form of an aeHbastitablsreghighe.esenitarileqyregeaniren walsubeiasauptacks or a
nebuliser, with tg?lffﬁﬁlﬁlﬁo@%l?l ci{!'%r%l@ﬂn%s B‘Ea&%ﬁ%}o;@aéglfomglaged in rectal

di chl or odi f | uor onet hane, uor o
5di chl or ot etcoaipbsitibaeiuthne sugEishoretbraxtetidon endhdiee. gs toh@ablieg gas I n the
case of pressurjzed aerogsol the dosage unjt may he determ ned by

provi di AY a SYRYSEOPY YBPISHEFY Baste puinets QrpriPHtier CaREr 8y caidescar tri dges of
e.g., gelatin, fqpaH§fohfy Al fbHHél'aﬁanOcﬁestﬁé&f6r%@i%9£lgr@b{uilﬁ\?ﬁf)@ﬁlgﬁ‘$ ted
contai ning a powder m x of the conpound and a suitable powder base such as
| act ose or sbewpohnds may also be formulated as a depot preparation. Such long acting
formulations may be administered by implantation (for example subcutaneously or
intramuscularly) or by intramuscular injection. Thus, for example, sirtuin-
25  modulating compounds may be formulated with suitable polymeric or hydrophobic
materials (for example as an emulsion in an acceptable oil) or ion exchange resins,
or as sparingly soluble derivatives, for example, as a sparingly soluble salt.
Controlled release formula also includes patches.
In certain embodiments, the compounds described herein can be formulated
30 for delivery to the central nervous system (CNS) (reviewed in Begley,

Pharmacology & Therapeutics 104: 29-45 (2004)). Conventional approaches for

drug delivery to the CNS include: neurosurgical strategies (e.g., intracerebral
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10Si rt ui n- nodul ati ng conpounds may be formul ated for parenteral

adm nistration by injection, e.g., by bolus injection or continuous
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in oily or aqueous vehicles, and 15may contain formul atory agents such as
suspendi ng, .stabilizing and/ or dispersing agepts. Alternatively, the active
i ngredi ent BN O InSBSRIBTOT ST B INASHED; %BP‘?"BWW%?‘%“?&‘%&%‘I Behi cl e,
e.g., sterilegDYroARAoAbLES cH‘ﬁﬁé?fc’ﬁl?i%fng&eMStﬁat comprises radpdrPRPHESFHaR g
conpounds may also be forrmulated in rectal conpositions such as

supposi t or i d®s en affetionfor ememiehelm] cell sprface amile¢ulé mpcardzioatvanvitb nalagent

i h b ot h | i des. In.additi
Ther For il 2t TERE b RERRRIE G Sorgtishs Bk Ban s form cetulids rmy
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25 nodul ati ng.compounds Jmmay .be forrmul ated w t.h syitapl.e .pal rd

nydlr ophobi ¢ T S TS e bR and B Pirklo didnBlivh AP BRiufeBER ) o
ion exchange EfdSmMoBE dasustival (réal thheSedH heind@iovat 4 MRRnitd1eblEdaATRbe, as a
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30f or dglyiv eéﬁ the central nervous system (CNS) (reviewed in Begley,
Phar naco 0931r erapeutics 104: 29-45 (2004)). Conventional approaches for
drug delivery to Lipesoas areg furtier dAgldedisuryodystim whichtie gasils ifigcgble.
intracerebral WD 2008/ 156866!3((%/ US2008/ 007771 injection or
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(e.g., produghiQteRld ift dGO RN 4G IEHRbAR Lok !sg tyﬂap;rogmgé WA LAGRTPO !
peptide that has an affinity for "an endot heli T ce f surface nolecule in
conbi nat i on byia fersom skgbmitintthesrt.i Isposopsdsfcan he dpaiddefrarh acvapesy oy t he BBB) in

an attenpt to expl.oit one of. the endagenous. transpaor t hways of the
B85 phab ad PRI ih ca heleS gl G A QrataR N PR SR EBFT |ty
of an agent pefgdisable ¥4 thE ARG Of inVeitRir HRbMBAR AMAQPESoftihosbmbsd oOr

chol esterol carriers); and the transitory disruption of the integrity of
t he BBB by hy@edingrnttinet dinged pa, isorall(undemietlpmypsictesmar grounilametiapresodles
nmanni t ol 30%3851?ﬁkﬁ&ﬁa}Q%u;eF°tid artery or the use of a biologically
active agent such as an angi ot ensi n 10pepti de). Li posones are a
further drug del iAitiersysteProficeh fosmeREobh partijualabbsutideodadiraghy, in
the nmethod of invention the active conmpounds can al so be adnmnistered in
the forAfPof medulsiesvi agaisvesig! ena dapvative Hissenteis thyosghdhs usedwn by a

person ski | .ed b8k fiRes PElclodd RO N RS AR, B2 of PLBILLAM @y etk L

described in detail in Pitha et al., U.S. Pat. No. 4,727,064, which is incorporated

herein by reference. Cyclodextrins are cyclic oligomers of glucose; these compounds
form inclusion complexes with any drug whose molecule can fit into the lipophile-
25  seeking cavities of the cyclodextrin molecule.

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

30  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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15phosphol i pi ds, such as chol esterol, stearylam ne of phosphati dyl choli nes.
Li posones bei ng usable for the nmethod of invention enconpass all types of

|'i posomesypnghdidigg: but not linmited to, small unilamel bakéSsishhes | arge
uni | anel lar vesicles and nultilanellar vesicles. Another way to produce a

formul ation, particularly a solution, of a sirtuin 20nodul ator such as
resveratrol or a derivative thereof, is through the use of cyclodextrin. By
cyclodextrin is meant a-, 13-, or y-cyclodextrin. cl ogextrins are
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enbodi ment, a sirtuin-nodul ating conpound descri bed herein, i.s ipcorporated
into a topi SYMNEUS AmgE: it shpiedsie Fﬁ]i‘aﬁéh%seﬁj‘%?&dcc&m%rd’rott?‘ yerselu affeet theneral |y
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m cr OemlI%Si Osgfvegt%! glygérln’, mslgérlajl} E)l?,ns’ilicone, petroleum jelly, lanolin, fatty acids,

vegetable oils, parabens, waxes, and the like.

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

Sirtuin-modulating compounds may be incorporated into ointments, which

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

25  beinert, stable, nonirritating and nonsensitizing.

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

30  ofsolids, 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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or the like, and may be conprised of a material of either naturally
occurring or synthetic origin. It is preferable that the selected carrier
not advengglyosiiskggt the active agent or other conponenpgrRisaédRBoiopi cal
formul ati on. Exanples of suitable topical carriers for use herein include
wat er, al cohols and ot her nontoxic organic 15sol vents, glycerin, mneral
oil, silicone, petroleumjelly, lanolin, fatty acids, vegetable oils,
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other carriers or vehicles, an ointment base should 25be inert, stable,
noni rrit at i ragnerady AoaBeN, BRIhisgcationic or apphat¢ric swstdglaat.i ng conpounds may be

i ncorporated intq.lotion which generally are prepar.ations to.be applied
to the skin surf ataourRgHpds fipPaies aybe asorpprled iply mibompigens

sem | i qui d prigERgéterdRSark thothiodynmaichity fable] sbtespicdlicdledidigetsiehsastt i ve
agent, are present in a water or alcohol base. Lotions are usually
suspensi ons t@oammygiblgdiquidsdsuchiyrs el iveterastpbidigediby pn nterdagidifdm of t he

oi | -in- Ygt ersu%ﬁ%}lt rrécgﬁcéurlgﬁ}fgplxgabﬁp(ﬂy b?ﬁhg}ﬁ}ag%%g?g&ng%gﬁﬁ gw&rkpor at ed

into creéans, re vi scous sem enul Si ons,
ei t her oil - iMareeltieekker, 1992 volumme 90i | . Cream bases are water-washabl e, and
contain an oil phase, an_enulsifier and an aqueous phase. The oil phase is
general |y conpri sedUsmpdilpgn¢qimpeings ay Depcpeighs) mmﬂ&%@ 2P or

t | al . - al 4 Wy,
stearyl al copq &%l%@@%{ﬁﬁ%@%ﬁﬂﬁg%ds&? o?@ﬁh'&@u%%tns@ sfdauploY

i g

exceeds the ol % ase’in v eneral 'y contains a hunectant. 5The
emul si fi er ismaH igorgamx portitldsgdtwophassystemls pomletge argReoimudeamtes’ s, supra, is
general Ly a jnoni onic, ani.onic,..cationic or anphoteric surfactant. :
a T Eu nYod RaRPHES StnfBtAR: Shisg P TrobeRtys A Ratr iske GIRelbatar &¥shs, whi ch
general Iy argtHongh 3 \bamddy bpilyaduous GetiérQRjusdlal doh6ls@d ofls eebhsi ons of
two imm scible |irquids, such as oil and water, stabilized by an interfacial

filmof 10 %gedaxcthasarmepligeidiassvellEncycl opedi a of Pharnmaceutical Technol ogy
(New York: Mar CelOtPgrkai%%K/e aé‘gn 52 )ﬂay\é?slo%%l%glllded in formulations, e.g., other anti-

inflammatory agents, analgesics, antimicrobial agents, antifungal agents,

20  antibiotics, vitamins, antioxidants, and sunblock agents commonly found in
sunscreen formulations including, but not limited to, anthranilates, benzophenones
(particularly benzophenone-3), camphor derivatives, cinnamates (e.g., octyl
methoxycinnamate), dibenzoyl methanes (e.g., butyl methoxydibenzoyl methane),
p-aminobenzoic acid (PABA) and derivatives thereof, and salicylates (e.g., octyl

25  salicylate).

In certain topical formulations, the active agent is present in an amount in
the range of approximately 0.25 wt. % to 75 wt. % of the formulation, preferably in
the range of approximately 0.25 wt. % to 30 wt. % of the formulation, more
preferably in the range of approximately 0.5 wt. % to 15 wt. % of the formulation,

30  and most preferably in the range of approximately 1.0 wt. % to 10 wt. % of the

formulation.
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Si rtui n-nodul ati ng conpounds nmay be incorporated into gel formulations,

whi ch general |y are sem solid systens consisting of either suspensions made
up of smgl sgapi ¢ particles (two-phase systens) or FAR S

nol ecul es fg&gll stributed substantially uniformy thr ougﬁogﬁza %ar rfer
l'iquid (single phase gels). Al though gels comonly enpl oy aqueous carrier

| i quid, alcohols and oils can be used as the carrier liquid as well.

Q her active age sr.ra al.so be included.in for tion ot.her
anti-infl ammat or;;f Oféli‘f‘a‘?yé’e‘?f‘g’ treé??fll%pﬁerv&gyeg%yaﬁgnt%s e‘ﬁ?ﬁ’ f‘?‘ﬂ?‘f’g’al

agent s, ZOaGﬁ&Aacgtamgecﬁbht@@ gﬂﬁulnaﬂ&d@ﬁ%ouﬁa%rwhkaﬁbn aggnts commonly
found in sunscreen formulations including, but not Iimted to,

ant hr ani | at egstalbemzeipdseldowes thab sgleasesih airfuyn- b@ldzlaphgnomeom)d /’earﬁunbr

derivati ves, arrat es 0 nna enzo nmet hanes
Cor g buty mebPREE T RehSa dirt i R BRI ot 2T RARY anc

derivati yes pifieeefliveriddn s%bﬁﬁé@hﬁéralryeacgepta&@whthaﬁfslalvleﬁﬁéleab@ah that I'n
certain topical fornmulations, the active agent Is present in_an anount in

the range oft %WMW% maylt@n%w\zont% wathBe peulangugface fer & siificient tipg,
pref erably Ip@rl o ebl \’gg’lr rnﬁpl H8ﬁ%ggne?ra}/e Re %émwgl and 1}1t%{nea|(i’ I lons @ﬂflet he

formul ati on, range Or appr oxi nma %to 15

w. % of t h%yé Qfsrfw &lantPle t&%mhmﬁﬁmpé@f)@tahirwhmb&heltfe@meo@y
approximately 1.0 wt. %to 10 wt. % of the fornulation.

20081156866 PATIAUSIOTBE00trgqus humor, capery |11T1$/61H§r>’@fen§¥féloé‘3ﬁé/f€%}?? Hyl st ed or
prevent gf bﬁhegmgrmac%xééa ?d&cgétgl@'e%ghthai U@Rﬁ#@ﬁ&gfﬂ ecdrh e@@ 1&% P ovi ce

si rtui n- nodul a nser fon O aln
t hat rel easesmtmest, ngntﬂbla‘odldrahleﬂ@psolﬁpﬂglnditen%l SAltérnativabyg uhatompowmispound

t hat i ncreases the | evel d[or ac lvity of a sirtuin protein 5Smay_ be
del i ver ed .ﬁ&l%ﬁ&%@eéﬁﬂ QisFiet é“ﬁlé(twt@ tBpMiIearHind JBIEPYS uQWCH f hat

the conpounGyiser MRbHaal O 8k | H}ng, ihds gVBetJanhHi%te‘PE&'iﬁfen%Héﬁﬁ%ﬁcﬁ by

sufficient time period to a npound to perietrate the corrieal and
i nternal regitonsnais infisieye, ingstibgrfoetentplent dfitbe eyt.eri or chanber, posteri or
chanber, _vitreou ueous hunor,, .vi t@F‘gHS hunor, cor

.bod ,
iris/cifPary, le éggle%?ﬁ‘ﬁat}??e?‘?rﬂ%‘“ﬁ‘ﬁé deser CIEH A% be Siored i oxygen

phar maceut i GrlkleyvidGifeitabdexanipld) dsVefatroebi Silao dM¥reot 84n BXpiPhRd if@nan
oi ntment, vegetable oil or an encapsul ating material. Alternatively, the

conpounds ofirtigkt qamléﬁf@ro}ia]rmynlb@tﬁah?l@s@P@Ha%ﬁ:m@@gﬂyﬂmﬂtPcle?hém%/| treous and
agueous hurour. (%ll@ ég 3l {erNA ¥ Siry IP%OS&%B%?%'@S'@PB'M &, Bgm ni stered
suc % |

system cal ly, ravenous I nf'usi on or or treatnent

of the eye. a&ﬁlﬁnsttawdmca@duigabnﬂghmeumdﬁndamgagﬁdttbearﬂnbjeamzyhlble stored
i n oxygen free environnent. For exanp resveratrol or anal og thereof can
be prepafed M4y berpespmpigypd, ec&pém@mwraapapf A ISP SUPPT ANt il o

Copsuael [ SIBHE el oo S By oy PG et e,
adm ni st er i mefeaedtaa€ell fl’herapylfb]een(flell Whansplantation, Gene Therapy, and Cellular
Immunotherapy, by G. Morstyn & W. Sheridan eds, Cambridge University Press,
1996; and Hematopoietic Stem Cell Therapy, E. D. Ball, J. Lister & P. Law,
25  Churchill Livingstone, 2000.

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

30 therapeutic effects (LDso/EDso) is the therapeutic index. Sirtuin-modulating

compounds that exhibit large therapeutic indexes are preferred. While sirtuin-

modulating compounds that exhibit toxic side effects may be used, care should be
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20may be acconpani ed, e.g., by adm nistration of an inmunosuppressant drug,
e.g., cyclosporin A For general principles in nedicinal formulation, the

reader i sypeh@yiseslst 0 Cell Therapy: Stem Cell Transpl anpgijRReosfeee1
Therapy, and Cel |l ul ar | nmunot herapy, by G Mrstyn & W Sheri dan eds,

Canbridge University Press, 1996; and Hematopoietic Stem Cell Therapy, E.
D. Ball, J. Lister & P. Law, 25Churchill Livingstone, 2000. Toxicity

and t herapeuyt, c .effi.cacy, pf sirtuin; nodul ati conmpounds .can b term ned
by st andar d (G RAEER Féafvey svulbe rigeBr cOPPRILS A NS AHEHEAl
ani mal s. Theiskisia drerlth tnidRgige belchAhl daap@ %6 Ghinfdteedd@PYaAd itR&ebyhe EDso is
the dose therapeutically effective in 50% of the popul ation. The dose ratio

bet ween t oxiredusgdid®Gtfestsapeuti ¢ ef fects (LD50/ EDso) is the therapeutic

i ndex. Sirtuin- ul ati compounds that,exhibit | arge ther.apeutic indexes
e erer od i el PRETRRHT R del St ims af af Pl R b bE sl oo
ef fects pay iREHiRslinglAfafgs 8PdbAgd for i RERAAD GRE ABSake dBUIB Mpohinlis t aken

to design a dellveré.systen1that targets such conpounds to the site of

af fect ed ti d8ayeli¢ withinderangeofgirewating geseenitdtigns thatinpludeshe EDaf withdidtleel | s
and, thereby, r Lde effe . The. data obtained fromth ell culture
2esays and. ShrRIPIER o EesTBY el Put Rafts S AP i Be Besosage

for use in Hommesployee afld#rgeutfofsdatinie@aRaLiRiszedByor an§ cohipdund,ahé ange of
circulating concentratigns that include the ED5o with [ittle or no
toxicity. Theerarsasigallyneljectiye dogs ¢aibe esimaptedsingtallydpom aelhgultyse Assabe Alosage
forme oy 9&9 \ i I | |4 : y conpound,
t he thgﬁgpeggfca Y%QZI%gg%?ggIﬁ@gggggﬁggggggﬂfﬁ%éé%aﬁﬁpﬁﬁgﬁ?gyfron1ceI

cul ture assayscenfiafibn chmge than yndbed ek ohiei(sa(ied, the camdenahtisroths téso achi eve a

circulating plasma, concentration range_that .includes the 1Cso (i.e,, the
concentrat i GAMBPURG,Hat eveaﬁﬁla[}ﬁawflmﬂ HQ@W@@% SYNPAMS) ARdgteRNinehH biti on

of synpt ons)eRsufgteS BN rindti&E tin Gé'{léé_drtgm&lz’%@cdrmﬁ:@fcf@éﬂlﬁﬁb ﬁ&@ul%sé&sed to
ful d Level s

nore accurately determ ne usefu oses i n humans. In plasnma may be
measur ed, f om hewanplLeyelbyn pliagtha peryfbermeasoesd] firi exyaingle; hy hight megfoamlayce 6. Ki t s
Al so prggid?d erein ar e Eits, e.g., kits for therapeutic purposes or kits
for modli? at YA HEOPHPEEAREY of cells or rmodul ating apoptosis. A kit may
conpri se one 200r nore sirtuin-nodul ati ng conmpounds, e.g., in preneasured
doses. A kit may optionally conprise devices for contacting cells with the
conmpounds ad i nd€ifucti ons for use. Devices include syringes, stents and

other devices | ryLPRLRIHSHIR, LD T AR SRR LB 00 o
subj ect . modulating the lifespan of cells or modulating apoptosis. A kit may comprise one

20 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.

25 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

30  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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251 n yet anot her enbodi nent, the invention provides a conposition of matter
conprising a sirtruin nodul ator of this invention and another therapeutic

agent (thgoSaigsegs used in conbination therapies and ep¥Rish@kloffi71
conpositi on% I n separate dosage forns, but associated wth one another.

The term "associated with one another” as used herein neans that the
separ ate dosage forns are packaged 30t oget her or otherw se attached to one

anot her such that it is rea parent that the se ar at e, dosage, forns are
i nt ended tol?’ﬂ)‘éteEB‘P‘i!F oL rpdherany %‘?’é"g’ %gga%ealof apporgeted rparately edled The agent

and the sir tcBhUaﬁefQ@H&lﬁﬁ%ﬂ%’oﬁcﬂs@r%@ﬂé} tRACKRBE deaPt8d B§ihd ﬁkeﬁ(e plister
pack or other multi-chanber package, or as connected, separately seal ed

cont ai ners (Os(m@tmr@mrlfsm‘ptelpmsbheseeorthﬂveotoriw)ieltShat can be separated by the

.g., b I o} I o il
anot her amboal et Ul RBSRGERETBICR: By BLE A e E SP RGP RESbepar af o

vessel s, 5a) s@paﬂte%wen APAYUHALR nduldtbd ST thRVEVHENtBR; ardNK) AnbtiRNeAdiREr anot her
therapeutlc agent such as those described el sewhere in the specification.

The practi céhasipeutie agerdsueh am@pm@%‘cmbetd el@avﬁlem/m thaseenifientionr wi se

i ndi cat ed, conventiona ni gues el l,,.cul.tur | ecul ar
bi ol ogy, transgeni hc? pﬁ‘i‘céllc88§ﬁle ?’egbfng }}9553/“'1&5 WHE% Sﬁﬁﬁrwlgw %icr?g%ihol ogy,
whi ch are Wwicbivantibha tdétmiduek o telt bidlcty, celBeidturé, eablatulaiesioRp®, €xidadived
fully in the literature. See, for exanple, Ml ecul ar O oni ng A Laboratory

Manual , 2nd bidogy aacrabjolegniseesmbinant NG handhanventlagy, sviebarg vaHn th Har bor

Laborat y RLSS over

1985); |gofr21{lljlc th%%ggglgh%egu(%g {%%xfquﬁgén mqggljf)térpl\iﬁgf I's et aI U S.
Pat ent No: éxﬁﬂﬁlﬁl%leo‘hiwﬂ(ﬂomngm Iialidyhbr)dmahalpm“dm eHSB)y ShiwbE®DkS S. J

H ggins eds. 1984); Tr anscrloﬁ)él on And Transl ation Hanes & S

H ggi ns eds FritssBand Mapigtis (Cofd Sppngprhes Lakoratery PreSF?r ]egsgi%eQNW]é’Hmfg Liss,
Inc., 1987) Vdéﬁm&bi idZ@ DRI (ﬁxépgd E'i@y °o lg&ﬁhl&‘m\% eS8, B: GE%r bal A

Pr actl cal e 1o Mol ecul ar oni ng trea I se, Nethods
Enzynol ogy €deadehi MuPiests). UJtScPateht No)4 6&&1@5 Tahst émd/HgbodsatF@T (B

Manmal i M | | er Vi, P. Cabs edsg., 1 ring
Mear bor T Aborat BN S Ne A8 A e oy bl TSR s Ana S PdBiesa
eds.), | muroghemMiggihs M. 1984); CalttR] d)fAﬂHnM&wkar Fﬁes%@gymemﬁssand
Wal ker, eds., Academ c Press, London, 1987);
Inc., 1987); Immobilized Cells And Enzymes (IRL Press, 1986); B. Perbal, A
Practical Guide To Molecular Cloning (1984); the treatise, Methods In Enzymology
(Academic Press, Inc., N.Y.); Gene Transfer Vectors For Mammalian Cells (J. H.
20  Miller and M. P. Calos eds., 1987, Cold Spring Harbor Laboratory); Methods In
Enzymology, Vols. 154 and 155 (Wu et al. eds.), Inmunochemical Methods In Cell
And Molecular Biology (Mayer and Walker, eds., Academic Press, London, 1987);
Handbook Of Experimental Immunology, Volumes I-IV (D. M. Weirand C. C.
Blackwell, eds., 1986); Manipulating the Mouse Embryo, (Cold Spring Harbor

25  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
30  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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Handbook O Experinental |nmmunol ogy, Volunmes I-1V (D. M Wir and C C

Bl ackwel | , eds., 1986); Mani pul ating the Mouse Enbryo, (Cold Spring Harbor
25Labor atwphoidiRgsses Col d Spring Harbor, N Y., 1986). EXEWJ{]SE(;O%@W The

i nvention now éel ng generally described, it will be nore readily understood
by reference to the follow ng exanpl es which are included nerely for

30pur poses of illustration of certain aspects and enbodi nents of the

present inv i d are not iptended to linmt the invention in_any way.
EXAMPLE | : #%%ﬁg&alt’fa gh” panatind '!W’(Jg'-f\"éz'(#f{fr'ﬁmo ’HBW&’BIQ/FTF 6@1&'[ 2, 1-
14t hi azol - 6- 6)y, Iodihzi3e ' D> M Seppepnd 1)
Prepar ati on bgﬁb‘gz%{ gy@zr@gyz% ﬁg@fl?"?t%%@gglgSicagﬁl%?'g?g}(g&gﬁ car bg};yl ic acid
et hyl ester Breparation ofl(2aNitypipdenyDtimid2z0]2,§-lithiezdlg43-carboxylic acid

2- am not hi az?@- 4- car boxyl ate (Conbi Bl ocks, 0.0123 nol) was m xed with 25

mL of met hyl®®®&¥!if§f"ket one al ong with 2- bromo- T-ni t r oacet ophenone (3.0 g,
0.0123 nol). The reaction m xture was stirred uger reflux for 18 hours. It

was then cooled to roomtenperature and fglteged t§ 10 renove some of the
solids. The filgfate-Mds concentrated to/afjord 3. of 6-(2-
ni tro-phenyl)-ini ddzo[ 2, 1- b]t hi azol e- 3- cy bexyfi e Wcif ethyl ester (M5, M+

H = 318). 6-(2-Nitro-phenyl)-imdazo[ 2, 1-/b]thiazol e-3-carboxylic acid ethyl
ester (14.50°g,\ 0.0458 nol) was m xed 100 inL of THF and 100 niL of
wat er cont ai ni :15 7.3 g of NaOH (4 eq). T? reaction mxture was stirred at

room tenperature for 18 hours. It was th&n concentrated. The aqueous | ayer
was washed

In a typical run, 2.1 g of ethyl 2-aminothiazole-4-carboxylate (Combi-
Blocks, 0.0123 mol) was mixed with 25 mL of methyl ethyl ketone along with 2-
bromo-2'-nitroacetophenone (3.0 g, 0.0123 mol). The reaction mixture was stirred
under reflux for 18 hours. It was then cooled to room temperature and filtered to
10 remove some of the solids. The filtrate was concentrated to afford 3.10 g of 6-(2-
nitro-phenyl)-imidazo[2,1-b]thiazole-3-carboxylic acid ethyl ester (MS, M* + H =
318).

Preparation of [6-(2-nitro-phenyl)-imidazo[2,1-b]thiazol-3-yl}-methanol:

OZN
OzN S N
S— __N R
= \ J—@
\D—@ }N
HO
@)
@)

\

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

15

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
20  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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20 once with CH2Cl12 and then acidified wth 6 N HCl. The solids were
collected by filtration and dried to afford 7.4 g of the acid internediate.

This mat Aosl1bedkcd. 0.0256 nol) was mxed with 200 m_ngr,[%Q Qhees THFE
al ong wi te\ﬁb 08(llrrgt t61yl nmor pholine (NMW) (2.8 nL, 0.0256 nol @%cool ed to O

C. Isobutyl chloroformate (3.35 ni, 0.0256 nol) was added and the reaction
m xture was stirred in the ice bath for 3 hours. NaBH4 (0.97 g, 0.0256 nol)

was added as a s lutjo of t reacti o xture s stirred
0 o aemaitmpphg iy VRB 2kl 0056 DA . gty
concent r at edehi FfforfHELHSS hny 810098 i raSside awutul;e %%lxm WwATbi ned

organic layers were dried wth and concentrated to afford the crude
product . Purstirfedat |tM1cbpamkmo&M0rjr Wz((lOQ%g, 0.@A56gnal) wiax added ofa

tane/eth cet at ffor 2 ni tro: phe - .
P dazol 5. 1 WD mE e rHaliE: Aissractipnonis et S stiged A U Hras min. 1
Pr epar at isonofyds thdn WRAHRRI Ryofr téh{ﬂaéme dnlicelRdirdtel: JI?n%talahé&BHa}@é Yok~
phenyl ani ne: [6-(2-Ni tro-phenyl)-imdazo[ 2, 1- Nt hi azol- 3-yl Knet hanol (435

my, 1.58 15nﬂﬁtaytedafslﬂdCIsIsGlzvé’dite|cnmbﬁle1¢L0rgén10ﬂ2'a‘SZNa’ledmgdthHNazSéq aoﬂ

bdued andt nerb Rt o BRI PR fe Rt Py et bet T ¢ e

for 15 min. ﬁding/\@ﬁnith%bﬂ%ﬂfﬁa%yméélaﬂéﬁ hifrdedd. mggép{%t@%mfot ekyI¥C12. The
an

conbi ned organic |layers were dried with Na2SO4 concentrated to afford
the nesyl at @mlﬁ@@[%%&]ﬁn@.ol “$hil bmethaapl @Hoawisld0 mixed with 6 nL of CH3CN
along wifth 0.33 nL of triethylam ne and 0.14 nL of norpholine. The reaction
m xture was stirred at roomtenperature for 18 hours. The next day, it was
concent r at edPespdriadien r eswft i NQR2(Bonclpholat-Piaidthyl-mniddzé2] MPRRAiaZbRE6-YD)- and
water. The organic | ayer was dried (Na2SO4) and concentrated to afford
essenti al | y PREAYI3MING ve yiel d of the product. This material was mixed with
6 nmL of O.N

2

2
_—— — S~=N
0 7§20
/N
HO O\_/N
[6-(2-Nitro-phenyl)-imidazo[2,1-b]thiazol-3-yl]-methanol (435 mg, 1.58
15  mmol) was dissolved in 25 mL of CH,Cl, along with 1 eq of triethylamine (0.330
mL). Methanesulfonyl 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
20 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
25  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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25 nethanol and 1 nL of water along with 200 ng of sodi um hydrosul fide
hydrate. The resulting reaction m xture was stirred under reflux for 6
hours. |tyw¥agedfedssCo0l ed to roomtenperature, diluted WihisifRois7Pf

absol ute ethanol and concentrated. The resulting residue was m xed with 20
mL of 9:1 CH2Cl12/ met hanol WO 2008/ 156866PCT/ US2008/ 007771 and filtered.
The filtrate was concentrated to afford

2(3m)rpholln4 yl.i mi dazo[ 2, 1-b en

Preparation® ?f%@% flﬂtra te wag, "{0? f#‘iﬂ{}?)a t(ﬁﬁ‘?rﬁF@}% g‘éﬁl'boxyl ic
acid (0.61 Gmidaz820TB]thia¥&IS6- %gcg&ggjaﬁﬁgeln thi onyl chloride (2 mL) and the
m xture was stirred wth heafi'ng ( C, 3 hours). Upon cooling, the solvent
was renoved and the residue was dried under high vac. The acid chloride was
t hen suspendgd in 5 f ri dine and added to a m crowave vial charged
with 2-(3- fﬁﬂ%r%tWB%tw%f'b‘gib[Z 1- bi t hi azol -6- ypaniline (0.87 g, 2.8
nmol ). The reaction was subjected to m crowave irradiation 15(1 0 C 15

mn). The solution was triturated with nmethanol, and the re It| solid
was fil tered and vvashed vvlth addi tional methanol. The sol i d dﬂl ed to
afford 0.97

4- et hyl - N—(2 (3- mhypi m dazo[ 2, 1- b] t hi az J\Q
yl )phenyl) (pyrl 2yl azol é-5-car boxXam de. '/ S8 for m of

4- et hyl - r phol i nonet hyl )i m dazo[ 2, 1-

20Db] t hi azol % phenyl)-2-(pyridin-3-yQ hi azod)/e/char boxam de was prepared
by

2-(3-Pyridyl)-4-methylthiazole-5-carboxylic acid (0.61 g, 2.8 mmol) was

10 dissolved in thionyl chloride (2 mL) and the mixture was stirred with heating (82 °C,
3 hours). Upon cooling, the solvent was removed and the residue was dried under
high vac. The acid chloride was then suspended in 5 mL of pyridine and added to a
microwave vial charged with 2-(3-morpholinomethyl)imidazo[2,1-b]thiazol-6-
yDaniline (0.87 g, 2.8 mmol). The reaction was subjected to microwave irradiation

15 (160 °C, 15 min). The solution was triturated with methanol, and the resulting solid
was filtered and washed with additional methanol. The solid was dried to afford
0.97 g (68%) of 4-methyl-N-(2-(3-morpholinomethyl)imidazo[2,1-b]thiazol-6-
yl)phenyl)-2-(pyridin-3-yl)thiazole-5-carboxamide.

The HCl salt form of 4-methyl-N-(2-(3-morpholinomethyl)imidazo[2,1-

20  b]thiazol-6-yl)phenyl)-2-(pyridin-3-yl)thiazole-5-carboxamide was prepared by
dissolving the product (0.16 g) in 10% HCI/CH;CN (4 mL). The solution was then
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.

25
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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di ssolving the product (0.16 g) in 10% HC1/ CH3CN (4 nL). The sol ution was
then freeze-dried to afford the salt (0.17 g) as a yellow orange solid.

Q her salyg 208isbdki ¢ acid, nmethanesul fonic acid, malei gcqfisdaosiRsPhoric
acid, L-tartaric acid, citric acid, and nalic acid) were prepared in an
anal ogous manner. 25 Exarrpl e 2: Synthesis of
N-(2-(3-(piperazin-1l-ylnmethyl)imdazo[2,1-1ifthiazol-6-
Aphenyl) qui noxal i ne- 2- car boxam de (Conpound 2) Preparation of

6- (2-Ni tro- phenyl )-im dazol2, 1- 131t hi azol e- 3- car boxyl |(§F acid ethyl ester:

WD 20081156866PCT/ US2008/ 007771 In a typical et hyl 2-
am not hi azol e- 4- car boxyl KWlg, 0.0123 nol) in methyl ethyl
ketone (25 nlL) along wt br omo- 2=t r oacet hepope g, 0.0123

mol ). The reaction mixtyeMwas stirred under refTux for ours. It was
then cooled to room erature and filteredd=s\renove sone of the solids.
The filtrate was concentQated to afford 3.10 g ob

6- (2-ni tro-phenyl)-imdazo[ 2, 1- b]thiazol e-3-cafboxylic acid ethyl ester
(Calc'd for Cl4H 2N304S:» 318.3 , [MtH + found: 319). 10 Preparation of

[ 6- (2-ni tro-phenyha tiypﬂc@lazlﬁlahﬂl -2 3dtihbthzeble34-¥ddokRahiRanale; 0.0123 mol) was
6- (2-Nitro-phenyl)-imdazo[ 2, 1- b]t hi azol e-3-carboxylic acid ethyl ester

(14.50 g, © t@i@aalprmlryethﬁseﬂ@)dw@wnmm MmO tongeith gtbromad?’ vidtrezce(ophenqgre)
15cont ai gi n at, room
t enper at gr eq? EU&O?{# lég%rlcg) ﬁg%gtl?rﬂéh{tg%ﬁ&ée 1;%?%%85%%? firtefogtr}g q1(iisayfér was
washed once wisttherGddldPtoapomtt@peranird ahd Gtterstdttd rémdve¥oine dfhﬁe salidsdsTheer e
collected by filtration and dri of the acid internediate.

o afford 7.4 ¢
Thi s mat eri dltrgte wasgoneengrated tﬂaffd r%é tgﬁfén(zl.]‘b‘tmrph&ﬁﬁpd?‘b‘l?@ P (200 ni)
along with IN]thlazole-?a-carboxyhc acid ethyl ester (Calc'd for C;4H;2N304S: 318.3 , [M+H]+

found: 319).
10
Preparation of [6-(2-nitro-phenyl)-imidazo|2,1-b]thiazol-3-yl]-methanol:

ON H,N
S—___N S%
\U‘@ }N J
T HO

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)

15  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-

20  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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20met hyl nor pholine (2.8 nL, 0.0256 nol) and cooled to OC. |sobutyl
chloroformate (3.35 nlL, 0.0256 nol) was added and the reaction m xture was
stirred iWohig/isefesbath for 3 hours. NaBH4 (0.97 g, 0.02e%U®bokoyRs; added
as a solution in water (30 nL). The reaction m xture was stirred at 0C for
45 min. It was then warned to roomtenperature and concentrated. The
aqueous | ayer was extracted with CH2O 2. WO 2008/ 156866PCT/ US2008/ 007771

The conbi ned_.organi.c Jayer.s were dried with 4 .and concentrated . to
afford the oL R BUSers et Blrdy NN PG BRI Ti9EH 1S

m xture of penden8deithPuriBERicH ) citbiiodRHhy (Blo Justg a mixture of
[6-(2-nitro-phenyl)-imdazo[ 2, 1-'b] t hi azol 3-yl ket hanol (74%yield) (Calc'd
for O 2H111\pe808e/ethyd agetate] affofled 6 G0rof [84@)nitr@mbpaylximisiazel?, 1-b]thiazol-

446- ( 2-am noy phetihlio) BARSRh gy todidhth A2k FdsTeIqpA | R ARLG: Bagf PoXY!
[ 6- (2- Ni gr o- phenyl ) -i m dazo[ 2, 1-b] t hi azol - 3-yl knmet hanol (1.0 g, 3.64 nmol)
was dissolved in CH2C12 Eﬁloo m.) along with triet hinl' amine (0.51 n_, 3.64
mol ). Met hdireparationyof 4fi-G-aodng-pheay))-tmitzai2), 1-hithiazetdcylmeshylhe reacti on
m xture was rmed to rqomt.e ature and stirred for 15 mn. It was then
quenched wi tlﬁ%irg%lrnleh%c%%d’xg&f gg'egt!tgﬂt'é\fWﬁe%ﬁ&Clz. The conbi ned organic

| ayers were dried with Na2SO4 and concentrated to afford the nesyl ate

internediate. This material was taken up with CH3CN (4 nL) along with
triethylamne (0.51 ”1—02N3- 64 mmol ) and Boc- pi per azi n_eH 680 ng, 3.64 mmol)

and stirred at rgoom tenpsrature for 1 day. The i on ture was
concentrated and Th//e es g residue was par i'& peen 20 CH2C 2
and water. The dyge S was dried with Na centrated to

U

afford essential/ly quantitative yield4 of/Th\eN oduct. This material was
taken up in HRthanol (6 nlL) and wate M\/rrg al ong with sodi um hydrosul fide
hydrate (200 ng). The resulting react{on m xture was stirred under refl ux
for 24 hours. It was then cool ed roomtenperature and concentrated. The
resulting residue was diluted 25with water (2 nL) and extracted with
CH2C12. he conbi ned organic | ayers were dried with Na2SO4 and concentrated
to afford 0.90 g of 4-[6-(2-am no-phenyl)-

[6-(2-Nitro-phenyl)-imidazo[2,1-b]thiazol-3-yl]-methanol (1.0 g, 3.64 mmol)

was dissolved in CH,Cl; (100 mL) along with triethylamine (0.51 mL, 3.64 mmol).
Methanesulfonyl chloride (1 eq, 0.28 mL) was added and the reaction mixture was
warmed to room temperature and stirred for 15 min. It was then quenched with

15  brine and extracted with CH,Cl,. The combined organic layers were dried with
Na;SO4 and concentrated to afford the mesylate intermediate. This material was
taken up with CH3CN (4 mL) along with triethylamine (0.51 mL, 3.64 mmol) and
Boc-piperazine (680 mg, 3.64 mmol) and stirred at room temperature for 1 day. The
reaction mixture was concentrated and the resulting residue was partitioned between

20  CH)Cl; and water. The organic layer was dried with Na,SO, and concentrated 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

25  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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i mdazo[ 2, 1-b] t hi azol - 3-yl met hyl kpi perazi nel -carboxylic acid tert-butyl
ester (Calc'd for C21H27N502S: 413.5 , [M+H + found: 414). Preparation of
Conpound o 2008156866 446- (2- Ami no-phenyl ) -i m dazo [ Bcinfibiogloazs] - 3

-yl met hyl kpi perazine-1 - carboxylic acid tert-butyl ester (0.25 muol) was
taken up in 1 nL of pyridine along 10wth 1 eq (50 ng) of 2-qui noxal oyl
chloride. The reaction m xture was heated in a Bi otage m crowave reactor
(160C for 10 m n S en cool.ed to roqgm tenperature and.concentrated.
The resul ti riH“@arzz‘?B%i':?J‘gab“l%{?t’gﬁ’g‘?efg‘yhfHIP%rBZ‘Bﬁ'qCW%%?‘S@F%HS}%C’%Q§,Stebr adi ent
elution, CH ' %y , 4 2878 "RV ENPfowHad 4% triethyl am ne). The
purified prggﬁc?:c'tév%é;&{ hzgr???%%at ed \T\P?hﬂg sol uti 0?1(9 cont ai ni ng 1525%
trifluoroacetic acid (TFA) in CH2Cl12 (2 nL) for 2 hours. It was then
concentrat ed, and t he (E)le uIting residue was triturated with ethyl ether to
afford the deSPPEYYY a‘éﬁ?‘pﬁg #/e TFA salt (Calc'd for C25H23N70S: 469.5
[ Mt1- 11+ found: 470). IHNWR (300 MHz, DMSO-d6) 5: 13.9 (hr s, 1

s, 1 H, 9.6 (br s, 1H 89-7.2(m 11 H, 4.8 (br s, 2 H.
anal ytical HPLC was perfornmed on an 20 Agilent 1100 Series HPL 4
with a 3.5 um Eclipse XDB-C18 (4.6 nmx 100 mm) columm with thg¢ folj ow ng
condi tions: CH3CN H20, nodified with 0.1 % Form c acid nobile pha%ié

9.8 (br

G adient elution: 5%hold (2 min), 5%to 95%gradient (11 min), 95%t0 5%
gradient (0.3 mn), 5%hold (2. 7HmWwn), 15 mn. total run tine. F}_lgl

0.8 mM/mn. Retention tinmes= 3\04 nhr WO 2008/ 156866PCT/ US2008/ 0Q7
Exanpl e 3: Preparation of (4- Vet ri di n-3-yl -thi azol

acid 12- (311, 2, 41tri azol -}k -Z hy i dazo[ 2, 1-bi thi az
To a solution of [6- ni tr o- phenyl)-im dazo[ 2, 1- b] t hiazol/- 3-y111- et hanol
(165 g, 0.6 nol Py nydich oromet hane (1-65-t) was added 12 (400 m., 5.5
mol ) at room tenpera . DMF (0.3 nL) was added 8Nd_tMe reaction mixture
was stirred aty-2030C (2 h). The reaction mxture was cooled to 0OC, and the
pr eci pitﬁ‘tae collected by filtration and dried in vacuo to give

3-chl oronmet hyl1-6-(2-nitro-phenyl)- imdazo[2, 1-b]Jthiazole as a white solid
(174 g, 99%yvyield). Preparati on of

6- (2-Nitro-phenyl)-3-[1, 2,41triazol -1-yl net hyl -i mi dazol2, 1- 15bit hi azol e:

rate:
771

4-[6-(2-Amino-phenyl)-imidazo[2,1-b]thiazol-3-ylmethyl]-piperazine-1-
carboxylic acid tert-butyl ester (0.25 mmol) was taken up in 1 mL of pyridine along
10 with 1 eq (50 mg) of 2-quinoxaloyl chloride. The reaction mixture was heated 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
15  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
20  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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3- Chl oronet hyl- 6- (2-ni tro-phenyl)-imdazo[ 2, 1-b] thi azole (64.0 g, 0.22 nol)

was di ssol ved in DMF (600 nL), followed by the addition of

1H[1, 2, ;(30.4 g, 0.44 nol), K2C®B (91.0 g,

(20 mg) 4#Ee reac |on m xture 20 was stirred at roon1tegggnﬂﬁﬁ%é overnl ht,
and then at 35C (8 h). The m xture 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- yInethyI-inidazo[Z 1-b]thiazole as a yellow solid (54 g,
596y|eld) &»ﬁ%} 351 . 7.52
(mid, 7.6 SEIQa A SWFP(‘ (gﬁ?f ﬁﬁﬁethﬂfl@ 8pyr5dtﬁ 3L ?I [h?azo?e"B’ ca7bfk9hé ﬁadg?bs 3 (s,
1H). WO 20(I&hl%ﬁﬁ@@d:ﬂ#ﬂ%ﬂ%ﬁ@%ﬁﬂ%Pbb‘bemzat—liﬂl) 1dfenyl]-amtde

2-(3-11, 2,41Tri azol-1-yl met hyl-i nai dazo[ 2, 1- bi t hi azol- 6-y1)- phenyl am ne:

6- (2- Nitro phenyl)-311, 2, 4] triazol -1-yl met hyl -i m dazo[ 2, 1-b] t hi azol e (54 g,
5165 MDk) WASpsi st M@dcmrsmts-gzznﬁr@he R Sk dd¥y2, P diate; added,

and the flask mas evacuated and backfilled with FH. The reaction m xture

was stirred under H2 at ro enperature (2 days). The reQeMj on mi xture was
t hen passed through AN ca g€l 2

pad, and the filt §b?/ orroentrated in
vacuo to give a yell stoy o@ soli—d—was—washeiy/ h g to gi ve
<y 0 1

2-(3-[1,2,4]triazol - et hyl=7"m dazo[ 2, 1- 10b]thi
as a yel |l ow soli dyd g, 94%yield). Preparatiorn
4- Met hyl - 2-pyri di n-3-yl -t hi azol e-5-carboxylic acid 12- (3

[1, 2, 41tri azol - 1-§d asdlbtion ef [6-@aziabhena i) titidezo[2; Gbithjazpl3-gt]-nkthadolm de: N

NA--r- (165 g, 0.6 mol) in dichloromethane (1.65 L) was added SOCI, (400 mL, 5.5 mol) at
room temperature. DMF (0.3 mL) was added and the reaction mixture was stirred at
10 30°C (2 h). The reaction mixture was cooled to 0°C, and the precipitate was
collected by filtration and dried in vacuo to give 3-chloromethyl-6-(2-nitro-phenyl)-
imidazo[2,1-b]thiazole as a white solid (174 g, 99% yield).

Preparation of 6-(2-Nitro-phenyl)-3-[1,2,4]triazol-1-ylmethyl-imidazo[2,1-
15  b]thiazole:

o,N o,N
S—_N S—_N
O — 0
Cl N4\,

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
20  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,
25 1H), 7.79 (m, 2H), 8.05 (s, 1H), 8.19 (s, 1H), 8.83 (s, 1H).
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15A m xture of 2-(3-[1,2,4]triazol-1-ylmethyl-imdazo[ 2, 1-b]thiazol-6-y1l)-
phenyl am ne (60 g, 202 mmol), 4-nethyl-2-pyridin-3-yl-thiazol e-5-carboxylic
aC|d (54 26shae! ), HATU (154 g, 405 nmol ), and DI EApLdRR.6080089P mol)
\28 618?‘ was stirred at room tenperature overni gtlt)t.ﬁ%LC in ﬁgcat ed
that the reaction was conplete. The precipitate was coll ected by
filtration, washed with a large 20 quantity of water, acetone, nethanol

and DCMto qQive a white so 9 % yi.el d) sol jd S

recrystalli erapt%mnaftfezt f%‘lagﬂﬁl]naﬁ%ﬂéﬂ%t H-lgueatolgﬁa@&w%'o ¥ron (1.0 Lx
2), water (é, neihanol (1.0 L), and dried in a vacuumoven at WO
20081156866PCT/ YJSZOOS/ 007771 45C overnight to give

4- et hyl - 2-pyridi n-3-yl -t hi &M e-5-carboxylic acid [2- H,N

2
(3[1,2,4]triazol -1-yl 0[2 1- b] t hi azol - eny ide as a
R (DMEO-d6,+400 N’ .s, 3H),
m 1H), 751(s, .17 60 1H), 7.79

white solid (62 g, 62 vyl elz

5.78 (s, 2H), 7.22 (m !

(d, J=6.4Hz, 1HNZ= 4 (s, 1H) 8.38 (m 1H), 1H) 8.54 (d,
J=8. 0Hz, 1H), 8\@ m 1H), 8.86 (s, 1H), 919\(1sN/ 1H), 12.78 (s, 1H).
EST- MS: 499. 3(Mr1) N 521. 4( Mk23(Na)). The HCL sal t" of

4-met hy1- 2- pyri di ] 1
(3[1,2,4]triazol diczsllﬂr[rtt}e(t hm@?)ﬁ? Eégéﬁ ﬁfaQQPS%/tym%gggl i‘#mh 520)[% 6hbetnh;lzllzlg<'lsten$5geg’was

pr epar ed510 16§ rmugbe‘rmdmgol&eéﬁh gthaﬁolt(aé) KX eftd/@eﬁh@’/o; 20 g)atvhamtded( a%lthel) . To

t hi d AN HC1 h d

di Is:orvﬁts i gnqﬁ%ﬁga%mﬂ?“%‘ﬁa a&gi) E]gfgfeé]dv @Bﬁz%h boshcfpte %\W %%VSHHBP?zati on
to afford 4-Hmikycn Zexﬂlyérmdtm%axgts) nmb&émlan%lxﬁﬁé Q@%(Mieh%a%tl(ﬁhrou?h
[2-(3[1,2,41triazol -1-yl met hyl -im dazo[ 2, 1-b] t hi azol - 6-y1) - phenyl k am de-

HCL salt (7siBagpl pad, anfift:helfdwawowawcontalt@t@dml\@cuo tosgive ayeHenitspbd, The

Screening a ul . nd pKa)
salts were Eglggu% a%o}%ilo‘éﬁ% %?n%latmﬁ“ile%vﬁg?'iulz Etr%%%:(ﬁ llnézéﬁ '18135 (%(% Eri c
aci d, meohamghidzbpeiyl)-ptenglaniiat as & yaltow solpd psphOdisyiaid)d, L-tartaric acid,

citric acid, and malic acid. The resulting salts or the 20free base were
then screened on: 1) Processing, norphology, polynorphs; 2) Crystal shape,

single stab lﬁeﬂzﬁlﬂﬁﬂroquhﬁ}hﬁM§S'ﬁﬁkn-§lﬁgh‘aizgl)éis-carboxylic acid [2-
(3[1,2,4]triazol-1-ylmethyl-imidazo[2,1-b]thiazol-6-yl)-phenyl]-amide:

S
jee D —— }* f@
Né\N
\y \_ N
15 A mixture of 2-(3-[1,2,4]triazol-1-ylmethyl-imidazo[2,1-b]thiazol-6-yl)-

phenylamine (60 g, 202 mmol), 4-methyl-2-pyridin-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

20  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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4) Open dish accelerated stability (40 C 75% RH); and 255) Bi orel evant
di ssol uti on. Figure 1 displays the Differential Scanning Calorinetry

(DSC) re t e HC salt formof Conpound 1, whichpshri,sRRLH
endot her yézﬁ?sglﬁgéﬁpi ons around 111C and 192C. The Thennggr}ai}\%zr net r7i71c

Analysis (TGA) results indicate a 30 general |oss of weight on heating,
potentially associated with | oss of solvents (nost |likely due to water |oss

b d t he, b [ t t he. t hj Cl I.t),. but. no. wei ght |
event s cor 1 QEpORYST O I EN PR R L TOREIT P ST Er O S SR arEd e o
20081156866RETY ABRABFOHEIIHRA0E, 1BAG 0 INEA Bl 0 ) o830l HOHREC

thermal events appear to be associate nol écul ar” I'evel phase changes,
and woul d sugheé$e2 gr@@Ys vieldnsHDAMREBM $1dpndopME2)f d279 (of 3HHE.78dspound 1

salt on heatj,pg Qv th results Jndi e decojyposi t.i on of
Conmpound 1 g&ﬂt 72%93#@%%%@??%%@ tiﬂ)at% W@ﬁ@éﬁgﬁ: j1?_ §r4{ﬁ)701ﬁhé)rrpound
1 has a sing.@ @noEY,BINine, 18Y)EBU 15, 13PPC St Cl-8.CHANIDCB b, WHY,[8.86 Si ngl e,
crystalline nelti ngi point. Since no other thermal transitions are observed
in the DSC ds FBAA84sI D), 12.78 4p d&hr ESENHH JORE (M+d )i S2d sHdhi2p(Ma)).a si ngl e
phase (i.e. no polynorphs) over the thermal range eval uated: 10Potenti al

pol ynor phi ¢ phase changes over the thermal range of 0 - 125C, as seen in

Figure 1 above f orhetfi€l $Glofsiamkthytow yidieadithiagdlandesbsglicheiddnug
substance under common storage and processing conditions. Since the

. ge ar . :
pol ynor phi ¢ (Blahditiazeid -dasthyivaidazel?; k—bhbﬁ@gleévbdmnblﬂramlé%wpﬁpte@ﬁreénd
bi oavai Labi Ljt s R icalrt Q- e of
18 . ;

t he drug sub tsgl?%éd%r%; %ng %lfm Zeée%h%%geﬁeg{]aﬁglﬂg@?%ﬂe]f)p(;lioetﬁ%sls\g%s Eﬁglre B%w;ze
transiti ons.HOIh86 etloy, end theenixast mtas heateduhiibdis@dutionarchesotwioanvdsagetdder
indicate the the free base formof the drug,is superior_as a drug substance
based on itd° aﬂf‘pé @}ﬂd%ﬁa%gﬁiyqahyﬁ%%ﬂqni 1P} Wh&%@mﬁaﬁﬂ%@éﬁ&r% 5. In
Vivo Testingagidi0gc Ry PRSH 1 41t B1-$ X ARG 1-WRRIaL 2008 L1gnGhehAgcy of
Conmpound 1 i n ‘sa?ll?c and@?ge’ ba]se for rul ath?lons iang[t\’/vo i %?oer eg‘t)(:Hr}rlnugli1 nmodel s
of di abet es amddiR€E] jatddd@d) ebegietlgwrsotiél (DI O) and the Ob/ ob nouse. Bl ood
gl ucose, was the main determ nant through the experinment of efficacy.

Example 4: Salt Formation, Screening and Characterization

Eight acceptable (Regulatory and pKa) salts were made of Compound 1,
namely with hydrochloric acid, sulfuric acid, methanesulfonic acid, maleic acid,
phosphoric acid, L-tartaric acid, citric acid, and malic acid. The resulting salts or the
20  free base were then screened on:

1) Processing, morphology, polymorphs;

2) Crystal shape, single stable polymorph;

3) Physical stability;

4) Open dish accelerated stability (40 °C/75% RH); and

25  5) Biorelevant dissolution.

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
30  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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For the diet induced obesity nodel, six week old C57BL/6 nale m ce
25(Charles River Labs) were fed a high fat diet (60%calories fromfat;

Resear ch \ohshey)isbRk approxi mately 6 weeks until their bg ¥nﬁ§&gmg75pa0hed
apprOX|nater 4% . Test conpounds were adm nistered daily via oral gavage

at the indicated doses The vehicle used was 2% HPMC and 0. 2% DOSS.
| ndi vi dual nouse body wei ghts were nmeasured tw ce weekly. Every 2 weeks
t hroughout the stud m ce fromeach 30group were bled via tge tail ve|n
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strain is included®as"a con hi's” group s I'ncreased

wei ght or blep@sthgini€ eséht af 336 \tvhfzmlg heo&ialedsitted §1ﬁgksc@§tahﬁieﬁﬁelﬁﬂga hi gh
fat diet. Compound 1 in the free base formwas then tested in the DIO

nmodel . The PeBl Jisceo ether mem)@l tgqnmtl@sealtee@seﬂv@d it the DS eer E@?erqsﬁltmrpound
1 at 100 ng/k 10 wa Ia 0. t.hat sver at. ol 1000, mo/ kg/ day,
rectormn SCPRG0 waPRalREy Sl Bviornials Pl BB RLA Riess) QRPHED!

exhi bi ted snm@ﬁﬁlﬁ@géewﬂauailons in blood glucose fromweek 2 onwards

(Flgures 3-5). The results of the blood glucose test for Conpound 1 was
simlarl®o that dotangdglpelzmenhic pease shariges avier tie theomabirange ahy cA251Q, as

hi bi d f d | d f
TR F guras So 'R 1 BSUE AR He s SRM BpRE RFah BT R I B BBMREGS

| ess than . Qdderofirgti Stoagdlnd Pescesssy édndifidnle Sueleited folgmduphic Whi | e t he
bl ood glucose remai ned | ower than the vehicle for the week 4 fed gl ucose

test, the sﬂr@mlfl%%%@élamglgmﬁqant effectormpdissrdutponpang bl@%\(pé@blthﬁbpf theghipdund 1
dosed at 109 J?Es f&l'géhcfaf 5 g%r%[%%m drﬁgﬁws‘%&cg%a%%}éuﬁ‘%%%rthe ob/ ob
nce a

nodel , as evi rin ere i's alread

decr eas#Si nebiniide gieqmmeabfor@hmtarﬁﬂlong/ '(ﬂherfafdbenthélﬁes\lhhfroheﬁgntwﬂ Thi s
trend continugg for the fasé o e t ek ﬁ ure 7) as the Conpound
1 group had and 2 taken together in 1cate ase ormof t g 1S superior as a drug

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

Example 5: In Vivo Testing

20 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

25  (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

30  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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158. 3 ng/dL gl ucose conpared to 285.3 ng/dL glucose in the vehicle group.
According to ANOVA tests, the p value was |ess than .0001, which

de”DnStr%b§Qm@15 ghighl'y significant reduction from thec-yaRhssRoHPUP-
Al t hough the {oo gl ucose val ues increased in week 3, there is a

significant (p<.01) decrease relative to the vehicle groups. A
second ob/ob experinment directly conparing Conpound 1 as the free base vs.

HC1 as well as Co al.l at 100 ng/ kg was. perforned. The, one week and
20t wo woek FREEIRSOLY M ObLERASn (U HEASR OGBS Beshnd TLEAILE <
respect i vel y. o5l HAENTShi fTAR dPIESRAS bdth¥ENEioaps. PY OVi des among ot her
things sirtuin-activating conpounds and net hods of use thereof Wile

speci fi c enbodi neEDb/sb afice e gendficatly manipwlatied knbelomt beemnthdi keckitepid, ant he
above specification j.s illustrative and not. restrictive. Miny vari.ations of
the i nvent | e R pd s EihRa o BB et MesontRuped b RplBn 1 evi ow
of this speghhtaéd isHdmokyLorsttnd aﬁ%@&%z?%ours REainy BlRlURA a8 ARYhGolR@UAe); er m ned
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i ndicated to be incorporated by reference. In case of conflict, the present
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Bi ot echnol oé&qﬁalﬁ?%ﬁt %%-WW@M& IS 3P hihiregels of the Ragg glucose

i ncor porate : F 00 | cat
a6, boseys B SRBRNE0 S8} lhey R A, RURbAAR b TrlRuna 2,

which all exhibited significant reductions in blood glucose from week 2 onwards
15  (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
20 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
25  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

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

EQUIVALENTS
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CLAI M5 1. A compound represented by Structural Fornula (V): or a salt
thereof 2. The conpound of claim1l, wherein the conpound is a free base.

3. The C%B%@‘?lsgﬁﬁd aiml, wherein the conpound is a S%Urmsz(ﬂ)s/o&ﬂ
phar maceut i cal conposition conprising a conpound or a p arnaceutlca}ly

acceptable salt of claim1l and a pharmaceutically acceptable carrier. 5.
The conposition of claim4, wherein the pharmaceutical conposition is
Dyrogen-free. 6 i The COMROSh L otto e habil inet HiE AT ERIRALMY 2

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

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

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

5  inthe art upon review of this specification. The full scope of the invention should
be determined by reference to the claims, along with their full scope of equivalents,

and the specification, along with such variations.

INCORPORATION BY REFERENCE

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

herein, will control.

15 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).

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

L. A compound represented by Structural Formula (V):
8]
N
7
Q S Y
Ol
HN
s N
—
\ \I\II/ /

[

o\//
or a salt thereof.
2. The compound of claim 1, wherein the compound is a free base.
3, The compound of claim 1, wherein the compound is a salt.
4. A pharmaceutical composition comprising a compound or a pharmaceutically acceptable
salt of claim 1 and a pharmaceutically acceptable carrier.
5. The composition of claim 4, wherein the pharmaceutical composition is pyrogen-free.
6. The composition of claim 4, further comprising an additional active agent.
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