WO 2010/071853PCT/US2009/068865 THIAZOLOPYRIDINE SIRTUIN MODULATING
COMPOUNDS REFERENCE TO RELATED APPLICATION This application claims the benefit of

U.S. Provisioga! Appheaton No. 61/203,156, filed December 19, 2008, the gligGlrsyss daksykich is
incorporated herein 5by reference thereto. BACKGROUND The Silent information Regulator (SIR)

family of genes represents a %gﬁpl conserved %roup ofé;ﬁnes present in theg}:jgenomes of organisms
ranging from archadddte Rk nﬁﬁéPéNk?ﬂBt UMM ISR SIQMI]H RDRvolved in diverse

10processes from regulation of gene silencing to DNA repair. The proteins encoded by members of
the SIR geneRERBRINGENDD BFJushEDcoORPEAGAIADNa 250 amino acid core domain. A
well-characterized gene in this family is S. cerevisiae SIR2, which is involved in silencing HM loci that

contain information §ipecitying.yeashmaling YRRAePDY PRAUGN FHEFIR AN 66l aging. The yeast

Sir2 protein belongs 15to a family of histone deacetylases. The Sir2 homolog, CobB, in Salmonella
typhimurium, fiidehd a8leth Resem@sic din2ifadhs SUERrR bR &) IBepapst I ribosy
transferase. HyeFuRIOtRIRIS. a class IIl deacetylase which uses NAD as a cosubstrate. Unlike other
deacetylases, many of which arc involved in gene silencing, Sir2 is 20insensitive to class | and Il

histone deachoaﬁégﬁwgﬁ like trichostatin A (TSA). Deacetylation of acetyl-lysine by Sir2 is
tightly coupled't rolysis, producing nicotinamide and a novel acetyl-ADP ribose compound.

The NADdependent deacetylase activity of Sir2 is essential for its functions which can connect its

biological role with cEieififamidifbotisroinRegattoviciin sian Shekrm otbipsdnés/e MSNAD-dependent
histone deacggﬂgég@cé%% M%éﬁé@%@%tﬁ?é%&i{% g}qg?‘tﬁgrﬁg@g' As fiomes from the studies in

yeast.  Biochemicalstudies have shown that Sir2 can readily deacetylate the amino-terminal tails of
histones H3 avehprbastsintipdighensvismiation be roedadpllA DRHbdsE QHT dlistitediese Strains with

additiongh copigr QkQ!Rerdlisplay:prsased diidk t%i'ﬁ&%n&géﬁ‘@ Qb anoehdig-anan. it has
recently been shown that additional copies of the C. elegans SIR2 homolog, sir-2.1, and the D.
melanogastef$8IPsTg&h &g IR geasEmy Nrehepahish tRaEeT GARISHYtahIE indSledist the SIR2-

dependent regylptery &?&TAW@N%QQJHQ&%E%%Q%@M& e %iﬁﬂ;aﬂds hashegr-wall Heonserved.
Today, Sir2 genes are believed to have evolved to enhance an organism's_health and stress

resistance to THEFSAYS ¥Ad i allspeins R osdthatssgntain ifospRHaTs SRAEHEIASY @len Sir2-like genes
(SIRT1-SIRT fatnat shereioaenseied saialyiscomainmef $i2ySRSipaructrasiyotein with the
Plghest ie0reg O EANSER BRI USRS IeSMTe OBl e SRRy feroets by

typhimurium, functions as an NAD (nicotinamide adenine dinucleotide)-dependent

ADP-ribosyl transferase.

The Sir2 protein is a class I1I deacetylase which uses NAD as a cosubstrate.
Unlike other deacetylases, many of which are involved in gene silencing, Sir2 is

20  insensitive to class I and II histone deacetylase inhibitors like trichostatin A (TSA).

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

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

functions comes from the studies in yeast.

Biochemical studies have shown that Sir2 can readily deacetylate the amino-
terminal tails of histones H3 and H4, resulting in the formation of 1-O-acetyl-ADP-
ribose and nicotinamide. Strains with additional copies of SIR2 display increased
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10deacetylation including the tumor suppressor p53, the cellular signaling factor NF-KB, and the
FOX() transcription factor. SIRT3 is a homolog of SIRT1 that is conserved in prokaryotes and

eukaryotcs. {}i¢ iR dAkotein is targeted to the mitochondrial cristac by ageygugfd9giakgsocated at
the N-terminus. SIRT3 has NAD+-dependent protein deacetylase activity and is 15ubiquitously

expressed, particularly in metabolically active tissues. Upon transfer to the mitochondria, S IRT3 is
believed to bERMEAVEENIRS 4"%hiallbr '2060E 6Py A NEMHAHEPTRARRYBrOEssing peptidase

(MPP). CalorigisessiietiesphasbeerckoruuhiFIRIGoAb MR 0. IMpIOUR therhaalibbanerextend the

lifespan of maﬁln%als. Yeastllife sg)ar\glike that of metazoans, is alsq 20extended hy interventions that

resemble calHETeSTCHER 1Y A UG LRI SRR er HM&%?F@&%&P% ies lacking the

SIR2 gene dalgainkicatlangerheatbatoritalhpiesticte d providas kivice aee ihab&iIRRogienes mediate

the beneficial health effects of a.restricted calorie diet.. Moreover, mutations that reduce, the activity of
: NS B (RoHChs S i

the yeas gluc?8151%e-?ées ongive ﬁe&fagﬁ% 1§V§‘, Qr%%\ﬁeo%‘f%‘é% ta?tgﬁl- élﬁﬁéﬁaé’ﬁ%a@ﬂ? 25pathway

extend life spenith wildl dypes calisdnat notioreastantchis@estodingy demgonstraiiyg that SIR2 is likely to be
a key downstream component of the caloric restriction pathway. 30 WO

2010/071853PCT/ Uﬁ?&ﬁ%l?ﬁﬁé% §t‘e’%%%ﬁ%%zl-hk&%g%ﬁﬁ?ﬁﬁﬁ%ﬁﬂﬂ!ﬁéﬂ%ﬁbmOdU'ating

compounds and methods of use thereof. n one aspect, the invention provides sirtuin-modulating

compounds ofosstftiedsdrFoEdamau Y 2asSiRd st apeldannieign pétbitic higheshnother aspect, the

invention prou@%&@&@@@&l&wﬁmwm-@ogllﬁqtmg%m% IQE&R{BP%QQB?W”‘D”SMQ
sirhiln-modulating compounds. In certain embodiments, sirtuin-modulating compounds that increase

the level Gnd/Aieaeirlatosrackiding BroEneheapsesiiad fofhs Gelliday SemilingBaiRr NophBations

including, for JRexaPPRONEIeRsMEINRdkaspan of a cell, and treating and/or preventing a wide variety
of diseases and disqrders including, for example, diseases or disorders related to agin% or stress,

diabetes, obesity, nelRdde§erieramee aEHEEL Rl dnfosrp iR il Jedi IR Seuropathy

associated withasIEThgmRIeievE hsReidas diseasemhandhar disekdeys, eargiovastihdoeisense, blood

clotting disorders, inflammatio nd/ar flushing, etc. Sirtuin-modulating compounds that increase
the | e\? el and trtﬁe lIQ-termrlrr]lus. %’Il%%% hasONAl]B%--Ee%engicent protegnrgeacety as% actg]z ty an ?s
15  ubiquitously expressed, particularly in metabolically active tissues. Upon transfer to
the mitochondria, SIRT3 is believed to be cleaved into a smaller, active form by a

mitochondrial matrix processing peptidase (MPP).

Caloric restriction has been known for over 70 years to improve the health and

extend the lifespan of mammals. Yeast life span, like that of metazoans, is also

20  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 the beneficial health
effects of a restricted calorie diet. Moreover, mutations that reduce the activity of the
yeast glucose-responsive cAMP (adenosine 3',5'-monophosphate)-dependent (PKA)

25  pathway extend life span in wild type cells but not in mutant sir2 strains,
demonstrating that SIR2 is likely to be a key downstream component of the caloric

restriction pathway.
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activity of a sirtuin protein may also be used for treating a disease or disorder in a subject that would
benefit from increased mitochondrial activity, for enhancing muscle performance, for increasing muscle
ATP levels, Qyépsoisaiges0r preventing muscle tissue damage associated gt psyiiaseEdschemia. In
other embodiments, 20sirtuin-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 W asing 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 ther@ofvad2B plkarimacendicalbyrefieativi kmguedopausitsiindmetdtinfusompound.

In certain as%%%%otthe sirtuin-modulating compounds may be administered alone or in combination
with other compounds, including other sirtuin-modulating compounds, or other therapeutic agents.
WO 20101071853PCT1US20091068865 DETAILED DESCRIPTION 1.Definitions As used
herein, the following et Esq tpaidestoRImavd sha ihaaRIAge dEtgsAmpRIBe. Ainless defined
otherwiss, allgggbmicalrans asiamifivterms usedeiein &haveds,same meaning as commonly
understood to one of ordinary skill in the art. The term "agent" is used herein to denote a chemical
compound, a mixturoie of ct emical com oundts, a bioloa%i?cal r&gg{rgmolecule such aé) a tnucleic acid, an
antibody, a protein of SBMSH HRYE L s § VA ERIGI Tor BRI ASF IAHE BN BRSSY i HiEmaterials
such as bactenaypplants, fuoghpasanimab(ppritow aiyuiBmedohtlig opoebamaistidawestaibhe activity of

such agents may render it syitable as a "therapeutic agent” which is a biologjcall aysiglogically, or
Sharmacolog e S e R R B R P et
The term "bicaviiiaber'dtwhemaetering toweacemegywi dhis greutcagrlizedoan chebfdnsgtda form of a
compouyyd th s.for it or i ft ount.of 1 [nistered, to be absorbed
by, inco;})pora%éthu r@(l)g,’ glr%éet Sé%%??%qéﬁégﬁc?gi%@S%Qifg{ﬁ%é%%%ﬁ%ﬁ%%%{é?etﬁ% %i whom it is

administered vaBislogfichaskasmstivel doidareine widing foefarmpla pioeters of disirter priotedh having a
biological aCtMQ’gh%F%'? ax0eplllity [BieReaivplR Biglogically aalive ARHERSApagituin may

comprise the core domain of sirtuins. Biologically active 20 portions of SIRT1 having GenBank
Accession Nanduocdraappathsit epcopapaststhel apipvithivting e aieainactHar sligsteste binding

domain, for examp@;sgiay N elldR VIlhak JRURLIAL.AININAAG AR & d 3 GanAank Accession No.
NP 036370, which are encoded by nucleotides 237 to 932 of GenBank Accession No. NM 012238.

Therefotg, thrifeidhisBiagnstimasuiaraIpdalig sceensrdyirtdirreso the R Isei@ily active portions
of SIRT1, als@smesmes teleHieeiR A8 A be used for treating a discase 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 other embodiments,

20  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 thereof a

25  pharmaceutically effective amount of a sirtuin-modulating compound.

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

compounds, or other therapeutic agents.



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 GeREapdeagssion No. NP 036370, which are encoded by nuclgetides,diofotgsso32 of
GenBank Accession 30 No. NM 012238; or about amino acids 254 to 495 of GenBank Accession No.
NP 036370, which arc encoded by nucleotides 813 to 1538 of GenBank Accession No NM 012238.
The term wﬂ&&ﬁ%ﬁ%ﬂ%ﬁ%‘? HPNcats and dogs. As used herein, the term "dog(s)" denotes any
member of the species Canis familiaris, of which there are 5a large number of different breeds. The
term "cat(s)" defers D difdtinasanimal including domestic cats and other members of the family Felidae,
genus Felis. "Diabetes" refers to high blood sugar or ketoacidosis, as well as chronic, general

metabolic abnormalilies QB AM: 2AQIRRY RIHIAR PR SUGRAT SIHUTHY AdFHRARE in glucose

tolerance. "Diabetes" encompasses both the type | and type 1l 10(Non Insulin Dependent Diabetes
Mellitus or N fabRBlearmdnifthd-drebebemnaciall fachaie fopdrpraaciinga s Teifdiving factors:

waistline f more iRARARIREARH O BGA:AENTY IRABRSIT Wemes: Btnrs-pPLraswenefyk30/85 mmHg or
higher, triglycerides above 150 mg/dl, fasting blood glucose greater than 100 mg/di or high-density

lipoprotein of less t 40 mg/dl in,men oy 50 m in wom%n. 15The term YED50" refers to the

/d
art-recognized mea e L e 388K Pﬁrgél}?[a% A8 3}%?3,1 Wga%glfﬁtélﬁoo e of a drug
which producdsbiéd obitpanadsminviesponsecosrediect of salibmativedicitheidose which produces a

predetermined response int 50% Ofgﬁosﬁﬁllje%% ts or preé)a%r&t'ons. Thegterm "LDB0" refers to the
Im

art-recognize(azinmea urePot fethal ‘dose. In cenainembo r’ltosr, o5 ar%terg%set 16 20dose of a drug

which is lethabiwl &84l oitestbubjdets. biloetermplithe fapeutic adexl (saamcakislecognized term which

e 91 SEARSHE RSP Lol G CEp DRy RIS Y pnemi

ng
¢
dividual in ' which the level of insulinTin t IS higher t

term “insulin félsrmam@ pefars Ydl@lsia@tiwmnﬁila prM@JngdunmmﬂFﬁsmm@mb’s a subnormal
biologic respopge.rglatMe 10 (& INAXC| dRsRONSS NI ¢ SURIGehRah faes agjhave insulin resistance.

An "insulin resistance disorder,"” as discussed herein, réfersto any diSease or condition that is caused

by or contributed to bl\{ insulin resistance. Examples include: 5 ) )
The term “bioavailable” when referring to a compound is art-recognized and

refers to a form of a compound that allows for it, or a portion of the amount of
15  compound administered, to be absorbed by, incorporated into, or otherwise

physiologically available to a subject or patient to whom it is administered.

“Biologically active portion of a sirtuin” refers to a portion of a sirtuin protein
having a biological activity, such as the ability to deacetylate. Biologically active
portions of a sirtuin may comprise the core domain of sirtuins. Biologically active

20  portions of SIRT1 having GenBank Accession No. NP_036370 that encompass the
NAD+ binding domain and the substrate binding domain, for example, may include
without limitation, amino acids 62-293 of GenBank Accession No. NP_036370,
which are encoded by nucleotides 237 to 932 of GenBank Accession No.
NM_012238. Therefore, this region is sometimes referred to as the core domain.

25  Other biologically active portions of SIRT1, also sometimes referred to as core
domains, include about amino acids 261 to 447 of GenBank Accession No.
NP_036370, which are encoded by nucleotides 834 to 1394 of GenBank Accession
No. NM_012238; about amino acids 242 to 493 of GenBank Accession No.

NP 036370, which are encoded by nucleotides 777 to 1532 of GenBank Accession

30 No.NM 012238; or about amino acids 254 to 495 of GenBank Accession No.
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diabetes, obesity, metabolic syndrome, insulin-resistance syndromes, syndrome X, insulin resistance,
high blood pressure, hypertension, high blood cholesterol, dyslipidemia, hyperlipidemia,
atherosclerofieshgansadasluding stroke, coronary artery disease or myocapdiahiolaisiioshes
hyperglycemia, hyperinsulinemia and/or 5hyperproinsulinemia, impaired glucose tolerance, delayed
insulin release, diabetic complications, including coronary heart disease, angina pectoris, congestive
heart failure, E‘?@Qé?%@rﬂﬁ\}@fﬁ?’?&%ﬁg% Dermsleesidrs éﬁﬁtm%ﬁﬁﬁﬁ@?ﬁ% 2, nephropathy,
glomerulonephsitisnglomrengoselcrosis, nephrotic syndrome, hypertensive nephroscicrosis some types
of cancer (such as endometrial, breast, 10prostate, and colon), complications of pregnancy, poor
female reproductiveakée Ith (such as menstrual.irreqularities, infertility, irreqular ovulation, polycystic
ovarian syndrome (RO e s et s G R e &
cholecystitis &rehclolliifidsistgyouy oissthecwdhsiepgriapheaiafumdispiracdyhichithernsrosteoarthritis,

and boney '05%lﬁgirg?’n%?fh%gp@ﬂ‘ﬁﬁﬁeli%?ﬁ{g@&é'@fg%?@Eﬁle"E%'Eggz’;"&‘é?&'soé&‘%af@i{H@(}ﬁﬁﬁﬁiﬁrs to domesticated

quadrupeds, which includes those being raised for meat and various byproducts, e.g., a bovine animal
including cattiechrdingtHemastimersssied eecyaeudBoof shpdroitly Helidrs, igxueliriiglomestic swine and
other members of the genus Sus, an ovine animal including sheep and other members of the genus

Ovis, domestic goatsias:eiiei Faembei ¢idbe gparsAéeapidssdpmestitatecheymerupeds being
raised for specialized tasks such as use as a peast of bu[gen,%{%, n eqéline animal including
domestic hor$EBSHASARR Hi8RMSETE SF R @Sy RY iaso @qlﬂag. Sugar §RUYOFA "mammal” is

known in the astrand @xgmpkane mansnaidiablice bunapsssesitaieselypsosidappaals (including
bovines, porcjpes, etc.), companion 25animals (e.g., ines, felines, etc.) and rodents. (e.g., mice and
ey R TR R s R R o R T i
body mass infiexw(Bidt)ddftatde astl @b oigfebtetin© e sity: waisinmaynnot deadsdaidiedfavith insulin
resistance. The terms parenteral. administration’; ‘administered parenterally'; are art-
oreconed ST T B B R R R A& o
usually by injebtion ] ahchiidluthesnyiithodtdinibatigreatetrémen®isyiitieon bsdutensmgraarterial,

intrathecal, |n1t1rpaocaa58§élijlllaor IQ&"’%%Q%'&I'@{"@?@ lac, rngva g(zr %I,W;Qf‘t?rl%ggn_toneal,_transtrac_heal,
subcutaneous, subcuticular, intra-articular, subcapsular, subarachnoid, intraspinal, and intrastemal

injection and infusion. 5A "patient", "subject” "individual” or 'host" refers to either a human or a

non-hunhan animal. The i@ tdihspiederm i Binrdiiycaepisthmer s R i eliecosgnied and refers to

a pharmaceutigadiv-astRriaRie INBIRT il SMROSHIOD Of ¥RIYHRI UG AR avidersolid filler, diluent,
excipient, solvent or encapsulating material, involved in carrying 10or transporting any subject

composition SREBTRYBAEOmSRLF st EalsEriRly yhe dose which produces a pre-

determined response in 50% of test subjects or preparations. The term “LDs,” refers
to the art-recognized measure of lethal dose. In certain embodiments, LDso means the

20  dose of a drug which is lethal in 50% of test subjects. The term “therapeutic index” is
an art-recognized term which refers to the therapeutic index of a drug, defined as

LDs¢/EDsg.

The term “hyperinsulinemia” refers to a state in an individual in which the

level of insulin in the blood is higher than normal.

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

5



acceptable" in the sense of being compatible with the subject composition and its components and not
injurious to the patient. Some examples of materials which may serve as pharmaceutically acceptable

carriers incluggy 4ddos49es, such as lactose, glucose and sucrose; (2) starghgss Sl iRgsgern starch
and potato starch; (3) cellulose, 15and its derivatives, such as sodium carboxymethyl cellulose, ethyl

cellulose and cellulose acetate; (4) powdered tragacanth; (5) malt; (6) gelatinéfg) talc; (8) excipients,

such as cocodiHReis ARPEUIPERREH; MadEamesIsiinssshidRcs sxRTHOTIEC SHMTEESHoil, safflower oil,
sesame oil, olivaIgilreeiait anghssbe preoilirt] Ay givealsos UG hHas @ pNgaRgHY.COl; (11) polyols, such

as glycerin, sqrbjtol, mannitol 20and polyethylene glycol; (12) esters, such as ethyl oleate and ethyl
e, (19) DA BRI R L e R SRR Froxice. (15)

alginic acid; (dBypyrogendeeelisatek(lid),ibotenitysalitie; (R ingecsiacdion; (19) ethyl alcohol; (20)

phosphate buffer solutions; and (21) other non-toxjc compatible substances employed in
DharmacSut AT DA D T S TR A ISLAOR S A APEReal i relation to a
condition, suchmaglaitoas,reciuineeoferguydainy, dsdiseasasugieastgroagestisyidanme complex such

as heart fallurfgliprréalréyr&gher meg{% co,pldltlon S Wel[l understoqd in the art,,and mcltljldes

administration of & ’comp%sci%lrlwlwhic  Te Iﬁ%g}s: %réleflrlelahrgnlggpg : Bfl%%}gly}%r gegﬁ%attc}f,’ symptoms of a
medical condﬂhphrbpgtlsulgmereﬂmwltdt&&lbja@t}m&mmhid@eshmtiwaaﬂferﬁwe composition. Thus,
Do AL AR ST Rl EAC B e e oL efeclabla aneerous arowths i a

population of atients receiving a prophylactic treatment refative to an untr’eate control population,
and/or déayinptiricappéapimvecondiestianio Coitearo0s geovwtbmaite acpectedipopeddition versus an

unireated conyalpRAANAT el el RO o AN ORISR B, Prevention o

an infection includes, for example, 5reducing the number of diagnoses of the infection in a treated

population veystdramair&ated nstysirppipulaipiastaid g isngitie sirdetsaiadlptapedms of the
infection in a tigAtedROPIALIND KRIRMSIALHNIERIRHAQRURLPAPHALRR. EYYABEPN of pain includes,

for example, reducing the magnitude of, or alternatively delaying, pain sensations experienced by
subjects in a FOMeRHopERATERTeratd deintefed IR HPORLIBH T he term "prophylactic” or
"therapeutic” treatment is art-recognized and refers to administration of a drug to a host. If it is

administéred prior t_dhlsimdmi ‘ﬂiaeﬂfeelt&himmm’th&mmm_eﬂmmmiqna(mg)edﬁ,seaﬁm or (_)ther unwanted
st o e PSR 0 e esiment o RPN ecicr s peecs st s
including cattle and other members of the genus Bos, a porcine animal including
domestic swine and other members of the genus Sus, an ovine animal including sheep
and other members of the genus Ovis, domestic goats and other members of the genus
20  Capra; domesticated quadrupeds being raised for specialized tasks such as use as a

beast of burden, ¢.g., an equine animal including domestic horses and other members

of the family Equidae, genus Equus.

The term “mammal” is known in the art, and exemplary mammals include
humans, primates, livestock animals (including bovines, porcines, etc.), companion

25 animals (e.g., canines, felines, etc.) and rodents (e.g., mice and rats).

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

may not be associated with insulin resistance.

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

30  recognized and refer to modes of administration other than enteral and topical
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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\ef8psdeassemposition that does not contain a pyrogen in an gimasuibhibakaeuld lead to
an 20adverse 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 cYRPBSHRHN S AP Be@isr g stskiastidny Ha8uK A8t IMH LN Ss, for example, a
lipopolysacchatige(bhBy), iRepkcative lifesnaal, aftaeglkiefensdadhstaumbesedidaughter cells
25produced hy an individual "mother cell." "Chronological aging" ar "chronological lifespan,” on the
other hand, rtSAOTETA TERART BTt B BB BTHBH A LAl i SIS 18 en deprived
of nutrients. "fnbeepsing, thddifedpaid pineragiihdr dekietdingriiiddjtesipanaf msibhas applied to cells or
organisms, refers to increasing the number of daughter cells produced by one cell; increasing the

ability 309f cells or %g%ggéﬂﬁtosﬁ@&gtwi%ﬁ{(g&?ﬁs @%Sgn}lgﬁrgmﬁg& %,Iﬂtmtﬂl BNA, proteins;

and/or increasing the ability of cells or organisms to survive and existin a living state for longer under
a particular contitioman ghintless (for example, heatshock, osmotic stress, high energy radiation,
chemically-induced stress, DNA damage, inadequate salt level, inadequate nitrogen level, or

inadequate nutrient fexelhifpsRancanbelinareasas O¥atiieas abettohdRal 30lh1A0%, 50%, or
5 60% or between 20% and 70%, 30% and 60%, 40% and 60% or. more singtwet ods described
nerein, SRR B RFA L B RN R L SRS B ATV TS T SHS: %ﬂf@«fa of a sirtuin

protein and/ogdligreasesitideaskoneactvitenf a situpudiaieimditadl, exesh@lany emgagiment, a
sirtuin-ag ivatinﬁ com)g)o.und maﬁ increase at.least one 10bio|ot%ical C 'vig of a sirtuin protein by at
least abblt 1068 58RI E AN SHRICEHERRPSS ST EXERONEH, BILT8 it Rt S uin proteins
include deacéndatinahle’’gn tichistanesSbandg: pbdipentendin fifespsoctinongasinigrgandinic stability;

silencing transc%tlon' and conLtrollln thte ﬁ%%ée eatJ[pg of OX|d|zefjeSr)8r%ellns biatw en mother and

components and not. 1gjurigus a 0 cxa aterials which ma .
daughter cells. 0§|r1tium prcI)]telnn'] fefers to & member of the air eaceef‘yllase pro e|n¥amlly, or

preferably to shevsi? fhmnibacovtticlinetudeadastSic? (GanBank AcgessiochMeldes3635), C. elegans

012235 and RE S IT0 L Aoy o STt S A A pe e AT
030593 1 NP 086363]c2Or ¢850963sared iARG8BL0F)sthieien ubtive ctayhilyl mlenstsens include the four

cellulose acetate; (4) powdered tragacanth; (5) malt; (6) gelatin; (7) talc; (8)

excipients, such as cocoa butter and suppository waxes; (9) oils, such as peanut oil,

cottonseed oil, safflower oil, sesame oil, olive oil, corn oil and soybean oil; (10)

glycols, such as propylene glycol; (11) polyols, such as glycerin, sorbitol, mannitol

20  and polyethylene glycol; (12) esters, such as ethyl oleate and ethyl laurate; (13) agar;

(14) buffering agents, such as magnesium hydroxide and aluminum hydroxide; (15)

alginic acid; (16) pyrogen-free water; (17) isotonic saline; (18) Ringer’s solution; (19)

ethyl alcohol; (20) phosphate buffer solutions; and (21) other non-toxic compatible

substances employed in pharmaceutical formulations.

25 The term “preventing” is art-recognized, and when used in relation to a
condition, such as a local recurrence (e.g., pain), a disease such as cancer, a syndrome
complex such as heart failure or any other medical condition, is well understood in the
art, and includes administration of a composition which reduces the frequency of, or
delays the onset of, symptoms of a medical condition in a subject relative to a subject

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

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



additional yeast Sir2-like genes termed "HST genes" (homologues of Sir two) HST 1, HST2, HST3 and
HST4, and the five other human homologues hSIRT3, hSIRT4, hSIRT5, hSIRT6 and hSIRT7

(Brachmann giado{d/9833 5enes Dev. 9:2888 and Frye et al. (1999) BBRCx60iR4q)/higiarred sirtuins
are those that share more similarities 25with SIRT1, i.e., hSIRT1, and/or Sir2 than with SIRT2, such as

those members having at least part of the N-terminal sequence present in SIRT1 and absent in SIRT2
such as SIRTAHSYS recongg pPRREIAC I AR Rl aHBIS P AR Arapiftidacetylases. In

one embodimgidtoaBkRihf petgipdnahides HerstabicZ ARRrida podeEefsiofchiod 30P53685), C.
elegans Sir-2.1 (GenBank Accession No. NP 019139% human STRTI. G%eﬂBank Accession No. NM
012238 or N OPABARS (7 4 08 SP631° L RenUaL PRIk b RIS TSRO another
embodiment, &iSHRITY gproigicainclndasta Pelypeihds enmiirsiog iactedpsefcecanpisting of, or
consisting essentiall 5% the %%ﬂ acid setlp ce ?et forth intGe gank ,?«%cession Nos. NP 036370,
NP 501912, NP Y8Bdok, NP éléa,%lroﬁ% g rblr%f‘elﬁesal chide Scl)?yp\é%ﬁlbseas%comprising all
or a portion ofitiheagdioanaoichspgusoceseébiodtininng dnBankt A€ sepsgitmMostiN 86870, NP 501912,

NP 085096, NP_ Q36 or P53685: the amino acid sequence set forth in GenBank Accession Nos.
NP 056370, N e R o A S e A B o2 ) %o,
50, 75 or moradodsefvatvensphinedsith g tstitgionstcar, amittoradic Jg glebnyoetpatis at least 10 60%,
70%, 80%, 9Q9 0 %.: 979%0,,,989%,.. % | j i 036370, NP
501912, NP g%‘qo%%ﬁoﬁl%%egé%égi 83' ﬁ@é%gstg%a%{ %%Ec:?t%rég}%%%?n%e@n%st eﬁrﬁe%%@%g%ne%’tlfdes of the

inventioals@dneiatierhomologs (e.g., orthologs and paralogs), variants, or fragments, of GenBank
Accession Nos. NP 036370, NP 501912, NP 085096, NP 036369, or P53685. 15As used herein

"SIRT2 protein”, "SIRTSQiAteIRsphHIRTL ROt apSHRT Sriuokein's SLRES potaiandand "SIRT?
protein" refer to_ other mammalian, e.g. human, sirtuin deacgty,lase proteins that are homologous to

SIRT1 proteifiisaHRAMAPITHIOR Shfokimedtet19%s Hifincdmthsihel RSy (¢aR)6& domain. For

example, "SImbdipraicivh seteesitovannrasheliedilie sirtiisdeacotitrsmwiatedsfamdy 0 that is
homologous to a SIRT Qrote&% In one embodimelnt .a SIRT3 protein.includes human SIRT3

|
(GenBank AcRRYSTH 1E549REb DBEPRY a5 R P oL B %“éﬁfhﬁri;@%%%?ég%lRTS (GenBank
Accessivfh NaleNRopHkER8 uprateins canttegy ivateats idadriiagmedtsitbeneoi fesatothef teenbodiment, a

SIRTS3 protein includes a ﬁﬁlxget%ﬁ%&om tr{sgl%&a se uince. ons&sna%(%%é)r consisting essentially of,

the 25 amino Acid Segiehts Skt hK: %%%% 5i6in NGO AR '\B"36371, NP

001017524, eniRofatd 87 &aBiRiN3proteinsg nolwdetabiypdplaes saim pffsmgthdkair@portion of the
amino acid sequence set forth in GenBank Accession AAH01042, NP 036371, NP 001017524, or NP

071875, the amino agid sequeORs,seliart i PrnGalk ArcessiaNes: ARHL42, NP 036371, NP
001017524, or NP 071878 30 with Ito about 2, 3, 5, 7, 10, 15, 20, 30, 50, 75 or more conservative

amino acid sBEIROLEAL A APRRPheNMBLUBHOSIAAR AN AeHEt Bty ordddesbi 29096, 95%, 96%,
97%, 98fp, o, @k ddentical 10, GrPRaAKACSRHIMAMNAR A ARPIQA s RaIR BRE34L, NP_001017524,

or NP_071878, and functional fragments thereof ,Polglpeptides of the invention also include homologs

(e.g., ortholoGE R hrsls§ i himiebisehiagibiitdi o pesunsitior harkeigdmigistaxd01042, NP
036371, NP GQLQ/53b, erdNEnDid kst 1o aneeplecinebtittm hiBapéateivineludes a Sfragment of

SIRTS prOteir;lfpgtglil%a%gqrue%eo%g% gLeciao¥g)glg ;/]\.lllctp a?s, ci)troecpa(r)r?p g,ael 1paogio)iysaccharide (LPS).
“Replicative lifespan” of a cell refers to the number of daughter cells

25  produced by an individual “mother cell.” “Chronological aging” or “chronological
lifespan,” on the other hand, refers to the length of time a population of non-dividing
cells remains viable when deprived of nutrients. “Increasing the lifespan of a cell” or
“extending the lifespan of a cell,” as applied to cells or organisms, refers to
increasing the number of daughter cells produced by one cell; increasing the ability

30  of cells or organisms to cope with stresses and combat damage, ¢.g., to DNA,

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



processing peptidase (MPP) and/or a mitochondrial intermediate peptidase (MIP). The terms
"systemic administration," "administered systemically," "peripheral administration" and "administered

peripherally”" g @itxe¢egnized and refer to the administration of a subjectomRIFHIRPsdherapeutic or
other material other than 10directly into the central nervous system, such that it enters the patient's

system and, thus, is subéect to metabolism and other like processes. The term "tautomer" as used

herein is art-reyESGHrelPLIoaFeERIeH AR THI RGBT & S SEERARNE i.e., proton,
accompaniednbytéhsvkitebrate Stagle highdangyvadiaces, davhir HRNEJdVBEBsedDMNesein to describe a

compound or genus qof 15compoynds, tautomer includes any portion of a compound or the entire
ombound SUETEE LA JP e ERHA BT e B A Bormpound o, for
example, the len¢ie Tofdxpanineh boinexaisyd @y thd davt tdhoer 10Pa, coMpRamdbrat Fickides a
hydroxyl-substityted. pyridine ring (A).i mpound that includes the keto-enol substityted ring (B):
o5 110 B e e b DA B e T0 Ao Rt 1R8O CHors to any

chemical moidtydtiatdhadiologically, physiologically, or pharmacologically active substance that acts
locally or systemically in a subject. The term also means any substance intended for use in the

diagnosis, cure, miti%%ﬂl-g&m%gtc%r%%‘ﬁ%“@@f%&ftgié@@ﬁ%&ﬁlﬂrtﬂéﬁﬁﬁl%g&%rlﬁg'I@%lt of desirable
physical or mental development and/or conditions in an animal or human.
of a sirtuin protein and/or increases at least one activity of a sirtuin protein. In an
exemplary embodiment, a sirtuin-activating compound may increase at least one
10  biological activity of a sirtuin protein by at least about 10%, 25%, 50%, 75%, 100%,
or more. Exemplary biological activities of sirtuin proteins include deacetylation,
e.g., of histones and p53; extending lifespan; increasing genomic stability; silencing

transcription; and controlling the segregation of oxidized proteins between mother

and daughter cells.

15 “Sirtuin protein” refers to a member of the sirtuin deacetylase protein family,
or preferably to the sir2 family, which include yeast Sir2 (GenBank Accession No.
P53685), C. elegans Sir-2.1 (GenBank Accession No. NP_501912), and human
SIRT1 (GenBank Accession No. NM_012238 and NP_036370 (or AF083106)) and
SIRT2 (GenBank Accession No. NM_012237, NM_030593, NP_036369,

20 NP _085096, and AF083107) proteins. Other family members include the four
additional yeast Sir2-like genes termed "HST genes" (homologues of Sir two) HST]1,
HST2, HST3 and HST4, and the five other human homologues hSIRT3, hSIRT4,
hSIRTS, hSIRT6 and hSIRT7 (Brachmann et al. (1995) Genes Dev. 9:2888 and Frye
et al. (1999) BBRC 260:273). Preferred sirtuins are those that share more similarities

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

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

(GenBank Accession No. NM_ 012238 or NP_036370 (or AF083106)), and
9



The term "therapeutic effect” is art-recognized and refers to a local or systemic effect in animals,
particularly mammals, and more particularly humans 11 caused by a pharmacologically active
substance. TR R@sa stherapeutically-effective amount” means that amopptafSldedliasgkPstance that
produces some desired local or systemic effect at a reasonable benefit/risk ratio applicable to any
treatment. The therapeutically effective amount of such substance will vary depending upon the

5subject and HIBALN BB BERtY eeREq rauthsp A BAdiagR o R SLBjatn e ¥R ity of the
disease condifipslybRetmapnapatiad nirificatiovoanitihe dker whlishtaancseadibibedaiermined by one

of ordinary skill in the. art. For example, certain_ compositions descrihe in ma dministered in
o suficiont arBURTS b oG L GO & ASSEON b A AR A e 0 st
treatment. 10N e@EFIgb NI rIdicideD poroPs6 686, referBltprowingiadwielpals mpediarating at least one
symptom_of the conditior‘“or diselatse. The term "yision impairment” r er%gakciiminished vision,

which is 8ﬂenc%%nﬁglﬁi3 )P Fea\}%orszPeo(grt lilrer(aélvm(aflrlﬁl%lfé usﬁg}"ief}ga?ﬁ%e el.rb., esnurgery). Particularly severe
vision impairmentisde iNwadNBliQ6EES N "o )06 ) ddieh, Pe (S 66 @ conidkigS]1 Bloss of vision,

vision worse than 20/200 that cannet he.improyed with corregtive jeld of less than
270 oarene A N N N U o provices
novel sirtuin-MN8dOkatag, ddnpodeitds doP idEttngitnt foraprawénting, &.\iddd 4alleBlof@igéases and
disorders inclyding, f .dis ol e ted t | s,.diabetes, obesity,
neurodegene?ﬁé\q/%ed%é%l%%é?ig%oé%} éié%qgs?eﬁg%a{%ﬁgﬁs%rjegrgﬁég%lﬁgv%%{gﬁa% g%ﬁ%s%ﬁﬁ%od clotting

disorderd) inflﬁ?ﬁmé@l%nSQ%Q@%a?ﬁf/mﬁﬁ%rﬁﬁ%,Qt&%smﬁ%b@qtmrh@@?nﬁ@uhds_ that increase the
level and/or agfivity;gf ASUTR RAISH M@ #1$0 126 Pk il eRPNE:3 HisEASEsqEEHSqRder in a subject

that would benefit from 25increéased mitochondrial activity, for enfiancing muscle performance, for
increasing misesé amHesmpE thRIeele diMppepiteyehtisgnyensie tisedachidnbgaelessciated with

hypoxia or isRgmiaaIber aRMmARHALY. dsclaRedhesginmAPe ARl ks N pharmaceutical
(0}

composition and/or one or more methods disclosed herein. In one embodiment,
sirtuin-modul g 2oMPIIRRISP 1Re R ORE8ROaFEP308/8p Fds ented BP Structural Fotinula (1):

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

20  that is homologous to a SIRT1 protein. In one embodiment, a SIRT3 protein includes
human SIRT3 (GenBank Accession No. AAH01042, NP 036371, or NP_001017524)
and mouse SIRT3 (GenBank Accession No. NP_(071878) proteins, and equivalents
and fragments thereof. In another embodiment, a SIRT3 protein includes a
polypeptide comprising a sequence consisting of, or consisting essentially of, the

25  amino acid sequence set forth in GenBank Accession Nos. AAH01042, NP 036371,
NP 001017524, or NP_071878. SIRT3 proteins include polypeptides comprising all
or a portion of the amino acid sequence set forth in GenBank Accession AAH01042,
NP 036371, NP_001017524, or NP_071878; the amino acid sequence set forth in
GenBank Accession Nos. AAH01042, NP 036371, NP_001017524, or NP_071878

30 with 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. AAH01042,

10



(R2)n HN or a pharmaceutically acceptable salt thereof, wherein: ring A is selected from: 5nr-nr;
wherein ring A is optionally thither substituted,; R'is selected from -H or an optionally substituted

nitrogen-coni{giningopigsgcyclylmethyl group; R2 is selected at each oggyianscfisNEsa halo, -CN,
Ci-C4 alkyl, and fluorosubstituted C1-C2 alkyl; 10n is selected from 0-5; R3 is selected from Fl,

Ci-C6 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, CI-C8 %cloalk [, heterocyclyl, fluoro-substituted C1-C2
alkyl, C1-C6 AlRoy0rd AR POL)LHAZR 12N Rl SRS HANRITACEIRYHS HIRES1, or alkynyl, R3 is
optionally sulpssitygditys G-G6 iatkaxional wheeR3 ivhelese ¢y glylbairloxalkyd, Rdisgkfoptionally

substituted by Cj-C6 alkyl or Ci-C6 tggo -Ci-C6 alkyl. |n certain e 50(%%: ts, Ring A is selected from
optionally suﬁ@ﬁiﬂﬁgdofrgg‘gﬁﬁmseﬂﬁa SRS GEHYCR 0§e1%%£81$ m %%ﬁ@substituted , and,
wherein the aNle_rdEk_(Q’I)7524g_9@1reHe_mr$lm.pmtim_a aﬁlﬂﬂgnﬁebQurﬁiRﬁﬁ)Wyin&imm aquiggle ( terrr)
represengs StPrg n?eqll‘co onf %fﬂgji]g 1?%0991%'%%@15%?&%5%? %[Qegf%%g %iﬁlng nrl]i{gc%'ondrial matrix

processing peptidase (MPP) and/or a mitochondrial intermediate peptidase (MIP).

99 <6 9% ¢

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

10  directly into the central nervous system, such that it enters the patient’s system and,

thus, is subject to metabolism and other like processes.

The term "tautomer" as used herein is art-regcognized and refers to the formal
migration of a hydrogen atom, i.e., proton, accompanied by a switch of a single bond
and adjacent double bond. When used herein to describe a compound or genus of

15  compounds, tautomer includes any portion of a compound or the entire compound
such as a single substituent of a compound, multiple substiutents of a compound or,
for example, the entire compound. For example, the tautomer of a compound that
includes a hydroxyl-substituted pyridine ring (A) is a compound that includes the
keto-enol substituted ring (B):

éjj Xy tautomerize ; =
() omerte |
HO N 0] N
H

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

in an animal or human.

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

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

11



Tn certain embodiments, Rl is selected from optionally substituted nitrogen-containing
heterocyclylmethyl. In certain such embodiments, the nitrogen-containing heterocyclylmethyl group

optionally cogriges@sesond heteroatom selected from nitrogen and oxygery 86 frqaRegle. the
heterocyclylmethyl group can be an 10 (optionally substituted non-aromatic heterocyclyl)methyl group,

such as optionally substituted marpholinomethyl, pyrrolidinylmethyl, and piperidinylmethyl. Typical
substituent giSERi Ry B ABAETaeRosiH A R0 e § B LGk y [CrR B Aiky I fEBIHEFdbodiments, Rl is -H.

In certain embgeima isdistisnselectes FaoutiioEsualky kubdaé alike pyddtoesGonidadkioy!,
fluoro-substituted CI-C2 alkyl, and heterocyclyl-C1-C6 alkyl, and when 1:2'is alkyl, alkenyl, or alkynyl,
RS 5 ontional LR o bR Al S LRI 5 S o optionelly
substituted byrk&lsctapdisyicainy it oG Gealkoxiyit GF Cifs latkiplsthn qeaxtit uiary eleadimenisn ficis selected
from C1-C6 alkoxy-CiC6 alkyl, Ci-C6 alkoxy-C i- kenyl, C i-C6 alkgxy-C2-C6 alkynyl, Ci-C6
oy OF 20t S AR IR G otk s e A0 At o Bl M atorocy iy -
Cl-p6 alkyl, he«q@p&lﬂie@ﬁ@ﬁa@dﬂmrmhsubmhmw ﬁﬂr}ﬁﬁt@lﬁy}hamd qi&-l%,lwlﬁtihewaam quiments,
12'is -H. In c%rtal Q[dlmen’?bnolﬁeoofo digin c¥<riliﬂr111 %@ng%%%%grﬁggéﬁ%ﬁr 3and R2is

m
. d € dctermingc .
independently se@’c%e at each octurence from Halo and fluoro-su alkyl. In certain

em bodiments;@imﬁﬁtmetdﬂwrfbtmhﬁa@(@mhwrﬂugeim,imeié ih)ajmﬁ'mmmﬁ@ﬁsosﬂe@ued from any
value of 121 giyen, ‘%re?f‘é‘é%@r J&’J&E %%n%%ﬁi%%ﬁ%ﬁ@ﬁ%% ﬁkﬂfn%%#ﬁéﬂ{?' formula (1) is a
ylmethy lly c

nitrogen-containing heterocyc group optiona prising a second heteroatom selected from

nitrogen and oxygen, R2 is hydrogen, and R3 is selected from any value of R3 given for structural
formula (). In certain BRIGEEIMEARI B8 REAiNFaIFSIGHR @) cHiReRsE LeniptiiserbRE® 10represented

by Structural esnalasgmptom of the condition or disease. (1a); or @ pharmaceutically acceptable salt
thereof, wherein: ring A is selected from

The term “vision impairment” refers to diminished vision, which is often only
partially reversible or irreversible upon treatment (e.g., surgery). Particularly severe
vision impairment is termed “blindness” or “vision loss”, which refers to a complete

15  loss of vision, vision worse than 20/200 that cannot be improved with corrective

lenses, or a visual field of less than 20 degrees diameter (10 degrees radius).
2. Sirtuin Modulators

In one aspect, the invention provides novel sirtuin-modulating compounds for

treating and/or preventing a wide variety of diseases and disorders including, for

20  example, diseases or disorders related to aging or stress, diabetes, obesity,
neurodegenerative diseases, ocular diseases and disorders, cardiovascular disease,
blood clotting disorders, inflammation, cancer, and/or flushing, etc. Sirtuin-
modulating compounds that increase the level and/or activity of a sirtuin protein may
also be used for treating a disease or disorder in a subject that would benefit from

25  increased mitochondrial activity, for enhancing muscle performance, for increasing
muscle ATP levels, or for treating or preventing muscle tissue damage associated with
hypoxia or ischemia. Other compounds disclosed herein may be suitable for use in a

pharmaceutical composition and/or one or more methods disclosed herein.

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

30  represented by Structural Formula (I):
12



and CNr',555 (*N/ 15and 13) R' is selected from hydrogen, R3 selected from hydrogen,
methoxypropyl, methoxyprop-1-ynyl, rw", H3C.,0 0,),andr CH3 ;and at least one of Rl or R3

comprises a {iegRNrs@esaining saturated heterocyclyl portion. CeraRienRR s
encompassed by Structural Formula (1) are represented by 5Structural Formula (I1): HN

R?),
( )X\

>

O
N s HN
(X540
R’ (D,

or a pharmaceutically acceptable salt thereof, wherein:

R3

ring A is selected from:

“”Q e “”@ e b lbe e

N Nx N INESS S\< O\< 0
e s e e o~ e ~ and
N
_N
p
5 ~": wherein ring A is optionally further substituted;

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

heterocyclylmethyl group;

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

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

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

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

In certain embodiments, Ring A is selected from optionally substituted

13



N or a pharmaceutically acceptable salt thereof, wherein Rl and 12.3 are as defined above for
Structural Fo(l). In certain embodiments, Rl is hydrogen. In other embodiments, Rl is a 10

nitrogen-conigingopigsgcyclylmethyl group optionally comprising a secopg-pgteinsinazaelected from

nitrogen and oxygen, such
Examples of sych groups i
alkenyl, C2-C alkynyl,
is alkyl, alkenyl, gr gtkynyl,
heterocyclyl-Ci-C6 alkyl, R
particular embodimént&®R

as an (optionally substituted non-aromatic heterocyclyl)methyl group.

nclude and In certain embodiments, A is selected from C1-C6 alkyl, C2-C6
substituted C1-C2 alkyl, and heterocyclyl-Ci-C6 alkyl, and when 123

R3lis ptionally substituted by C1-C6 alkoxy, or when R3 is

1 is optionally substituted by CI-C6 alkyl or CI-C6 alkoxyC1-C6 alkyl. In

3 is s8lected from C1-C6 alkoxy-CI-C6 alkyl, C1-C6alkoxy-C1-C6alkenyl,

C1-C6alkoxy-C2-C6alkynyl, C1-C6 alkoxy-Ci-C6 alkyl- 20heterocyclyl-CI-C6 alkyl, heterocyclyl-Ci-C6

alkyl, C1-C6 alkyl-héteratyialylxGoGmalkyIR heteyacyclydtc-aradpyloflalbreubutistibdted C -C2 alkyl and

C1-C6 alkyl. In certain embodiments, RI of structural formula (11) is hydrogen and R3 is selected

from any vaIUﬁof/@:% give*?\struct ral formula (H). InOother embodiments, RI of structural formula (lI)
tero

is a nitrogen-contaiping he

from nitrogen and§xygen and{R3 5is S&técted from N
certain embodiments, At of strtictural forstila IN)is sel
I1IN.,,), Oand hydrogen; 12" is seletted , from’hydrogen, methoxypropyl, met

value of R3 given for structural formula (I1). In

d V%om.r----N -ThSE

clylm 5th group op |onzlly comprising a second heteroatom selected
crein the asterl%

?:;) Nc5 1)55 H3C,0C
oxyprop-l-ynyl, or Fe

comprises a PiRISACARAIBINGSH UL IIRIRIASKE Ok M squizTAIneOmpguadsgncompassed

by Structgjral Formula (Il) are represented_bg Structural Formula (l11):

the portion of ring A bound to C

In certa

in the compound; and n is 0.

in embodiments, R' is selected from optionally substituted nitrogen-

containing heterocyclylmethyl. In certain such embodiments, the nitrogen-containing

heterocyclylmethyl group optionally comprises a second heteroatom selected from

nitrogen and oxygen. For example, the heterocyclylmethyl group can be an

10 (optionally sub

stituted non-aromatic heterocyclyl)methyl group, such as optionally

substituted morpholinomethyl, pyrrolidinylmethyl, and piperidinylmethyl. Typical

substituent groups include C;-Cg alkyl and C;-Cg alkoxy-C;-Cs alkyl.

In other embodiments, R' is —H.

In certa

in embodiments, R? is selected from C;-Cy alkyl, C-Cs alkenyl, C-Cs

15

20

alkynyl, fluoro-substituted C;-C alkyl, and heterocyclyl-C;-Cs alkyl, and when R* is
alkyl, alkenyl, or alkynyl, R” is optionally substituted by C,-Cq alkoxy, or when R? is
heterocyclyl-C;-Cs alkyl, R* is optionally substituted by C,-Cs alkyl and C1-Cs
alkoxy-C,-Cs alkyl. In particular embodiments, R* is selected from C;-Cs alkoxy-C -
Ce alkyl, C;-Cs alkoxy-C;-Cs alkenyl, C,-Cg alkoxy-C,-Cs alkynyl, C;-Cs alkoxy-C;-
Cs alkyl-heterocyclyl-C;-Cs alkyl, heterocyclyl-C;-Cg alkyl, C;-Cg alkyl-heterocyclyl-
C1-Cs alkyl, heterocyclyl-C,-Cs alkyl, fluoro-substituted C;-C, alkyl and C;-Cs alkyl.

In other embodiments, R’ is —H.

In certain embodiments, n is 0.

14



150r a pharmaceutically acceptable salt thereof, wherein R3 is as defined above for structural formula
(D). In certain embodiments, R3 is selected from: ,0H3 5-1(f\rTh 1"--J N 11.4C NO 3 CH3 H3, -CF3

and CH3. In gestajigrkediments of of Structural Formula (l11), R3 is selecigefiRBgodldskés CH 3
5hydrogen, 't, and 12- In a more specific embodiment of Structural Formula (111), R3 is Certain

compounds encompassed by Structural Formula (1) are represented by Structural Formula (1V): 10

or a pharmaceuticallf} SEEEBEBROLURTHER ST iteftin Bdhd RBdPs U UbiMRerdai et Structural

Formula (I). occurence from halo and fluoro-substituted C-C; alkyl.

In certain embodiments, R' of structural formula (I) is hydrogen, R* is
hydrogen, and R is selected from any value of R? given for structural formula (T). In
5 other embodiments, R' of structural formula (1) is a nitrogen-containing
heterocyclylmethyl group optionally comprising a second heteroatom selected from
nitrogen and oxygen, R” is hydrogen, and R” is selected from any value of R® given

for structural formula (I).

In certain embodiments of Structural Formula (I), n 1s 0, the compound being

10 represented by Structural Formula (Ia):

(la);

or a pharmaceutically acceptable salt thereof, wherein:

% %
S
D %
N/ N§<
" e
ring A is selected from and ;

H;C. N
15 R! is selected from hydrogen, ° 07 , O\) and

o

2

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

NN N
H3C\O/\/I\E\)N f , H3C\O/\/N(\J\l és‘ O\l/\/\e/

] -



In certain embodiments, RI is hydrogen. In other embodiments, Rl is a nitrogen-containing
heterocyclylmethyl group optionally comprising a second 15heteroatom selected from nitrogen and
oxygen, sucRygs A eRrignally substituted non- aromatic heterocyclyHmethyhgiRunessgigyples of such
RI groups include H3C,oandN/ 18 -in certain embodiments, le is selected from C1-C6 alkyl, C2-C6
alkenyl, C2-C6 alkynyl, fluoro-substituted Ci-C2 alkyl, and heterocyclyl-Ci-C6 alkyl, and when R3 is
alkyl, alkenyl, or alkypyl, |3 i optionally substituted by Ci-C6 alkoxy, or when R3 is heterocyclyl-Ci-C6
alkyl, R1 is opti Wsubstituted “Csalkyl andf(fl\-&’é\s/al\kpg(/y-CI-CG alkyl. In particular
embodiments, le ig selected fromg; 1-C6 alkyl, fl oro@sy,b},tituted Ci-C2 alkyl, heterocyclyl-Ci-Co alkyl
and Ci-C6 alkoxy-Ci-C6 alkyl -heterdcyc ly 1 :6"C6 alkyl.  In certaf®mbodiments, Rl of structural
formula (1V) is hydrogemanad K3 is' selRCteshipemanyivaliie -0bRAgivenfonsiducieiatiotmula (1V). In
other 10embodiments, R1 of structural formula (IV) is a nitrogen-containing heterocyclylmethyl group
optionally cor%%lﬁléﬁﬂ‘g a second heteroatom selected from nitrogen and oxygen and R3 is selected from
any value of R given for structural formula (V). Certain compounds encompassed by Structural
Formula (1) are représeiateddyprdbstauaternir@sied bia Suyctivyl Formubhdimeceaticalieddoeptable salt
thereof, ‘@herg‘iﬂﬁhﬁrﬂ@ﬁﬁﬂﬁe{ﬂf defined above for Structural Formula (I). In certain aspects, R of
Structural Formula (V) isO 20In certain aspects, R3 of Structural Formula (V) is selected from -CHI and
-CF;. Certain compounds encompassed hy Structural Formula (T) are represented by Structural

Formula (VI):
R
\
N2
@)
HN
-0
R’IJ/\/IN/

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

(II)J

for Structural Formula (I).

In certain embodiments, R' is hydrogen. In other embodiments, R' is a
10 nitrogen-containing heterocyclylmethyl group optionally comprising a second
heteroatom selected from nitrogen and oxygen, such as an (optionally substituted non-
aromatic heterocyclyl)methyl group. Examples of such groups include
N
TSN SNSRI ea
, and .
In certain embodiments, R* is selected from C-Ci alkyl, Co-Cs alkenyl, C2-Cs
15 alkynyl, fluoro-substituted C;-C, alkyl, and heterocyclyl-C;-Cs alkyl, and when R is
alkyl, alkenyl, or alkynyl, R” is optionally substituted by C;-Cs alkoxy, or when R is
heterocyclyl-C;-Cs alkyl, R? is optionally substituted by C;-Cg alkyl or C;-Cs alkoxy-
C1-Cs alkyl. In particular embodiments, R is selected from C1-Cs alkoxy-C;-Cg alkyl,
C;-Ce alkoxy-C;-Cg alkenyl, C;-Cg alkoxy-C,-Cg alkynyl, C,-Cs alkoxy-C;-Cs alkyl-
20 heterocyclyl-C;-Cs alkyl, heterocyclyl-C,-Cs alkyl, C;-Cs alkyl-heterocyclyl-C,-Ce
alkyl, heterocyclyl-C;-Cs alkyl, fluoro-substituted C;-C, alkyl and C;-Cs alkyl.

16



(VI) or a pharmaceutically acceptable salt thereof, wherein Rl and R3as defined above 5for Structural
Formula (). In certain embodiments for compounds of Structural Formula (VI), Rl is L----N-----",s,

r.--,N,,,s5 ,.)Qvo20 ffie¢ses from hydrogen, H3C.,0. ---"'N's),and, R3 is selepéq%g%}aygy&gen -CH3,
-CF3, methoxypropyl, methoxyprop 1- rN™"- """/ynyl rN----, ,C--0"---N,..)H3.."0",...N.,...) re-NThcc

H3CyN,,,)(---N-Thi(----N--- ,---7 10cH, ,0,), a at least one of Rl or 53 comprises a

nitrogen-containing %ﬁ%ﬁ@f&%ﬁfy%d’rﬁBtﬁucmrairf%‘t‘éﬁ'rﬂé}ﬁ%g&ﬂrﬁ@ﬁ?sa@IRof1§‘>tructuraI

Formula (V1) sapepidsesra il ogrR-sORIaiNBY akiraiedneserncy cly). componenbodimers, specific
aspects, RI of 15Structural Form V]) is selected froman
P I{]' o?structural ormu a%f Jg a n?trogen contalnlah dheterocyclylmethyl group
optionally comprising a second heteroatom selected from nitrogen and oxygen and R’

5 s selected from any value of R? given for structural formula (IT).

In certain embodiments, R' of structural formula (IT) is selected from

S
e KT E
o , O\) , and hydrogen; R’ is selected

from hydrogen, methoxypropyl, methoxyprop-1-ynyl,
(\ NN f,,r’ K\N PN
HsCogn N HsCog N @ /
S
HsC_N A~ NS/
Y NYY
10 CHs O\) , and O\)

2

2 5

: and at least one of R'

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

Certain compounds encompassed by Structural Formula (II) are represented

by Structural Formula (III):

No—S
G‘\/E/IN/ (111),

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

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

17



-in certain embodiments, 121 of Structural Formula (VT) is selected from hydrogen, -CF3 and -CHS3. In
a more specific aspect, R3 of Structural Formula (VI) is hydrogen. In certain aspects, the compound of
any of structygsghsl¥1ksis a free base. 5Compounds of the invention, inclggipgdaysh&apipounds of
the invention, can also be used in the methods described herein. Sirtuin-modulating compounds of
the invention advantageously m;dgl%e\the level and/or activity of a sirtuin protein, particularly the
deacetylase activj e protelanﬁeparately or in addition jothe above properties, certain
sirtuin-modulatinig compounds of the mvéﬂﬂd‘# -Stbstantially have gne or more of the following
activities: inhibition of PI3-kinase, inhibition of aldoreductase, inhibition of tyrosine kinase,
transactivatioi;of tyrosme klnase coronary dilation, or spasmolytic activity, at concentrations of
the compound that re Rff tm% 15deacetylat|on activity of a sirtuin protein (e.g.,
such as a SI RT1 and/or SI 3 pro n glk g t&ight chained or branched
non-aromatic hydrocarboﬁWhlch is com e(t)ely satu ypically, a straight chained or branched
alkyl group has fra o about 20 carbgq at eferably from 1 to about 10. Examples of
20straight cha edw/id\'\lpranche(% Ikyﬁgroups i y%e methyl, ethyl, n-propyl, iso- propyl, n-butyl,
sec-butyl, tert-butyl, pentyl and oc R ClEgagi@ght chained or branched alkyl group is
also referred to as a "lower aIkyI" group The terms alkenyl and alkynyl refer to unsaturated aliphatic
groups analogous Slb stl ution to t ibed above, but that
25contain at least one (?oﬁgﬁr or rlp ondorggpectlveﬁl)eo?ﬁehl%eaq% }%!koxy %Cr? a k%xy as used herein
refers to an alkyl group having an oxygen radWéﬁ‘ihereto Representative alkoxyl groups
include methoxy, ethoxx/p‘rem lert-but %nd the like A cycloalkyl group is a cyclic
hydrocarBon WHitH¥f S completely saturaf’é‘& ypically, a cyctoalkyl group has from 3 to about 10
carbon atoms, more typically 3 to 8 carbon atoms. Heterocyclic includes 4-8 membered monocyclic
and 8-12 memberedibicyciic Srinifscomhpdisicgtofd ouehotFretenbatdMsRsetected from, for example,
N, 0, and S ato I cert@m embodiments, the heterocyclic group is selected from saturated,
unsaturated oﬁaromatl@ In a saturated heterocycle, atoms of the heterocycle are bound to one
another by single bonds. Fluoro-substituted includes from one fluoro substituent up to per-fluoro-

Certain compounds encompassed by Structural Formula (I) are represented by

©\«O/ R3
O

Structural Formula (IV):

N

HN
V/,
RI7NF N

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

10 V),

for Structural Formula (I).

In certain embodiments, R' is hydrogen. In other embodiments, R' is a
nitrogen-containing heterocyclylmethyl group optionally comprising a second
15  heteroatom selected from nitrogen and oxygen, such as an (optionally substituted non-
aromatic heterocyclyl)methyl group. Examples of such R' groups include
reond T Y Y
and .
18



10substitution. Exemplary fluoro-substituted Ci-C2 alkyl includes -CFEI2, CF2H, -CF3, CH2CH2F,
-CH2CHF2, -CHFCHS3, -CF2CHF2. Per-fluoro-substituted CI-C2 alkyl, for example, includes -CE3, and

-CE2CES3. Swjighlasstagtiuents on a heterocyclyl or heterocyclylmethyl grqugtip§idsifosd43: halogen
(-Br, -Cl, -l and -F), -ORa, -0-CORa, -CORa, -C(0)R’, -CN, -NO2, - 15 COOH,-0CO2Ra, -C(0)NleRb,
-0C(0O)Nab, -S0311, -NH2, -NHle, - N(Rallb), -COORa, -CHQ, -CONH2, -CONHRa, -CON(RaRDb),

-NHCORa, -NRCORA ceigiicarepmauisoNrdrrtef fiesofikarbyl- iR calkauzl ureCONRaH,
N?\CO|\)|(RaBIkMrﬁ,(ﬁM*ﬂ%-Ni’dZﬁlugd&NEU&?MR@an@&E%B&M@ER&R@G aﬁi@ﬁN‘y‘ﬁﬂ)MRz is N )
C(=NRc)-NHR|, -C(=NR¢)-N(Ralib), -NH-C(=NH)-NH2, -NH-C(=NH)-NHRa, 20 -NH-C(=NH)-N(RaRb),
-NH-C(=NRc%ﬂzg‘lﬁ%@dé@@’&)&ﬁ%,omﬁﬁ -&éﬁ%‘é‘i‘-‘%{@l‘e‘%- %%&Wﬁ%ﬁz
-NRd-C(=NHh#1iRgclyl-C NRLaE (N sNiRiaRily shiRde@éd MR N 2kN R C(=0¥R )-NHRa,
NRd-C(=NRL)-N(RaRb), -NHNH2, -NHNHRa, -NHRaRh, -SO2NH2, -SO R SO2NR aRb,
-CH:CHIg‘a, %Elﬁg&aé{él% %ﬁgﬁ% “;‘%ﬁ&‘&‘%&)g%{le-@%%éﬁ% §t e-%z%‘(‘?& a, ok Y lsokra (kis 0, 1 or
2), -S(0)kORaflfois-BulistruB)dand CNHe @ (hditpeyelR-Ra-R ik yl arel €aefisinlteperitietily an optionally
substituted gr, elected fr aliphatic, benzyl, or aromatic group, preferably an alkyl, benzylic or
awl group. oé‘i@g\%ﬁt‘?&f&é&)ﬁ?ﬁﬁ& d are selected from NH2, NH(C1_4aliphatic),
N(C1laliphatic)2, halogen, Cl-aliphatic, OH, 1O(Chaliphati(cjz), NO2, CN, CO2H, CO2(C]__ 30aliphatic),
0(haloCi 4 aliphatic)'ofH@8 I pigmaits i feiiushen dptra i tBgbinBydrearpradRgisups of is

unsubstituteds R adition .YRaRD ofaken 1P RsRSHeAR ARSI & SuRgiiteted or unsubstitutcd

non-aromatic heterocyclic goup. A substituted ali{)]hatic or substituted awl group can have more than

one subYitueffibodiegiinth Al e e fetitientd \arid VAR NAEIREd by this invention are only
those that regiiciip dhafRrmaliceafstpblmenmpemidsn /s 4sefdeieitaibia teremi& stakle” refers to

compounds that possess stability sufficient to allow manufacture and that maintain the integrity of the
compound foP ArSEHABRHOPEHIFBE tim &5 B ﬂﬂlﬂi‘rytﬁél‘b%?g&&vﬁat%es&%%%%. The

compounds disgtagedriigrein also include partially and fully deuterated variants. In certain
embodiments, deuterated variants may be used for kinetic studies. 100ne of ordinary skill in the art

can select the sites étervyﬂhcgoﬁ%jpcor{llgc?suet%'o%éasts%mgyaé?ructural Formula (I) are represented by

15  Structural Formula (V):

(@)
HN
/
=
1
R N V),

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

for Structural Formula (I).

H3C. N
In certain aspects, R' of Structural Formula (V) is o \)

20 In certain aspects, R* of Structural Formula (V) is selected from -CH; and

-CFs.
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present. Also included in the present invention are salts, particularly pharmaceutically acceptable
salts, of the sirtuin-modulating compounds described herein. The compounds of the present invention
that possessyasulligipnsys acidic, a sufficiently 15basic, or both functional gseyRR650EERSE With any of
a number of inorganic bases, and inorganic and organic acids, to Rain a salt. Alternatively, compounds
that are inherently charged, such as those with a quaternary nitrogen, can form a salt with an
appropriate counterﬁ%?f%é“gcoﬁll’fﬁ’rfﬁié SURITREBFY Yd%“%ﬁ%ﬁh%o%‘?‘ﬂ%ﬁ&ée FRIGEEY PBromide).
20Acids comwindyempdeyth to/igrm acid addition salts are inorganic acids such as hydrochloric acid,
hydrobromic acid, hydroiodic acid, sulfuric acid, phosphoric acid, and the like, and organic acids such
as p-toluenesulfonic acid, methanesulfonic agid oxal@g}acid, p-bromophenyl-sulfonic acid, carbonic
acid, succinic acid, citric acid, benzoic acid, ic acyd, and the like. Examples of such 25salts include
the sulfate, pyrosulfate, bisulfate, sulfite, bisghate, monohydrogenphosphate,
dihydrogenphosphate, metaphosphate, pyrophosp%oride, bromide, iodide, acetate, propionate,
decanoate, caprylatc, acrylate, formate, isobutyrate, c te, heptanoate, propiolate, oxalate,
malonate, succinate, suberate, sebacate, fumarate, mgleate, butyne-1,4-dioate, hexyne-1,6-dioate,
benzoate, 30chlorobenzoate, methylbenzo Q\ ' ate hydroxybenzoate, methoxybenzoate,
phthalate, sulfonatc, xylenesulfonate, phe @ 8E)roplonate phenylbutyrate, citrate, lactate,
gamma-hydroxybutyrate, glycolate, tartl%te methanesulfon teD) propanesulfonate,
naphthalene-I-sulfonate, naphthalene-2- sulfonatc, mandelate, and the like. 5Base addition salts
include thoseodarpkaﬁﬂmamﬁiwﬂgmhejmbmsmbrasfmmm orddtRaltcrsalkfiling faxth metal
hydromdcgs c?rbgnat%s arb jrn]t s, and the like. Such bases useful in preparing the salts of this
invention thus mcfu e sodiam’ X|de potassium hydroxide, ammonium hydroxide, potassium
carbonate, and the like. 10Accord|ng to another embodiment, the present |nvent|on provides methods

of producing the abéV@%é@@dﬂWﬁ@J@ﬂW@@@ﬁ@é@ﬁ@l@mﬁi@@mﬂééﬁﬁﬂs%@ be synthesized

using conventional techniques. Advantageously. H/Hw?\?e{ ?Lmd/s\ conveniently synthesized from
readily available starting materlals thetlc c fortlations a

try fr @? ogdlogies useful in
synthesizing wﬂa&ﬁlﬁmﬂpmdigannga cdm/pba’ dsﬂescrlbe@ ein areﬂmo in the art and include,

for example, those crlb 21[ )ék Co |ve %t anlc Tr rmatlons (1989); T. W.
Greene and P. G. V%/gu%g Ve r8%?)s ?ﬁ@@p L. Fieser and M.
Fieser, Hese,- and Fies.erS. R ganic SyntheS| nd L.P Paguette ed.,

Encyclopedia of Reggents Ibr \gginlc ZOSynthqsg@(l 5). a exem arWembodl ent, a
sirtuin-modul &b comBound may traverse the- cytop%smlc membrane cell. For example, a
compound may haveraSELl‘]sg;meablllty of at least about 20%, 50%, 75%, 80%, 90% or 95%.

O
10 CHs , O\) , and \) ;and
at least one of R' or R comprises a nitrogen-containing saturated heterocyclyl

portion.

In certain embodiments, R' of Structural Formula (VI) comprises a nitrogen-
containing saturated heterocyclyl component. In more specific aspects, R' of
N
ﬁN ¥ (\N/\;

Ce N
15  Structural Formula (VI) is selected from & o and

Y
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Sirtuin-modulating compounds described herein may also have one or more 25 of the following
characteristics: the compound may be essentially non-toxic to a cell or subject; the sirtuin-modulating

compound mgy b ahpganic molecule or a small molecule of 2000 amu ogdgsSs b8 Or less; a
compound may have a half-life under normal atmospheric conditions of at least about 30 days, 60

days, 120 days, 6 months oréﬂﬂyhear,; the compound ma)( have a half-life in solution of at least about 30

30 days, 60 days, 19054 ePREGMSEH Ryahptydial RosANLY R 8HFsE I ay be more stable
in solution thawdesaratrel byaiderstia fastos of iR, ' etduadalehl Fodalda 801fold, 50 fold or

100 fold; a sirtuin-modulating compound may promote deacetylation of the DNA repair factor Ku70; a
sirtuin-modulgﬁ P€8Mpound may promote deacetylation of RelAlp65; a compound may increase
5general turnover rates and enhance the sensitivity of cells to TNF-induced apoptosis. In certain
embodiments, a sirtlirsertaaiuspirags chapounpduddes mot tiasteeuyes (bt brialaafbéitpascinhibit a histone
deacetylase (HDACS) class I, a HDAC class I, or HDACs | and Il, at concentrations (e.g., in vivo)

effective for modulaig, e tRasahd fi‘ﬁ"é‘eﬁﬁgﬁj%&ﬁﬁ?ﬁgﬁiﬁ%ﬂ‘ chiapoaRanipreiared gmbodiments
the 10 sirtuin-modulating compound is a sirtuin-activating compound and is chosen to have an EC50

for activating &ieiR treddadhaseethofvifleiribsd BeTeiEst 5 fold less than the EC5O0 for inhibition of an
HDAC | and/or HDAC II, and even more preferably at least 10 fold, 100 fold or even 1000 fold less.
Methods for assayirfgjitinAolandifgy ddDAGhka ofivity iareniol kivwrgedhdyanainthidthto perform

such assays ma be.15pu ch{ase%ﬂ'commercifall . See e iQVisio 1nc.|%Mo ntafi View, CA; world
: . Tt {1\ t
wide web At BIgt A Sro b ARG T e SRR Do S Y e A i ot
tomassci.conyjrtuin progartain embodiments, a sirtuin-modulating compound does not have any

substantial ability to modulate sirtuin homologs. In one embodiment, an activator of 20a human sirtuin

protein fgay not havgamyaupsiantiakinkilite hastyale A RS REAIEITHRm oWET Stkaryotes,
particularly yeast or human pathogens, at concentrations (e.g., in vivo) effective for activating the

deacetylase SEHRRSIBEHARRHIBHIBHPIFY Rotarhstan iR atimgeath BRI EEbe chosen to
have an EC5Qcfariasivatingidhynpas Rk ishiohias & RId-andasSImiiidaaseiyase 25activity that

is at least 5 fold less than the EC50 for activating a yeast sirtuin, such as Sir2 (such as Candida, S.
cerev-isiae, SfEYSEItPBRASH YAGE RFEEFb et e kinferrSRIOIBY UlatieretesPaveR)¥Ef less. In another
embodiment, evithibitesfcatsifivil praieitoligsulaitenkamaies Rrrticdidngeast or human

pathogens, dqes not have any, substantial ability to inhibit a sirtyjn protein fro ans at
PontentAtiorEtEE A0t IR BAER UL TD PTHI G 1 e KL SE0R) S Srtumm protein rom a

protein).

An alkyl group is a straight chained or branched non-aromatic hydrocarbon
which is completely saturated. Typically, a straight chained or branched alkyl group
has from 1 to about 20 carbon atoms, preferably from 1 to about 10. Examples of

20  straight chained and branched alkyl groups include methyl, ethyl, n-propyl, iso-
propyl, n-butyl, sec-butyl, tert-butyl, pentyl, hexyl, pentyl and octyl. A C,-C, straight

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

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

25  contain at least one double or triple bond respectively.

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

ethoxy, propyloxy, tert-butoxy and the like.
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lower eukaryote. For example, a sirtuin-inhibiting compound may be chosen to have an IC50 for
inhibiting a human sirtuin, such as SIRT1 and/or SIRT3, deacetylase activity that is at least 5 fold less

than the IC5Q{gninhiPitiag a yeast sirtuin, such as Sir2 (such as Candida, Pe$gI&\AGsRLEC-), and
even more preferably at least 10 fold, 100 fold or even 1000 fold less. 5In certain embodiments, a

sirtuin-modulating compound may have the ability to modulate one or more sirtuin protein homologs,

such as, for examplé: DB Funiar 6 P caporoVigh 15008 R Si#HBIdIR T6, or SIRTY.

In one embodiggedil siduinmedgaipheompesnd fasithe ahibiy teomedulateriatala SIRT1 and a
SIRTS3 protein. é(zil%k)other embodiments, a SIRT1 modulator does not have any substantial ability to
[

modulate oth& hPEBI homologs, such as, for example, one or more of human SIRT2, SIRT3,
SIRT4, SIRT5, SIRT6, or SIRT7, at concentrations (e.g., in vivo) effective for modulating the
deacetylase activity ld¢tararenh SiRTUdeF rfexamplesdrsimaiychodudating sompeogddinalibe chosen to

have an ED%&%-@E%@& B RIS AGRSEIASPARGIVIR: &%&%@1@‘&?@%&%‘1 less than the

ED50 for mo ti ormore of human SIRTZ, SIRT3, SIRT4, S ., SIRT6, or SIRT7, and even
more preferaBipras.|bneerionsibadiotold, dhehepraood depiwss. smicsird Ertbodiniead. a SIRT1

modulator dogsnat-hays ARy substantial Akl fRmoduated AIRF PRI A9Mnther embodiments,

a SIRT3 modulator does not have any substantial ability to modulate other sirtuin protein homologs,
such as, for hQmpIe, Beithsbhy SIEAPAAISIRT1, SIRT2, SIRT4, SIRT5, SIRTS, or SIRT7, at
concentrations (e.g., in vivo) effective for modulating the deacetylase activity of human SIRT3. For
example, a sirtuin-nTadotatingseamod o deastkie shogaortoshisstratip dddat Rredulating human

SIRT3 deacetylase activity that is at least 5 fold less.than the ED5Q for ulating ane or more of
i SRt T T TR B Ry LT or FEr R Siaet 16 o, 100
fold or even 1000 ildHesSH}ACBRg enifitciimet £ BER P3rlodaidrsdoesinO-Gavikdniosubstantial

ability to modulate a SIRT]dégr%%in. -in C@%(‘;ﬁﬁ embodiments, a sirtuin-modulating compound may have

t
a binding - affinity for nchudah pro?eellﬁdo_a ut’10-9M, 10'M, -, m1M,1012---M or less. A

sirtuin-modulating compound may reduce (activator) or increase (inhibitor) the apparent Km of a sirtuin
protein for its substratat@r nmbstiemsteradistareeyy by o Bragesyshanribst giosntinclgda- 5 10, 20, 30,

50 or 100. In ggtain KUPEHMENS] KM -F), -OR?, -0-COR?, -COR?, -C(O)R?, -CN, -NO?, -

15 COOH, -COOR?, -OCO;R?, -C(O)NR'R®, -OC(O)NRR, -SO:H, -NH,, -NHR?, -
N(R*R®), -COOR?, -CHO, -CONH,, -CONHR?, -CON(R’R"), -NHCOR?, -NRCOR? -
NHCONH,, -NHCONR®H, -NHCON(R"R"), -NR°CONH;, -NR°CONR’H,
-NR°CON(R*R), -C(=NH)-NH,, -C(=NH)-NHR?, -C(=NH)-N(R*R"), -C(=NR°)-NH,,
-C(=NR°)-NHR?, -C(=NR)-N(R"R"), -NH-C(=NH)-NH,, -NH-C(=NH)-NHR",

20 -NH-C(=NH)-N(R°R"), -NH-C(=NR)-NH,, -NH-C(=NR°)-NHR",
“NH-C(=NR®)-N(R*R"), -NR*H-C(=NH)-NH,, -NR*-C(=NH)-NHR?,
“NR“C(=NH)-N(R*R"), -NR*-C(=NR°)-NH,, -NR*-C(=NR°)-NHR?,
“NR.-C(=NR")-N(R'R®), -NHNH,, -NHNHR?, -NHR'R", -SO,NH,, -SO,NHR,,
-SO,NR*R®, -CH=CHR®, -CH=CR"R", -CR°=CR*R", CR*=CHR®, -CR*=CR'R”, -

25 CCRY -SH, -SOR* (k is 0, 1 or 2), -S(0)OR" (k is 0, 1 or 2) and -NH-C(=NH)-NH,.

R*R? are each independently an optionally substituted group selected from an
aliphatic, benzyl, or aromatic group, preferably an alkyl, benzylic or aryl group.
Optional substituents on R*-R? are selected from NH,, NH(C,4aliphatic), N(C;.
saliphatic),, halogen, Cy_aliphatic, OH, O(Cy_saliphatic), NO,, CN, CO,H, CO,(C;.
30  jaliphatic), O(haloC,4 aliphatic), or haloC,_saliphatic, wherein each of the foregoing

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



values are determined using the mass spectrometry assay described herein. Preferred activating
compounds reduce the Km of a sirtuin for its substrate or cofactor to a greater extent than caused by
resveratrol alygSippilas&apcentration or reduce the Km of a sirtuin for its sulsfiate b pedgator similar to
that caused by resveratrol at a lower 10 concentration. A sirtuin-modulating compound may increase

the Vmax of g sirtuin protein by a factor of at least about 2, 3, 4, 5, 10, 20, 30, 50 or 100. A
sirtuinmodulafig! @&H%&&madrﬂawawaﬁeéB%%Waaaﬁ%xﬂéc@é%tﬁawmm of a SIRT1

and/or SIRT3.ppntei0 &f dessithad alodtcup Vinlassthaiahonbad sabktilesstthan about 100 ni\4, less
than about 1 gM, less than about 10 jiM, less than about 100 15uM, or from about 1-10 nM, from about

£0-100 M, from abigh i T ARRUEL:AS AM.RITAM alaus 1040 IAN ) situin-modulating

compound may mo Ulate the deace ylase ac?iwty ot & SIRTT and/or SIR pro%eln %y a factor of at

least about 501y, 20sSMabB:solt 0tcdsmmensurddtibk ceffpowraissaysorsid hareihfhsédmssay. A

sirtuin-activati 10%, 309 9 9 Id, 10 fold,
. ‘anllgl%”}%?éfk‘?og‘ﬁ%%%‘@f?tﬁé!ga%§§e%9?{%@§gsﬁ’ﬁé@??&%ﬂ%@ﬁ&!ﬁu&éﬂ}%?&9

50 fold or 100 fold greater inc ) eacetyla tivity of a sirtuin protein relative to the same
concentratioriltstt ragipsranribe Imtsitiiinohibe aharipered napeunidivient havedsef EMSOfbe mothlating SIRTS
that is at Ieasf&tggy%&%gégdggﬁg}phe}ghfpld, or 50 fold greater than that for modulating SIRT1 and/or

SIRT3. 25 3.Exemplary Uses In certain aspects, the invention provides methods for modulating the
level and/or activity of a sirtuin protein and methods of use thereof In certain embodiments, the
invention provides Jéﬁ%%%?‘lﬁif%@ﬂfﬁm{ﬁ% ﬁ%&ﬁ%%ﬂﬁgyv@ﬂé:@i tﬂ%u%éfﬁaﬁﬁq-modulating
compounds aglivate . alfickaisoplsigimeatg. deseaseiealayelsnsi asacibtyieftia sitidiys protein.
Sirtuin- dulatin%{:ona ounqés hat.increase the leyel and/or ctgit%?gga sirtuin protein may be useful
for 27 a Variet) OP tOSPHEENtE AP AR SaRE B‘Eﬁ%", Y67 a‘?&‘b‘i S ESEHS MBS 5N of a cell, and
treating and/grrgr@venting a wide variety of diseases and disorders including, for example, diseases or
disorders related to aging or stress, diabetes, obesity, neurodegenerative diseases, cardiovascular

disease, blood clotling.gisorers in3ipARMAIRR GARSR AR Or AUSRINg pRifn G foRigods comprise

administering to a subject in need thereof a pharmaceutically effective amount of a sirtuin-modulating

compound, eagcoataiteiigltiead dimgjreompudninting opripeutdyidineiePed bergisuhbicby theory, it is

believed that agiivatars of the RSN INGRLR hM B U acL Wit A g LM ALIbEsamRocation within
the sirtuin 10£rote|n (gﬁ% active site or site affecting the Km or Vmax of the active site). It is believed
that thislid th@3eissOnbaikyEsianprmeurs eFsiRrAh e oBYRE BREMBehSkorerEar hBYsubstantial

structural simiiitiorganld £Rf i SIRQAIME MeentAQ Airtuindmeduiing epoRRYALk gescribed herein
may be taken alone or in combination with other compounds. In one embodiment, a

inherently charged, such as those with a quaternary nitrogen, can form a salt with an
appropriate counterion (e.g., a halide such as bromide, chloride, or fluoride,

particularly bromide).

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

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

30  chlorobenzoate, methylbenzoate, dinitrobenzoate, hydroxybenzoate,
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15 mixture of two or more sirtuin-modulating compounds may be administered to a subject in need
thereof In another embodiment, a sirtuin-modulating compound that increases the level and/or activity
of a sirtuin prYiSH MHey1§8 administered with one or more of the following caRpRgEsadagKeEratrol,
butein, fisetin, piccatannol, or quercetin. In an exemplary embodiment, a sirtuin-modulating compound
that 20increases the Jevel and/or activity of a sirtuin protein may be administered in combination with
nicotinic acid REORZeM B SbEMHE A fRipElraRsHE mPaIP IS Becreases the level and/or
activity of a sistaiy preisithmay ke pdmiristewedanithone qfamere igfdie follgirirg gosapaeends:
nicotinamide (NAM), suramin; NF023 (ra G-protein antag?ﬁis ); NF279 (a ?urine iclrec tor
antagonist): 281D EINS S!S, PranaRFSHOR e RHPH AR RS A B IR S &' %T-Gélﬁl' allocatechin
(hydroxy on sitéfate, dddcB)e, (ape igdikecatechin gallate (Hydroxy sites 5,7,3,4,5' and gallate ester
on 3); cyanidin chloride (3,5,7,3',4'- pentahydroxyflavylium chloride); delphinidin chloride (3,5,7,3',4',5'-
hexanydioxyfiavyliugg, lgrfiels BIGRUACABRISEEnaim ihodiic HRRE@aKd o avone),
3,7,3',4'\5'-pentahydroxyflavone; gossypetin (3,5,7,8,3,4'- hexahydroxyflavone), sirtinol; and
splitomicin. Irtyatemseher aliroedinlkpine sardr metrehsidtairideto dulbernicsobifsoeamdscimaytbe
administered yith,ong RLHRS (REFARRYICABREMILING FERIMSBh S PIRKERLRR Ol RS diseases,
including, for example, cancer, diabetes, neurodegenerative diseases, cardiovascular disease, blood
clotting, inflafArd&eE A RAATAYbEdiRK ditigmepess hwdomdeanetissamboharties 28¢ dhabination
therapies comypgsing a sirtuin-modulating compound may refer to (1) pharmaceutical compositions that
comprise one or more sirtuin-modulating compounds in combination with one or more therapeutic
agents (e.g., one or more therapeutic agents described herein); and (2) co-administratiop of one or
v sl modu A AL SRR ST BB ThoV AR AL SR A e B THHE Shtuin. 10
modulating comogdocing thiediihecafadinid sigant-hadalathdeenfoumislalad ¢otipesainmaphepositions (but
may be present ithin 1 same it onRAckage, such 5.2 lister pagk or oier Ml chamber
package; connec ed, seBarz%eR/ seale contalnbeurs '(e.g\.], foisotc ’e%) tRat Can be separated by the
user; or a kit wdmemmidel gisiuithevacd fatimg conhpavnbifd} andiotherttealpeutic agent(s) are in separate
vessels). When using 15separate formulations, the sirtuin-modulating compound may be administered

at the same time asgi{aRRINGRI RSO mBHANOn SHRIRGHARLIQ REAATRIpRIeRS;Hereof, with

respect to the administration of another therapeutic agent. In certain embodiments, methods for

reducing? pretsntifyiomasrigacuaredds drserdarshgsitgree KPRl MdbrimtiARtdBRYund may also
comprise iNCreRAsgHNe, bR Ak INEIOR a1 SiFbein SHEhr-aRhuma-2IRT 1Sl RTsansher SIRT3, or

homologs thereof Increasing protein levels can be achieved by introducing into a cell one or more

copies of a ndtRRYalidhSremesadLaGiddinV s Rsedeaits, QI%@L%X/@ Brergifan&sibeincreased in a
mammalian cgl} byogtrodusiag-inedthe Mmammaka eall apusieiraeichsnepdpg e sirtuin, e.g.,
increasing the level of féRTl by introducing a 25nucf|?c acid encodin l}peéminq acid sequence set
forth in GenBSHIUKERALSEH B! Rr BHSH 50 dn B FEReALhfY RATETRIEF SI8F'5by introducing
nucleic 26id esjeakling (hamino acid sequence set forth in GenBank Accession No. AAH01042. A
nucleic acid that is introduced into a cell to increase the protein level of a sirtuin may encode a protein

that is at least abouy 80 %x%é%(lar%p&ﬂ%(@n%%%a SR ting compound may traverse
the cytoplasmic membrane of a cell. For example, a compound may have a cell-

permeability of at least about 20%, 50%, 75%, 80%, 90% or 95%.

Sirtuin-modulating compounds described herein may also have one or more
25  of the following characteristics: the compound may be essentially non-toxic to a cell
or subject; the sirtuin-modulating compound may be an organic molecule or a small
molecule of 2000 amu or less, 1000 amu or less; a compound may have a half-life
under normal atmospheric conditions of at least about 30 days, 60 days, 120 days, 6
months or 1 year; the compound may have a half-life in solution of at least about 30

30 days, 60 days, 120 days, 6 months or 1 year; a sirtuin-modulating compound may be
24



30identical to the sequence of a sirtuin, e.g., SIRT1 and/or SIRT3 protein. For example, the nucleic
acid encoding the protein may be at least about 80%, 85%, 90%, 95%, 98%, or 99% identical to a

nucleic acid gns9gling-asSIRT1 (e.g. GenBank Accession No. NM 012238) gl e)670k3s(8-9-
GenBank Accession No. BC001042) protein. The nucleic acid may also be a nucleic acid that

hybridizes, preferabl)gunder stringent hybridization conditions, to a nucleic acid encoding a wild-type

sirtuin, e.g., SBARTHARKR PR RATB R IGHY CBEIRr SR di 2o ESRer o< ntalP ifichude hybridization

and a wash ifdld2 0 3SE 30 &5id GoEBrusindoddnbl Gleigiaeid doatiapcodgd@mpratsin that is different

from a wild-type sirtuin protein, suc rotein that is g fragment of a wild-type sirtuin, the protein is
Sl i dally

as
preferably bidIEYREA SR ?%9@1.,0&3:%8 GHHAEE atioh. AS 1 BRA &ry to express in a cell
a portion of 16shepsiridimifgirisroieldgicatly Aictives RaAgXE P g puattinathaiceitfers from wild- type
SIRT1 having GenBank Accession No. NP 036370, .preferably contains the core structure thereof. The
core strustur TR e CATRTSES AT 5L Enisde NE-EKuto NP 036370, which
are encoded by nucleotides 237 to 932 of GenBank Accession No. NM 012238, which encompasses
the NAD binding as WeliniBasnthe digisstis e shivding batiscorneosdfeddemairhaf SIRT 1 may also

refer o aboutaming e R0b T #hEEAEaRk Acrestian Na, NR.LTO3RR Whisieip encoded by

nucleotides 834 to 1394 of GenBank Accession No. NM 012238; to about amino acids 242 to 493 of
GenBank Ac&d3iMGid. MbIH36 370cahRtitio BT chcdary itz iRfesodring 852 of GenBank

Accession NoihiM 1322380 torahoutamine2hagids 25415495 ehBenRank Agcession No. NP
036370, which are encoded by nucleotides 813 to 1538 of GenBank Accession No. NM 012238.

Whethet% proiinratashida 15 SRIg RN Aot Situdng c ey sty RRIBAVEL 348 g0 AR W& e termined

according to metagdsokaewn iin dha-@ih deaceridifcembogiments Mmaiicds PIdednsinge preventing or
treating diseases 25or disorders usinE a sirtuin-modulating compound may alsq comprise decreasing

the protein levéisef Stthiion radiftitiaheadror TR 1D Rirsrsmers P Hab Ridsthereof

Decreasing aigifislid) pootainileveyaanbe athirvedMesoing smetaads Kaowadrthe art. For
example, an E}cﬁ‘gﬁa@n antisense %Ieic acid, or a ribozymc tam#‘?ted to, the sirtuin cgn be expressed

in the cell. A REERATE Srlikraom bt & g EFURRE HOATS B RSP AIE b P Geacetylating,
may alstsbe paechakal @xamptaaligutaat EHA6B0 UiswiR Tde. ddkarivad, \eigy, 0A uocetdaki2001) Cell
107:137 can be used, pltematively, agents. hat inil kanseriptoncan,bansed: 39, ,,  Methods for
modulating sintain pro?eln?evéjls AiSS inclUUE Riethods Yor mody aoﬂng the ]franscrlptlon of genes
encoding sirttensgsseetivads for stabilizing/destabilizing the corresponding mRNAs, and other methods
known in the art. 5 Aging/Stress In one embodiment, the invention provides a method extending

the lifcspan of a cellyextaaging fagipialite raiveinanaai Ml Aeribalawi ading.et afell, promoting

the survival of a cell, delaying cellular senescence in a cell, mimicking the effects of calorie restriction,
increasing théWesisia b btnteanadriiesistun pestlpgngln onc embodiment, an activator of

20  a human sirtuin protein may not have any substantial ability to activate a sirtuin
protein from lower eukaryotes, particularly yeast or human pathogens, at
concentrations (e.g., in vivo) effective for activating the deacetylase activity of
human sirtuin. For example, a sirtuin-activating compound may be chosen to have an
ECs for activating a human sirtuin, such as SIRT1 and/or SIRT3, deacetylase

25  activity that is at least 5 fold less than the ECs for activating a yeast sirtuin, such as
Sir2 (such as Candida, S. cerevisiae, etc.), and even more preferably at least 10 fold,
100 fold or even 1000 fold less. In another embodiment, an inhibitor of a sirtuin
protein from lower eukaryotes, particularly yeast or human pathogens, does not have
any substantial ability to inhibit a sirtuin protein from humans at concentrations (e.g.,

30  invivo) effective for inhibiting the deacetylase activity of a sirtuin protein from a

lower eukaryote. For example, a sirtuin-inhibiting compound may be chosen to have

25



10apoptosis 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 CoR{aetingshpgell with a sirtuin-activating compound. The methogls;deskibsefigrein may be
used to increase the amount of time 15that 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 cetfs!Grd NS BitBehiamad tiratShth ey Bisb Bl ReatEd witliae Sriih-modulating

compound thattnefeases thedavel aindiedsartivityealta, ttuimipiaigin tekeeptthe sellsaor progeny

thereof, in culture for Jonger periods of time. 20Such cells can also he ysed for transplantation into a
Subjoct. 0.0, SHAHN HSHEARoRERS GROHIN B CANE TREL I b ReRi (B preserved fo

long periods abtifutdoayvee t@xtés ditksa sirtuin-modulating compound that increases the level and/or
activity of a sirtuin protein. The cells may be in suspension (e.g., blood cells, 25serum, biological

growth media, etc.) g é@&hﬁﬁ%ﬁ%%ﬁ(@é@fa 58%{-:%%1&1%39?8&&%{%%%5%&&%1 al for

purposes of transfusion may be treated with a sithtin-modufating'compound that increases the level
and/or activitjoonadsilatsiopsotaipte prade pretete isoolbesl B tbravigeesardesrne treordditionally,

blood to be ugefh for FOSRRSIC BHIROSSARTEYSHEPILSIRIES QiMeHSINgIR B tyinsmodulating 30compound
that increases the level and/or activiti/ of a sirtuin protein. Other cells that may be treated to extend

their lifespan SPpROIBEIRGATEL Blsidng eRRoselld e o rRilifpacrodigte &9t rom non-human
mammals (sugikg$ maatker Plaftbegls (such as vegetables). Sirtuin-modulating compounds that
increase the level and/or activity of a 5sirtuin protein may also be applied during developmental and

ot eSS SEEES RIS DB Sl el
compounds thailitycreaselihecd ettelrandior @otivityhofna skl Ikugrate fiormayniydelisac dortr@at cells useful
for transplantalipn .\ SIRT2, SIRT3, SIRT4, SIRTS, SIRTG, or SIRT7, at concentrations (c.g.,

in vivo) effective for modulating the deacetylase activity of human SIRT1. For

example, a sirtuin-modulating compound may be chosen to have an EDs for

15  modulating human SIRT1 deacetylase activity that is at least 5 fold less than the

EDs for modulating one or more of human SIRT2, SIRT3, SIRT4, SIRTS, SIRTS,

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

In one embodiment, a SIRT1 modulator does not have any substantial ability to

modulate a SIRT3 protein.

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

25  modulating human SIRT3 deacetylase activity that is at least 5 fold less than the
EDs, for modulating one or more of human SIRT1, SIRT2, SIRT4, SIRTS, SIRT6,
or SIRT7, and even more preferably at least 10 fold, 100 fold or even 1000 fold less.
In one embodiment, a SIRT3 modulator does not have any substantial ability to

modulate a SIRT1 protein.
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10or cell therapy, including, for example, solid tissue grafts, organ transplants, cell suspensions, stem
cells, bone marrow cells, etc. The cells or tissue may be an autograft, an allograft, a syngraft or a

xenograft. TResslls/pridgsue may be treated with the sirtuin-modulating copeRrsEYdRfigssia
administration/implantation, concurrently with administration/implantation, and/or post

15administration/implantation into a subject. The cells or tissue may be treated prior to removal of the
cells from the donor TheftARIAMER YR EHErSHEHIBTRP Bt e £ AL BY tRETX A S 8BS individual, or
post implantaii@niytothestecipipricmos fexample; thel dotvr o tevipiertnndivigidal Anay be treated
systemically with a sirtyin- modulating compound or may have a subset.o ellsgti sue treated locally
with a 20sirtufH-HBAGPSHHE RS SRR ?XﬁSF%’;S%é%thVél & AN 6F at?é‘irtuin protein. In
certain embodjppenis Kheofelldariigsorifofod aneubseipientirdividualshenayfacditorally be treated
with another therapeutic agent useful for_pralongi aft syrvival, such as, fqor example, an
immunosuppgégté{/p%g(ie% ) gbtzo)}{%%:\iefpa% g&’gl ggﬂigqg&i@eé %llilg?lgﬂwaé?l Ir% (;chlnments, cells
may be treatedwithaee sictominmabudating conyp epadrthattipcreagessiribteMat raimd/Braedetivity of a sirtuin
protein in vivq, £.4., to increase, their life or prevent apoptosis.. For example, skin can be protected
from aging (e 5. ALVRIBHITE MR ISL o0 B Lt L0y B IRt BERAASE R lal cels with a
sirtuin-modulgtigrgec ontgpodheh thratsinidhg asestiteolertal anmdlorcactivityativa GOsidutn throain. In an

exemplary empodimantyskio iﬁ]b%%{é‘%treé%Fé{'&‘t@é"’ﬁg@z{{gﬁgﬁa‘it'&%ﬁk&d 6@’?&@&&?&%&%@%&‘ comprising a

sirtuin-modulating compound that increases or activity of a sirtuin protein. Exemplary skin
afflictiond) or skirceoftiefitons\thatunandsh lrbageeinpasadancecwise the Methods detdribed herein

include disordese.Af ciserses apapEaledin.of qause by ingasmRarigy. Rupdamage or natura

aging. For example, the compositions find utility in the prevention or 5Streatment of contact dermatitis

(including irritAefelstigeepprindtinanteal sy dhieicnadrating she skasridesorstiie(@5o known as

allergic eczema)ractinia keraiesispkriatipizalion Aissrersncluding£eesmad saidggmolysis bullosa
diseases (includin pem&it%léfi@fohatlve dfrmatltls, seborrheic dermatitis, erythemas (including

erythema multiférAteur dneydheardestol wslass 1t Bipir Iht sources,

discoid Iupus aytbemaiomsut dernatenmesiiiso RSeiesis akingRRsen N thevefigsts of natural aging.
In another embodiment, sirtuin-modulatirﬂ(g compounds that increase the level and/or activity of a

sirtuin proteirfA?4y be LMo areabautEAP B Vb UAGE BR8P ERIAHLES PO H&¥ling, including, for

example, firsim&Reapahoidhitdytegretnes asan atdesnsak Theroieal by electoeaf burns. 15The
formulations may be adminisiered taopically to the skin or mucosal tissue. . To
#?)-h?%d%ﬁ% ch f r$

ical formulations
comprising of YR st aBh G AT Bt 1 S B 1801 & 8&2?315% ivity of a
sirtuin proteinggay asqrhgndsad asnprevapdived mgy,cabsmoprayabbive] CEnR005i50ns. When used in a

chemopjgverylye MEPd: RESCRPHIIE SKS JefF LRI LR A atS Dle FARIHIon.In g particular
activity of a sirtuin protein relative to the same concentration of resveratrol. A
sirtuin-modulating compound may have an ED50 for modulating SIRTS that is at
least about 10 fold, 20 fold, 30 fold, or 50 fold greater than that for modulating
SIRT1 and/or SIRT3.

25 3. Exemplary Uses

In certain aspects, the invention provides methods for modulating the level

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

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

compounds that increase the level and/or activity of a sirtuin protein may be useful for
27



20individual. Sirtuin-modulating compounds may be delivered locally or systemically to a subject.
In one embodiment, a sirtuin-modulating compound is delivered locally to a tissue or organ of a subject
by injection, {pBisgJarmaiation, etc. In another embodiment, a sirtuin-modylafing Hasnigessad that
increases the 25level and/or activity of a sirtuin protein may be used for treating or preventing a
disease or condition induced or exacerbated by cellular senescence in a subject; methods for
decreasing e\ bPSEHERCHBR ir dippadicliding el Origutlor errasioenes seRAB S for extending
the lifespan of acgubjRatcmRecs 5o piseating arprevering ¢ disease Aldcsstdian relating to lifespan;
methods for treating or 30preventing a disease or.condjtion relating to the proliferative capacity of
cells: and methOHLRér (PEATREIAF HHBCENE 5 L BIRNRE GIRSoRARGR oS HAF el damage 33 or
death. in certabegtnhadimdspis dhe vadibeddpesdiotact by discien silng dhoraig dfsoediisience of
diseases hat.s@orten tthe Iifes%pan of %lb'ect. I ceIrltlain el %odiments a methgd.do;[as not act by
reducingthe 8 %W}Fﬁaclgﬁsé%}l Jd disgase stien as cancer. | %/%?r{al%% ﬁé‘ﬁhél%ﬁb“o?ﬂ%ﬁtf‘ a
sirtuin-modulatityg ot dmpednbkthef andraasesittieaBlevitand/amactivity Dfissirtuindotetaigyy may be
administered ct(o) 2 Sﬁr%e%t in oggr%tgagﬁgeﬁglI)éoincroel?s the lifespan of its cells and to protect its cells
against stress angor a’gaffj‘r"fsat apop%ss.al iEbelidved that treating a subject with a compound

described herein is similar to subjecting the subject to hormcsis, i.e., mild stress that is beneficial to

organisms and may Wieaid tishingdeparborosbiihermivdtiahs Ssthpetrty tempintiease the level

and/or activityQfASK{inBRGID MaMmLeadmigisiered iR 2aubisciionrementrRaingAnd aging-related
consequences or diseases, such as stroke, heart disease, heart failure, arthritis, high blood pressure,

and Alzh@imdPeaiadage aSiiercoRbSHETRsENEAPele IR naR ok le MelaPiididers, e.g.,

associated wighjthe @einaigt i ene¥eaMcRIAsceRlaatissckD Dlaucama winstMas i krgeneration.
Sirmin-modulatin% com@ounds that increase the level and/or activity of a sirtuin protein can also be
]

administered ¢ RO YBP Rl M Y4, 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, neuronalldysfita otiom alimunss ular scellideadd Wattys tongiomds debcPibad IRarkinson's
disease, Alzheimer's dise multiple sclerosis rophic lateral.sclerosi n uscular
ystrophy: DS T A A o,
Creutzfdllt-Jakiobitisd dwe, vetoitiss pigmenedséetngl compbeiidy ey bnedaiorsterdelodysplasia such as

aplastic anemig; isehe MIGIHREASE T SIS MYRaRIlial intliemand stigkenirRaliGliseases such

as alcoholic hepatitis, 25hepatitis B and hepatitis C; joint-diseases such as ostcoarthritis;
atherosclerositcrajspetiolahradaore thuiski ¢ sistwn e iighmitberngriniseredropihyoot e skin;

cataract; and graft JEiRCHANS e LSIRALAARD RISRAR JHabISEA DYs SHRIBIk kg thrapy, chemical

exposure or radiation exposure. Sirtuin-modulating compounds that increase the level and/or activity of
a 30sirtuin preUSHTEEn 14188 Senataiisbed Re ot subjddnsurdwag TaoreweditBdisease, e.g., damage

to an organ ofisies Brdle FePRIRIRG RUNALING drQrusiraiRal Myosardidinistered in

combination with nicotinic acid. In another embodiment, a sirtuin-modulating
compound that decreases the level and/or activity of a sirtuin protein may be
administered with one or more of the following compounds: nicotinamide (NAM),
suramin; NF023 (a G-protein antagonist); NF279 (a purinergic receptor antagonist);

25  Trolox (6-hydroxy-2,5,7,8 tetramethylchroman-2-carboxylic acid); (-)-
epigallocatechin (hydroxy on sites 3,5,7,3',4", 5"); (-)-epigallocatechin gallate
(Hydroxy sites 5,7,3',4",5' and gallate ester on 3); cyanidin chloride (3,5,7,3',4'-
pentahydroxyflavylium chloride); delphinidin chloride (3,5,7,3',4",5'-
hexahydroxyflavylium chloride); myricetin (cannabiscetin; 3,5,7,3',4",5'-

30  hexahydroxyflavone); 3,7,3',4',5'-pentahydroxyflavone; gossypetin (3,5,7,8,3",4'-

hexahydroxyflavone), sirtinol; and splitomicin. In yet another embodiment, one or
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34 infarction or a subject suffering from a spinal cord injury. Sirtuin-modulating compounds that
increase the level and/or activity of a sirtuin protein may also be used to repair an alcoholic's liver.
CardiovasculgpRisgasaain another embodiment, the invention provides agpeipeshdondsgading and/or
preventing a cardiovascular disease by administering to a subject in need thereof a sirtuin-modulating
compound that increases the level and/or activity of a sirtuin protein. Cardiovascular diseases that can

be treated or PrEGSHIBE TRAMY RIS FARROHRAN S 263 RN BL RS AERBSSe the level and/or
activity of a sirisisppieteigdnc!dslalcandiomyapathiv-emmoeaidiicisdicbaas idhopatinic eardiomyopathy,
metabolic cardiomyopathy, alcoholic cardigmyopathy, drug-induced cardiomyopathy, ischemic

e omyopaf R o A L A A SR oo rompaunds
and methods deseigbadl hereinarefIlShihe rerastoLss digosaers ofthe vasarskiobddiesseals

(macrovagscular iseattse X uch as the aorta, the  coronar 1a{teries the carotid apertie@)the
cerebrovascuiar anenes, e PERAI AHEHEE the It & |%su,1%hceo?le%%? I"aftelies, Qnd’the popliteal
arteries. Othgrhvasauwtatichseasps dhiahsdmbetnpatecot preventaduncindéulaose related to platelet

aggregation, 'Eh%[1 reotingé grtceoriog)eis {{QE \g}g}r{]%reu(l)?%aor}eeﬁ]oelres,e Ht}ec \a/asqﬁ ervor%merO graerdiac arterioles,
and associatéd cgpﬁ?ary%e s of the eye, the kidney, the artl, aHd the cehtral and peripheral nervous
systems. Thetlstrtapiennvogghdtidgscobeddunds )iratliftreasditheiseusbandmrcartivivyeoirusirtuin protein

may also be %&&f&ﬁdgﬁ%ﬁﬁ&%ﬂd&' %ﬂ%ﬁé%ﬂ'ﬁ@&%ﬁﬁ%@‘é@&%ﬁ@ﬁer }‘%Et%hs%gﬁ?.orders that may be

treated with sirtuin-mo g compounds 25that increase the level and/or activity of a sirtuin protein
include t8stemesisasing domowing sutdheiapintiregenidnyandtidisordensyiitstng tecaarabnormal level of

high density aath o ASRIINGRNARIHRbent Wih AR EBRRUME AFIUINRdYIRHRG-compound that

increases the level and/or activity of a sirtuin protein may be administered as part of a combination
30therapeutid P hABEPekirghnreleinasiagento et eypprsaithestaladkarniangid futating compound

that increaseg g daualgaelocAasly i of-R 3 IRPIGLE B MRY bk adminisierad AR Rargf @ combination

therapeutic with an anti-arrhythmia agent. In another embodiment, a sirtuin-modulating compound that
increases theSRIVBPEHUT RBE QRS HIABRHIR IHTHEM HaP BePatiipirsstsod WossatB8a combination

therapey$ic SyipararRathiantaieiRyarcHlaliAGeeHua@lReAPERNAERK be adiffMiRtsrQiiating compounds
that increase the level and/or activity of a sirtuin protein may be administered to subjects who have

recently receRASRE ST @Y KRG I ey stagdeisd- a1l iR SIS RIAC1 ST B EEHnent, the dose of
10radiation ofHenssY,isvigcRMRdtas Mard dhaMaoeiliaddemegigawiosedire, e.g.,

In certain embodiments, methods for reducing, preventing or treating diseases
or disorders using a sirtuin-modulating compound may also comprise increasing the
20  protein level of a sirtuin, such as human SIRT1, SIRT2 and/or SIRT3, or homologs
thereof. Increasing protein levels can be achieved by introducing into a cell one or
more copies of a nucleic acid that encodes a sirtuin. For example, the level of a sirtuin
can be increased in a mammalian cell by introducing into the mammalian cell a
nucleic acid encoding the sirtuin, e.g., increasing the level of SIRT1 by introducing a
25  nucleic acid encoding the amino acid sequence set forth in GenBank Accession No.
NP 036370 and/or increasing the level of SIRT3 by introducing a nucleic acid
encoding the amino acid sequence set forth in GenBank Accession No. AAH01042.

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

example, the nucleic acid encoding the protein may be at least about 80%, 85%, 90%,
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administered as a prophylactic measure. In another embodiment, the radiation or toxin exposure is
received unintentionally. In such a case, the compound is preferably administered as soon as possible

after the expQsy's1iRoHgigit apoptosis and the subsequent development of gepia sagiatiggsyndrome.
15Sirtuin-modulating compounds may also be used for treating and/or preventing cancer. In certain

embodiments soirtuino-modulatin corgﬁ%unds that increase the level and/or activity of a sirtuin protein
may be used 1ortr&thg A oldpREgakE nusitie rod Apsnstings iR HE L HaePifked to a reduction in
the incidence fcageoteisen KiSOraess )instisiSgRCEN (e k. ATSIaING R ibeeasBd0dhesevel 20and/or

activity of a sirtuin, protein may be useful for treating and/qr greventing the incidence of age-related
Cisorders, suBFEARR O e AR e oAt ki R el R B PR
sirtuin-modulsttiigaampaididaaos tuosiétiohthe hraiol sicd kit ey diogmenk-aapesideint egncers including
breast, prost sticylar, ovarian gancers; Jymphomas, and.leukemias. In cancers associated
it SOl T b BB Al R SLOET R G2 ST CR AT ER TSNS omor. Gancor o
blood cells, elyhieideeionandanvirstresiedkfSatmansterivgca mxddutatindgecomipbthad into the blood

stream or into the hone marrow. Benign C?'h%%?\ﬁ’tvt}iﬁ:%z V;S[&ﬁ[tt%hcargtgilgosg(%tgggted Other diseases

eneco cre ?e \ rotein .
that can be treated include autoimmune diseases, e.g.,”systemic fupus er emafosus, scicroderma,
and arthritis, thahieHragtointwilmy deiig80stouldivepretnovie grafimabinfectiogisalycicascherpes, HIV,

d . , _ ; li t i i p b
adcnovirus agg HT L) a%l%%?ocfé'%:%aglgﬁ%ﬁgﬂ% Oggfi%%?&'&@?ﬁ(?%ﬁ%%ﬁs %39 8lf% gﬁfgﬁﬁoga subject,

administration 6f 36 sirtuin-mod ng compoun ternatively, cells can be obtaine

treated &8 vivﬂiﬁt(sirémd‘l?été? @W@éllcéﬁéiﬁ- End@s@mblg ealretadnghat dricens cfmrgwh@ administered
back to the saae oy ifferaplGHURISHk SNRRRINKIARGHIGRISHS MRS CoraduipistRred with

modulating 5compounds described herein as having anti-cancer activity, e.g., compounds that induce

apoptosis, cotpeuRig erralr ddgcoIrespais seBrIpBEmMtts 40 rapiaereidisodetitife to stress.
Chemotherangifis.ARSNts 0% R Uspdday hemarbyes it GisiiyniraHIing £empowrd described

herein as inducingﬁcell death or reducing lifespan or increasing sensitivity to stress and/or in
combination WithRAREATeRHER IR B ellitS S gehish snsampanadtbe AeRtRindingsitstherapeutics,

the sirtujg-mogulpting Gamnanmds deserikediersio MavialspNR PsachyillARisapsHERNA, RNAI or
other polynucleqtides.to inhibit the expressign of the_ cellular comj[:q)onents that contribute to unwanted

cellular proliféfaSEE bl HérapRack Msising NrdiR GivB A ELERIS Gnd a
15conventionigy aheimpiiies 8pewicBgaITiGaaR e advasniagenINoYel Coshiratisstharagies known in

citoct at Towe ALGE O B ARBERE G AL COLER EOE AR S Ramotherapouic
agent, or comiclatindeo7 ¢ nye 88D pAGB Rt NerepsichcNag NG, MPEIR Usew kbeombitiasion with a
Sirtuin- Zmodulatng, COMPOLRE SRk EaRL 200 essBap e & Dl foL g Shenpinerapeutic
nucleotides 813 to 1538 of GenBank Accession No. NM_012238. Whether a protein
retains a biological function, e.g., deacetylation capabilities, can be determined

according to methods known in the art.

In certain embodiments, methods for reducing, preventing or treating diseases

25  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 according to methods
known in the art. For example, an siRNA, an antisense nucleic acid, or a ribozyme
targeted to the sirtuin can be expressed in the cell. A dominant negative sirtuin

30 mutant, e.g., a mutant that is not capable of deacetylating, may also be used. For
example, mutant H363Y of SIRT1, described, e.g., in Luo et al. (2001) Cell 107:137
can be used. Alternatively, agents that inhibit transcription can be used.
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agent alone, and even more preferably at 5 fold, 10 fold or even 25 fold less. Conversely, the
therapeutic index (TI) for such chemotherapeutic agent or combination of such chemotherapeutic

agent when ysgd4,s918dynation with a sirtuin-modulating compound descrileqd;8sisineads be at least
2 fold greater than the 25TI 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-modtiEHiRGSc & pBQAte RS MPiL S Rl dles dRaEF onsthfdsidYrotein can be
used to treat pid@nisnpuffeiing framcagnekrodegenakative ris@ages sefiiniaumaiio® meehanical
injury to the central neryous system (CNS), spin Ic%% r peri ({:ﬁe):ral nervous system. (PNS).
Neurodegenéﬁ%h‘fb%ﬂéﬁ%&%&l&”@?n Oféﬁﬁ% Ts%ﬁis’tﬁlé) e %ﬁl\?&%@%f‘t Puman brain,
which may beudue to the atrophy and/or death of brain cells, which are far more profound than those in
a healthy person that are attributable to aging. 5SNeurodegenerative diseases can evolve gradually,

after a Iogg pg%g(%gft%ggmal brain function, due to progressive degeneration (e.g., nerve cell

dysfunction an of specific brain regions. Alternatively, neurodegenerative diseases can have a

quick onset, such as those associated with trauma or toxins. The actual onset of brain degeneration
may precede clinical e SEHEAIBY Ak PEstioE R IR DAL GrotiRn BratifesRiBeases include,

but are not lipiteddn, Akeheinpens pisEaseRRipFarkiero b dirsase Ry, dfuington's disease (HD),
amyotrophic lateral sclerosis (ALS;éJ_oug‘izigig's disease), diffuse Lel/NT body djsltie,aseh
chorea-acantRERE9R MiHEAY Tl i Pl SRSIA S Eer RS e 6 LA F b dric king the

chemotherapyffsels o€ dalctiv opativiesn(engre ikom Mo esistiaacpachieniblo hasazoenikvdaiahetes-induced
15 neurgpathies and Frijedreich's ataxia. Sirfuin-modulating com nds that increase the level and/or
oty S GRS B A Vot T Do R S T EE R elom. AD 5 2
CNS disordeiithaitiestiiig inaresmotlddss| andsuattielnasitr sparsomratitinchanges;mpldra decline in

thinking abilitiesbér(n%se thﬁses ﬁ!rle related to the 20death of ﬁpeﬁgic types of br%}n cells and the

m il ¢ methods comprise contacting the ce a n-activa .
breakdown of CONNECHONS and their sup orsung heRWOTK e.dg. glia ellsy betivéen tem. The earliest

symptoms incladedoss. of recent memory, faulty judgment, and changes in personality. PD is a CNS
disorder that results in uncontrolled body movements, rigidity, tremor, and dyskinesia, and is

associated with the geathaf Rraingelis inenarsa,chthedlrainthel R odusss.Apdepamine. ALS (motor
neuron disease) is a CNS disorder that attacks thé motor
15  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.
20 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,

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

30  compound that increases the level and/or activity of a sirtuin protein. Other cells that
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neurons, components of the CNS that connect the brain to the skeletal muscles. HD is another
neurodegenerative disease that causes uncontrolled movements, loss of intellectual faculties, and

emotional disiigkBansexdaY-Sachs disease and Sandhoff disease are glycqipid gkaiegessiseases
where GM2 ganglioside and related 30glycolipid substrates for 13-hexosaminidase accumulate in the

nervous system and trigger acute neurodegeneration. Tt is well-known that apoptosis plays a role
in AIDS pathSYBhRSIESHhE iRHRH Syt am SRR CH A ASL IO TIRAT RS HER FSIb iRl disease,
which can bedseaiaghiath sirtLisHIRe att camPeUREs.0f the inkentanoNgukesaldoss is also a
salient featur? of prion disegses, such as Creutzfeldt- 5Jakob disease in human, BSE in cattle (mad
cow disease)\’8 a?ﬁi@eé%%’ in sheep and goats, and feline spongiform encephalopathy (FSE) in
cats. Sirtuin-modulating compounds that increase the level and/or activity of a sirtuin protein may be
useful for treating oSpreventilylntugoeaipossdubatonrssee phivlcdideadas. aetiaipfer embodiment, a
sirtuin-medulaging. ¢ Ingr. - iyl irtuipn .protein may be used
o et 0 pre e L e T e 2 e o
peripheral netrspay, tante sufestironmieiow shetabolic ol deratitpeniettddperipheral nervous

system (PNS) neprapsiit iR {0k sk oMM LfesRepRR QL nerves to metabolic or toxic disturbances,

and as such may be caused by metabolic diseases such as diabetes, renal 15failure, deficiency
syndromes such as malnutrition and alcoholism, or the effects of toxinﬁ#r drugs.dLgise with distal

axonopathies usuall! GRS TR AR RtetrRUM g atasn g Remb g it dPsaneds. Deep

tendon reflexesdand etnnomicRenigistsirstenn HANS) tonetiorsiBresafsbfinstasslunipikited in affected
areas. Di@betic newtro athies ?@ne opathic disoid rs that are associtated ith ZOgiiabetes mellitus.
Relativel{) cofinioh LIRS UMREh 95 HRPAS S U A G s SRR I Siliude third nerve
palsy; mononeispepsitng, stonenidsiriiis onutitplexsdigeticTamydisaphigsec painfbié polyneuropathy;

autonomic neuropathy; and thoracoabdominal neuropathy. Peripheral neuropathy is the medical term
for damage (4 HORTEL A1 B S e e B R B eRe by cisemses of
the nerve or frath thessitkeffedtsaohgystepicni pess. tiviajonicauisesnohpésiphigsal neuropathy include

seizures, nutritional deficiencies, and HIV, tho bete he most likely cause. In an
exemplary erﬁ%%%}rrﬁ%%{l},’ a gﬁtﬁﬁ%@éﬁf&ﬁé& g%%l%é%%& rtll(wj?aotﬁé%%eases 30the level and/or activity of a

sirtuin ptéteiredmaipiseationdmplretation provesmiyegitiples cells or tissue may be treated prior to

removal of the cells from the donor individual, ex vivo after removal of the cells or
tissue from the donor individual, or post implantation into the recipient. For example,
the donor or recipient individual may be treated systemically with a sirtuin-
modulating compound or may have a subset of cells/tissue treated locally with a

20  sirtuin-modulating compound that increases the level and/or activity of a sirtuin
protein. In certain embodiments, the cells or tissue (or donor/recipient individuals)
may additionally be treated with another therapeutic agent useful for prolonging graft
survival, such as, for example, an immunosuppressive agent, a cytokine, an

angiogenic factor, etc.

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

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

or cosmetic composition comprising a sirtuin-modulating compound that increases
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sclerosis (MS), including relapsing MS and monosymptomatic MS, and other demyelinating conditions,
such as, for example, chronic inflammatory demyelinating polyneuropathy (CI DP), or symptoms
associated tRegewilklo syt another embodiment, a sirtuin-modulating compepd iighiRsegases the
5level and/or activity of a sirtuin protein may be used to treat trauma to the nerves, including, trauma
due to disease, injur}/ (including surgical intervent,ion])ﬁ%or environmental trauma (e.g., neurotoxins,
alcoholism, etf9!cvel GigrartSHYIStin g EBIMBERIAds TRamPlars S5 HEVRRISAIGHIP activity of a sirtuin
protein may alspdagouseful tnpravestiddeat o alleyviais HEMRNBE dbvaiindsndRiiNS disorders. The

term "peripheral neuropathy" encompasses a wide. range of disorders in which the nerves outside of
the brain an S CARKSE DO R0SEEIAES BB SASGLR P UBRAR et S rmay also be
referred to asopatiphdratingLFibiscamibieahy oenypesiasadfinal veiditihie dermswalymearopathy or
polyneuritis may be used 15PNS diseases treatable with sirtuin-modulating compounds that increase
the lovel /TR G R THORA A T TS RS oy A L AR ooth alsense
Guillain-Barresytacrdonm@aid Basghiad dPteatitss st dpathies (diseaseszafth)eacamvical and first thoracic

roots, nerve {pie cojdsy and ReripNsral nervs,companents of e brachial pies, 20ln another
g d ay e used to treat

. Al ?SGS. .
embodiment, a sirtuii activating compoun or prevent a polyglutamine disease.

Exemplary pdipglutamginentisepspsivic] intie Spinoditisarchwudwitadeamepnty (Kehereay disease),
Huntington's P Iy I-pallj I r i ,

Spnocerenel e kIO A IS SRR AR dh A SRS e
(Mgchadi@-Jogepthqs}iﬁhémy,esﬁiiﬁ@déerH@rﬁt@@_atwpe é,elsmt@@m@bslmoét&idastgipe 7, and
Spinocerebellan atpxify MR fhdcts of MGEIAEEMACHNIRR SnRQINEO IR AYIdGE fgethod to treat a

central nervous system cell to prevent damage in response to a decrease in blood flow to the cell.

Typically the seU@ANAST Bahiegieatedhelaychans/avaststyaf cpaidietifgagyabe 30thittie degree of
reduction in bigoddance §p6 sellRRd e slHRtie D Iibe rduaIoR HApesRadiment, apoptotic or

necrotic cell death may be prevented. in still a further embodiment, ischemic-mediated damage, such

as cytoxic ed&fik OPeRKrar HuFdulsgsyturms sy anksidilachamicpeoprétrritabbéach embodiment,

the central nerye s ENHEBhS BhiNBY et SRR eRilcan 2 Brainkall oPAeHISI tasRECt encompasses
administering a sirtuin activating compound to a subject to treat a central nervous system ischemic

condition. A numbe:,jlof cC%rPtfraI n r¥ous sq/stem ischemic conditions mad)ﬁﬁ% treated %é@e sirtuin

activating compoun SH&&crbed herein In" rﬁsemgrﬂ%%a{rﬁne?ﬁf StWél TSChemiE Conation 1S A stroke that

results in anytbgperafeisehbenicy centdabmetvats gystemid apnoage nsychl asbapepdeisc 10or necrotic cell

death, cytoxic edeml% or centﬁal nervous system fissue anoxia, Th((f*1 ﬁ{rglé emg&yr Impact any area of the

brain or be c&’ﬁg\é%l%yeéﬁ‘)g'éﬁo (r)ngo rceg%lr%oﬁIglollinrpoov%/lrtll?gsr'esuﬁnlrﬁl the 'occurrence of a stroke. In one
alternative of tiithednbodipiebls sk ssriokadd priordimaste mssttokenditianathrepatievtative of this
embodiwnt,iﬂzﬁé&{%e is a cerebellar stroke. In still another embodiment, the stroke is an embolic
stroke. In )

Sirtuin-modulating compounds may be delivered locally or systemically to a
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
25  level and/or activity of a sirtuin protein may be used for treating or preventing a
disease or condition induced or exacerbated by cellular senescence in a subject;
methods for decreasing the rate of senescence of a subject, e.g., after onset of
senescence; methods for extending the lifespan of a subject; methods for treating or
preventing a disease or condition relating to lifespan; methods for treating or
30  preventing a disease or condition relating to the proliferative capacity of cells; and

methods for treating or preventing a disease or condition resulting from cell damage
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15yet another alternative, the stroke may be a hemorrhagic stroke. In a further embodiment, the stroke
is a thrombotic stroke. In yet another aspect, a sirtuin activating compound may be administered to

reduce infargy;gag:akhthesischemic core following a central nervous systemggghessligosgghtion.
Moreover, a sirtuin activating compound may also be beneficially 20administered to reduce the size of

the ischemic penumbra or transitional zone following a central nervous system ischemic condition.

In one embodiFEAL AR GFRBIA TR AFIGYEGRREREHIAY FRERIME s IFEaMpbNda iR the treatment or
prevention of peurrsegeneraiives disprdereRiREcRISE! v CORMinTRssasiatetbsdiiaese conditions.
Thus, a combination drug 25regimen may include one or more sirtyin activators and one or more anti-
eurodegonet BN DB PE AT OPE U et D SHRESaBS0E S moculating
compounds that increase the level and/or activity of a sirtuin protein can be used to treat or prevent
blood coagulation disoydersc@{oerheedostaticdisoiders)dviaingedrintevol dngeabisasesrdie, the terms
"hemostasis"; " oRg" ing..refer. I leeding,.including the
physiological 18%%%?%&%%%%&2@%%%%%%?%%gl?:%téf&)gfﬁé?t%{rﬁ%%o8C @%&?ﬁ%ﬁl acgijgi%gttsg?n maintaining
the integrity cgmﬁMﬁmaaéﬁéaﬁétfewaftef ifjaells imfrhintrratioon }@ig@ma@_@ﬁﬁg@mﬁgw@éct, dysfunction
or other disrupligR. FHERELINE S iRrmatemal PLaRALCIs flaes it alylmikhigedingdn case of an

injury (hemostasis), but may lead to serious organ damage and death in the context of atherosclerotic
diseases by JwERIGHIET A ioripbiesHna theryubiosein. PEMSHibdSis 1ilh§8Bid8at ot formation at the

wrong time apdpiaGsr HereidiNaYatheRieseRtdMeRtgapRVides anticoagulation and
10antithrombotic treatments aiming at inhibiting the formation of blood clots in order to prevent or treat

blood cqagulation disorders, such.as myocardjal infarction, stroke, loss of a limb by peripheral artery
disease df pulmonary SHIBIHEHE AR A tBA AR ERER e b HUIAERG o modutation of
hemostasis" airthuiggolatingagregidatzneafdnermesthsisto petudesatiiegnddiation(elatsdstimulation 150r

increase) of hemostasis, as well as the inhibition (e.q., reduction or decreas E]of.h mostasis. In
e aspact, (e TROMATCH Do M o et S R S R et oy

administeringbéosittpiesswedatatidtyicomptuhskthat (bee asedi tiloes vl candotrertidityobide sirtuin protein.
e comeoste g peods s e Ig ML Upgaener poveon ot
15  glaucoma, and macular degeneration. Sirtuin-modulating compounds that increase

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

treatment of diseases, ¢.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
20  as Parkinson’s disease, Alzheimer’s disease, multiple sclerosis, amyotrophic lateral

sclerosis, and muscular dystrophy; AIDS; fulminant hepatitis; diseases linked to

degeneration of the brain, such as Creutzfeldt-Jakob disease, retinitis pigmentosa and

cerebellar degeneration; myelodysplasia such as aplastic anemia; ischemic diseases

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

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

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

chemical exposure or radiation exposure.

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

¢.g., damage to an organ or tissue, ¢.g., a subject suffering from stroke or myocardial
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characterized by excessive or unwanted coagulation or hemostatic activity, or a hypercoagulable state.
Thrombotic disorders include diseases or disorders involving platelet adhesion and thrombus
formation, argdngYoagifest as an increased 25propensity to form thrombeggsy &&ho/aiRdpsreased
number of thromboses, thrombosis at an early age, a familial tendency towards thrombosis, and
thrombosis at unusual sites._ . In another embodjment, a. combination drug regimen may include
drugs or comPUETHETSF the HESHEKT R SrRMehtRIR2FBIB Il W ag it efbHiR%s or 30secondary
conditions assegigiandwithtneseacondiions ahlnds aatcabmatienidiotsiagineagay include one or
more sirruin-modulating.compo n(js that increase the level and/or activity of a sirtuin protein and one
or more anti-¢8% Eﬂéﬁ%%\‘r a%?f%h? b‘fﬁo?bvs% agents. Weight Control 5In another aspect,
sirtum-modulating compounds that increase the level and/or activity of a sirtuin protein may be used
for treating orqualievitiag/ereltjiagain or obesity in a subject. For example, sirtuin-modulating
compounds that increase the level and/or activity of a sirtuin protein may be used, for example, to treat

or prevent hereditary,obgaiby, GigiainRResHy ihRiMen prriRIath thaslY fOPeSinElaed; to the

10administration of medication, to reduce the Weight of a subject, or to reduce or prevent weight gain

in a subject. REUBIEEEIA TGP ewan distessthy yeEg Qbbisthis reebsectiely to become

obese, overwgiglh-alolikelite KeapruadmarvrighieSHbRS Wiioatrtike)yotuRaeame obese or
overweight can be identified, for example, based on family history, genetics, diet, activity level,

medication inPARE™t 50r various combinations thereof.  In yet other embodiments, sirtuin-modulating
compounds that increase the level and/or activity of a sirtuin protein may be administered to subjects
suffering from a vari€tydd cthil agideases tndeoriditicas thatprayiiedtroate thosprevented by

i hi Inse ot . . . o hiah bload 20 |
Pypertension B TP SR Mcose
intolerance, hypkdasaliiemi@petivnanyycaiditissuse aartginathectadywyapribiive heart failure,
stroke, ga'ISt?ﬂ&ﬁb&l}'@&%%ﬂﬁ%ﬁ%ﬁQ@éﬁ@@ﬁ@%&d@&ﬂ&oﬁ§{ﬁ§’,ac{1tﬂéi-tf§d193%ﬁtruCtive sleep apnea and

respiratory problems, some types of cancer (such as endometrial, breast, prostate, and colon),

complications#tpreyantiby, Pshepicierrdmemuliicive hpartanse haadionsiopeiial ivsgularities,
infertility, irreguatiavyaiRnnlBRde RO RIRNeMEhsHITY 8g-stass RGRAiIRRNCe); uric acid

nephrolithiasis; psychological disorders (such as depression, eating disorders, distorted body image,

and low!Self s¢hsErRRte Ao Hatrafrh e/l DisedhresrsleBl TRHIBaySFbpHgepindtiAsresistance in

response to campinatiee toesAREater AR carotid RASIhak/EPRdIMaRap iR adulating
compounds that increase the level and/or activity of a sirtuin protein may be used for inhibiting

adipogenesis Sh¥aATEeditfs difAIGHISH RSP it E Sicin aHd ShoRRIM iRk RSER—Sin 158 used for
treating or preysatingdaResitthal tAtberembpipentatrihbiradolatiogc@mResers that increase the
level aggregation, the retinal arterioles, the glomerular arterioles, the vasa nervorum,
20  cardiac arterioles, and associated capillary beds of the eye, the kidney, the heart, and
the central and peripheral nervous systems. The sirtuin-modulating compounds that
increase the level and/or activity of a sirtuin protein may also be used for increasing

HDL levels in plasma of an individual.

Yet other disorders that may be treated with sirtuin-modulating compounds
25  that increase the level and/or activity of a sirtuin protein include restenosis, e.g.,
following coronary intervention, and disorders relating to an abnormal level of high

density and low density cholesterol.

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

30  therapeutic with another cardiovascular agent. In one embodiment, a sirtuin-
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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 ig@veNeigfat obese or a subject likely to become overweight g¢-ppesfohbgdnethod may
comprise administering daily or, every 10other day, or once a week, a dose, e.g., in the form of a pill,

to a subject. The dose may be an "appetite reducing dose,” In an exemplary embodiment,
sirtuin-modul AR AR ERTARR LI ARSERS I fGRP Y/SF ALY Freas MNP I RMay be
administered @s.dmambRdtiapiesapydaieabngreiperRning meightgaiianahesity. Ikor example,
one or more sirtujn- 15%10 ulatin% comﬁf?ﬂuar%{i? that increase the level and/gr ?cti\{ityéﬁf a sirtuin protein
may be admifRSIE¥ES MG At SHW uging SampshBatirargass the [yl angiRer embodiment,
sirtuin-modulatitigitganpeirnds phatineiease idenieiselratdiqraacivity ohsisitonntpraieininay be
administgred totfledu%(la dr%;éjnduce wegrt\t gain. For example, a sirtuin-modulating compound that
increases the 1evel Sndof &Yﬁ%‘f&a&ag Sirtuin protein may be administered as a combination therapy
with medications that may stimulate appetite or cause weight gain, in particular, weight gain due to
factors other frdhBivatbfGenserion. Metabolic Disorders/Diabetes In another aspect, sirtuin-modulating
compounds that increase the level and/or 25activity of a sirtuin protein may be used for treating or

preventing a metabdien¢isoie@llsuehaspasHinIRSIHEBLER thdiksdliaRete sialay type |l diabetes,
and/or complications thereof. Administration of g"‘i)irt%in- odulating compound that increases the level
ﬂﬁ o

and/or activity B ST SPAYERS ARy rEe SORARRRANE TSRRIDY ERESRESE W Sulin levels in a
subject. A subjest; itd ieRivohsissh & rRimeNéMiain3ther shdedinwhe thasiéyswin resistance or other

precursor. symptom of type.ll diabetes, who has type TT diapetes, or who is |ikely to develop any of
these caRaOTLARE) SN T SCHARIAY be 8 STEILEH AT TR FELlGedri, o g, having
high circulatingievéisetiasulophdiantasscniatedicandlitionsnisadimas ipestipidenva, dyslipogenesis,
hypercholest§rolemia imgaired lugose %ol ran(ﬂa'liligrl]lthloodscblju ose SSU%%I{.leveL other

. . OX11 SXpPQS 1S IC C nintentio B0\ cn a ca, the ¢ 8] 1S
manifestations of' sylll)grome XS Hypertension. atheroscierosis and pGaystropny’ In an exemplary

embodiment, sicfainbipadolatistgred aspounds posdibic s ehtheximserandidribic taipdptosia sirtuin protein
may be adminigieed 454 compioaiion iPraRY IR IAR0N gpRrsyEnting a metabolic disorder. For
example, one or more swﬂnn- mo ILﬂatlng compoundls that increase the level and/or activity of a

sirtuin protein may be administered in combination with one or more anti-diabetic agents. Inflammatory
Diseasek’ Sirtuin-modulating compounds may also be used for treating and/or

preventing cancer. In certain embodiments, sirtuin-modulating compounds that
increase the level and/or activity of a sirtuin protein may be used for treating and/or
preventing cancer. Calorie restriction has been linked to a reduction in the incidence
of age-related disorders including cancer. Accordingly, an increase in the level

20  and/or activity of a sirtuin protein may be useful for treating and/or preventing the
incidence of age-related disorders, such as, for example, cancer. Exemplary cancers
that may be treated using a sirtuin-modulating compound are those of the brain and
kidney; hormone-dependent cancers including breast, prostate, testicular, and ovarian
cancers; lymphomas, and leukemias. In cancers associated with solid tumors, a

25  modulating compound may be administered directly into the tumor. Cancer of blood
cells, e.g., leukemia, can be treated by administering a modulating compound into the
blood stream or into the bone marrow. Benign cell growth, e.g., warts, can also be
treated. Other diseases that can be treated include autoimmune diseases, ¢.g.,
systemic lupus erythematosus, scleroderma, and arthritis, in which autoimmune cells

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

associated malignant and benign disorders can also be treated by administration of
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In other aspects, sirtuin-modulating compounds that increase the level and/or activity of a sirtuin
protein can be used to treat or prevent a disease or disorder 15associated with inflammation.

Sirtuin-modwagng eRFRSHNds that increase the level and/or activity of a sigREgISIfsEREY be
administered prior to the onset of, at, or after the initiation of inflammation. When used prophylactically,

the compounds are preferably provided in advance of any inflammatory response or symptom.
Administratio® ¥ &S B RRRHP eV B She SERt &R PG ANRRSH) FR-HHNEES S0 or symptoms.
In another emkadimnentiwirtviriadWabngieem pewigdsitaatilasre ases e levalaneéas,activity of a
sirtuin protein may, be used to treat or prevent allergies and respiratory conditions, including asthma,
bronchitis, pu&%%ﬁ%%%ﬁfaﬁ etPg‘i%e?ﬁ%mﬁaf&ésS%ﬁ%% §'emphysema, chronic bronchitis, acute
respiratory distress 25syndrome, and any chronic obstructive pulmonary disease (COPD). The
compounds may be UsatotbdrazutiaregsicthapatitiscinfalctionstinedudifynhehdaiizeB and hepatitis C.
Additionafly, sirtyin- IBELEMRQUNS, that Incr fheJeyel and/ itk Qf @ sirtuin protein
ally, sy IfJMHE?QHé@&Q&& '3(}% L %&r?% /%Rr 1| Eﬁﬂj& EHl6S! é‘% é%fn?gc&l}ﬂ ot

may be used to treat autoimmune diseases mmationassoclated with autoimmune diseases

such as arthritidupsctneiies Bosheperatdidhattnduse péetmateaetmpeuatidhan k§pdsirmglEpondylitis, as well
as organ- sy AWRINTNRE BIREASES @ EAMmALS, DNV HUGEERIGF@fis, Crohn's disease,

oral mucositis, scleroderma, myasthenia gravis, transplant rejection, endotoxin shock, sepsis,

psoriasis, ecZ8iya-HTHENTE FANTEpIE Sdrsesdied Aeitohimine e siditisathiniedegisgemic lupus

efythCmatOSi?}if@s‘ﬂgfﬁ&nfﬁc?éﬁ@iﬁé%eﬁsﬁwm%%WBHB%RBHJ%?%@'%%&nown as autoimmune
polyglandular syndrome), and Graves disease. In certain embodiments, one or more

sirtuin-m8dul SHFG UBFHHSUHES A8 n crasd SR trpRIE R R tighsAtACEHREM Brdbsin may be taken

alone or in cofRinatRauth oheh sampouRdsysaftidarigadicg v reMentingdséiammation. 10
Flushing In anather aspect, sirtuin-modulating cogm}Feounds that increase the level and/or activity of a

sirtuin proteininay BEOL8H M FEGhaNY TR dHEB LIS &TRFRSS SR IAMEF Widfor hot flashes which

are symptomsdehpoaises deft Joakibstansanihasdjecilmneidodiadbides the use of sirtuin-modulating
compounds that increase the 15level and/or activity of a sirtuin protein, alone or in combination with

other agents, for redéjcri][1 I{Qﬁio%etﬂgﬁa ﬁr ?@‘ﬁ%ﬂ Sl%f ﬂs‘i'ﬁhirqgnao'agfg’trinhoig Jrlgrfgl?édisnaﬁggcer patients. In
other embodiments, the method pro |(§>es orpt e Use 0 sirtuin-modulatirig compounds that increase
the level andismactititgadthesithergrotiimagsrethaged thral aoideres oy geveritinafidiushing and/or hot

flashes in mefgpasal ADMAASHENARAP QBN AR ARAINSE ASARK fifyin-modulating

compounds that increase the level and/or activity of a sirtuin protein may be used as a therapy for
reducing the rhsialeHissappeies/agryt of Hushiag deiorbe ot fleshedofasieH nrepsitaredfects of another drug

therapy, e.g.,&itygaindeaddusaing. iheeriah $Pedinetifea Baieaddar beatng:er preventing
drug-induced flushing comprises administering to a patient in need thereof

of conventional chemotherapeutic agents, when used in combination with a sirtuin-

20  modulating compound is at least 2 fold less than the EDs, for the chemotherapeutic

agent alone, and even more preferably at 5 fold, 10 fold or even 25 fold less.

Conversely, the therapeutic index (TI) for such chemotherapeutic agent or

combination of such chemotherapeutic agent when used in combination with a

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

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

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

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

30  neurodegenerative diseases, and traumatic or mechanical injury to the central nervous
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25a formulation comprising at least one flushing inducing compound and at least one
sirtuin-modulating compound that increases the level and/or activity of a sirtuin protein. In other

embodimentgy @ spaihadpr treating drug-induced flushing comprises sepagatghysashsiigieying one or
more compounds that induce flushing and one or more sirtuin-modulating compounds, e.g., wherein

the sirtuin-modulating compound 30and flushin% inducing agent have not been formulated in the same
compositionsSY WA K- Qs REBAFAEE fERAUREH NS Wittt NG Earsgerfiatiray be
administered (k}aicthpisame s pdmigistasiuofihefushiog indueisniaganha@dimgrmittently with the
flushing inducin ent, (3) staggered relative to administration qf the flushing inducing agent, (4) prior
(0 adimnistradN OIS SRR TRALERY B0AF 65 LR LESF ko SR R SBRS tho fuehing
inducing agemko@nchdGhmartiogs eambilaijoreibherdeft fxamianbiiushagnhinducing agents include, for
example,_niagin, raloxifene,.antidepressants, anti-psychotics, chemothcrapeptics, calcium channel
g%&’ 1%@(%[1 Rera f T

blockers “and SHBIGHEAS i She ESS At ENt, Sirkl ingy Compol €2

§ AT fcred8e the level
10and/or activitycobm, gutuin pogteisinalepanerseditdereduceyfiushidgsRidetioffeaots dehith vaSodilator or an

antilipemic agent.@ncluding antichplesteremic agents and lipotropic agents). In an exemplary
amhodment R R A O R L A St proter
may be used doseecwek fiutinsipassodiated titlthe adionmistrihioacofahizmiet. dBinianother embodiment,
the invention ﬂ Si&hRe trqlqltf' (il/ . HH r 'Q%@ i@ with reduced flushing
side effects. Iﬁégﬁogtﬁelﬁleprysge%ggé\e/éempt?o%{h]g?ﬁgtl? &%Vmet%ﬁ)gé%\%oiﬁves ﬂ%gl(ﬁe of sirtuin-modulating
compoults thatipdseerseatine (dversendioludetivityast aosilmitep toteMizhsiraelicdifashitdDide effects of

raloxifene. InapeihehepiesentpierRRSImMA: bR VAR A0ANRS MG s Rk Ytuin-modulating

compounds that increase the level and/or activity of a sirtuin pro reduce flushing side effects of

antidepressaftd ¢ hAt-peherstisagen dEBIsmEearicbodirlisgansoehNEtmecaofsotass that increase the
level and/or agtivity,of, 2 SiriRBERIeIBFANRENSEG MIGPRMAGION KaiRinisisyad frR@rately or

together) with a serotonin reuptake inhibitor, or a 5 1-1 T2 receptor antagonist. 25In certain

embodiments)iFeRRSS §t atifg R ORPOHYs RACk e Ao N fiaheftsr BEHAY of a sirtuin protein

may be pysed asRpHRka dhaatmantivith.2. 26 SaRIM IBIsRIAKENN BEMRS RIS thie ifRekige dieshing. In still
another representative embodiment, sirtuin-modulating compounds that increase the |evel and/or

activity of a sHUFhISERERACHAY 08 LY HIRIIR SaLRRIE Siad ertdhescst Tdrso tRdidiBstiic 30agents,
such as cycloghfsphissnisg@nd tamoxifen. -in another embodiment, sirtuin-modulating compounds
that increase the level and/or activity of a sirtuin protein may be used to reduce flushing side effects of

calcium channel blogkrs, uch 5 ATIPAIAMSLIR APRNISESRCIMEN Hilspodulating compounds
that increase the leve

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

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

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

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

trigger acute neurodegeneration.
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5and/or activity of a sirtuin protein may be used to reduce flushing side effects of antibiotics. For
example, sirtuin-modulating compounds that increase the level and/or activity of a sirtuin protein can

be used in copePipaliPn4ith levofloxacin. Ocular Disorders One aspect of theparesfaliaygntion is a
method for inhibiting, reducing or 10otherwise treating vision impairment by administering to a patient

a therapeutic dosage of sirtuin modulator selected from a compound disclosed_ herein, or a
pharmaceutically actdpPtlleean B ARGRIPESRBALIRI GBIV #Re3Isis ihR%ertain aspects of

the invention jth@uisigRtnpaiswentisSHiausedkd yndasaageuio itiecaptis sty & KicEenirpé nervous system.
In particular embolg]iments, optic rllfrve 15damag %sed by high intraocular pressure, such as that

ejsc
created by glSSRSHE Hh S B ATIRSBBATERE IRy iR damage is caused by swelling of

the nerve, which is often associated with an infection or an immune (e.g., autoimmune) response such
as in optic neuritis. INweaEihlespeelscof shbcmvisation otheivisibseasspaineient (Sadakddi-by retinal

20damage. I gL eAasimerise iR damaas i fauRed By distyshances i blgod flow to the

e
eye (e.g., arteriosclerosis, vascu In particular embodiments, retinal damage Is caused by

disruption of #ve grasulangefelinesneagiferaronsrrbxataiive vEe inseatie gerteiratimdulEagnplary retinal
diseases inclyds Fatidative Aok Relaled Wardak 2aRegs5 e aimh Norgxydative Agg iRglated Macular

Degeneration, Retinal Electronic Prosthesis and RPE Transplantation Age Rélated Macular
Degeneratiorf! Rt ERItfeeENPReesM b ighishie Ephssnidpatiismeste Retinal Necrosis, Best Disease,
Branch Retinal Artery Occlusion, Branch Retinal Vein Occlusion, Cancer Associated and Related

Autoimmune RetinopadhigbeiCGeitsairatinabAmarnnodelusigroagotiad 4t RetingtMan Occlusion,
Central rfgero S h%ggrctino tathf Eales Diseasée]éggimac lar Membrane, Lattica.De eneration,
MacroaneurySt BISEEHREMAYUTAR EGRLRTIEIE52E st AR ERE ML Al B8 Bubretinal
Neovascular Memieraneslviiff usenojpitate fad skl bacuipahguisar efistis, TdopipseLnapbpdicyCystoid

Macular Ederph% 5 P?s med Ocular %lﬁ#gpl smo%sras ndrorpe Exu atnfe Retinal Detachment,
| |nalé8e

Postoperative te‘i?r%% T)é?géﬁ?nmeen?}%aro erative Re zlalcﬁﬁpeeﬁ]tl,) F\aeélrenrgl?éléesx%tﬁ%ll?etinal

Detachment, (PiaBS)iopaloRetinal tbhetactimentReatispimRighentos &) BMAbdRictitissiRetinoblastoma,
Retinopathy .%‘}sﬁ’&ﬁ%@l?cté‘sr,'té’nﬁéé%%@ﬁ%%%%%%%%&%&’b'%‘ﬁ&%%‘l‘lrc‘ RIAbSUG Renenatay. Lgfiferative
Diabetic Retinopathy,
15  failure, deficiency syndromes such as malnutrition and alcoholism, or the effects of
toxins or drugs. Those with distal axonopathies usually present with symmetrical
glove-stocking sensori-motor disturbances. Deep tendon reflexes and autonomic

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

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

and thoracoabdominal neuropathy.

Peripheral neuropathy is the medical term for damage to nerves of the
25  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

causc.

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

30  the level and/or activity of a sirtuin protein may be used to treat or prevent multiple
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10 Hemoglobinopathies Retinopathy, Purtscher Retinopathy, Valsalva Retinopathy, Juvenile
Retinoschisis, Senile Retinoschisis, Terson Syndrome and White Dot Syndromes. Other
exemplary digenssis,/isidsie ocular bacterial infections (e.g. conjunctivitis, kgralilis syleessaslosis,
syphilis, gonorrhea), viral infections (e.g. Ocular 15Herpes Simplex Virus, Varicella Zoster Virus,
Cytomegalovirus retinitis, Human Immunaqdeficiency Virus (HIV)) as well as progressive outer retinal
necrosis secéﬁ@é??iémw Biebtfme s Mand drenstramiomaticdes Associated ocular
diseases. In addiliennAEigabsiseasesuachideigalpRiesiions (en{aancidaehamidiisg
histoplasmosisé( protozoal i jons (e.g. toxoplasmosis) and athers such 20as ocular toxocariasis
and sarcoido8 ?’neur@??é%é(gg{iﬁb f?ﬁéyi%\%?ﬁ}%ﬁsl%o%{arﬁ HSEER8 nnhibiting, reducing or treating vision

impairment in a subject undergoing treatment with a chemotherapeutic drug (e.g., a neurotoxic drug, a
drug that raises intrdongglanptegstumbaliotents assteroitydyatidgooisiaring thathe sedsiecthin need of such

teatment a theyanaic dasane & ARITHA ARMANIALST ASCIDSRANGIE o 1 ARGIST aspect of the

|
invention is a meth iting, reducing or treating vision impairment in a subject undergoing
surgery, includifigdoes seona i teuhgetiesiperofmdddmghastiondposiiviPBUGH as spinal cord
surgery, by agminisieing iR MG SEues N AseH OLEH fGatmpent a therapeutic dosage of a sirtuin
modulator disclosed 30herein. Ocular surgeries include cataract, iridotomy and lens replacements.
Another aspect of the inyention js the treatment, including inhibjtion and prophylactic treatment, of
age-related ocular dEXEER R CTBIHBES, | ?9189@?5%&9&5?@& QEHAPHESeeration (AMD),
retinal damaggrandghecdikeadyy.adroinisteiiing fedhasubieciid nead.ef syaptiaatnenteutherapeutic
dosagerﬁia %ﬁ%n 5maodulator disclgsed ger in. qther aspect of the inventio? is the prevention
or treatment of Galiacts thAS T AT LA BY SFRRP AN TEQATREED? PAGREO8C 8 administering to
the subject indieedeof suchitietitnenta theydpelticcdosage dtpisittevndmedrilsitoratiisclosed herein.

Radiation or glectromagnafic damage e eve can inclide that gaysed by GRT.s or 10 exposure to
sunlight or uv: In 6ne embodimen ) mbination ru&’ re@fmen may nciude 5rugs or compounds

for the treatmgmipbepieventionafiboular tisardersiovdecdntiatyroonaitiorsapstgiated with these
conditions. Tel%l'o'fgnam%?trirs' |g?tf?$enu§ié&{g regimen may mclude_one or more sirtuin activators and one or
more therapeutic agents for the 15treatment of an ocular disorder. In one embodiment, a sirtuin
modulator can be administered in conjunction with a therapy for reducing intraocular pressure. In

another 'embodimentS dlitetsemBeritble rashsHE Humasieketag sAreptin At st Retisaas s apy for treating
and/or prevenging slanramai ol aratherambadimentiaridyinpeduieiareunhei20administered in

conjunction with a therapy for treating and/or preventing optic neuritis. In one_ embodiment, a sirtuin

modulator caf s Sretan- BjGreaerwran Beckin) et dirygonsthiss fféseiting c'M v

Retinopathy. &7 deetieicenahedifanbrac i ool meeidaigicashe agdimipisiaiad ineeanjunction with a
therapy for treating and/or_preyenting multiple sclerosis. 25 Mitochondrial-Associated Diseases and
Disorders  CHIESREHE & Sg’%cti‘r\?i?l[?féuﬁwention provides methods for treating diseases or
disorders that would benefit from increased mitochondrial activity. The methods involve administering
to a subjéct in need linenethca ¢hdrajpmatit allyireffe et amo oompdendirmainteatiedtingregmpound.

Increased m'&%%b@rﬂ%@ch?gﬂl\f@ﬁﬂ%f %ﬁeﬁ%énﬁ&%ﬁﬁfﬂgy 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

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

Spinocerebellar ataxia type 17.

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

30  on the degree of reduction in blood flow to the cell and the duration of the reduction.
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30 activity of the mitochondria while maintaining the overall numbers of mitochondria (e.g.,
mitochondrial mass), increasing the numbers of mitochondria thereby increasing mitochondrial activity

(e.q., by stimy\gtipgy/aHigehondrial biogenesis), or combinations thereof. In gegtaikysihadinents,
diseases and disorders that would benefit from increased mitochondrial activity include diseases or

disorders associated 5with mitochondrial dysfunction. In certain embodiments, methods for treating
diseases or diESRFerL RSB ANBIRS R A e TREfeStdbdrA GENONIPEN SR YIMAY Lomprise identifying

a subject suffgring B RImMEachandhat aysiiumstionmMetiRads fot dingnesbith antaehiondrial
dysfunction may involve molecular genetic, pathologic anglci)r biochemical analyses. 10Diseases and
disorders AU AN ER SRR ty Sh S RAFRILTe iSRS A EREb 8 S Hich eficts in
mitochondriaheespiraipsieehai @atihtyacpiabedi 60 dheattevelopment of pathophysiology of such
diseases or disorders in a mammal. Diseases or disorders that would benefit from increased

mitochondrial activity gengraliclichils ok exampiidisaasea A ISR {iRg @il nedigted oxidative
15injury leads to tissue degerieration, diseases in which cells inappropriatély undergo apoptosis, and
diseases in wiielsGalisrial aeenté ngovapoprosi. ischamicaqashtombbaimdstithentralention provides

methods for tﬁ%ﬁtlﬂg gygggﬁa}%%gi_%gﬁq%d:g@ﬁl\wggjtg%gfg}f@gkmﬁ;gggggaﬁﬂgochondrial activity that

involves administering to a subject in need thereof one or more sirtuin activating compounds in

20combinatiofPWRAvaHB dreprkeddlsetific lagustcskaf macHb thsrhs I PR ERR isaRITFE? treating
mitochondriakglysunation £k apReEN Wik doRFEONSRG SVINRIGMASS QRiatad aisPiadisease or

disorder involving mitochondrial dysfunction. In exemplary embodiments, the invention provides
methods Gor tPEAGRAT ikealdealy eidT AR SN L Hsake anmitechdfdrial activity by

25administerigepke msy Rigricadheranestticalbraifecive MR slpcsisiein, acivating compound.
Exemplary diseases or disorders include, for exgi{ggle neuromuscular dig}orders (e.g., Friedreich's

Ataxia, muschsPE/AssRY BbRRTCEHRIE 962 stokedlB et S SRHLGSh DI RS (B, seizure
disorders, migiaing ket h slaueppmanire dalayothetsadeganetdiug disbsdersde Ge Atdkeimer's

Disease, 30Parkinson's Disease, amyotrophic la eﬁ‘?J sclergsis, efc.), ischemia, renal tybular acidosis,
age-related NGBS IRHEARIT A EOARTICE GEOE CRoMBOIErkpy AgaRoL e roke. I
15  yet another alternative, the stroke may be a hemorrhagic stroke. In a further

embodiment, the stroke is a thrombotic stroke.

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

20  administered to reduce the size of the ischemic penumbra or transitional zone

following a central nervous system ischemic condition.

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

25  regimen may include one or more sirtuin activators and one or more anti-

neurodegeneration agents.
Blood Coagulation Disorders

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

30  (or hemostatic disorders). As used interchangeably herein, the terms “hemostasis”,
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51 age-related or chemotherapy-induced menopause or irregularities of menstrual cycling or ovulation,
mitochondrial myopathies, mitochondrial damage (e.g., calcium accumulation, excitotoxicity, nitric

oxide exposyi®) IMpA¥ias£tc.), and mitochondria’ deregulation. SMuscular slysiRpREN iRigEs to a family
of diseases involving deterioration of neuromuscular structure and function, often resulting in atrophy

of skeletal muscle and mﬁcargial dysfunction, such as Duchenne muscular dystrophy. In certain
embodiments ¥ftdifCaH My EBhpYants'Ragendisets 1BF Fentielty ierite S dudiite in muscular

functional capreiigsianshian iFpaviegomuscubakiuncsionad stalugatiom Bajieiesyithtpuscular
dystrophy. In certain empodiments, sirtui modulz%]ti%% co pounds may be useful for treatment

mitochondria®i5h Bt MAL B ARH B Y ShRHLE Wit €15 progressive weakness of
the extraoculaiffamseiesipdiedesecdai@hinfbdifie mypipaibics an dthuwliisyspeon ehoeialbenyopathies.

Some syg\dropes Elave P eng(fE[defiéwed, vvtith Fope.ﬂ%/lerl F between them. Established syndromes
affecting musc EReTide glr%o §sostﬁl OEXtEA gplr%a n%%l e%llg,cﬁ‘?g eaélrlrllléggayre syndrome (with

ophthalmoplegiemmigmientanynieyihopathysraardaganoduahugtiomd efedisnabeetoatiant ataxia, and
sensorineuralﬁg@z%g&s;s .(I;h 1SIé/IEL S se/crhcllsr%wgf(mitoc%c%pd{igrltgncelp\berflllloq}j}/r% %t&;{ @ctic acidosis,
and stroke-like episo esff,t &M I¥I—Dsyn rome%Wyocal%mc erﬁii)epsy an raggedg red fibers),
limb-girdle distribbiior wieakeressjand théamtileghyopathpdsenign or severe and fatal). In certain
embodiments, sirtuin activating compounds may be useful for treating patients suffering from toxic

damage to mitochondia, Sveh age G APMAYE AHE-EQiGRICIHM ARWnBIAtQN, excitotoxicity, nitric

oxide exposure, drug induced toxic 25damage, or hypoxia. In certain embodiments, sirtuin

activating corfip8OrRIRbRHS trettsafa pidt he aking hitag b formiriet §198d sipstd it fitochondrial

deregulation. ppisel6rRRHOBHaMNEB8agulatibRNes B AdReL sy theryERia e Weesemethods for
enhancing muscle performance by administering a therﬂﬁ?utically effective amount of a sirtuin

activating confPdaha Ed Ry BFHBIETaiAMAL A Y C8HPSARaETRaISER useful for Simproving

physical endurance (e.g., ability to perform a physical task such as exercise, physical labor, sports
activities, etc.), inhibitingat irgtacbiangqahijsicatfiatiyues)l emimocngdoletchaxigamigaedsS, enhancing
energy in heaa{%l*&%%%gb‘{a%%a'ér conanes V&Pﬁ‘é‘”gs%’a%%a%ég&é‘eds_ BNAHIRARES: ?qg,cslﬁ%lﬁ%{s%e. fatigue,
reducing stress, en ancmé cardiac and cardiovascular unction, improving sexual a |h?y, increasing
10musclé AT levedsscandmmestasingdactit acte imiblotdn (is-gentednatiothodidensedss thé methods
involve adminjsfesing an amount of a sirtuin activating compound that increase mitochondria] activity,
increase mitochondrial biogenesis, and/or increase mitochondrial mass. Sports performance refers to

the ability of the athletes muscles to perform i ) R
In one aspect, the invention provides a method for reducing or inhibiting

hemostasis in a subject by administering a sirtuin-modulating compound that
increases the level and/or activity of a sirtuin protein. The compositions and methods

20  disclosed herein are useful for the treatment or prevention of thrombotic disorders. As
used herein, the term “thrombotic disorder” includes any disorder or condition
characterized by excessive or unwanted coagulation or hemostatic activity, or a
hypercoagulable state. Thrombotic disorders include discases or disorders involving
platelet adhesion and thrombus formation, and may manifest as an increased

25  propensity to form thromboses, €.g., an increased number of thromboses, thrombosis
at an early age, a familial tendency towards thrombosis, and thrombosis at unusual

sites.

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

30  secondary conditions associated with these conditions. Thus, a combination drug
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15when 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 contraglianoppigning of muscle reaction time between stimulation apg SRmMIasienN. Athlete
refers to an individual who participates in sports at any level and who seeks to achieve an improved
level of strength, speed and 20endurance in thejr performance, such as, for. example, body builders,
bicyclists, lonts HSEHRAN (YIS SR RGHENRIRINGH2 RS SRIRSHREY BHORS Fsrdifnance in
manifested byethe aililydaioxgwomeatibseirdatigderiblindemaintaigaetivifyfantpnger periods of
time, and have a more effective workout. In the arena of athlete muscle performance, it is
desirable to ctfggfgb(%ﬁcﬁﬁgﬁ% 25that permit competition or training at higher levels of resistance for a
prolonged period of time. It is contemplated that the methods of the present invention will also be
effective in thBaightr@entrof muscle related pathological conditions, including acute sarcopenia, for
example, muscle atrophy and/or cachexia associated with bums, bed 30rest, limb immobilization, or

major thagyacic, abdqmiﬂa{hé"'e%é’cﬁr&ﬁﬂﬁﬁ%&&l&ﬁ@/compoﬂﬁd‘secﬁﬂ'ﬁl@f@%@%@%’ dhedpvention
provides novel dietary compositions comprising sirtuin modulators, a method for their preparation, and

a method of (i thef coEsRIHET SR Svehiant e ADpRaHRaNCESIA 88B @ingly, provided are

therapeutic coppRsitions.dpREFanekbeyes agrsithaiaveiRctions AiltepRaving&RbYsical endurance
and/or inhibiting physical fatigues. for. those people involved in broadly-defined exercises including
sports requiri%g 4%1‘?1%‘&%%‘695681%‘?&&11&??:‘& m@éﬁffémﬂl?%@xa&@#ﬁowstr@aeﬁIHF&%% compositions

may additionakeaingfysshelrelidibites obatiejnroviaib inRgatca i) atrsitote14dthes tses

10Sirtuin-modylating campounds that increase the level and/or activjty of a sjrtuin protein may be used
for treathl or PRVRTHNG AP IRLAISS LN ha TR SRS by WAGEhZA ETHIS 8F papiloma virus) or
as antifungal pgesais wieiglargain nbabljcoe Asubitel inmediubdtinchcompomdsihabéncrease the level

and/or activity of. a sirruin protein, m administered as part,of a bipation drug therapy with
Banother oS e Tor HE e aehT Sy e S D e
sirtuin-modulatingveahip Subpistthabernoxekisdthe bevahandise activitywalghsirduibepdsteifathay be

administered art of a,combination drug therapy, with,another. anti-fungal nt. jects that may
e treatod as b R el e
bovines] &quisiewporcheeshivammeshfedirfes, non-

In yet other embodiments, sirtuin-modulating compounds that increase the
level and/or activity of a sirtuin protein may be administered to subjects suffering
from a variety of other diseases and conditions that may be treated or prevented by
promoting weight loss in the subject. Such diseases include, for example, high blood

20  pressure, hypertension, high blood cholesterol, dyslipidemia, type 2 diabetes, insulin
resistance, glucose intolerance, hyperinsulinemia, coronary heart disease, angina
pectoris, congestive heart failure, stroke, gallstones, cholecystitis and cholelithiasis,
gout, osteoarthritis, obstructive sleep apnea and respiratory problems, some types of
cancer (such as endometrial, breast, prostate, and colon), complications of pregnancy,

25  poor female reproductive health (such as menstrual irregularities, infertility, irregular
ovulation), bladder control problems (such as stress incontinence); uric acid
nephrolithiasis; psychological disorders (such as depression, eating disorders,
distorted body image, and low self esteem). Finally, patients with AIDS can develop

lipodystrophy or insulin resistance in response to combination therapies for AIDS.
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human primate, mice, and rats. Cells that may be treated include eukaryotic cells, e.g., from a subject
described above, or plant cells, yeast cells and prokaryotic cells, e.g., bacterial cells. For example,
modulating cQigReHNASsIAY be administered to farm animals to improve thgiraRilEYoIRs¥esastand
farming conditions longer. 25Sirtuin-modulating compounds that increase the level and/or activity of a
sirtuin protein may also be used to increase lifespan, stress resistance, and resistance to apoptosis in
plants. In one emboHirfites TBAEBTIRY-iS HpBraq sl HiageoBry st D HREERIHESIEW to fungi. In
another embadimgnktRlanisararaeneticaily mediteddo foraahicaiacampaunesidpefotear embodiment,

plants and frujts.are treated with a 30compound prigr to picking and shipping to increase resistance to
Camage durii GG AN B A SIS0 1B O e B W B SR herer ..

to preserve thesventindrolotkiey. embodiments, sirtuin-modulating compounds that increase the level
and/or activity of a sirtuin protein may be used for modulating lifespan in yeast cells. 5Situations in

which it ngay be desi@@ﬂﬁ%"el%’&ed?&éﬁﬁ,'Lflgﬁg‘?g;%ﬁé(ﬁﬁﬁ‘g%%Uﬁpiﬁtrﬁlﬂ%%{%&?&&@ﬁ% fLypich yeast is

used, e.g., the making of beer, yogurt, anc ery items; e.g., bread. Use of yeast having an extended
lifespan can rasufripctisingaessivieaspwtien mean ity tied/ asedecactim fotdonger puriowsnef time. Yeast

or other mammgalian Gl Pead ioF IREoRn RINARLY BIQIHE! 08 PLRIRIBSIMAY Fﬁﬁ@c@ﬁltﬁ%@&‘%ﬁ as

10described herein. Sirtuin-modulating compounds that increase the level and/or activity of a
sirtuin proteirsyi§Ay SREBeNt Y ks herbissbvitedp ancstiughtrabrstice ahissbliltifee to apoptosis in

inseots. In thip EEROBITIANIHPORMIITHOMCI R ARpEhiaNeelihinSesinyealy Beasagd other

insects that are involved in pollination of plants. In a 15specific embodiment, a compound would be

applied 18 be 8RBT MR Prestuitoncof HorlByh &ferBiy PifletftBissdERe988% herein may be

applied to anym@iganisma&itereiatypiaiditat 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 c%m£ounds fhat |n%re£§1%ﬁpe If?vel and/or 20act|V|tX of asir Llirllr&%rot%me may also be

used as a pesticide ny m%ﬁ%ﬁn%%ﬁ fhe regL’JISall iGN of Silenced Cgoem sug%Sd e reg&lsaetlon of apoptosis

during develdpmetmtdlnrthis emtoddisnent) proempoanbieradmibetappliethtooplbmtgiosidg@appethod known
in the art thatgpsures the compound is bip-available to insect Jarvae, and not lants. At least in view
ofthe Ik bet b B L IE SRS QR e the love
and/or détivitynofinl simgicopresinds drbe appliatadeatiendie adprodathontofropyeipismeysuch as

insects, animgésag&%qg{g{&pﬁgmtﬁm&w or%?@%%%%?i fﬁ%ﬁ@sys to determine sirtuin

activity have been described. For example, sirtuin activity may be determined using a fluorescence

based assay such as ) o ) )
In another embodiment, sirtuin-modulating compounds that increase the level

and/or activity of a sirtuin protein may be administered to reduce drug-induced weight
gain. For example, a sirtuin-modulating compound that increases the level and/or

20  activity of a sirtuin protein may be administered as a combination therapy with
medications that may stimulate appetite or cause weight gain, in particular, weight

gain due to factors other than water retention.
Metabolic Disorders/Diabetes

In another aspect, sirtuin-modulating compounds that increase the level and/or
25  activity of a sirtuin protein may be used for treating or preventing a metabolic
disorder, such as insulin-resistance, a pre-diabetic state, type Il diabetes, and/or
complications thereof. Administration of a sirtuin-modulating compound that
increases the level and/or activity of a sirtuin protein may increase insulin sensitivity
and/or decrease insulin levels in a subject. A subject in need of such a treatment may

30  be a subject who has insulin resistance or other precursor symptom of type II diabetes,
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55 the assay commercially available from Biomol, e.g., the SIRT1 Fluorimetric Drug Discovery Kit
(AK-555), SIRT2 Fluorimetric Drug Discovery Kit (AK-556), or SIRT3 Fluorimetric Drug Discovery Kit
(AK-557) (Bigypoloaigynayonal, Plymouth Meeting, PA). Other suitable sirtypagsans,iiigkdse a
nicotinamidc release assay 5 (Kaeberlein et al., J. Biol. Chem. 280(17): 17038 (2005)), a FRET assay
(Marcottc et al., Anal. Biochem. 332: 90 (200% and a C14 NAD boron resin binding assay
(McDonagh eV iiadimsdL Babeias o003 Vet siReloxtipRaiprshhros soaguinra s

radioimmunoassays(RlAguigeintiialion praxjodityassayssutl késinases agsaysimgigeporter gene
assays (e.g., for transcription factor targets). 10An exemplary assay for deteymining sirtuin activity is a
roraeome D A A O A ST RS e S HERTBMF Rrein amd are 2o
gescrib_ed Cijn B@E@gbﬂeﬁﬂdtypmw@;@gﬂﬁﬁ?ﬁaﬁﬁim@ﬂh%@mb&;dhn@ﬁf@hslﬂlhﬂﬂ @latiw;y meéy be
etermin usin mass ectrametr as assays. amples of mass spectrometr ased assays
e dosobod PV A BT A G Tact] T EoFa & BB ARG U UBB IR 05. el boed

assays may dlpodystughg.to determine sirtuin activity. Examples of cell based assays for determining
sirtuin activity are described in PCT Publication Nos. WO 2007/064902 and WO 2008/060400. Yet

other methods CO”tqmwﬂﬁ%ﬂﬂ%&&%ﬁﬁrﬁﬁﬂiﬁ%@&m&? Bnifetiy g GRERRREAS or agents

that modulate sirtuins. An agent may be a nucleic 20acid, such as an aptamer. Assays may be

conducted in v psHebacHY EB R Fret YR FEreRa RsIdM AN A sd P risp BOHpiRE thdaPating (or

contacting) a@f%@&tﬂi@%ﬁpﬁ%%ﬁ%g‘& H@ﬁ{o‘?ﬁé@éﬂ?&?iﬁdﬂgj&%ﬁléjﬁﬁ%?%@smﬁﬂﬂ|ated bY an agent
known to modulate the sirtuin, and monitoring or determining the level of modulation of the sirtuin in

the presthce B g cEmurlaiig tectresatsclsrel sty fssvilyarie THE DRIEINgP #odulation of a

sirtuin can bepdetgnniReReaYQILBTRNRE ksBRIboindraestyBidaisubsiigte. Exemplary substrates
are acetylated peptides which can be obtained from BIOMOL (Plymouth Meeting, PA). Preferred

substrates ingluge ”Pn(legfé%)g of p53, such as those comprising an acetylated K382. A particularly

preferred subs ate is Gor de Lys-SIRT | (BIOMOL), i.e., the acetylated peptide 30

Arg-His-Lys-Lys. Other substrates are peptides from human histones H3 and H4 or an acetylated

amino acid. SubstrategthraypisdsciogeniotHatsigammpraypdetisRIcresi hSTRT20ETR TS, or a
portion thereqf, QK A UplG SRABPIAASTRIL GAARS HRiAES M BN he reaction may be

conducted for about 30 minutes and .stopggd, e.g., with nicotinamide. The H DAC fluorescent activity
assay/dtg disseveykiith KBppMaiom SittteseeduiingenaRaiesy thalipe cise dhto elermine the

level of Sacetyl@liancainmar assaym pieteRsSaHPed iaBitiernanyebato@Qddkd Jiak, Ghem. 277:45099.

The level of modulation of the sirtuin in an assi%/ may be compared to the level of modulation of the

sirtuin in the FrSdhcEBIAGRB ot MEraTLdar T oSBT LoRfFamRR BES iTbed herein,
which may sefugersROSIIVRIET MegRtiMecciiolm RiftHns iPFipenit hiespapays.may be full length
sirtain proteirggor.portions 19 hereof Since it has been shown herein that activating compounds
appear to intetARNRRATR QL EHTAIRONPE] BYY P RYGREMSHSP LS TRTHEREOL SSRIABHS N-terminal
portions20f siduisn@@nsabout 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

In another embodiment, sirtuin-modulating compounds that increase the level
and/or activity of a sirtuin protein may be used to treat or prevent allergies and
respiratory conditions, including asthma, bronchitis, pulmonary fibrosis, allergic
rhinitis, oxygen toxicity, emphysema, chronic bronchitis, acute respiratory distress

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

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

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

30  rheumatoid arthritis, psoriatic arthritis, and ankylosing spondylitis, as well as organ-
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15test agent and an acetylated substrate under conditions appropriate for the sirtuin to deacetylate the
substrate in the absence of the test agent ; and (ii) determining the level of acetylation of the substrate,

wherein a lowgs BYshakasetylation of the substrate in the presence of the {gst aggibiglatiye to the
absence of the test agent indicates that the test agent stimulates deacetylation by the sirtuin, whereas

a higher 20 level of acetylation of the substrate in the presence of the test agent relative to the
absence of tHEtBS B4 ERHERCHISASHAF the REKPAEDIRIRRS Bkeraical By (He%htuin.  Methods
for identifyingdaragesbihaidmadylsteso geemasinyulatesiasiFivinstindplanmayeeasaprise (i) contacting a
cell with a test agent.and a substrate that is capable 25of entering, celllin the presence of an inhibitor
of class land 8@3%%%51,& ARG RERERIS R AP E oI sy IR 600 acetylate the substrate in
the absence afithienteshagsndidaid (ugideteymtninglipeaslenehomacsiyatthlisohthésubstrate, wherein a

lower Ievgl of a e%lation of th sgq{gtr ein tm $resence of l;[he test age trlel ive to the absence of
the test agenfl THefiCat Isletﬁg{yﬁgnt ageRtStutateS deAcatiation’ %%/ Re'&fitdih, whereas a higher

level of acetykytidroofethensiubistyataliscthie presence of the test agent relative to the absence of the test
agent indicates that the test agent inhibits deacetylation by the sirtuin. A preferred substrate is an

acctylated peptide, ‘i‘fh&%ﬂe{ﬁ@éﬁ%&{&ﬂ%ﬁ@@'é{JéLtﬁrﬁﬁg?@é%éﬁMﬁlli‘ﬁﬁgﬁgE%%Qﬁ%ﬁ%tThe method may

further comprise lysing the cells to determine the level of acetylation of the substrate. Substrates may
be added to dBRES#CANOSEIMPARIPEEREING B SHTHB ARt ML ROBEEL AR referably from about

IORM to ImM.gMzRaMAY %RﬁQfﬁ&W8ﬁmﬁpﬁk€fﬁpﬂﬂMe§ﬁWp§é%ﬁtﬁ% abeuh2Q0eM. A preferred
substrate is an acetylated lysine, e.g., 8-acetyl lysine (Fluor de Lys, FdL) or Fluor de Lys-SIRT1. A

preferref inhibjtor of class | and class Il HDACSs is trichostatin A (TSA), which may be used at
concenttations ¥8RYIRg from about 0.01 to 1001iM, preferably from about 0.1 to 10l0RM, such as
1RM. Incubation of cells with the test compound and the substrate may be conducted for about 10
minutes to 5 hours, prefethbhaspecibuitn-RhdupsingineepPSadithiitscatastabs lcxablasbies 1| HDACS,

and that certajnSHOYFAE RS GprdiHPRAE h/Ssdd A PRAGSHRSHAIR AL RIRTI ARchigyan less a substrate

for SIRT3-7, such an assay may be used to identify modulators of SIRT1 in viva. 155.Pharmaceutical

Compositiondlushirgansieuipehilsdigatiry Gorrpoumiisae st Alsewissrelivmasianecidhaulated in a
conventional mBRREHEHNG iA0G RS A& LHY SIRIALIARN AERPRIMBEEHICAILY ACFERtakle carriers or

excipients. For example, sirtuin-modulating compounds and their pharmaceutically acceptable salts
and solates 194 Brlrastig P forsidHaminisiation Y. orerbngienieodheiagsnsulo, IM, IP),

inhalation or iRgufiatiaIRIRELINVAUENIBEMIGHHE ahdNe RASEARELiRbRUGCAltisHRIINguUal, transdermall,
nasal, parenteral or rectal administration. In one embaodiment, a sirtuinmodulating compound may be

administered MSAIRMBRGHREH: RhBIend REpydeednsthras absisuinamadulating SRRRREAS organ, or
fluid (e.g., bloags ERrehkosRINA ity @BRIGVIty of a sirtuin protein to reduce the incidence or

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

20 In another aspect, sirtuin-modulating compounds that increase the level and/or
activity of a sirtuin protein may be used as a therapy for reducing the incidence or
severity of flushing and/or hot flashes which are side-effects of another drug therapy,
¢.g., drug-induced flushing. In certain embodiments, a method for treating and/or
preventing drug-induced flushing comprises administering to a patient in need thereof

25  aformulation comprising at least one flushing inducing compound and at least one
sirtuin-modulating compound that increases the level and/or activity of a sirtuin
protein. In other embodiments, a method for treating drug-induced flushing comprises
separately administering one or more compounds that induce flushing and one or
more sirtuin-modulating compounds, ¢.g., wherein the sirtuin-modulating compound

30  and flushing inducing agent have not been formulated in the same compositions.
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Sirtuin-modulating compounds can be formulated for a variety of modes of administration, including
systemic and topical or localized administration. Techniques and formulations generally may be found

in RemingtoRyyRhiafrasgutical Sciences, Meade Publishing Co., Easton, BiyRbRg/Rekgsal
administration, injection is 30preferred, including intramuscular, intravenous, intraperitoneal, and

subcutaneous, For injection, the compounds can_be formulated in liquid solutions, preferably in 58
physiologicallyY BEPts St bRSSTHE A SRS e WRamEH b i GRTE LB TREH. R addition, the
compounds raamhefasnylatadie sehdfosamandtraiisssvediorsusaeadaesdminadiaely prior to use.
Lyophilized farms are also inclyded. For aral administration, the pharmaceutical compositions may
take the formlgt%tﬁlfgf’rgl@é}%‘ﬁﬁe%? '11(3&? gﬂﬁlé‘g,ag%taéiﬁ%%?%ﬂaﬁ@ﬁ%?t8onventional means with
pharmaceuticallyiaseeptabié exdipidinig sukitiag hipting pgéntso(adeninseaddatofided maize starch,
polyvinylpyrralidone or hydroxypropyl methylcellulose); fillers (e.q., lactose, microcrystal | inc cellulose
or calcium hy 'Flgglél Bﬁ%é%%%%n u hé%?g%e.%tﬁ?ﬁ%iﬁ%l ?ﬁ%ntlgs ggr{% e%ﬁtlgﬁéngrnsll ita ;gdisintcgrants
(e.g., potato staneh ardg6olemesiacombidglty@othteo DBrattmgadestimieigdnsodiagerdauryl sulphate). The
tablets may ble qgggeg lpg methods well kpo ! in the art. Li%ultsj prepara jons for oral administration

did : ;
may take the form of, example, solutions, Syrups: erpgassspgnélonsPSc}’rc 0elfsr’nay be presented as a

for exa ple, solutions, syrups o
dry product fahcmeshitttiontwithcaleiten ohotherbdoitednie apdhintdlogifore use. Such liquid preparations
may be prepared by conventional means with 15pharmaceutically acceptable additives such as

suspending agents (g GneIPBIAIRYEHRIFRIURSS Aeryalives ehdyareasnaigdrdible fats); emulsifying

agents (e.g., lecithin or acacia); non-aqueous vehicles ée.g., almond oil, oily esters, ethyl alcohol or

g Ie ;
fractiondfbd VYRS G P fant BraduRIsi B8 B G S FHEtRAYF H FBISYIns- $kipbRyBetfzbates or sorbic
acid). The prepgsalions say als0seniabziiifpicralisy RflenEnscaalling RASEWRRISNNY agents as
appropriate. Preparations for oral admijnistration m-%ﬁ;,be suitably formulated to give controlled release

of the active ASFEBURLR XYY Ll FITSF RO By IHHERBH(RUGS FRIMROHAHREIRRR)§CS
sirtuin-modulgingeomppeingdsimgyobe gaauepierily deyiveragdndhediamioflanaskosnkapray
25presentation. from pressurized packs ar a nebuliser, with the use of a suitable propellant, e.g.,
dichlorodifluo‘?ﬁf‘ﬁé@%ﬁﬂ ,Wﬁ%ﬁ%?&gﬂfc&]&m&hane, dichlorotetrafluoroethane, carbon dioxide or other
suitable gas. In the case of a pressurized aerosol the dosage unit may be determined by providing a
valve toldeliver a méteveaiimmonbed @zgpéulesinveh tantrityedes fengthoéfatitrctdmgsadripan inhaler or 30

insufflator m%&%ﬁﬂﬁgﬂﬁ&%ﬁﬁ%@%@&%@&ﬂﬁ?ﬁ&%&% SRMRoHNg, 3pd,2 suitable powder base

such as lactose or starc Sirtuin-modulating compounds may be formulated for parenteral
administratiofichychsjeation cakpdingenblins mpibaomnuelvemtimusigirgionmpepatingtions for injection

may be preseniad ot dPRRAS IOy 18 1 JAAPRANGS OF il HeREGENIRE!S, with an added

preservative. The compositions may take such 5forms as suspensions, solutions or emulsions in oily

or aqueous vEHIIBE AfRIcHes Rk ISRAUR IS SHRECSEALYS stIbeEHamE, tBeaBRtARtY and/or
dispersing a%@ﬁv&'%%@‘@Xiﬁﬁ%%%%ﬁdﬂﬂé%ﬁ?lﬁﬁﬂ@y fagtimpeudendosi ferpapstitution with a
suitable vehicle, e.g., sterile pyrogcn-free water, before use. ) )

activity of a sirtuin protein to reduce flushing side effects of antidepressants or anti-

psychotic agent. For instance, sirtuin-modulating compounds that increase the level

and/or activity of a sirtuin protein can be used in conjunction (administered separately

or together) with a serotonin reuptake inhibitor, or a SHT2 receptor antagonist.

25 In certain embodiments, sirtuin-modulating compounds that increase the level
and/or activity of a sirtuin protein may be used as part of a treatment with a serotonin
reuptake inhibitor (SRI) to reduce flushing. In still another representative
embodiment, sirtuin-modulating compounds that increase the level and/or activity of a
sirtuin protein may be used to reduce flushing side effects of chemotherapeutic

30  agents, such as cyclophosphamide and tamoxifen.
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Sirtuin-modulating compounds may also be formulated in rectal compositions 10such as suppositories
or retention enemas, e.g., containing conventional suppository bases such as cocoa butter or other
glycerides. wdn@agdiigssto the formulations described previously, sirtuin-gegylalingosgggounds may
also be formulated as a depot preparation. Such long acting formulations may be administered by
implantation (for example subcutaneously or 15intramuscularly) or by intramuscular injection. Thus, for
example, sirtuin-molidRHS CHRRKMARt A BleROrtatiRe qantite wRitaihret BskseriecdF¥ildrophobic
materials (forspyampleas T £ Bnulsiopn die A nAscePiRble@ i dIciomexEangedsinseor as sparingly
soluble derivatiyes, fof example, as a sparingly soluble salt. Controlled release formula also includes
patches. 201N B&HAR ?ﬁBﬁ@ﬁﬂQﬁe@’ ﬁﬁ@b ﬁﬁ@?&escribed herein can be formulated for delivery to
the central nervous system (CNS) (reviewed in Begley, Pharmacology & Therapeutics 104: 29-45
(2004)). Conventionkl apphonciésdone. gidelivergdtdatiee CNS incldatahavroswrdicdé sttategies (e.g.,
intracerebral pjecti o 0 ' rinfusiqn); ' 1 the agent (e.g.,

25 prod u?:tiong%(?/gygf?itngﬁetﬁcg ﬁﬁﬁ%}g@?ﬁﬁ}g&:g}nﬁﬁg %‘%&%‘%ﬁ%@g{%ﬁtﬁs&i an affinity for an
endothelial canisbigtiee heslexmyln somibmzaiaiig cmagerstHut iosrseseithcdpadiandf@rossing the

BBB) in an atempt,18explailopo RiFEANARgaNR LS HANSRATLAANNRYR f{dhe BBB; pharmacological

strategies designed to increase the lipid solubility of an agent (e.g., conjugation of water-soluble
agents to lipid or 30cholesterol carriers); and the transitory disruption of the integrity of the BBB by
hyperosmoticfi&fpéiP1¢e liting from the infusion of a mannitol solution into the carotid artery or the
use of a biologically active agent such as an angiotensin peptide). Liposomes are a further drug
delivery system whi€misaspsityfrifeciadient Accortiingbya indthe diethdd ofirgyertiomther active
compouyls cgi AlERNESAUIVNIRIeIEAIL NG (RUNALAURSRRME JElGH. SR, hiposomes are
well-known by a person ski glnt e art. Liposomes can%e orm dﬁ rom a variety of phospholipids,

such as cholebl@gﬁl,@t@’&@tam@d@@@phdsmétfdy@h@ﬁﬁmlm@d@h@ﬁ bsedvie oA the method of
invention enc@%ﬂﬁé&e@ﬂic%ﬁ?§c@@%9§&ﬁ?ﬂﬁﬂ%@'aQHEﬂQB&IfErHE‘?ﬂz&ﬁvé%@PeUﬁ"ame"ar vesicles,

large unilamellar vesicles ahd multilamellar 10vesicles. Another way to produce a formulation,
particularly a solution, of a sirtuin modulator such as resveratrol or a derivative thereof, is through the

use of cyclodextrin. ByPESRIBARGAH & HieSREAtion. it Visigr|BpRAtmenES Gpisdhhddréfescribed in
detail in Pitha@tial optchdiat oNesrdsl216:864s Wwhieh isipeaiperates e, ytieiaerce.

Cyclodextrins are cyclic oli ers of glucose; these compounds fond' inclusion complexes with any
g whbe TR SRR TRB KOS B U Ot B H A e, | Feapdly
disintegratingotiietlisadiving cpbadientari)optie usetuddorntia s apidedisaptinmepatticutarie buccal and

sublingual ab\%% tion;ﬁf Ipharmac%l{)vﬂﬁ&!%ancftive 20agents. Fast melt d%)si%%e uforms are beneficial to

patients, such'as aglyse0 and 568%1% fic patien S K())mhoe]ig\J/d(]—%1 Hﬁﬂlculﬁ]l%;?r‘%v%?owmgnf 5%5%8% dosage

forms, such asidaptatsopind tebtéis. 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 patientis Mot RpYSASFIMPRNER SRl AGLE RIPIAgE RQIAKEH 87 retinal
20  damage. In particular embodiments, retinal damage is caused by disturbances in blood
flow to the eye (e.g., arteriosclerosis, vasculitis). In particular embodiments, retinal
damage is caused by disruption of the macula (e.g., exudative or non-exudative

macular degeneration).

Exemplary retinal diseases include Exudative Age Related Macular
25  Degeneration, Nonexudative Age Related Macular Degeneration, Retinal Electronic
Prosthesis and RPE Transplantation Age Related Macular Degeneration, Acute
Multifocal Placoid Pigment Epitheliopathy, Acute Retinal Necrosis, Best Disease,
Branch Retinal Artery Occlusion, Branch Retinal Vein Occlusion, Cancer Associated

and Related Autoimmune Retinopathies, Central Retinal Artery Occlusion, Central
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25taste masking and the extent to which a patient may object to throat grittiness of the active agent.
Pharmaceutical compositions (including cosmetic preparations) may comprise from about 0.00001 to

100% such agdfrosRdQ4sto 10% or from 0.1% to 5% by weight of one or rpgkgRYtHERRdulating
compounds described herein. In 30other embodiments, the pharmaceutical composition comprises: (i)

0.05 to 1000 mg. of the compounds of the invention, or a pharmaceutically acceptable salt thereof, and
(i) 0.1 to 2 grRMEYr BB St hanalcdtntafareEsamatRdiisnidiscasc-sHBaEHodiment, a
sirtuin-modulatingieneppunid dpsesiiedber eiacisdnaatparamebinte Miopiaat dermaulatiap-containing a
topical carrier that is generally 5suited to topical drug administration and comprising any such material
choun i the AT NG AR A 0 L6 SR B AN BT RE COp i the ceshed
form, e.g., aslamleiatihSnbatatioNeoressinimicraemudsiophget Oifswadutiaoylar thizdike, and may be
comprised of a material of either naturally ogcurring of.synthetic origip.. It is preferable that the selected
cattior not oLy SHEU A A R A T R S ERLL LR AR formulnton
Examples of SuitaplrdopidattosiriBestbmese RevkforatciuBetinat&rctatdmnois and other nontoxic organic

solvents, glyGefin, MIBGIRLRL RSlIEASe RSNl ISl lanelin, P AsidR.Yoagiaple ofs. parabens,
waxes, and the liRe. ormulations may Be colorless, odorless ointments, lotions, creams,
15microemul$ignsatedag €81V ReSintuinReimehiibstgneo Ryymepdthy\PbarisvotyoRatdshirito ointments,
which gener S5 i I'Q rﬁg'h 5 'glﬂ reqd ' ﬂyp ReHN, PeIR By ther petroleum
derivatives. '?’%% s;c)?gu Sc;:] %%n%ﬁp@ase%o% f)é(/a\%ésleg% gs%\%ﬁge ggﬁgg)a{% %;y tkos@%ﬁ?&d in the art, is

one thatl O_Vill_ ﬁﬂcm@l@l(fbimpﬁ?ﬁ@&ﬁ@tﬁ@m?éhveﬂu@nﬁ@@ﬁﬁ@mmW Wﬁlmcﬂﬁdeqmtbrher desired
CharaCte”St'Cﬁ@&‘ﬁ’@ﬁe‘ﬁ&g&fﬂ%‘,"§&ﬁ¥e‘ﬁe¥ﬂ?o§'é‘tﬁs_f§51‘é’ﬂ§&f’§ Hﬁﬁﬁ@%@%ﬂﬁ@ﬁ[ﬁs’ an ointment base

should be inert, stable, nonirritating and nonsensitizing. Irtuin-modulating compounds may be
incorporated iritBdsResss, which generally are preparations to be applied to the skin surface without
friction, and are 25typically liquid or semiliquid preparations in which solid particles, including the

active agent, are prex@pt dxaipRigrdNcaleohallbdsecliatipnscag hsualbhsyspensions of solids, and
ounds may

may comprise a liquid oily emulsion of the oil-in-water type. Sirtuin-modulating com
b Incorpor il HHS SRS BRI A LS REAGHbr CERTUCTPEN (G181 S her
oil-in-wdter oHsgier Sndpleit. GreaWaastla dsterateraydShableyadndraontdiitanidinpiase, an emulsifier

and an aquequsniphaae The owrﬁ%%ﬁé%generall% Sponélgrlsed of ¥BetroJ[atLim and .a fatty alcohol such as
a pha

U ficienc as we TESSIVE OULCT rétina Cros1s . .
cetyl or steary'i][1 co oﬂ € aaueous e usually, B ougln no necessarlllie, eXceeds the oil phase in

volume, and genarkity toHidnrs atherbiévtastodihedmdlsifier imawredmcdonculatonatad explained in
Remington SocuBI Fidases. In addition, ocular diseases include fungal infections (e.g. Candida
choroiditis, histoplasmosis), protozoal infections (e.g. toxoplasmosis) and others such

20  as ocular toxocariasis and sarcoidosis.

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

25  modulator disclosed herein.

Another aspect of the invention is a method for inhibiting, reducing or treating
vision impairment in a subject undergoing surgery, including ocular or other surgeries
performed in the prone position such as spinal cord surgery, by administering to the
subject in need of such treatment a therapeutic dosage of a sirtuin modulator disclosed

30  herein. Ocular surgeries include cataract, iridotomy and lens replacements.
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5generally a nonionic, anionic, cationic or amphoteric surfactant. Sirtuin-modulating compounds
may be incorporated into microemulsions, which generally are thermodynamically stable, isotropically

clear dispersiggsabiyvesipmiscible liquids, such as oil and water, stabilizeg 8y, ahiigtaréasial film of
surfactant molecules (Encyclopedia of Pharmaceutical Technology (New York: 10 Marcel Dekker,

1992), volume 9). Sirtuin-modulating compounds may be incorporated into gel formulations, which

generally are semisOMPGFERIRRCtHGS iy YR didP s treperrabriacHdie ifibiienamshorganic particles
(two-phase systpma)@iclataemigania faatacuies dist iisies stlesiantiadbtanitoramy dhwoughout a carrier
liquid (single phase gels). Although gels.15 only.employ aqueous carrier liquid, alcohols and oils
can be used getﬁgags#)@?q ﬁﬁ#%%@af ton %%[}?@Péﬁw@]g&%{q% ﬁ?ﬁ?ﬁéﬁj B’ ihcluded in formulations,
e.g., other anidinflaswriagary thgeitifcanaigesdicSswhtineiarobiak agenisudotiiwagabagesirtajmntibiotics,

vitamins, ntloxgl?lg%%r%%dlggeg lock agents commonly found in sunscreen 20formulations including,

but not limited{5, ah 7 1?i)phenones (particularly benzophenone-3), camphor derivatives,

cinnamates (e.g., octyl methoxycinnamate), dibenzoyl methanes (e.g., butyl methoxydibenzoyl
methane), p-aminob&hobier asndctA B [asdtterivabiv escisateof onfidasakeyRitdaniegs. todiy| salicylate).

In certain topigal é%@‘é&'y QRSN ARHYE AGRNbISRIGREA 1Y g&ﬁm%ﬂhwﬁﬁ@sﬁ@@aq@f

approximately 0.25 wt. % to 75 wt. % of the formulation, preferably in the range of approximately 0.25

wt. % to 30 wicod of tHehfBr¥tatfohthsiaPeubieforaBs hapE vEhEe B PP Al RETH wt. % to 15 wt.
% of the f0rmﬂb@%{b@&%&%&&%&@%ﬁ&g@Qor@m&y%apﬁfm{@@ﬁ@héal&%y%ftﬁr’JsQﬁNt- % of the

formulation. Conditions of the eye can be treated or prevented by, e.g., systemic, topical,
30intraotilar SHieetEH PenERRbiPE M8dulating compound, or by insertion of a sustained release device
that releases a sirtuin-modulating compound. A sirtuin-modulating compound that increases the level
andlor activity of a slrtoite probedimeay, bedsbirared idragpbgitmaceayicadlydcdegptatle ophthalmic
vehicle, suchct(l;lat gh%(fsotr&pt%lejndea{ mng&in%aipee%dﬂo%oo %ct alirtgitg%grcuollggescgggce for a sufficient time
5period to aIIowH%Pleucompoun to penetOraPe the coreal and Tnternar regions of the eye, as for example
the anterior chamibenspaesterideCivaintiescvitrebtisnsotiyyaquecistatiomodrwgtregiushwmpr, cornea,
risfciliary, leng, Ahiproid (g, a0 selsra, The RRRMEseHiisalik:ageepiable gphihgimic vehicle may,
for example, be an ointment, vegetable oil or an encapsulating maPerla : ﬁternatlveﬁ/, the compounds
of the 10 invéntoneniay bedapatddaitectly into the vitreous and aqueous humour. In a further

alternative, the compounds may be administered systemically, such as by intravenous infusion or
injection, for treatmaptAb R RMEment, a sirtuin modulator can be administered in conjunction

with a therapy for reducing intraocular pressure. In another embodiment, a sirtuin
modulator can be administered in conjunction with a therapy for treating and/or
preventing glaucoma. In yet another embodiment, a sirtuin modulator can be

20  administered in conjunction with a therapy for treating and/or preventing optic
neuritis. In one embodiment, a sirtuin modulator can be administered in conjunction
with a therapy for treating and/or preventing CMV Retinopathy. In another
embodiment, a sirtuin modulator can be administered in conjunction with a therapy

for treating and/or preventing multiple sclerosis.
25  Mitochondrial-Associated Diseases and Disorders

In certain embodiments, the invention provides methods for treating diseases
or disorders that would benefit from increased mitochondrial activity. The methods
involve administering to a subject in need thereof a therapeutically effective amount
of a sirtuin activating compound. Increased mitochondrial activity refers to increasing

30  activity of the mitochondria while maintaining the overall numbers of mitochondria
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Sirtuin-modulating compounds described herein may be stored in oxygen free  environment. For
example, resveratrol or analog thereof can be prepared in an 15airtight capsule for oral administration,

such as Capgugsfsngizer, Inc.  Cells, e.g., treated ex viva with a sirp¢ipRos4latEgscomMpound,
can be administered according to methods for administering a graft to a subject, which may be

accompanied, e.g., by administration of an immunosuppressant drug, e.g., cyclosporin A. For general
principles in fedicHAR RN BAS thénrastiins dheRumbars o geenhPRdrad)oshrneseis iansplantation,
Gene Therappiogoeaisiatirimyagtheyapyhbyties MasshondiVybdbekidan, eds, Cambridge University
Press, 1996; and Hematopoieti¢c Stem Cell Therapy, E. D. Ball, J. Ljster. & P, Law, Churchill
imestons. SO0 A A T BB 8T et BLART o MG cam be
25determined by ftarsarnd pbast acedhoaldpicd ee duigdnol eéd disdtse D odisxpierinasicahadimals. The

. 0 : ; ; > 0
LDso is tEe d‘%%letha to io /loig%%e ngulatlon. The EDso is the dose therapeutically effective in 50%

of the po ulatlo%.nilﬁgc 08e fat BYE8H toxic and therapeutic effects (LD50/ED50) is the therapeutic

index. Sirtuin-modulating compounds that exhibit large therapeutic indexes are preferred. While sirtuin-
30modulating compbugkitithambrdibictoximsibeds flectesatiag decasedrcdiserdnvuitibeaaliken to design a

delivery systefp{nAIBHABIE:SHCh FAMARAIGAIRIG ik ol afiRciect d it ingyler to minimize

potential damage to uninfected cells and, thereby, réduce side effects. e data obtained from the

cell culture asybipsingfenimaltedherdighAvsbiociniMennadidondizeraste srdédgadorluse in

humans. Thec@@ﬁﬁﬁﬁ&f ﬁd?hrﬁ%@@%%ﬁi@ééﬁ@ﬁc%ﬁb%ﬁﬁ%ﬁ@ %ﬁ%ﬂéﬂ%l%ﬁ%@ﬁtaﬂons that
include the EDso with little or no toxicity. The dosagehrgg%ggr within this range depending upon the
¥

dosage f8rm Bipioetnd di ortero aer RIS tRARS HYRelifp dpshistsushesagse therapeutically

effective dosecaaiQgRslimatadiniialitfiamestheutitce Rssaydr dase MpayiRedatmdrted in animal
models to achieve a circulating plasma 10concentration range that includes the 1Cso ‘i.e., the

concentratiort bt ETELPRBIO4 RE RBFRRIRSES TP HAHIRERIT AT HAMSHEH BASY 5) as
determined imesdhessldireisSudebs imtarmation srifidrousatic oo Rrtuniely detdrnine useful doses in
humans. Levels in plasm be measured, for.example, by hi erformance liguid
chromatogragii)° .wﬁ@&]%%aBr%%r@éﬁ%&?é&‘@&ﬁ%%ﬁ{gat%?é}%ﬁ&a%aiﬂ%purposes or kits
for modufatingnjbe litegpantsfwetspentmoiulatiograpaptekish Acki meyprgripkiBevadergs more
sirtuin-modulating com O(P(rfdsa e.%.d inh[i)rﬁm(f‘asfurletd doses. A kit may optionally comprise devices for
contacting ceftgy |?I§|l§hencorlnsgoslfrsl S And instructions 20 or uger Bél\/lces include syringes, stents and
other devices for introducing a sirtuinmodulating compound into a subject (e.g., the blood vessel of a
subject) or applying it &stiae s estimeiibjde iInvention yse vidotiestbedb delitiesitn gedivioesstion provides

?t hcompOSitiO%P&i%@&@rtﬁ&%ﬂﬁ%ﬁeﬁlr i Mre LRl ISIBNENIRR /e anqiprdherapeutic agent
e

administering to a subject in need thereof one or more sirtuin activating compounds in
20  combination with another therapeutic agent such as, for example, an agent useful for
treating mitochondrial dysfunction or an agent useful for reducing a symptom

associated with a disease or disorder involving mitochondrial dysfunction.

In exemplary embodiments, the invention provides methods for treating
diseases or disorders that would benefit from increased mitochondrial activity by
25  administering to a subject a therapeutically effective amount of a sirtuin activating
compound. Exemplary diseases or disorders include, for example, neuromuscular
disorders (¢.g., Friedreich’s Ataxia, muscular dystrophy, multiple sclerosis, etc.),
disorders of neuronal instability (e.g., seizure disorders, migraine, etc.),
developmental delay, neurodegenerative disorders (e.g., Alzheimer’s Disease,
30  Parkinson’s Disease, amyotrophic lateral sclerosis, etc.), ischemia, renal tubular

acidosis, age-related neurodegeneration and cognitive decline, chemotherapy fatigue,
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25same 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 sepagaiefigraagforms are packaged together or otherwise attachpghtq;@goagsher such that
it is readily apparent that the separate dosage forms are intended to be sold and administered as part

of the same regimen. 30The agent and the sirtuin modulator are preferably packaged together in a
blister pack oftheiFRT-eRERRs HRcids e Measine efdE cgrlps e RS Bumrtrdorieifers (such as

foil pouches @ thailikhihaitcadheisepgtpaniby theouseidead ddateasng edsgeare lines between the
two containers‘?. In still. another empodiment, the, invention provides a kit co a%ﬁ"ﬁ%ﬁn 5zeparate

[
vessels, a) a %’ﬁ‘ﬁ%uﬁﬁté%‘hISszFt%tPﬁWét?'n\I}Iétﬁ]t‘foorﬁlgl%axB?Sé'ﬁ%t D8 Sfehil those

described elséwheratiorthe specification. The practice of the present methods will employ, unless
otherwise indicated, conventional techniques of cell biology, cell culture, molecular biology, transgenic

biology, microbiolo ' %l\ﬁ; iy i ithy il-of the art. Such
techniqu?s are exp?gqlﬁ{é%gl (f?ﬁl?/%ﬂt%e iteergﬁsjrr%g. Sec, '}gé?eg%?\nﬁ%g,nl I\%ﬁé}g{ gfr& é??ﬁ%qﬁx%gboratory
Manual, 21d Eehraseussyl=ribebok ardifsohtmnd Niamiateliceid Sy plafodetbbibosatory Press: 1989):;

DNA Cloning,, ¥ olmes-diang Ui ¥ n Jayeia0uc G0 nidUaaRUASeUps SitBesis (M. J. Gaited.,

1984); Mullis et al. U.S. Patent No: 4,683,195; Nucleic Acid Hybridization (B. D. Hamcs & S. J.
15Higgins edgMbogimentsapshipaeHVAHRR FRIARMIER TBY DS Mty gaichaihygits etls. 1984); Culture

Of Animal Celisc(Re infrrashingyaMlanii bipaciic ,aﬁa%)a&?m@%m&%ﬁﬁfe%apmsss (IRL Press,
1986); B. Perbal, A Practical Guide To Molecular Cloning (1984); the treatise, Methods In Enzymology

(Acaderhfc PI8IEHERS Wit MusRi¥ F¥alierdY vectors For Mammalian Cells (J. H. Miller and M. P.
20Cabs eds., 1987, Cold Spring Harbor Laboratory); Methods In Enzymology, Vols. 154 and 155 (Wu
et al. eds.), ImmunobhemidalehMbtidadsnit, Ciethih modiewiglacBiologls (Mayer aothWalker, eds.,

Academic Press, London, 1987): Handbook O rimental Immunology, Volumes 1-TV (D. M. Weir
A C. G Bl R e A I e SR 00t L aboratory
Press, Cold 258phyngdderiore Novknt 986 tHe X NP RIGAIFIEMNto sevidhe fatedmtientiow being generally

described, it wiIIS} re readi unfd 1stoo reference tq.the followin mples which are included
merely for pu?np}(’)O e%%%iﬁﬁ@%%%ﬁ% eceret%ﬁ'e g%}é)éﬁ 5%}?3%%0 |n§')?él}1d?,sog%t ﬁfﬁ@%&%t invention, 30and

are not irftendisfinedimithrerimvertibm brarsentym\oapisin/d FussepPeT 820091068865 Example 1.
Preparation QB§1{1‘&%’}>{B§1%H§RI@&&QHQPQMHH§1@B{11@gﬁ?H{é?{éamﬁ-@é%fre syndrome (with
ophthalmoplegia, pigmentary retinopathy, cardiac conduction defects, cerebellar
ataxia, and sensorineural deafness), the MELAS syndrome (mitochondrial
encephalomyopathy, lactic acidosis, and stroke-like episodes), the MERFF syndrome
20  (myoclonic epilepsy and ragged red fibers), limb-girdle distribution weakness, and

infantile myopathy (benign or severe and fatal).

In certain embodiments, sirtuin activating compounds may be useful for
treating patients suffering from toxic damage to mitochondria, such as, toxic damage
due to calcium accumulation, excitotoxicity, nitric oxide exposure, drug induced toxic

25  damage, or hypoxia.

In certain embodiments, sirtuin activating compounds may be useful for

treating diseases or disorders associated with mitochondrial deregulation.
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Preparation of 2-(thiazolo[5,4-1dpyridin-2-yl)aniline: 5 A mixture of 3-amino-2-chloropyridine (3.85
g, 29.95 mmol) and 2- nitrobenzoyl chloride (5.56 g, 29.95 mmol) in pyridine (50 mL) was stirred at 0 C

for 1 h and tkeg aliapgadgmperature overnight. Water was added and the pqaiREsS farned was
collected by filtration and dried to give N-(2-chloropyridin-3-y1)-2- 10nitrobenzamide as a white solid

(8.52 g, crude yield: >100 %). A mixture of N-(2-chloropyridin-3-y1)-2-nitrobenzamide (12.98 g,
46.75 mmol),’&?@?@?ff’i@."f%.% mmol) and pyridine (80 mL) inp-xylene (310 mL) was heated at
120 C for 18 hours. Stirring was discontinued for 30 min, and the mixture was cooled to 100 C. The
upper clear solutionlwashtransbededcatsdtbo noentiatgttanid Svactimdioflowebbyitgeraddition of ethanol

(50 mL). The suspension,was heated. at 75 C for 30 min issolve the product, filtered while hot,
cooled to roo TR e e PO Fivation, washec
with cold ethawtilasing deispomndaBavexngivie, sichidectixting afhpeReds ovpyeitintahjd)-2-
nivobenzemide aod & GroUQPLENNERaIo Ry dnG 43 fueloqid 400 200, The
above crude %ﬁﬁqre%%go g) iron (11.50°g, 20161%1 nﬁmq . ang%%E4C1 17.63'%, 329.61 mmol) in
Me01-1/1-12GX80/20 phiyipsddrheatmgras retivitieor @choursibithe reaetisdingirtureoplas cooled to room

temperature giextragid Wit LRIBY | ASE IR ERE HIOARIAJAVEFY 35 IRANASIHAGE, NV aelf0 and

purified by chromatography 25on silica’gel to give 2-(thiazolo[5,4-b]pyridin-2-ypani | ine as a yellow
solid (3 g, 2898KaBRS Beskings yagsy. a Snduiance = ehing osols et 87 SSBPOT AYSP009/068865

Preparation of 2@ chalidinank vamsEd)ibiataleidn, 1R BYEIIRZ diaBiliAe increasing
10 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

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

20  endurance in their performance, such as, for example, body builders, bicyclists, long
distance runners, short distance runners, etc. Enhanced sports performance in
manifested by the ability to overcome muscle fatigue, ability to maintain activity for

longer periods of time, and have a more effective workout.

In the arena of athlete muscle performance, it is desirable to create conditions
25  that permit competition or training at higher levels of resistance for a prolonged

period of time.

It is contemplated that the methods of the present invention will also be
effective in the treatment of muscle related pathological conditions, including acute
sarcopenia, for example, muscle atrophy and/or cachexia associated with burns, bed

30 rest, limb immobilization, or major thoracic, abdominal, and/or orthopedic surgery.
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5DMF (0.15 eq) was added to a solution of 6-hydroxy-5-nitronicotinic acid (1 eq) in SOCI2 (4.7 eq).
The mixture was heated at reflux for 8 h then concentrated in vacuo. The residue was taken up in

CH2CI2, coolgg 1p1iA%ssand McOH (1.4 eq) added while maintaining the ipiefRabligorgsadure below
-30C. Agueous NaHCO3 (1 eq) was added and the mixture allowed to warm to room temperature. The

organic 10phase was separated and concentrated jin vacuo. The crude residue was crystallized from

EtOH to give methy! 6-6HIHB BORRAMTS A IEedPpiRiayides RO¥EHERt P BINRRIRYS

6-chloro-5-nit¢enigatingtetlieolignpendee(fod R hareNFLEL3, (nd eakiidiePtkivas heated at
75C for 2 h. Tpfe mixture was_passed through Jg)ad of celite while hot and concentrated in vacuo to
give methy! SR SETAR AR TR E PR PP TSNS (D E U oS HAHEEISS solution of

methyl 5-amitie:ap eltiorasiigaiiitates( Toedy antibiwritighehzaoibeh latidas(df2neapinngH2C12. The mixture

was stirresd at room Eem erature f rlOﬁ.@n’t\céé%%:ent{aftgd in v Cﬁtlo. H20 was adlde . and the resultant
solid was’ colle&téd by Hitratish “AASEd With' T5%nt 8ed 1 grig Rydthyvervee
6-chloro-5-(2nitadbedzamiticyaicatinatd (dB &spaekd)equiridg rmdiveaaf méthybrs requiring
6-chloro-5-(2-nitrobenzamido)nicatinate (1 P2S5 (2.1 eq), and pyridine (7.6 eq) in p-xylene was
noated at 150D s Ao g Eoh SNSRI AIRER o moerature. The
resultant precifitae ytas ebftectediynfiativbohpdrdredto give methyl 2-(2-nitrophenypthiazolo[5,4-
b]pyridine-6-carboxylate (57 % yield). A solution of methyl
2-(2-nitrophegypihiazelo[5,4-1)]pyridine-6-carboxylate (1 eq) in THF was added over 8 h to a mixture
of lithium aluminum hydride (LAH) 10(4.4 eq) in TI-IF maintaining the internal temperature at -55C.
The reaction mixture, was stirred an additional 4 h at -60C. Acetone (18 eq) was added followed by sat.
2 Nao 3. The resu T B fase EIEL LY BB RSB UTHRE Phi combined
organics wergigoicgmnikdtedadn baaswl dndiikeicguderesioliteorystatfzedbiro(mucHACI2 to give
(2-2-nivophemyhigzalole - oloyridin Gydmelhanol (000 J2viekl o) T chiarfe (3.1 mol, 227
mL) was slowﬁ/ added 16 a room tempera uPepsuspensm of £ agents.
(2-(2-nitrophemyitiazolo [Sirdubhppddiaiégy@mponadoth(@. 62 ok th80eg}linr@let 281h2ty1.8 L). DMF (5
mL) was added and the reaction became.h neous.The reaction was stirred for. 1 h, then
concentrated%l;fir?1 éﬁ%%ﬁﬁfegﬁp%éa s%%ea. Hél%{?lrjc?eeai%gpﬁoogﬁcctovr{/ﬁa)é%%snﬁve% meg 2\'CY,11t (150 mL) and
concenttated amethar tbd@oedigregmior Tedreatienydduct Wasastradedwitieharbediz00 mL X 3)) and

ried urder vagun 06 460G G RIATEL R RUIARRE NRNPaPIlR i lpyricine as tar
¥ prot%%rll may. be administered as part of a combination drug therapy with another anti-

fungal agent.

Subjects that may be treated as described herein include eukaryotes, such as
20  mammals, e.g., humans, ovines, bovines, equines, porcines, canines, felines, non-
human primate, mice, and rats. Cells that may be treated include eukaryotic cells,

e.g., from a subject described above, or plant cells, yeast cells and prokaryotic cells,
¢.g., bacterial cells. For example, modulating compounds may be administered to

farm animals to improve their ability to withstand farming conditions longer.

25 Sirtuin-modulating compounds that increase the level and/or activity of a
sirtuin protein may also be used to increase lifespan, stress resistance, and resistance
to apoptosis in plants. In one embodiment, a compound is applied to plants, ¢.g., on a
periodic basis, or to fungi. In another embodiment, plants are genetically modified to
produce a compound. In another embodiment, plants and fruits are treated with a

30  compound prior to picking and shipping to increase resistance to damage during
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Pyrrolidine (2.8 mol, 203 g) and K2CO3 (2.8 mol, 395 g) were added to a 25suspension of
6-(chloromethyl)-2-(2-nitrophenyOthiazolo[5,4-b]pyridine (0.52 mol, 175 g) in CH3CN (1.7 L). The
reaction mixtyig Wasesikesd at room temperature for 16 h. H20 (1 L) was aggeq&dadolhgdgpdxture stirred
for 30 mm. The CHICN was removed under vacuum and the resulting mixture was extracted with
CH2C12 (3 X 1.5 L). The combined organics were washed with brine, dried (Na2S04) and
concentrated SHRBEEVRIRIT I GV @ batepAeg 18 GOyRRON L5 fHBEHYIHIAz6/8¢5,4- 1Thyridine
as a dark oil d50ger?6 fHenield). Iron powder (55 mmol, 3.1 g) was added to a solution of
2-(2-nitropheny1)-6- (pyrrolidin-l-ylmethypthiazolo[5,4-b]pyridine (11.1 mmol, 3.8 g) in CH2CI2 (100

5mL) followed by aclef‘ltic acid a(O) % tThse r{eactior& mjt)1<ture was hgggﬁd at refluxtﬁ%rlg hpurs then

Other € 1N-modu. .compoun t TNCrease \i¥
cooled to room temperature. ?14 g) was a dedin popr?lons. he mixilre was passed through

a pad of celiterasiier vipigetywiflh SHACHR Thenepihined ftratekilveng Wastrad witadladBO3 (3 X 20 m
L), dried {Mg . ) : . ' .
2-(6-(pyrr$olid%@%ﬁ%%ﬁ%l)t g@%%%ﬁ%ﬁﬁggg%%ggm é?éf%%}{go f@ée %%t 3C/?elz %ina%ugeyellow solid.

Preparation oﬁ@-p@oemr@hwhﬁ@mmﬁyﬂgtmadmmJhebnfgﬂ@mﬁby%nfmgmmd bakeryhe title compound
was prepareqt@fﬁ,h@. " 9?&%‘:‘@98?9@%@%ef9ﬁ%’£§bxtended lifespan can result in using less

(pyrrolidin-l-ylmethypthiazolo[5,4-b]pyridin-2-yOaniline substituting morpholine for 15pyrrolidine.

Preparation of2s{au0u- pasiiet S IS HpETa s ToRa R per b BI85 2ashPpgtisin-2-yl)aniline:

The title compoiRdNGS mm&ﬂfwr%@%wﬁrmgg%{%@ﬂﬁ- also be treated as ,
20(pyrrolidin-l-ylmeth Eth|azolo[5,4-b]pyrldln-2-y0an|I|ne substituting 431(2- methoxyethyDpiperazine for
pyrrolidiHe. PASPEFBEDAEFD- pheny1-5-(pyrrolidin-1-yimethyl)thiazole-4-carboxylic acid hydrochloride:
00

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

sirtuin protein may also be used to increase lifespan, stress resistance and resistance
to apoptosis in insects. In this embodiment, compounds would be applied to useful
insects, €.g., bees and other insects that are involved in pollination of plants. In a

15  specific embodiment, a compound would be applied to bees involved in the
production of honey. Generally, the methods described herein may be applied to any
organism, e.g., eukaryote, that may have commercial importance. For example, they

can be applied to fish (aquaculture) and birds (e.g., chicken and fowl).

Higher doses of sirtuin-modulating compounds that increase the level and/or
20  activity of a sirtuin protein may also be used as a pesticide by interfering with the
regulation of silenced genes and the regulation of apoptosis during development. In
this embodiment, a compound may be applied to plants using a method known in the

art that ensures the compound is bio-available to insect larvae, and not to plants.

At least in view of the link between reproduction and longevity, sirtuin-modulating
25  compounds that increase the level and/or activity of a sirtuin protein can be applied to

affect the reproduction of organisms such as insects, animals and microorganisms.
4, Assays

Various types of assays to determine sirtuin activity have been described. For

example, sirtuin activity may be determined using a fluorescence based assay such as
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t-BuOHO 4-acetam idobenzenesulfonyl azide (1.5 ml) was added to a solution of tertbutyl
3-oxobutanoate (1.86 g, 10.12 mmol) and TEA (3.85 ml) in CH;CN (60 ml). The mixture was stirred at

room tempergiy's RyeHaight, concentrated and purified by 5flash chromatogggpissgo@iigdert-butyl
2-diazo-3-oxobutanoate as a yellow liquid (1.3 g, 77% vyield). A solution of tert-butyl

2-diazo-3-oxobutanoate (13.1 g, 71.7 mmol) in 1,2- dichloroethane was added over 12 h to a refluxing
solution of beRsa#hit: (EHEYRH B HiHah PRk fetrahetiR Y duEmE8 Rl in
1,2-dichloroethapevéfp KmihIEs sixsurer was @vapekaieDiivasi g purifiedbystasir

e B R SRS TR Gl B Vo
2,4-bis(4-methzeyiphema)- 1 B4 -dithisidighasphsetane hddisulfitiedlianedsanlsaeagsant) (1.88 g 6.07
mmol) in THF (20 ml) was he .at reflux f; T | Sw orated in vacuo and purified
oy o éhrorﬁ% %gﬁfiéﬁ:%%Tﬁ%ﬂgﬁ@w@%@ aﬁ%ﬁo‘%ﬁgwm%%g}uow solid
520 mg, 62%lyi . Bide tiddRofxer Samethy-2-phebylibianotesd-dandogylateal.0 g .3.64
mmo). N-bropesyceinimids (NBELER 85 A0agmemcly andibenzay peride, (BPO), (R g mo. 0023
mmol) in CC1 f Oomf% was Heated at reflux ?o . The reaction 71 mixture was concentrated in
v-acuo and padfiednbyufiasiyaysrOhiath graptilateogiveotoritytydsays, HPLC based assays, and
5-(bromomettljéé%-g-phglgé/g%}i%;sodg-4-§&rg%¥ﬁ 88 ﬁé{gpw élt%yv solid (0.96 g, 75% vyield). Pyrrolidine
(0.5 ml) was a eg tg a solution d?'t’ert-buty S-I%%romomethﬁ)- - 5phenylthiazole-4-carboxylate (1.029
g, 2.90 mmol) and diisopropylethylamineéDlPEA) (2.5 ml) in CH2C12 (10 m1). The mixture was stirred
at rt for 89 min, coné¥htEanWIEE20 At FEHEE L fIAEH EhritHXtogitpRy IB'efiseetaeEbutyl 2-

pheny1-5-(pypelidiatodmaty Hthigeatentcashemiaie asdyahoucsalist(3294mandaie wisl)-
10Concentrated HO (2.8 ml, 33.9 mmol) was added to a solution of tort-buty| 2- L
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
15  Publication No. WO 2007/064902. Cell based assays may also be used to determine
sirtuin activity. Examples of cell based assays for determining sirtuin activity are

described in PCT Publication Nos. WO 2007/064902 and WO 2008/060400.

Yet other methods contemplated herein include screening methods for
identifying compounds or agents that modulate sirtuins. An agent may be a nucleic
20  acid, such as an aptamer. Assays may be conducted in a cell based or cell free format.
For example, an assay may comprise incubating (or contacting) a sirtuin with a test
agent under conditions in which a sirtuin can be modulated by an agent known to
modulate the sirtuin, and monitoring or determining the level of modulation of the
sirtuin in the presence of the test agent relative to the absence of the test agent. The
25  level of modulation of a sirtuin can be determined by determining its ability to
deacetylate a substrate. Exemplary substrates are acetylated peptides which can be
obtained from BIOMOL (Plymouth Meeting, PA). Preferred substrates include
peptides of p53, such as those comprising an acetylated K382. A particularly
preferred substrate is the Fluor de Lys-SIRT1 (BIOMOL), i.¢., the acetylated peptide
30  Arg-His-Lys-Lys. Other substrates are peptides from human histones H3 and H4 or an

acetylated amino acid. Substrates may be fluorogenic. The sirtuin may be SIRTI,
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pheny1-5-(pyn-olidin-I-ylmethypthiazole-4-carboxylate (2.1 g, 6.1 mmol)in THF (30 m1). The mixture
was stirred at rt overnight, and concentrated in vacuo to give 2-

phenyl1-5-(pysi@hgiaa-ipgethylthiazole-4-carboxylate hydrochloride (1.5 9.p83% MisishsdseE reparation
of 5-(morpholinomethyl)-2-phenylthiazole-4-carboxylic acid hydrochloride: HO The title compound

was prepared by the procedure described for 2-pheny1-5- (pyrrolidin-]-ylmeth%l)lthiazole-4-carboxy|ic
acid substituti Sém% IHE Ty SDBYRGIRRARCTRA2OF GrerIPSrépeamigtigySIRT! can be
5-((4-isopropyipipacaziahhpionaty)iZphenybdiniazpie:4ocasbruyic asidtiydiaclerides HO  The

A SRR A S T i s A s
of 5-04-(2-mq¢thAye{1S‘()0)mp@Mﬂn-R&sy&hdlhbd)%ﬁbgrmﬁh ibaobe_d&owbﬁxyi&tmiddaydfochIoride:
(pyrolcit -y TSI LA o A OB 6t SdrL Tk EORyh e in 49% yild
Preparation d 5-¢800@rihetoxyloshodylypipe ez T )m et kRapheryyithcapnglerdd carthoxylic acid: A
solution of etrl‘élxlle%-gfi arlr%o()dl%lh(%l)(o%b&g ﬁl”eos%t%ﬁlz 91 ghellgr%s@n@eo Qfl Qn]e"gf more (separately or

simultaneously) compounds described herein, which may serve as positive or negative

controls. Sirtuins for use in the assays may be full length sirtuin proteins or portions

10 thereof. Since it has been shown herein that activating compounds appear to interact
with the N-terminus of SIRT1, proteins for use in the assays include N-terminal
portions of sirtuins, e.g., about amino acids 1-176 or 1-255 of SIRT1; about amino

acids 1-174 or 1-252 of Sir2.

In one embodiment, a screening assay comprises (i) contacting a sirtuin with a
15  test agent and an acetylated substrate under conditions appropriate for the sirtuin to
deacetylate the substrate in the absence of the test agent ; and (ii) determining the
level of acetylation of the substrate, wherein a lower level of acetylation of the
substrate in the presence of the test agent relative to the absence of the test agent
indicates that the test agent stimulates deacetylation by the sirtuin, whereas a higher
20  level of acetylation of the substrate in the presence of the test agent relative to the
absence of the test agent indicates that the test agent inhibits deacetylation by the

sirtuin.

Methods for identifying an agent that modulates, e.g., stimulates, sirtuins in
vivo may comprise (i) contacting a cell with a test agent and a substrate that is capable
25  ofentering a cell in the presence of an inhibitor of class I and class Il HDACs under
conditions appropriate for the sirtuin to deacetylate the substrate in the absence of the
test agent ; and (ii) determining the level of acetylation of the substrate, wherein a
lower level of acetylation of the substrate in the presence of the test agent relative to
the absence of the test agent indicates that the test agent stimulates deacetylation by
30 the sirtuin, whereas a higher level of acetylation of the substrate in the presence of the

test agent relative to the absence of the test agent indicates that the test agent inhibits
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dichloroethane (100 mL) was added over 16 h to a rcfluxing solution of benzamide (13 g, 107 mmol)
and dirhodium tetraacetate (1.4 g, 3.2 mmol) in 1,2-dichloroethane 5(200 m1). The mixture was

evaporated igy¥psiig@nsspurified by flash chromatography to give ethyl 2-bergaQisiersa@ggbutanoate
as a yellow oil (20 g, 50% yield). A solution of ethyl 2-benzamido-3-oxobutanoate (13.0g. 0.052

mol) in phosphorus oxychloride (100 mL) was heated under reflux for 1.5 h, then cooled and
concentrated (G RERICRG e dLtin & HHFGR Wit iw R trsb bisddwetds ¥9igkioromethane

(250 mL) Theagolyticforvias iRsbeshivity Watks saitiatachNaRCOR anthbdnagyeagssively, then dried
over anhydrous Na2S0O4 and congcentrated to give ethyl 5-methyl-2-phenyloxazole-4-carboxylate as a
orown oif (11 GPBS AN G GBS S ehgT SEERBIID LIRS ey ate (11 00, 45

mmol), NBS @ubsgatt8 imnodk) addedBE 1B gpitaCaidb2Qadink) o hbaded al 15 diedlitx for 16 h.
The reaction mixture was concentrated in vacuo and purified by flash chromatography to give ethyl
o (bromatnett S ey YA A Edh STate TR IO 5 G Gb AR by
piperazine-1-taohdkybaten {3, 2ugh b¥ S outizil) wids Aa gk todasaittiensafredbytlylated lysine,
5-(bromomethyl)-2-phenyloxazgle-4-carbox 2. 8,7/mm d DIPEA 20(2,9 ml) in CH2CI2
(20 ). The TRara Nb AT % o, e B e KT R B o
Na2S04, congeritatbeand rmdhpulifidld A Siashichoscitio Adbspaphiith give atwgkd at

5((4-(tert-but wipiperazin: 1 - 1)- iazole-4- t llow solid
(5.0 6, 53 o6 Sl g e TR T A D e U S PO R o toycanbory
)p i perdd n-IMhethgh)as-Ldniit batisie of-ecltb o3l Hie tet S0P @18d5nantis] sibsiiethansl (10 mL) and
tetrahydrofurgQ (304Mdd FOEFRACTOPMBIY R WaS UG d LR M LGPRE UG IQr 4Gl then

concentrated in vacuo. H20 was added and the mixture was washed with EtOAC. The pH of the

aqueous layef Wainhatjiisdbiclass binthe as ditHRAE NepChatrre e radstties ppewBsieofiected by

fltration, washed wiifdd20aRs IRRG IR BV BRI EREIaPYIRIDETE R methyl)-2-
10phenylthiazole-4-carboxylic acid as a white solid $0.9 , 64 % vyield). Preparation of

' R IH®YVo- The title compound was prepared by

5-(morpholindiiatHyay2p Hess e idesibr aedrriiielad
the procedure described for
54(4-(tertbutaxycarlRimiypapenaicl- Coipositiyhs 2-phenylthiazole-4-carboxylic acid 15substituting
morpholine for t-butyl piperazine-1-carboxylate in 28 (3/0 yield. Preparation of

5-((4-(2-rnethovethyppiRgrazin Ly RGOk pRNE N IKAB e AR YL GRbiated in a
conventional manner using one or more physiologically or pharmaceutically
acceptable carriers or excipients. For example, sirtuin-modulating compounds and
their pharmaceutically acceptable salts and solvates may be formulated for

20  administration by, for example, injection (e.g. SubQ, IM, IP), inhalation or
insufflation (either through the mouth or the nose) or oral, buccal, sublingual,
transdermal, nasal, parenteral or rectal administration. In one embodiment, a sirtuin-
modulating compound may be administered locally, at the site where the target cells
are present, i.¢., in a specific tissue, organ, or fluid (e.g., blood, cerebrospinal fluid,

25  etc).

Sirtuin-modulating compounds can be formulated for a variety of modes of
administration, including systemic and topical or localized administration. Techniques
and formulations generally may be found in Remington’s Pharmaceutical Sciences,
Meade Publishing Co., Easton, PA. For parenteral administration, injection is

30  preferred, including intramuscular, intravenous, intraperitoneal, and subcutaneous.

For injection, the compounds can be formulated in liquid solutions, preferably in
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HO The title compound was prepared by the procedure described for
5-((4-(tert20butoxycarbonyl )piperazi n-l-yl Ymethyl )-2-phenylth iazole-4-carboxyl ic acid substituting

4-(2-methoxyegwneipagazine for t-butyl piperazinc-I-carboxylate in 51 % yip{el, BésR3/auLs Of
2-pheny1-5-(pyrrolidin-1-ylmethyl)oxazole-4-carboxylic acid: HO 5The title compound was prepared

by the procedure described for 5-04-(tert- , ) ) , )
butoxycarborR/sisiasHLY-gAmRAHDIS-DubER s> Slank s sPhuigiC R IBESHISSRIUHRG: PYrrolidinc for
t-butyl piperazietbr; aibeyyptaud38a) By elenPAR@anaidid @rm and redissolved or
5-(3-methoxypropyl)-2-phenylthiazole-4-carbonyl ch ori%gf' 10Nitrogen was bubbled through a
solution of Et \ﬁ@ @Iﬁ?gﬁ‘é INISL818L5G- éf%’(@!%ﬁ 13512, 43199 -and methyl propargy!
ether (7.1 mL, 83.9 mmol) in dimethoxyethane (DM E) (200 mL).
Dichlorobis(triphenylshosplide)paliadiemtik)plldrgcaiRahenolpostiope nidy itdidth¢ddrg, 1.1 mmol),

d TEA4{29 I ' ' ix for 16 h. Th
o2 iyt R R R S e e

' to roomtemperature, poured into H20 (200 mL) and extracted with
EtOAC (2 X 20baringcrhaceBmiieritiable axidsicnsy suginsh b diith agdnte, (dite P (Pgg8OUWIchnd

concentrated Eg, Giice, BUAMG, MO AMIRLPIMBLSIINGILREBIRNHEIDAG (0-50% gradieny

to give ethyl 5-(3-methoxyprop-1-yny1)-2- phenylthiazole-4-carbokylate as a tan s (11 g, 88 %
yield).  EtHi#t9s@metpoxyistbpersinyescnperdeivinizbreon phasphytard {pacand 8626 mmol) was

dissolved in BfQfc(RrR Mkl dysrearanteditdenballooniessusechior Jout Aaysanti LCMS

indicated complete reduction of unsaturation. On day three
10 glycolate); or wetting agents (c.g., sodium lauryl sulphate). The tablets may be coated

by methods well known in the art. Liquid preparations for oral administration may
take the form of, for example, solutions, syrups or suspensions, or they may be
presented as a dry product for constitution with water or other suitable vehicle before
use. Such liquid preparations may be prepared by conventional means with

15  pharmaceutically acceptable additives such as suspending agents (e.g., sorbitol syrup,
cellulose derivatives or hydrogenated edible fats); emulsifying agents (e.g., lecithin or
acacia), non-aqueous vehicles (e.g., almond oil, oily esters, ethyl alcohol or
fractionated vegetable oils); and preservatives (e.g., methyl or propyl-p-
hydroxybenzoates or sorbic acid). The preparations may also contain buffer salts,

20  flavoring, coloring and sweetening agents as appropriate. Preparations for oral
administration may be suitably formulated to give controlled release of the active

compound.

For administration by inhalation (e.g., pulmonary delivery), sirtuin-modulating

compounds may be conveniently delivered in the form of an aerosol spray

25  presentation from pressurized packs or a nebuliser, with the use of a suitable
propellant, e.g., dichlorodifluoromethane, trichlorofluoromethane,
dichlorotetrafluoroethane, carbon dioxide or other suitable gas. In the case of a
pressurized acrosol the dosage unit may be determined by providing a valve to deliver
a metered amount. Capsules and cartridges of e.g., gelatin, for use in an inhaler or

30 insufflator may be formulated containing a powder mix of the compound and a

suitable powder base such as lactose or starch.
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the catalyst was removed by filtration, fresh catalyst added and the mixtures re-subjected to
hydrogenation at balloon pressure. The catalyst was removed by filtration through a pad of celite. The

filter pad wasyinssd,witksFE10Ac and the filtrate concentrated to dryness. The-¢iyshgaradssd was
purified by M PLC eluting with 10 pentanelEtOAc to give ethyl

5-(3-methoxypropyl)-2-phenylthiazole-4-carboxylate (23.2 g1 88% yield). Ethyl
5-(3-methoxypropy! P 3HReRgARatBrommaio e bo dosmyleish fr pssniesd dissolved in THF/MeOH

(1:1, 300 mL )aantnassehsiasy ahjei@bh (3.6 bylsdunmpbtion b2 oafmwoly wasiedded. The reaction was
stirred for - 5 h and th?fﬁjsg 15adjusted to - 3 %g the addition of 3N HC1. The mixture was poured into
brine and extfRABY R E R AU ST SBH BiR BEF STY SR W O OEE A ufitk bR LY BMigSO4) and

concentrateditongive-o §3-turtkioxyprody hn2-ikd prikiazoles 4T katbmpdiitaidniad gkOSuwh yield) as a
tan solid. Oxang/I chloride é67..2 mm?l 5.9 ml%mwia\s slowlg.ﬁ,dded to a room emfp?eggature 20solution of
5-(3-methoxy[STORy L) 2 BHREHI TR SYEICR L BB (3512 SHiHBY ¢ et 3E Y100 mL). 3 drops
of DM F werecandedfamautheneagtion dnebamespembge edukzdve ard26r divpeishez regation was stirred

for 3 h, then c&lrgcen%ratfad HQ%@QJE%%@%&eﬁﬁgr% i‘{'lhe0 Ct&le(lj? ro olfr%to\ﬁv%ﬁuqlsrslowt%d in CH2C12 (150

mL) and concen?%%elgeu%’cfer reduced’pressure.”The crude product was issoived in EtOAC 25 (150
mL), washed swithbbrineh{deX c1®0statils driegidiySOHtcaritfoonoentrated under reduced pressure to
give 5-(3-methoxypropyl)-2-phenylthiazole-4-carbonyl chloride as a tan solid (6.6 g, 99 ')/0 yield).

Preparation of 5-(3-miathaxyBraRdayRshipdipRe RYilhiazolr-frratraxylic Actdl MPAHNO 71853 EL0
PCT/US2009/068865 Ethyl 5-(3-methoxyprop-1-yny1)-2-phenylthiazole-4-carboxylate (701 mg,

2.3 mmof waRleh<SoyRRPAaTFE A EVER LM SRNATL §-&nd O SENRBFOBY EHEAIALBPRAYIBY.0 mmol) in
H20 (10 mL) wRssaderds Ihwiereipowarstijes{s:16 h and the pH

In addition to the formulations described previously, sirtuin-modulating
compounds may also be formulated as a depot preparation. Such long acting
formulations may be administered by implantation (for example subcutaneously or

15  intramuscularly) or by intramuscular injection. Thus, for example, sirtuin-modulating
compounds may be formulated with suitable polymeric or hydrophobic materials (for
example as an emulsion in an acceptable oil) or ion exchange resins, or as sparingly
soluble derivatives, for example, as a sparingly soluble salt. Controlled release

formula also includes patches.

20 In certain embodiments, the compounds described herein can be formulated
for delivery to the central nervous system (CNS) (reviewed in Begley, Pharmacology
& Therapeutics 104: 29-45 (2004)). Conventional approaches for drug delivery to the
CNS include: neurosurgical strategies (e.g., intracerebral injection or
intracerebroventricular infusion); molecular manipulation of the agent (e.g.,

25  production of a chimeric fusion protein that comprises a transport peptide that has an
affinity for an endothelial cell surface molecule in combination with an agent that is
itself incapable of crossing the BBB) in an attempt to exploit one of the endogenous
transport pathways of the BBB; pharmacological strategies designed to increase the
lipid solubility of an agent (e.g., conjugation of water-soluble agents to lipid or

30  cholesterol carriers); and the transitory disruption of the integrity of the BBB by
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adjusted to - 3 by the addition of 3N HO. The mixture was poured into brine and extracted with EtOAc.
The combined organics were washed with brine, dried (MgS0O4) and concentrated to give

5-(3-methoxypiPRrhyngdd-2-phenylthiazole-4- carboxylic acid (636 mg, 9986 yialshasasan solid.
10Preparation of 4-phenyithiazole-2-carboxylic acid: HON 0 S

Ethyl-4-phenylthiazole-2-carboxylate (30Q mg) was stirred overnight in a mjxture of THF (4 mL) and IN
aqueous Na ef%my%rdiwaa&(r%twg%@?éﬂfwea LB radatl piesdirthnd the aqueous

solution was agigifiesHaiioA s dbekipreiadivitr Gl 26da: diadoveniet Sk postigencentrate to

obtain 4-phenylthiazole- 2-carboxylic acid which was used as is in the next step. Preparation of

5-(3-chloropropy1)-2-phenyl-N-(2-(thiazolq[5,4-1Apyridin-2- en)thiazole-4-carboxamide:
Nitrogen was bunbd G A ar s S R e e 6 g, 115
mmol) and 2-fmapdiaghyloxiitencihgd rd-2Mepyearh@a@tme codpomdrofpirabeibe(30 mL).

Dich'Orows(tféﬂbﬁﬁyq%@%s@mef I%?iéjn;)égc)ngé %&ggé %ggmnﬂggsf%%%ﬁwgﬂm&%? mg, 0.3

mmol), and triethylamine (TEA) (8 mL, 57.7 mmol) w ed a e reaction mixture was heated at
100C for 30 rhlneincaspictoiiriva thaetbrlPheoraectivhbm friured iEsnpovgEetined H20 and extracted with

Et0AC. The compinedt Saanics yv:aiswashesmifRrne. Sries M5SR4 A s9psentated. The crude

product was purified by MPLC eluting with pentane/EtOAc 10(0-50% gradient) to give ethyl
2-phenyl-5-(3upEdtaftydhs-etindah ipvorsian srsprrasmphthinsond ipesppssiista e s buigs % yield).
Ethyl 2-phenyl:S:{3rletalydiocdilameian V%SYJ%}’)E’J%%MM%Y&)EP {azRlesdnaarnaylata{3-8 9, 10.1

mmol) was dissolved in MeOH/THE (1:1, 60 mL) and hydrogenated under balloon pressure for four
days unt LCKASi§Hdicated complete 15reduction of unsaturation. On day three, the catalyst was
removed by filtration, fresh catalyst added and the mixtures re-subjected to hydrogenation at balloon

pressure. The catalystotas veanov@ebbychitrévionithtiougpaaipaldrdf aetitetidihefilteirpad was rinsed with

EtOAc and the filtrate concentrated to dryness..The crude product was, dissolved in MeOH.
 oamesu T A L e A AR e <t for 16 h
then concentratdddiex tiynBg sy tlod cxtvicle s emightenw s, @akenyd p de-EtDAC yvladbadwithcesat ag NaHCO3,

brine, dried and cancentrated..T cruE produgct was purifi yl\f_th C eluting with, pentane/EtOAc
(0-100% B0 ARATEL GBS HRIE B Byt S i ot e R B ot (1.9 0. The
product ixturerfiotyabfeven(t. T gs ndrscaliss ateeg dhcldigdmed { HicB0; these compounds

form inclusion complexes with any drug whose molecule can fit into the lipophile-

seeking cavities of the cyclodextrin molecule.

Rapidly disintegrating or dissolving dosage forms are useful for the rapid
absorption, particularly buccal and sublingual absorption, of pharmaceutically active
20  agents. Fast melt dosage forms are beneficial to patients, such as aged and pediatric
patients, who have difficulty in swallowing typical solid dosage forms, such as caplets
and tablets. Additionally, fast melt dosage forms circumvent drawbacks associated
with, for example, chewable dosage forms, wherein the length of time an active agent
remains in a patient's mouth plays an important role in determining the amount of
25  taste masking and the extent to which a patient may object to throat grittiness of the

active agent.

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

30  other embodiments, the pharmaceutical composition comprises: (1) 0.05 to 1000 mg
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mL) and a solution of LiOH (313 mg, 13 mmol) in H20 (15 mL) was added. The reaction was stirred for
- 5 h and the pH adjusted to - 3 by the addition of 3N H CI. The mixture was poured into brine and

extracted witly, 54571 e combined 10 organics were washed with brine, giiqe;iMaS6dlsand
concentrated to give 5-(3- hydroxypropyl)-2-phenylthiazole-4-carboxylic acid (1.7 g). A mixture of

5-(3-hydroxypropyl)-2-phenylthiazole-4-carboxylic acid (850 mg, 3.2 mmol) and LiC1 (3.2 mmol) in
thionyl chlorid¥ ?)Cﬁmwaévwékﬁd%r&m& F DHHTHER EEH DR SRD 1D W eseriRdcrude product
was dissolvediind=taée, ckavashest withbrinmatttiec (Maf O prubroneemitaied under reduced
pressure to give 5-(3-chloropropyl)-2-phenylthiazole-4-carbonyl chloride (906 mg, 99 % vyield). A

suspension of 5-(3-ghlorapr )-2-phenylthiazale-d-carbonyl chlorde (906,mg, 3.2 mmol), DIPEA
a L 6.4 mmo. o T e G S A SR & TSN (12 m)
was stirred fomg@porited ROvesioling! ppmviasiootootethinyg filteaiion camsedhwith ©RIGAN and dried. The
crude praduc (fl Plj%-&-} ' ' -59 ' [ve B- (3-chloropropyl
)-2-phen%ﬁN-%g&?t§| %gdoq(;&%A- ) payrl |n1%}¥%gﬁg§3%%ﬁ§§b%%é S?:lgﬁt)g(géglﬂn%%%&%\’%lfﬁn%e 26 % yield).
Preparation of6-[Boroprdspinic eyl stlaciqdtiazsle pBMghBeyipmigosaieniedtboxamide: A

THF solution @i«(2sklrteAi 01304 YRRV ZIGGHH) SQmidR (R Mktsidd 3N aip L yaRadded to a
degassed solution of ethyl -bromo-2-phen¥Ith|azole-4- carboxylate (3.6 g, 11.5 mmol) and

tetrakistriphe AP HGs priHBayReraA BB higMsE S edeistpimatyir ipoceryinher svadiRsie mixture was

heated at reﬂHﬁéRf. kg4 %%QaBM?a@M%&&t@&dﬂﬁl@%%%%%t‘ﬁ@@a@ﬁvég drwith EtOAC,
washed with brine, dried (MgS0O4), and concentrated. The crude product was purified by MPLC eluting

with peritine/RESAEBPPOENS §FdbrcRDtal draekHians zarmpicapilipkis. topical carriers for

ypethyl)-2-phgayliigaalRiddearherylats el aad 9eh 8 ndatdxid Ot solvents, glycerin,
5-(2-(1,3-dioxolan-2-ypethyl)-2-phenylthiaz Ie-4-ca-rbox%/late-(2.6 g, 7.9 mmol) was dissolved in
MeOH/THF (1TH166*hY) SHECR S e 68 156 lp39EMG Y ST Pl 20 IR T Nvas added. The
reaction was alises] 4ad the hi@nd the pH adjusted to - 3 by the addition of 3N HC1. The mixture was
poured into brine and extracted with EtOAc. The combined organics were washed with brine, dried

15(MgS04) and conegentrated. The crude, product.was crystallized, from EtQAC to give
5-(o-(.3-dioeolan 2 s B . 20
-7-Azabbhzotrigrasimulyions and3g8lsetramethyl uronium

Sirtuin-modulating compounds may be incorporated into ointments, which
generally are semisolid preparations which are typically based on petrolatum or other
petroleum derivatives. The specific ointment base to be used, as will be appreciated
by those skilled in the art, is one that will provide for optimum drug delivery, and,

20  preferably, will provide for other desired characteristics as well, e.g., emolliency or
the like. As with other carriers or vehicles, an ointment base should be inert, stable,

nonirritating and nonsensitizing.

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

of solids, and may comprise a liquid oily emulsion of the oil-in-water type.

Sirtuin-modulating compounds may be incorporated into creams, which
generally are viscous liquid or semisolid emulsions, either oil-in-water or water-in-

30  oil. Cream bases are water-washable, and contain an oil phase, an emulsifier and an
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hexafluorophosphate methanaminium (HATU) (669 mg, 1.8 mmol) was added to a solution of
5-(2-(1,3-dioxolan-2-ypethyl)-2-phenylthiazole-4-carboxylic acid (504 20mg, 1.7 mmol), DIPEA (613 tL,

3.5 mmol), agehZ{ihiggeig[5.4-b]pyridin-2- yl)aniline b(250 mg, 1.1 mmol) ip L3N &b akdssT e reaction
mixture was stirred for 16 h, poured into sat aq NaHCOS3 and extracted with EtOAc. The organic

fractions were washed with brine,1 dried and concentrated. The crude product was crystallized from
EtOH to give 84Q PRk IAR 2 PBthji)ZOIpHANRDSEhRZRBH sy and a fatty
b]pyridin-2-yl)phsy Ythkiazo et carhexgmide 3 Y hangubbu¥olisiEhisually, although not
5-(2-(1,3-dioxolan-2-ypethyl)-2-phenyl-N-(2-(thigzolo[5,4-b]pyridjn-2- .

S ypiemy OSSR U e (e A oh BT B B 5THE (@ L)
AcOH (8 mL)Ercth2Bi(R5inmd grdaeafechail agduaiaxpahctherReariogniiaied toiyness. The residue
was dissglved in Et0Ac, washed with sat E%%NaHCOI dried éM 8942, and concentrated under
reduced Pres8tIETHE BRI S A S8 ML B R B L C TaER with cH2C12/Me011 (0-5%
gradient) to give 5- (3-oxopropyl )-2-phenyl-N-(2-(thiazolo[5,4-b]pyridi n-2-yl)phenyl)th iazo | e-4- 10
carboxamide (200 nidrt8n-gsodelena pviciessthesis kfnepaperedoatamicroemulganixture of aniline (1

ea), carboxyligaeifychinh S RAhAATH et SR DIREAGRIsAlas Sllisshabiaqm temperature

in a suitable solvent (i.e. DMF) for 1518 h. Watér was added to the reaction mixture to precipitate the

product.  \WoRSER!e:liferds st plesmbitater sabibispdbleansytarfrstdAilnedhed with water, hot
triturated withymethanghelethan@rpdshiash %@@ﬁﬁﬁﬁ&&ﬂﬂb&@ﬁé&ﬁ%@%&ﬁ&@&@ide- The products

were further purified by chromatography to improve purity as needed. orkup 2: If the resulting
solution'Was NARIRSEEHe bAE e BiBEIdet was extracted with organic solvent (CH2C12 or EtOAC)
washed with aq. NaHCQOS3, brine, dried with Na2S0O4 and concentrated. The crude product was then

purified by chromat&iraginynadiaadechmyuoice synthbsisgepetatdeathedl Bormulations,
which generally are semisolid systems consisting of either suspensions made up of
small inorganic particles (two-phase systems) or large organic molecules distributed
substantially uniformly throughout a carrier liquid (single phase gels). Although gels
15  commonly employ aqueous carrier liquid, alcohols and oils can be used as the carrier

liquid as well.

Other active agents may also be included in formulations, e.g., other anti-
inflammatory agents, analgesics, antimicrobial agents, antifungal agents, antibiotics,
vitamins, antioxidants, and sunblock agents commonly found in sunscreen

20  formulations including, but not limited to, anthranilates, benzophenones (particularly
benzophenone-3), camphor derivatives, cinnamates (e.g., octyl methoxycinnamate),
dibenzoyl methanes (e.g., butyl methoxydibenzoyl methane), p-aminobenzoic acid

(PABA) and derivatives thereof, and salicylates (e.g., octyl salicylate).

In certain topical formulations, the active agent is present in an amount in the
25  range of approximately 0.25 wt. % to 75 wt. % of the formulation, preferably in the
range of approximately 0.25 wt. % to 30 wt. % of the formulation, more preferably in
the range of approximately 0.5 wt. % to 15 wt. % of the formulation, and most
preferably in the range of approximately 1.0 wt. % to 10 wt. % of the formulation.

Conditions of the eye can be treated or prevented by, e.g., systemic, topical,

30 intraocular injection of a sirtuin-modulating compound, or by insertion of a sustained
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NS R 0 (COC)2R2 |N.,.....,..-N' A N s CIAr111 DMF (cat)R2 ,N)."<1-----N The
desired carboxylic acid (1.2-1.5 eq) is suspended in CH2CI2, and treated with oxalyl chloride (6 eq)

and DMF (cajahifhfiprids to 18 hours to obtain a clear 5solution. The solyjepassasgedtrated to
dryness and a pyridine suspension of the desired aniline (1.0 eq) was added and the reaction mixture

was stin-ed at room temperature for up to 18 hours or microwave heated (160 deg.C, 10 min). If the

product precifitsies dFSHCLBRIGBISATSE TONBEREr P Mt SAMREYEdap oLl WiRdHidanol and purified
by chromatogiappyuitiitideasRal@recpiaie i@t selviignitaldeam beoeanernirased to dryness,

triturated and then purified by chromatography. A iqgc lorides were alsp prepared by suspending
the approprial&' 8 %%@%%WH%@;{%@%?H%&%@F fal ?}FS_S"]’%&%%E&E% SOC12 is removed
under reducecbprgasid ¢y maththies®sidivatatiasih tvitb dolkieneladh e resulfiigeacithehloride was dried
under vaguum ang %Jsel?ﬁWii out further urific%tion.tlSPrepalraTt}ié)n of | reoi th
N-(2-(6-(MorPHo oAt AV RSB A B e S AN S RERAL  IRERS A8 Bt Bxamide: HN
The title compendxwag i dparedduodrdinig topastidersathbsisvifeserabodethqdedyutilizing
2'(6‘(m°rph°l{ﬂ%%‘r?tv*}¥1%§1‘f§" ﬁgﬁ?&%,é&&\é{l%{svgfﬁla[gya’ Ielrllg,ec ggoid/retina and sclera. The

pharmaceutically-acceptable ophthalmic vehicle may, for example, be an ointment,

vegetable oil or an encapsulating material. Alternatively, the compounds of the

10 invention may be injected directly into the vitreous and aqueous humour. In a further

alternative, the compounds may be administered systemically, such as by intravenous

infusion or injection, for treatment of the eye.

Sirtuin-modulating compounds described herein may be stored in oxygen free
environment. For example, resveratrol or analog thereof can be prepared in an

15  airtight capsule for oral administration, such as Capsugel from Pfizer, Inc.

Cells, e.g., treated ex vivo with a sirtuin-modulating compound, can be

administered according to methods for administering a graft to a subject, which may
be accompanied, e.g., by administration of an immunosuppressant drug, e.g.,
cyclosporin A. For general principles in medicinal formulation, the reader is referred

20  to Cell Therapy: Stem Cell Transplantation, Gene Therapy, and Cellular
Immunotherapy, by G. Morstyn & W. Sheridan eds, Cambridge University Press,
1996; and Hematopoietic Stem Cell Therapy, E. D. Ball, J. Lister & P. Law,
Churchill Livingstone, 2000.

Toxicity and therapeutic efficacy of sirtuin-modulating compounds can be
25  determined by standard pharmaceutical procedures in cell cultures or experimental
animals. The LDso is the dose lethal to 50% of the population. The EDso is the dose
therapeutically effective in 50% of the population. The dose ratio between toxic and
therapeutic effects (LDso/EDso) is the therapeutic index. Sirtuin-modulating
compounds that exhibit large therapeutic indexes are preferred. While sirtuin-
30  modulating compounds that exhibit toxic side effects may be used, care should be

taken to design a delivery system that targets such compounds to the site of affected
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204-phenylthiazole-2-carboxylic acid. The product was isolated by precipitation during the addition of
water, triturated with hot methanol and purified by silica gel chromatography (gradient 0 to 10%
methanol in Gldeid7 S Calcd for C241211\1502S2: 513.13. Found (M+dpiiqsddses reparation
of 4-phenyl-N-(216-(pyrrolidin-l-ylmethyl)thiazolo[5,4-b]pyridin-2- yl)phenyl)thiazole-2-earboxamide: H
N The title compound was prepared according to amide synthesis general 5method A, utilizing
2-(6-(pyrrolidE g EEATOIR RYIBIES AU R @%ﬁ@éﬂﬁﬁ@%ﬁf&%@ﬁ%& B2 5iSoxylic acid.
The product wids igedated by precipitation by the addition of water, triturated with hot methanol and
purified by silica gel chromatography (gradient 0 to 10% methanol in CH2C12). MS Calcd for
C27H23N50S2: 497.13. Found (M+H)+ m/z = 498, 10 Preparation of :

26,0 (2-metho e LA T Sl St SISREPHP Bt sucics can be used
blpyridin-2-yljpHenyalkdnghrenyithielddea@edarboramideats. Nis dosagsefittechmomppoeralsvas prepared
according to amj 1esi iliz| . AT

o oot em o L e TR A8 Pabipsiudr s ERaniit L or
4-phenylthiazefdoxigirbdiglidosise 1125 ey, widdinidrsorngatderendiagrpde eateioaadiermot precipitate

the product, tHRGIRNE UnyaR.GNREOTRIRSsh; et Mty N MRCN RV/FOAC/MeOH mixture, and
EtOAC/MeOH sequentially. The resulting pale yellow solid was lyophilized with a MeCN/water/HCI

mixture and stiBseguarlY stisfaucslosrep P ENMSICRaTEY Tofroncst £l BuNE0262A570.19. Found
(L0+H)1 Mz 387 haPrRABIANONSS -MtY NA2s& tnambalinrmeting hiszalol5,4-1Apyridin-2-
yl)phenyl)-2-phenyloxazole-4-earboxamide: ) ]
10" concentration range that includes the ICso (i.e., the concentration of the test compound
that achieves a half-maximal inhibition of symptoms) as determined in cell culture.
Such information can be used to more accurately determine useful doses in humans.

Levels in plasma may be measured, for example, by high performance liquid

chromatography.
15 6. Kits

Also provided herein are kits, e.g., kits for therapeutic purposes or kits for
modulating the lifespan of cells or modulating apoptosis. A kit may comprise one or
more sirtuin-modulating compounds, ¢.g., in premeasured doses. A kit may
optionally comprise devices for contacting cells with the compounds and instructions

20  for use. Devices include syringes, stents and other devices for introducing a sirtuin-
modulating compound into a subject (e.g., the blood vessel of a subject) or applying

it to the skin of a subject.

In yet another embodiment, the invention provides a composition of matter
comprising a sirtuin modulator of this invention and another therapeutic agent (the
25  same ones used in combination therapies and combination compositions) in separate
dosage forms, but associated with one another. The term “associated with one
another” as used herein means that the separate dosage forms are packaged together
or otherwise attached to one another such that it is readily apparent that the separate
dosage forms are intended to be sold and administered as part of the same regimen.

30  The agent and the sirtuin modulator are preferably packaged together in a blister
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The title compound was prepared according to amide synthesis general Smethod A, utilizing
2-(6-(morpholinomethyl)thiazolo[5,4-14yridin-2-yOaniline and 5-methyl-2-phenyloxazole-4-carboxylic

acid. The proggdo\asigeated by precipitation by the addition of water, tritggated Mk bedsgnethanol
and purified by silica gel chromatography (gradient 0 to 10% methanol in CH2C12). MS Calcd for

C28H25N503S: 511.17. Found M+H)I rrilz = 512. 10Preparation of
5-methy1-2- pP?é]liﬁrNtbfr(@H{By s r|13ﬂﬁl§ggﬁy5{ﬁ%me[@e 4. separately scaled containers

pyridin-2-yl)plheilidexaAgendheateanankdeihatQi dhedilacanpauncwas pregatadacenrding to
amide synthesis gener Imetho A, utilizing

2-(6-(pyrroliditfY=1HE: ?BYﬁF&z %’%CBIBWSWZ -ypaniline 15and

5-methyl-2-phenyloxazole-4-carboxylic acid. The product was isolated by precipitation by the addition
of water, triturated V\Iitrstﬁbamétha@mbaﬁmgmiﬂ@drbgﬁ@ﬂiuapg@i’idhmrhatagmphylggradient 0 to 10%

methanokin %Ekl%%@)fe [%E& %ﬂ%ﬁ{é&?%ﬁlsﬁﬁ%@ i!l?mﬁ] A#&foé {QFS - N Be‘ﬁ?@

Preparation of N-(2-(6- oxyet yppiperazin-1 y me

Wipyridin-2- y%ﬁﬂéﬁy&b@tﬁ@%hﬂﬁ%h%@l@&dmkmtéaﬁbwﬁm@@i WO
20101071853PCT1US20091068865 The title compound was prepared according to amide

synthesis general meﬁla@dasmwuﬁziﬁg Iﬁd&ﬂ(f}n&hmtwmbmpiﬁﬂé@gmhérwm%hm&ehazob[S 4-
b]pyridin-2-yfianiline an thyl-2-phenyloxazole-4-c rboxyI| acid %’] iqeq) The 5 product
precipitated fOM HE éﬁggﬁ}ﬂ%&h? aihalwggyﬁﬁglleﬂl - CRASEH With Rt SABISFHE product was

purified by prepidflL iddshicrige fe&dﬁﬁiﬂ&amm,s’e&d%ﬁrﬁaoﬁgynwwﬂél\mﬂznﬂﬁw Preparation
O N (e A e A e P &R SR T AR Y Riagle dregboxamide:
Molecular Cloning A Laboratory Manual, 2™ Ed., ed. by Sambrook, Fritsch and
Maniatis (Cold Spring Harbor Laboratory Press: 1989); DNA Cloning, Volumes I and
IT (D. N. Glover ed., 1985); Oligonucleotide Synthesis (M. J. Gait ed., 1984); Mullis
et al. U.S. Patent No: 4,683,195; Nucleic Acid Hybridization (B. D. Hames & S. J.
15  Higgins eds. 1984); Transcription And Translation (B. D. Hames & S. J. Higgins eds.
1984); Culture Of Animal Cells (R. I. Freshney, Alan R. Liss, Inc., 1987);
Immobilized Cells And Enzymes (IRL Press, 1986); B. Perbal, A Practical Guide To
Molecular Cloning (1984); the treatise, Methods In Enzymology (Academic Press,
Inc., N.Y.); Gene Transfer Vectors For Mammalian Cells (J. H. Miller and M. P.
20  Calos eds., 1987, Cold Spring Harbor Laboratory); Methods In Enzymology, Vols.
154 and 155 (Wu et al. eds.), Immunochemical Methods In Cell And Molecular
Biology (Mayer and Walker, eds., Academic Press, London, 1987); Handbook Of
Experimental Immunology, Volumes I-IV (D. M. Weir and C. C. Blackwell, eds.,
1986); Manipulating the Mouse Embryo, (Cold Spring Harbor Laboratory Press, Cold
25  Spring Harbor, N.Y ., 1986).

EXEMPLIFICATION

The invention now being generally described, it will be more readily
understood by reference to the following examples which are included merely for
purposes of illustration of certain aspects and embodiments of the present invention,

30  and are not intended to limit the invention in any way.
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HN fiXS 10 The title compound was prepared according to amide synthesis general method A, utilizing
2-(6-(morpholinomethyl)thiazolo[5,4-b]pyridin-2-yOaniline and 2-phenylthiazole-4-carboxylic acid. The
product was {glaigslayspsecipitation by the addition of water, triturated witlp et 93686aEadissolved in
CTI2C12, washed with 15 dilute NaHCO3, concentrated and purified by silica gel chromatography
(gradient 0 to 10% methanol in CH2C12). MS Calcd for C27H23N502S2: 513.13. Found (M+H)I miz =
514. PrepasH IRlgd o Brieparats IR AN AN O SNC PLACUINES o
2031)phen31jhasle-4-earboxamide: WO 20101071853PCT1US20091068865 HN ON | The title
compound was prepared according to amide synthesis general method A, utilizing
2-(6-(pyn-olidin-1-vimethy )thigzolo[b,4- ridin-2sypaniline and 2-phenylthiazole-4-carboxylic acid.
The productOlv%/{z]glgpl%f)n%l]t(()a%lqg)fyi gﬁéé%?@ﬂ%&%@ rthéné%jyiﬁ%lrl\l%?%ater, triturated with hot methanol,
dissolved in CH2CI2, washed with dilute NaHCCh, concentrated and purified by silica gel

chromatography. (gradient0 t&t0% m bin %2{2:3’%2). I\léls caitd for %271-,;].211\*1 0S2: 497.13.
Found (M+Hy{m/k = 498 paratitgof, — E\ZS/ — EIS/
N-(2-(6-04-(2-nethkyethyl razinThyl)meth iazolo[54 N Z >N
blpyridin-g-yl)phenyl)-z-phenyithiazole-4-carboxamide: The title compound was prepared according
to amide synthesis general method A, utilizing
2-(64(4-(2-methoxyethyl)piperazin-1-yOmethypthiazolo[5,4- 15b¥ ridin-2-yl)aniline and
2-phenylthiazolc-4-cArbBsiyiie dcicr iy -Horopysidigy &h§rs B %(5“@85) ak2product was isolated
by precipitatigiuRyhsoardilipmet svedes, dntosatechyyith feldneianal anchputitiedpy stigs-gel

chromatography (gradient O to 10% methanol in CH2C12). MS Calcd for C101-110N602S2: 570.19.
Found (M +H)1\‘— hapdthen pt sppm temperature overnight. Water was added and the precipitate

Al A A p2 - s

formed was collected by filtration and dried to give N-(2-chloropyridin-3-yl)-2-
10 nitrobenzamide as a white solid (8.52 g, crude yield: >100 %).

A mixture of N-(2-chloropyridin-3-yl)-2-nitrobenzamide (12.98 g, 46.75
mmol), P,S, (31.17 g, 140.24 mmol) and pyridine (80 mL) in p-xylene (310 mL) was

heated at 120 °C for 18 hours. Stirring was discontinued for 30 min, and the mixture

was cooled to 100 °C. The upper clear solution was transferred and concentrated in
15 wvacuo, followed by the addition of ethanol (50 mL). The suspension was heated at 75

°C for 30 min to dissolve the product, filtered while hot, cooled to room temperature

and left standing 18 hours. The solid was collected by filtration, washed with cold

ethanol, and dried in vacuo to give a crude mixture of N-(2-chloropyridin-3-yl)-2-

nitrobenzamide and 2-(2-nitrophenyl)thiazolo[5,4-b]pyridine as a yellow solid (10.60
20 g).

The above crude mixture (10.60 g), iron (11.50 g, 206.01 mmol), and NH,Cl
(17.63 g, 329.61 mmol) in MeOH/H, O (80/20 mL) was heated at reflux for 2 hours.

The reaction mixture was cooled to room temperature and extracted with ethyl
acetate. The organic layer was concentrated in vacuo and purified by chromatography

25  onsilica gel to give 2-(thiazolo[5,4-b]pyridin-2-yl)aniline as a yellow solid (3 g, 28%
yield over two steps). (MS, M '+H = 228).
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Preparation of N-(2-(64(4-(2-methoxyethyl)piperazinThyl)methyl)thiazolo[5,4-
1Apyridin-2-3/1)pheny1)-2-phenyl-5-(trifluoromethyl)oxazole-4-carboxamide: HN The title
compound Wa$)RigRaFesk according to amide synthesis general method B, pif#iRg009/068865
2-(6-((4-(2-methoxyethyl)piperazi n-I-yl)methyl )th azo lo [5,4- 5b]pyridin-2-yOaniline and
2-phcny1-5-(trifluoromethypoxazolc-4-carboxylic acid (1.5 eq). The product was filtered from the crude
reaction mixture, evaporated with methanol, and purified by silica gel chromatography (gradient O to
10% methanol in CH2CI2) and by prep HP LC. MS Calcd for C31E129F3N603S: 622.20. Found
(M+H)+ rrilz Pégsradidirepareii(py of @iddarh ethozshyidthiilede i diby) b N-idEn@-{dyardlidim: 1-
Imethyl)thiazolo[5,4-b]pyridin-2-3, Ophenylphiazole-4-carboxamide: HN
5-(3-methoxypropy1)-2-phenylthiazole-4-carbonyl chloride (19.7 g, 66.6 15mmol) was addesg i@a

suspension of 2-(6-(pyrroligill-Aifhet iazolo[5, 4 idin-2-yOaniline (1 5 mn
acetonitrile (300 mL)}BIP mL, ~S>mmel s added aﬁ&thare/agtio i re w d at
room temperature for 16/h. The Il\é%ijltiﬁg%bt was oIIecte(W)y filke@lion, andlfinsed wWitfracemnitrile.

The crude product was fissolved in CH2C12 (208 mL), passed through a fiffed filter and 20dried under
vacuum to give the product as a tan solid (27 g). Recrystallization from EtOAc (300 mL) afforded the

title compound as a white soli go72 o0 yield) MS Calcd for C311131N502%2: 569.19. Found
(M+1-1)1 nolz = 570. %Dre argfion §f 5- -Zmeth%_p-l-ynyl)-z p 2 y?/ - (pyrrolidin-1-
5ylmethyOthiazolo13,4-blyyri n-Zﬂ/I)pthiazole-4-carbox9 e ~N THE
ol
0

O:N 0N
K,CO3, CHLCN
HO\/E)V\N/ CH,Cl, Cl\)/\/IN/ H,\Q

O,N H,N
N s Fe, ACOH Na—S
CI\\I\)T\):N/) { > CH.Cl, C,\\,MN; { >
5 DMEF (0.15 eq) was added to a solution of 6-hydroxy-5-nitronicotinic acid (1

eq) in SOCI; (4.7 eq). The mixture was heated at reflux for 8 h then concentrated in
vacuo. The residue was taken up in CH,Cl,, cooled to -40°C, and MeOH (1.4 eq)
added while maintaining the internal temperature below -30°C. Aqueous NaHCOs (1
eq) was added and the mixture allowed to warm to room temperature. The organic
10 phase was separated and concentrated in vacuo. The crude residue was crystallized

from EtOH to give methyl 6-chloro-5-nitronicotinate (90 % yield)

A suspension of methyl 6-chloro-5-nitronicotinate (1 eq), iron powder (5.2
eq), and NH4Cl; (5.3 eq) in MeOH was heated at 75°C for 2 h. The mixture was
passed through a pad of celite while hot and concentrated in vacuo to give methyl 5-

15  amino-6-chloronicotinate (56 % yield).

Pyridine (1.1 eq) was added to a solution of methyl 5-amino-6-
chloronicotinate (1 eq) and 2-nitrobenzoyl chloride (1.2 eq) in CH,Cl,. The mixture

was stirred at room temperature for 10h and concentrated in vacuo. HyO was added
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HN j":1\1 The title compound was prepared according to amide synthesis general method A,
utilizing 2-(6-(pyrrolidin-1-ylmethyl)thiazolo[5,4-b]pyridin-2-yOaniline and
5-(3-methoxypirRrbyngdy-2-phenylthiazole-4-carboxylic acid. The productpygsitisaliaiad using
workup 2 and purified by silica gel chromatography (gradient 0 to 10% methanol in CH2C12) followed
by recrystallization from McOH to give the title compound (111 mg, 30 %Iyield . MS Calcd for
C31H271\15¢28 S 5E5 8N FoliHa ane e by §%‘é%t1%breﬁaﬂa~ﬁ%h (GH2Cl and dried to

5-(3-methox3grepyiéhgtphanyods(2-(thiaseteibHdinysiciate ¢ OpRenythiazole-4-earboxamide: HN
5-(3-methoxypropyl)-2-phenylthiazole-4-carbonyl chloride (229 mg, 0.774 mmol) was added to a

suspension of 2-(thiazolQ[5.4- rdin-2-yDaniline (141 mg. 20 0.619.mmo) i opjtri le (15 mL).
DIPEA (162 gL, 0.9 nr%)#lgﬁ é)végl}/se :ﬁl%’ ed%@é%ée@eéé?éﬁnn%%@ro I\lfbcé?sllsl%{rér]gii %q)?cl)%n% {Ee'r%perature for
16 h. The reseitirapdpyvidiscoliécmdiby-fijtetionaahehtédsed 306 Eoctdnitfite ebegivarté title compound

5 e 09 SO R SRR ORI i e

5yl)phenyl)thiedsietes bairbibseaiondad dried eegtitRoreeing Gu@dniteed beeyatfsazalsddrtting to amide
synthesis ge "ﬁl‘ﬁ@@-@ﬁb&ﬂﬂ%‘i@%@'%i ; @&9_[5,4-b]pyridin-2-yl)ani|ine and 5-(morpholinomethyl)-
2-phenylthiazole-4-carboxylic acid hydrochloride. (390 mg, 92 % yield) MS Calcd for
10C271123N502S2: 513.13. Found (M+H)I nVz= 514. Preparation_of .
5.0 4-isopropylpiper£2ﬁ?— %ﬂﬂﬁgmf _}Q_Bﬁ%)ﬂg}}gﬂpleﬁgyﬁthlazoloﬁ,4-b]pyr1d1ne-6-carboxylate
(thiazolo[5,4- bl pyiyaiTF2Hy aheryb i vazo hieahoxansdaithlinh haititlevee mppidad was)prepared
according to amjde synthesis general methaod B, utilizing 2-thiazqlo[5,4-bbyridin-2-yl)aniline and 544-
Sopropybipel AL 5L R CTEe RS HE 20 e R (TS . 560% yiele
MS Calcd forvz3GHSEMNGOSR thvh[10h Rowdd(MAEEb(Z &=cgpBas added followed by sat. aq

Na,S0;. The resultant solids were removed by filtration and rinsed with THF. The

combined organics were concentrated in vacuo and the crude residue crystallized
from CH,Cl; to give (2-(2-nitrophenyl)thiazolo[5,4-b]pyridin-6-yl)methanol (50 %
15 yield).

Thionyl chloride (3.1 mol, 227 mL) was slowly added to a room temperature

suspension of (2-(2-nitrophenyl)thiazolo[5,4-b]pyridin-6-yl)methanol (0.62 mol, 180
g) in CH,Cl, (1.8 L). DMF (5 mL) was added and the reaction became homogeneous.
The reaction was stirred for 1 h, then concentrated under reduced pressure. The crude

20  product was dissolved in CH,Cl, (150 mL) and concentrated under reduced pressure.
The crude product was chased with hexane (200 mL X 3)) and dried under vacuum
for 16 h to give 6-(chloromethyl)-2-(2-nitrophenyl)thiazolo[5,4-b]pyridine as a tan
solid (180 g, 94 % yield).

Pyrrolidine (2.8 mol, 203 g) and K,COs (2.8 mol, 395 g) were added to a
25  suspension of 6-(chloromethyl)-2-(2-nitrophenyl)thiazolo[5,4-b]pyridine (0.52 mol,
175 g) in CH3CN (1.7 L). The reaction mixture was stirred at room temperature for
16 h. H,O (1 L) was added and the mixture stirred for 30 min. The CH3CN was
removed under vacuum and the resulting mixture was extracted with CH,Cl, (3 X 1.5

L). The combined organics were washed with brine, dried (Na,SO,) and concentrated

69



Preparation of
2-pheny1-5-(pyrrolidin-bylmethyl)-N-(2-(thiazolo[5,4-b[pyridin2-ybphenyl)thiazole-4-earboxamid e: The
title compour@gMasRFapared according to amide synthesis general 5methed-Bytsilisiogksss
2-thiazolo[5,4-b]pyridin-2-yl)aniline and 2-pheny1-5-(pyrrolidin- 1-ylmethypthiazole-4-carboxylatc
hydrochloride (270 mg, 76% yield). MS C'alcd for C27F123N50S2: 497.13. Found (M+H)1 rrilz = 498.
Preparation df@?ﬁ’-??‘-‘?ﬁ%fﬁcﬁ}gﬂ%é%%@%ﬁﬂl%mmﬁlﬁ:ﬂaﬁéﬁ‘ﬁfﬂﬁl@l@lo[5’4'

O(thiazolo[5, 4 JfpidisinLaAlphesy Qthiaz ole %-grippxamide: The title compound was prepared
according to amide synthesis general method B, utilizing 2-thiazolo[5,4-b]pyridin-2-yl)aniline and

54(442- methoxyethyDpiperazinzl:yOmethyl)-2-phenylthiazole-d-carboxylic acid 15hydrochloride (140
mg, 35% yield). Msh%oer&% ore&rggﬁ%ﬁl%dféﬁag?gafg%o%lsqoﬁl (ﬁ%ﬁ?ﬁg §|zn 1:%% e."gil%é)'aration of
5-(rnorpholindpyewlid)2iprleryhN)ig aghielotebByribingyridih 2mOlp Ar@lyosakOle A Marboxamide:
FIN ~ The {15 ¢OmBAURG Was PLERARFACFOIND IR IR RHRINES IR O8] 'E%ﬁh%tgadz’* utilizing
2-thiazolol[5,4- %ynﬁ%n-z-y?{ar(%me aﬁz{S-(jr?or'phognomgﬁ)l/%- 2-p enyExazo?eA-car oxylic acid. (115
mg, 55 % yielkHurishernted fist te PP RNBORSIE40P LX) FAdmd (sHdyiedrinzrotioss. PReparation of

5'94'(2'”‘eth%x&ﬁy&%gﬁ@ém'rw@%%&GfQQﬁ{%YAﬂH'I(_%sed with CH,Cl,. The combined
(thiazolo[5,4-14yridin-2-3,1)phenyl)oxazole-4-earboxamide: 10 15
filtrates were washed with Na,CO; (3 X 20 mL), dried (MgSO,) and concentrated
under reduced pressure to give 2-(6-(pyrrolidin-1-ylmethyl)thiazolo[5,4-b]pyridin-2-

10 ylaniline (3.4 g, 98 % yield) as a yellow solid.

Preparation of 2-(6-(morpholinomethyl)thiazolo[S,4-b]pyridin-2-yl)aniline:

LI

The title compound was prepared by the procedure described for 2-(6-
(pyrrolidin-1-ylmethyl)thiazolo[5,4-b]pyridin-2-yl)aniline substituting morpholine for
15  pyrrolidine.

Preparation of 2-(6-((4-(2-methoxyethyl)piperazin-1-yl)methyl)thiazolo|5,4-
b]pyridin-2-yl)aniline:

O\
[ HoN
Ny S
N
N
The title compound was prepared by the procedure described for 2-(6-

20  (pyrrolidin-1-ylmethyl)thiazolo[5,4-b]pyridin-2-yl)aniline substituting 4-(2-
methoxyethyl)piperazine for pyrrolidine.

Preparation of 2-phenyl-5-(pyrrolidin-1-ylmethyl)thiazole-4-carboxylic acid
hydrochloride:
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The title compound was prepared according to amide synthesis general method A, utilizing
2-thiazolo[5,4-b]pyridin-2-yl)aniline and 54(442-
methoxyethyhRjRgiagHssyl)methyl)-2-phenyloxazole-4-carboxylic acid (146Pgs2Rshiglsl). MS
Calcd for C301-130N603S: 554.21. Found (M+H)+ m/z = 555. Preparation of
2-phenyl1-5-(pyrrolidin-I-ylmethyl)-N-(2-(thiazolo[5,4-14yridin2-yl)phenylioxazole-4-earboxamide: The
title compound was prepared according to amide synthesis general method A, jtilizing

2-thiazolo[5,4-b]pyridine2-yd)aniline aneh2rpdeeny 1-5-(fyrrdlidin- 1-fhadeatlyl)thi “Agafboxylate (400
mg, 83 % yield). MS r C27T123N5025:5481.1%. Fotmd (M+H)T miz 5484 Preparation of
tert-butyl 4-02-pheny1-442-( tigjzolo[%(fﬂ’-yfﬁyridin-z N, Y
yliphenylcarbamoyl)oxazol-5-ylimethylipiperazine-l-earboxylate: 10 15 Thétitle compound was

and 544-(tertbutoxycarbonyl)piperazin- me§hyl)-2-phenylthiazo

rgoxy c acid. (270 mg, 45 %
yield). MS Calcd for C32HI2INGAS: 596322. ;{:MH—U&& miz =59 r9 ation of

prepared according to amide synthesis eral method A, utilizing Io[5,4-b]pyridin-2-y0ani|ine
ca

5-(3-(4-(2-methoxyethyl)piperazin-I-yl)propy 1)}%phenyl-N-(2- N
(thiazolo[5,4-b]pyridin-2-yliphenyl)thiazole-4-ear mide: A solution ofFF0
5-(3-chloropropy1)-2-phenyl-N-(2-(thiazolo[5t8uB]pyridin-2- yOphenyl)thi&Bghe-4-carboxamide (316 mg,
0.67 mmol) and 1-(2-methoxyethyl)- piperazine (964.mg, 6.7 mmol) in DMSO (@nL) was heated at

70C for 16 h. The 5reaction mixture was,cgoled to{ogm temperatu d pouréd ihto H20. The
resulting solid was collected by filtratio @- rir§ed Nwith H20. The preduckwas purified by MPLC
eluting with DCM/Me0OH+ 18 TEX©0-10%% grafientrto give tHE!title compolingH3744mg, 96 % vield). MS
Calcd for C32H341\160252: 598.22. Found ( )+ m/z = 599. N
@) 0
t-BuO HO
4-acetamidobenzenesulfonyl azide (1.5 ml) was added to a solution of tert-
butyl 3-oxobutanoate (1.86 g, 10.12 mmol) and TEA (3.85 ml) in CH3CN (60 ml).
The mixture was stirred at room temperature overnight, concentrated and purified by
5  flash chromatography to give tert-butyl 2-diazo-3-oxobutanoate as a yellow liquid
(1.3 g, 77% yield).

A solution of tert-butyl 2-diazo-3-oxobutanoate (13.1 g, 71.7 mmol) in 1,2-
dichloroethane was added over 12 h to a refluxing solution of benzamide (6.16 g, 50.8
mmol) and dirhodium tetraacetate (786 mg, 1.78 mmol) in 1,2-dichloroethane (75

10 ml). The mixture was evaporated in vacuo and purified by flash chromatography to

give tert-butyl 2-benzamido-3-oxobutanoate as a white solid (6.97 g, 51% yield).

A solution of tert-butyl 2-benzamido-3-oxobutanoate (842 mg, 3.04 mmol)
and 2,4-bis(4-methoxyphenyl)-1,3,2,4-dithiadiphosphetane 2,4-disulfide (Lawesson’s
reagent) (1.88 g 6.07 mmol) in THF (20 ml) was heated at reflux for 6h. The mixture

15  was evaporated in vacuo and purified by flash chromatography to give tert-butyl 5-
methyl-2-phenylthiazole-4-carboxylate as a yellow solid (520 mg, 62% yield).

A solution of tert-butyl 5-methyl-2-phenylthiazole-4-carboxylate (1.0 g .3.64
mmol), N-bromosuccinimide (NBS) (0.65 g 3.64 mmol), and benzoyl peroxide (BPO)

(5.5 mg, 0.023 mmol) in CCl, (30 ml) was heated at reflux for 16 h. The reaction
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10 Preparation of 2-phenyl-5-(3-(pyrrolidin-1-3,1)propy1)-N-(2-(thiazolo15,4-
b]pyridin-2-yl)phenyl)thiazole-4-earboxamide: 15Pyrrolidine (88 .1.)L, 1.06 mmol) was added to a
solution of 5+ZB%PRE9REY)-2- ph enyl -N -(2-(th azol o [5,4-b]pyri di n-2-y)pheRdi8d 068865
azole-4-carboxam i de (250 mg, 0.53 mmol) and AcOH (127 mg, 2.1 mmol) in dichloroethane (DCE)
(20 rut). The reaction mixture was stirred for 1 h. Sodium triacetoxyborohydride (449 mg, 2.1 mmol)
was added arftiSHFRRG CERRATIEA I 637 ¢ HBTELEHSH ikitneREREBiFaa 09t $5™5q NaHCO)
and extractedywithsQGivmdhetBOINDRIpRehpraanss-wewbyashech il drinellehaed (M5, and
concentrated \;?e crtﬁ?e product was purified by M P LC eluting with CH2C12/M e0OH+1% TEA(0-10%
gradient) to g? "[Pféek e compound (87 mg, 31 % yield). MS Calcd for C29H27N5052: 525.17. Found
(M+H)+ trilz = 526.  Preparation of 5-(3-morpholinopropy1)-2-phenyl-N-(2-(thiazolo[5,4-blpyridin-2-
Syliphenyl)thiazole-Ppaebdientideml) wihadtdted tonspbuied wftsrpledrédlacoominyld-the procedure

described for 2- YR BRygQli {Qély@ﬁ%pl%%é%o'f)tg

SRR
10yOphenyl) |gzo e-4-carboxamide substituting morp Ilne%rlp% ine.55(1128 r%g,45%yield). MS

Calcd for C24R¥FANS02S2mB4n CELELUAE - B Immsuee 5B stxghplet BiBkRical activity A
mass Spectropein,RAsEYASRAY Wﬁﬁpﬂﬁ%&%W&ﬂmm@ﬁﬁé?ft@gﬁﬁgr@ﬁﬁw%-The mass

spectrometry based assay utilizes a peptide having 20 amino acid 15 residues as follows:
Ac-EE-K(biotﬁhewgmqmﬂc)ﬁlﬁgzvﬁ@?@@ﬁmfm&ﬁﬁ(g Fehop setd (33 megein K(Ac) is an
acetylated lysjpe, rasidyie and Nle is a norleucine. The peptide is labeled with the fluorophore 5TM R
(excitation 540 mm/emission 580 nm) at the C-terminus. The sequence of the peptide substrate is

based op,p53 with several modifications. | ition, the methionine residue 20 naturally present in the
sequenc@ was repla 8%1%@&?%%@@3%&?@ %‘gga{ﬂg]é) WaHAHARSHN SRR g ?—:t%ﬁgig'to oxidation
during syntheshsmamd {gpyifichtion] -ylmdthgl jriasskpéatidmeftytaciay | dondudjediasfalows: 0.5 RM

peptide subs.trr][1 eaaned 129&!\&53%@%@% i cuk%%t’a%qvgit C10 nI\I{It%fRT.I f9r02§ {ninutef_at 25Cina
reaction bufferq( MM T HS-acatate pH'8, SFm a ,Oél.cfm elg(]:nl ki 1rlnl\A)fémgCH, 5mM DTT,
0.05% BSA). presy torpotnidmiaylipetbyldibohtolthé-cedotigneshgdsohibedlalbbie, BR& SirT1 gene is
cloned into a}'ll'igmr'omoter containing vector and

15  Preparation of S-(morpholinomethyl)-2-phenylthiazole-4-carboxylic acid

UGS
g

HO

hydrochloride:

The title compound was prepared by the procedure described for 2-phenyl-5-
(pyrrolidin-1-ylmethyl)thiazole-4-carboxylic acid substituting morpholine for
20  pyrrolidine in 52 % yield.

Preparation of 5-((4-isopropylpiperazin-1-yl)methyl)-2-phenylthiazole-4-

carboxylic acid hydrochloride:
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transformed into BL21(DE3). After the 25 minute incubation with SIRT1, 10 jut of 10% formic acid is
added to stop the reaction. Reactions are sealed and frozen for later mass spec analysis.
Determinatioy, gkt dhass of the substrate peptide allows for precise deterspipaiion ohihgsegree of
acetylation (i.e. starting material) as 5compared to deacetylated peptide (product). A control for
inhibition of sirtuin activity is conducted by adding 1 1.1L, of 500 mM nicotinamide as a negative
control at the start of the reaction (e.g., permits determination aximum sirtuin inhibition). A control
for activation of sirtuin activity is conducted using 10 nM of sifuin protein, with 1 ut of DMSO in place
of 10compound, to determine the amount of etylatior»(;"t e substrate at a given timepoint within
the linear range of the assay. This timepoint sae a\thtat used for test compounds and, within
the linear range, the endpoint represents a change in ityydror the above assay, SIRT1 protein
was expressed and purified as follows. 15The SirTf‘g ne was cloned into a T7-promoter containing
vector and transfoimed into BL21(DE3). The protein was-@xpressed by induction with 1 mM IPTG as
an N-terminal His-tag fusion protein at 18C overning%nd harvested at 30,000 x g. Cells were lysed
with lysozyme in lysis buffer (50 mM Tris-HC1, 2 mM Tris[2- carboxyethyl] phosphine (TCEP), 10 uM
ZnC12, 200 mM Na&hy tieicempeindaste darepavidby dhtaansedioe deseriberblog@nppRite #Ysis. The protein
was purified quer.aifiaNTARAMMMANE sham) ANt faations containl jigteininere pooled,
concentrated and run over a sizing column (Sephadex S200 26/60 global). The peak containing
soluble protei?iErebfEdd8hd wisldn an lon-exchange column (MonoQ). Gradient elution (200 mM
- 500 mM NaCl) yielded pure protein. This 25 protein was concentrated and dialyzed against dialysis
buffer (26 m\PrgjgutdGdn 3NBN(4FQERYthueyeitifl) piperpriicinyyme i) Dipheanltiinzsde-at -80C until
further use. Sirtyin modulating compounds that activated SIRT | were identified using the assay
described ab&Ve gﬁrgﬁ A B&fﬁr%r%ﬁ) v

re’s fTable 1. The EC1.5 values for the 30 activating compounds
are represented by A (EC]. 5 <1 UM), B (ECI 5 >1 and <10 uM), or C (ECI.5 >10 uM). The percent
maximum fold activation is represented by A (Fold activation ~230Q%), B (Fold Activation >150% and
<300%), or C (Fold Activation <150%). Tabl CON|Po<U’

s N
\
N{ HCl
O
HO

The title compound was prepared by the procedure described for 2-phenyl-5-
(pyrrolidin-1-ylmethyl)thiazole-4-carboxylic acid substituting morpholine for
10  pyrrolidine in 49 % yield.

Preparation of 5-((4-(tert-butoxycarbonyl)piperazin-1-yl)methyl)-2-

phenylthiazole-4-carboxylic acid:
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A solution of ethyl 2-diazo-3-oxobutanoate (20 g, 128 mmol) in 1,2-
dichloroethane (100 mL) was added over 16 h to a refluxing solution of benzamide
(13 g, 107 mmol) and dirhodium tetraacetate (1.4 g, 3.2 mmol) in 1,2-dichloroethane
(200 ml). The mixture was evaporated in vacuo and purified by flash chromatography

to give ethyl 2-benzamido-3-oxobutanoate as a yellow oil (20 g, 50 % yield).

A solution of ethyl 2-benzamido-3-oxobutanoate (13.0 g, 0.052 mol) in
phosphorus oxychloride (100 mL) was heated under reflux for 1.5 h, then cooled and
concentrated under reduced pressure to a brown syrup which was dissolved in
dichloromethane (250 mL). The solution was washed with water, saturated Na,CO;
and brine successively, then dried over anhydrous Na,SO4 and concentrated to give

ethyl 5-methyl-2-phenyloxazole-4-carboxylate as a brown oil (11.0 g, 91% yield).

A solution of ethyl 5-methyl-2-phenyloxazole-4-carboxylate (11.0g, 48
mmol), NBS (8.5 g, 48 mmol), and BPO (100 mg) in CCl4 (200 ml) was heated at
reflux for 16 h. The reaction mixture was concentrated in vacuo and purified by flash
chromatography to give ethyl 5-(bromomethyl)-2-phenyloxazole-4-carboxylate as a
tan solid (5.2 g, 35% yield).

t-butyl piperazine-1-carboxylate (3.2 g, 17.3 mmol) was added to a solution of
ethyl 5-(bromomethyl)-2-phenyloxazole-4-carboxylate (2.7 g, 8.7 mmol) and DIPEA
(2.9 ml) in CH,Cl, (20 ml). The mixture was stirred at rt for 16 h, washed with water
and brine, dried over anhydrous Na,SO,, concentrated and purified by flash
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chromatography to give ethyl 5-((4-(tert-butoxycarbonyl)piperazin-1-yl)methyl)-2-
phenylthiazole-4-carboxylate as a yellow solid (3.0 g, 83 % yield).

1 N NaOH (5.4 mL) was added to a solution of ethyl 5-((4-(tert-

butoxycarbonyl)piperazin-1-yl)methyl)-2-phenylthiazole-4-carboxylate (1.50 g, 3.6

5 mmol) in methanol (10 mL) and tetrahydrofuran (10 mL). The reaction mixture was
stirred at room temperature for 16 h then concentrated in vacuo. H,O was added and
the mixture was washed with EtOAC. The pH of the aqueous layer was adjusted to 5
by the addition of 1N HCI and the resulting ppt was collected by filtration, washed
with H,O, and dried to give 5-((4-(tert-butoxycarbonyl)piperazin-1-yl)methyl)-2-

10 phenylthiazole-4-carboxylic acid as a white solid (0.9 g, 64 % yield).

Preparation of S-(morpholinomethyl)-2-phenyloxazole-4-carboxylic acid:

SURS

N

O
HO

The title compound was prepared by the procedure described for 5-((4-(tert-
butoxycarbonyl)piperazin-1-yl)methyl)-2-phenylthiazole-4-carboxylic acid
15  substituting morpholine for t-butyl piperazine-1-carboxylate in 28 % yield.

Preparation of 5-((4-(2-methoxyethyl)piperazin-1-yl)methyl)-2-phenyloxazole-4-

o

N

carboxylic acid:

O
HO

The title compound was prepared by the procedure described for 5-((4-(tert-
20  butoxycarbonyl)piperazin-1-yl)methyl)-2-phenylthiazole-4-carboxylic acid
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substituting 4-(2-methoxyethyl)piperazine for t-butyl piperazine-1-carboxylate in 51
% yield.

Preparation of 2-phenyl-5-(pyrrolidin-1-ylmethyl)oxazole-4-carboxylic acid:

a. ¢

N
@]
HO
5 The title compound was prepared by the procedure described for 5-((4-(tert-

butoxycarbonyl)piperazin-1-yl)methyl)-2-phenylthiazole-4-carboxylic acid
substituting pyrrolidine for t-butyl piperazine-1-carboxylate in 38 % yield.

Preparation of 5-(3-methoxypropyl)-2-phenylthiazole-4-carbonyl chloride:

@\WS r Cul, DME, TEA @\( Pd/C, H2 \S/

/ w—

N{ Cl,Pd(PPhs), EtOAC N o 0
EtO

EtO

‘ \ [ ]\ S
LiOH, H,O oxaIIyI Cl \
I—‘2> \ / N / o~
THF/MeOH CH.Cl2 0

Cl

10 Nitrogen was bubbled through a solution of Ethyl 5-bromo-2-phenylthiazole-
4-carboxylate (13.1 g, 41.9 mmol) and methyl propargyl ether (7.1 mL, 83.9 mmol) in
dimethoxyethane (DME) (200 mL). Dichlorobis(triphenylphosphine)palladium (II)
(1.47 g, 2.2 mmol), copper (1) iodide (0.2 g, 1.1 mmol), and TEA (29 mL, 210 mmol)
were added and the reaction mixture was heated at reflux for 16 h. The reaction

15  mixture was cooled to room temperature, poured into H,O (200 mL) and extracted
with EtOAc (2 X 200 mL). The combined organics were washed with brine, dried
(MgSO0s), and concentrated. The crude product was purified by MPLC eluting with
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pentane/EtOAc (0-50% gradient) to give ethyl 5-(3-methoxyprop-1-ynyl)-2-
phenylthiazole-4-carboxylate as a tan solid (11 g, 88 % yield).

Ethyl 5-(3-methoxyprop-1-ynyl)-2-phenylthiazole-4-carboxylate (26.1 g, 86.6

mmol) was dissolved in EtOAc (350 mL) and hydrogenated under balloon pressure

5  for four days until LCMS indicated complete reduction of unsaturation. On day three,
the catalyst was removed by filtration, fresh catalyst added and the mixtures re-
subjected to hydrogenation at balloon pressure. The catalyst was removed by
filtration through a pad of celite. The filter pad was rinsed with EtOAc and the filtrate
concentrated to dryness. The crude product was purified by MPLC eluting with

10 pentane/EtOAc to give ethyl 5-(3-methoxypropyl)-2-phenylthiazole-4-carboxylate

(23.2 g, 88% yield).

Ethyl 5-(3-methoxypropyl)-2-phenylthiazole-4-carboxylate (26.3 g, 76.1
mmol) was dissolved in THF/MeOH (1:1, 300 mL) and a solution of LiOH (3.6 g,
152 mmol) in H,O (75 mL) was added. The reaction was stirred for ~ 5 h and the pH
15  adjusted to ~ 3 by the addition of 3N HCI. The mixture was poured into brine and
extracted with EtOAc. The combined organics were washed with brine, dried
(MgSO0;4) and concentrated to give 5-(3-methoxypropyl)-2-phenylthiazole-4-
carboxylic acid (21 g, 99 % yield) as a tan solid.

Oxalyl chloride (67.2 mmol, 5.9 mL) was slowly added to a room temperature

20  solution of 5-(3-methoxypropyl)-2-phenylthiazole-4-carboxylate (22.4 mmol, 6.2 g)
in CH,Cl, (100 mL). 3 drops of DMF were added and the reaction became
homogeneous over ~ 20 min. The reaction was stirred for 3 h, then concentrated
under reduced pressure. The crude product was dissolved in CH,Cl, (150 mL) and
concentrated under reduced pressure. The crude product was dissolved in EtOAc

25 (150 mL), washed with brine (2 X 100 mL), dried (MgSQO,), and concentrated under
reduced pressure to give 5-(3-methoxypropyl)-2-phenylthiazole-4-carbonyl chloride
as a tan solid (6.6 g, 99 % yield).

Preparation of 5-(3-methoxyprop-1-ynyl)-2-phenylthiazole-4-carboxylic acid:
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Ethyl 5-(3-methoxyprop-1-ynyl)-2-phenylthiazole-4-carboxylate (701 mg, 2.3
mmol) was dissolved in THF/MeOH (1:1, 40 mL) and a solution of LiOH (167 mg,

5 7.0 mmol) in H,O (10 mL) was added. The reaction was stirred for ~16 h and the pH
adjusted to ~ 3 by the addition of 3N HCI. The mixture was poured into brine and
extracted with EtOAc. The combined organics were washed with brine, dried
(MgSQy4) and concentrated to give 5-(3-methoxyprop-1-ynyl)-2-phenylthiazole-4-
carboxylic acid (636 mg, 99 % yield) as a tan solid.

10 Preparation of 4-phenylthiazole-2-carboxylic acid:

HO N
=
O S

Ethyl-4-phenylthiazole-2-carboxylate (300 mg) was stirred overnight in a
mixture of THF (4 mL) and 1N aqueous NaOH (1 mL) for 18 hours. The THF was
removed under reduced pressure and the aqueous solution was acidified with 4N HCI,

15  extracted with CH,Cl,, dried over Na,SO4 and concentrate to obtain 4-phenylthiazole-

2-carboxylic acid which was used as is in the next step.

Preparation of 5-(3-chloropropyl)-2-phenyl-N-(2-(thiazolo[S,4-b]pyridin-2-
yDphenyl)thiazole-4-carboxamide:
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0
EtO

Q\WS LiOH, H,0 O\WS SOCl,
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EtO HO
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Nitrogen was bubbled through a solution of Ethyl 5-bromo-2-phenylthiazole-

4-carboxylate (3.6 g, 11.5 mmol) and 2-(prop-2-ynyloxy)tetrahydro-2H-pyran (3.3
mL, 23.1 mmol) in THF (30 mL). Dichlorobis(triphenylphosphine)palladium (II)

5 (405 mg, 0.6 mmol), copper (I) iodide (55 mg, 0.3 mmol), and tricthylamine (TEA) (8
mL, 57.7 mmol) were added and the reaction mixture was heated at 100°C for 30 min
in a microwave reactor. The reaction mixture was poured into H,O and extracted
with EtOAc. The combined organics were washed with brine, dried (MgSQO,), and
concentrated. The crude product was purified by MPLC eluting with pentane/EtOAc

10 (0-50% gradient) to give ethyl 2-phenyl-5-(3-(tetrahydro-2H-pyran-2-yloxy)prop-1-
ynyl)thiazole-4-carboxylate (3.8 g, 88 % yield).

Ethyl 2-phenyl-5-(3-(tetrahydro-2H-pyran-2-yloxy)prop-1-ynyl)thiazole-4-
carboxylate (3.8 g, 10.1 mmol) was dissolved in MeOH/THF (1:1, 60 mL) and
hydrogenated under balloon pressure for four days until LCMS indicated complete

15  reduction of unsaturation. On day three, the catalyst was removed by filtration, fresh
catalyst added and the mixtures re-subjected to hydrogenation at balloon pressure.
The catalyst was removed by filtration through a pad of celite. The filter pad was
rinsed with EtOAc and the filtrate concentrated to dryness. The crude product was
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dissolved in MeOH. p-Toluenesulfonic acid (p-TsOH) (0.15 eq) was added and the
reaction mixture was stirred for 16 h then concentrated to dryness. The crude residue
was taken up in EtOAc, washed with sat aq NaHCOs, brine, dried and concentrated.
The crude product was purified by MPLC eluting with pentane/EtOAc (0-100%

5  gradient) to give a mixture of ethyl and methyl esters of the expected product (1.9 g).

The product mixture from above (1.9 g) was dissolved in THF/MeOH (1:1, 30
mL) and a solution of LiOH (313 mg, 13 mmol) in H,O (15 mL) was added. The
reaction was stirred for ~ 5 h and the pH adjusted to ~ 3 by the addition of 3N HCI.
The mixture was poured into brine and extracted with EtOAc. The combined
10  organics were washed with brine, dried (MgSO4) and concentrated to give 5-(3-

hydroxypropyl)-2-phenylthiazole-4-carboxylic acid (1.7 g).

A mixture of 5-(3-hydroxypropyl)-2-phenylthiazole-4-carboxylic acid (850
mg, 3.2 mmol) and LiCl (3.2 mmol) in thionyl chloride (10 mL) was heated at reflux
for 16 h then concentrated to dryness. The crude product was dissolved in EtOAc,

15  washed with brine, dried (MgSQO,), and concentrated under reduced pressure to give

5-(3-chloropropyl)-2-phenylthiazole-4-carbonyl chloride (906 mg, 99 % yield).

A suspension of 5-(3-chloropropyl)-2-phenylthiazole-4-carbonyl chloride (906
mg, 3.2 mmol), DIPEA (1.1 mL, 6.4 mmol), and 2-(thiazolo[5,4-b]pyridin-2-
yl)aniline b(585 mg, 2.6 mmol) in CH3CN (12 mL) was stirred for 16 h. The

20  resulting ppt was collected by filtration, rinsed with CH3;CN and dried. The crude
product was purified by MPLC eluting with DCM/MeOH (0-5% gradient) to give 5-
(3-chloropropyl)-2-phenyl-N-(2-(thiazolo[5,4-b]pyridin-2-yl)phenyl)thiazole-4-
carboxamide (316 mg, 26 % yield).

Preparation of 5-(3-oxopropyl)-2-phenyl-N-(2-(thiazolo[S,4-b]pyridin-2-
25  yDphenyl)thiazole-4-carboxamide:
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A THEF solution of (2-(1,3-dioxolan-2-yl)ethyl)zinc(Il) bromide (35 mL. 17.3
mmol) was added to a degassed solution of ethyl 5-bromo-2-phenylthiazole-4-
carboxylate (3.6 g, 11.5 mmol) and tetrakistriphenylphosphine palladium (666 mg,

5 0.58 mmol) in THF (20 mL). The reaction mixture was heated at reflux for 16 h then
poured into sat aq NaHCOs. The mixture was extracted with EtOAc, washed with
brine, dried (MgSQOs), and concentrated. The crude product was purified by MPLC
eluting with pentane/EtOAc (0-100% gradient) to give ethyl 5-(2-(1,3-dioxolan-2-
yl)ethyl)-2-phenylthiazole-4-carboxylate (2.0 g, 52 % yield).

10 Ethyl 5-(2-(1,3-dioxolan-2-yl)ethyl)-2-phenylthiazole-4-carboxylate (2.6 g,
7.9 mmol) was dissolved in MeOH/THF (1:1, 60 mL) and a solution of LiOH (378
mg, 15.7 mmol) in HO (15 mL) was added. The reaction was stirred for ~ 5 h and
the pH adjusted to ~ 3 by the addition of 3N HCI. The mixture was poured into brine
and extracted with EtOAc. The combined organics were washed with brine, dried

15 (MgSO,) and concentrated. The crude product was crystallized from EtOAc to give
5-(2-(1,3-dioxolan-2-yl)ethyl)-2-phenylthiazole-4-carboxylic acid (1.8 g, 75 % yield).

2-(1H-7-Azabenzotriazol-1-yl)-1,1,3,3-tetramethyl uronium
hexafluorophosphate methanaminium (HATU) (669 mg, 1.8 mmol) was added to a
solution of 5-(2-(1,3-dioxolan-2-yl)ethyl)-2-phenylthiazole-4-carboxylic acid (504
20  mg, 1.7 mmol), DIPEA (613 uL, 3.5 mmol), and 2-(thiazolo[5,4-b]pyridin-2-
yD)aniline b(250 mg, 1.1 mmol) in DMF (7 mL). The reaction mixture was stirred for
16 h, poured into sat aqg NaHCOs3 and extracted with EtOAc. The organic fractions

were washed with brine, dried and concentrated. The crude product was crystallized
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from EtOH to give 5-(2-(1,3-dioxolan-2-yl)ethyl)-2-phenyl-N-(2-(thiazolo[5,4-
b]pyridin-2-yl)phenyl)thiazole-4-carboxamide (372 mg, 66 % yield).

5-(2-(1,3-dioxolan-2-yl)ethyl)-2-phenyl-N-(2-(thiazolo[ 5,4-b]pyridin-2-

yl)phenyl)thiazole-4-carboxamide (250 mg, 0.5 mmol) was dissolved in a mixture of

5 THF (4 mL), AcOH (8 mL) and H,O (0.5 mL), heated at reflux for 16 h, then
concentrated to dryness. The residue was dissolved in EtOAc, washed with sat aq
NaHCO3, dried (MgS0O,), and concentrated under reduced pressure. The crude
product was purified by MPLC eluting with CH,Cl,/MeOH (0-5% gradient) to give 5-
(3-oxopropyl)-2-phenyl-N-(2-(thiazolo[5,4-b]pyridin-2-yl)phenyl)thiazole-4-

10 carboxamide (200 mg, 87 % yield).

Amide synthesis general method A:

o
Ar
HO™ “Ar =0
HoN HN
R Na—S HATU R NS
S ol NN
RN Z~N DIPEA RS N

A mixture of aniline (1 eq), carboxylic acid (1 to 1.5 eq), HATU (1.5 eq) and
DIPEA (2.0 eq) was stirred at room temperature in a suitable solvent (i.e. DMF) for

15 18 h. Water was added to the reaction mixture to precipitate the product.

Workup 1: If the product precipitated it is collected by filtration, washed with
water, hot triturated with methanol or ethanol and dried under vacuum to afford the
desired amide. The products were further purified by chromatography to improve

purity as needed.

20 Workup 2: If the resulting solution was not homogeneous, the product was
extracted with organic solvent (CH,Cl, or EtOAc) washed with aq. NaHCOj3, brine,
dried with Na,SO4 and concentrated. The crude product was then purified by

chromatography as needed.

Amide synthesis general method B:
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The desired carboxylic acid (1.2-1.5 eq) is suspended in CH,Cl,, and treated
with oxalyl chloride (6 eq) and DMF (catalytic) for 1.5 to 18 hours to obtain a clear
solution. The solution was concentrated to dryness and a pyridine suspension of the
desired aniline (1.0 eq) was added and the reaction mixture was stirred at room
temperature for up to 18 hours or microwave heated (160 deg C, 10 min). If the
product precipitates from solution it is collected by filtration, co-evaporated with
methanol and purified by chromatography. If it does not precipitate from solution it

can be concentrated to dryness, triturated and then purified by chromatography.

Acid chlorides were also prepared by suspending the appropriate acid in
SOCIl; and heating at reflux for several hours. The excess SOCI; is removed under
reduced pressure, and the residue chased with toluene. The resulting acid chloride was

dried under vacuum and used without further purification.

Preparation of N-(2-(6-(morpholinomethyl)thiazolo[5,4-b]pyridin-2-yl)phenyl)-4-

A,
N}O

The title compound was prepared according to amide synthesis general

phenylthiazole-2-carboxamide:

method A, utilizing 2-(6-(morpholinomethyl)thiazolo[5,4-b]pyridin-2-yl)aniline and
4-phenylthiazole-2-carboxylic acid. The product was isolated by precipitation during
the addition of water, triturated with hot methanol and purified by silica gel
chromatography (gradient 0 to 10% methanol in CH,Cl,). MS Calcd for
C,7H3N50,S;: 513.13. Found (M+H)' m/z = 514.
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Preparation of 4-phenyl-N-(2-(6-(pyrrolidin-1-ylmethyl)thiazolo[S,4-b]pyridin-2-

S
N}O

The title compound was prepared according to amide synthesis general

yDphenyl)thiazole-2-carboxamide:

5  method A, utilizing 2-(6-(pyrrolidin-1-ylmethyl)thiazolo[5,4-b]pyridin-2-yl)aniline
and 4-phenylthiazole-2-carboxylic acid. The product was isolated by precipitation by
the addition of water, triturated with hot methanol and purified by silica gel
chromatography (gradient 0 to 10% methanol in CH,Cl,). MS Calcd for
C,7H23N508;: 497.13. Found (M+H) m/z = 498.

10 Preparation of N-(2-(6-((4-(2-methoxyethyl)piperazin-1-yl)methyl)thiazolo[5,4-
b]pyridin-2-yl)phenyl)-4-phenylthiazole-2-carboxamide:

SN
N=
0]
HN
PLONGZ QN N S,
N N
K/)\l\)l/\): /
N

The title compound was prepared according to amide synthesis general

method B, utilizing 2-(6-((4-(2-methoxyethyl)piperazin-1-yl)methyl)thiazolo[5,4-
15  b]pyridin-2-yl)aniline and 4-phenylthiazole-2-carboxylic acid (1.5 eq). Addition of

water to the crude reaction did not precipitate the product, therefore it was

concentrated, triturated with hot MeCN, MeCN/EtOAc¢/MeOH mixture, and

EtOAC/MeOH sequentially. The resulting pale yellow solid was lyophilized with a

MeCN/water/HC] mixture and subsequently purified on prep HPLC. MS Calcd for
20 CiH3Ns0,85: 570.19. Found (M+H) m/z = 571.
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Preparation of 5-methyl-N-(2-(6-(morpholinomethyl)thiazolo[S,4-b]pyridin-2-
y)phenyl)-2-phenyloxazole-4-carboxamide:

ey

N

The title compound was prepared according to amide synthesis general
5  method A, utilizing 2-(6-(morpholinomethyl)thiazolo[5,4-b]pyridin-2-yl)aniline and
5-methyl-2-phenyloxazole-4-carboxylic acid. The product was isolated by
precipitation by the addition of water, triturated with hot methanol and purified by
silica gel chromatography (gradient 0 to 10% methanol in CH,Cl,). MS Calcd for
C2sHasNs03S: 511.17. Found (M+H) m/z = 512.

10 Preparation of S-methyl-2-phenyl-N-(2-(6-(pyrrolidin-1-ylmethyl)thiazolo[5,4-
b]pyridin-2-yl)phenyl)oxazole-4-carboxamide:

e

N

HN
No—S
The title compound was prepared according to amide synthesis general

method A, utilizing 2-(6-(pyrrolidin-1-ylmethyl)thiazolo[5,4-b]pyridin-2-yl)aniline
15  and 5-methyl-2-phenyloxazole-4-carboxylic acid. The product was isolated by

precipitation by the addition of water, triturated with hot methanol and purified by

silica gel chromatography (gradient 0 to 10% methanol in CH,Cl,). MS Calcd for

C2sH2sN50,S: 495.17. Found (M+H)" m/z = 496.

Preparation of N-(2-(6-((4-(2-methoxyethyl)piperazin-1-yl)methyl)thiazolo|5,4-
20 b]pyridin-2-yl)phenyl)-5-methyl-2-phenyloxazole-4-carboxamide:
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The title compound was prepared according to amide synthesis general
method B, utilizing 2-(6-((4-(2-methoxyethyl)piperazin-1-yl)methyl)thiazolo[ 5,4-
b]pyridin-2-yl)aniline and 5-methyl-2-phenyloxazole-4-carboxylic acid (1.5 eq). The
5 product precipitated from the reaction mixture, and was filtered and chased with

methanol. The product was purified by prep HPLC. MS Calcd for C3;H3,NsO3S:
568.23. Found (M+H) m/z = 569.

Preparation of N-(2-(6-(morpholinomethyl)thiazolo[S,4-b|pyridin-2-yl)phenyl)-2-

“a

phenylthiazole-4-carboxamide:

N

HN
QL0
10 K/N | P N/

The title compound was prepared according to amide synthesis general
method A, utilizing 2-(6-(morpholinomethyl)thiazolo[5,4-b]pyridin-2-yl)aniline and
2-phenylthiazole-4-carboxylic acid. The product was isolated by precipitation by the
addition of water, triturated with hot methanol, dissolved in CH,Cl,, washed with

15  dilute NaHCOs3, concentrated and purified by silica gel chromatography (gradient 0 to
10% methanol in CH,Cl,). MS Calced for C57H,3N50,S,: 513.13. Found (M+H) m/z
=514.

Preparation of 2-phenyl-N-(2-(6-(pyrrolidin-1-ylmethyl)thiazolo[5,4-b]pyridin-2-
20  yDphenyl)thiazole-4-carboxamide:
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The title compound was prepared according to amide synthesis general
method A, utilizing 2-(6-(pyrrolidin-1-ylmethyl)thiazolo[5,4-b]pyridin-2-yl)aniline
and 2-phenylthiazole-4-carboxylic acid. The product was isolated by precipitation by

5  the addition of water, triturated with hot methanol, dissolved in CH,Cl,, washed with
dilute NaHCOs, concentrated and purified by silica gel chromatography (gradient 0 to
10% methanol in CH,Cl,). MS Calcd for C»7H,3Ns08S5: 497.13. Found (M+H) m/z =
498.

10 Preparation of N-(2-(6-((4-(2-methoxyethyl)piperazin-1-yl)methyl)thiazolo|5,4-
b|pyridin-2-yl)phenyl)-2-phenylthiazole-4-carboxamide:

“a

N

HN
/O\/\N N\ S: E >

The title compound was prepared according to amide synthesis general
method A, utilizing 2-(6-((4-(2-methoxyethyl)piperazin-1-yl)methyl)thiazolo[5,4-

15  b]pyridin-2-yl)aniline and 2-phenylthiazole-4-carboxylic acid (3 eq), HATU (3 eq)
and DIPEA (5 eq). The product was isolated by precipitation by the addition of water,
triturated with hot methanol and purified by silica gel chromatography (gradient 0 to
10% methanol in CH,Cl,). MS Calcd for C30H30N60,S,: 570.19. Found (M+H)' m/z
=571.

20
Preparation of N-(2-(6-((4-(2-methoxyethyl)piperazin-1-yl)methyl)thiazolo|[5,4-
b]pyridin-2-yl)phenyl)-2-phenyl-5-(trifluoromethyl)oxazole-4-carboxamide:
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The title compound was prepared according to amide synthesis general
method B, utilizing 2-(6-((4-(2-methoxyethyl)piperazin-1-yl)methyl)thiazolo[5,4-

5  b]pyridin-2-yl)aniline and 2-phenyl-5-(trifluoromethyl)oxazole-4-carboxylic acid (1.5
eq). The product was filtered from the crude reaction mixture, evaporated with
methanol, and purified by silica gel chromatography (gradient 0 to 10% methanol in
CH,Cl,) and by prep HPLC. MS Calcd for C31HyoF3N03S: 622.20. Found (M+H)"
m/z = 623.

10
Preparation of 5-(3-methoxypropyl)-2-phenyl-N-(2-(6-(pyrrolidin-1-
ylmethyl)thiazolo|5,4-b] pyridin-2-yl)phenyl)thiazole-4-carboxamide:

©\(S
N\{\«O/
(0]
N\ . HN

5-(3-methoxypropyl)-2-phenylthiazole-4-carbonyl chloride (19.7 g, 66.6
15 mmol) was added to a suspension of 2-(6-(pyrrolidin-1-ylmethyl)thiazolo[5,4-
b]pyridin-2-yl)aniline (18.8 g, 60.5 mmol) in acetonitrile (300 mL). DIPEA (24 mL,
136.3 mmol) was added and the reaction mixture was stirred at room temperature for
16 h. The resulting ppt was collected by filtration, and rinsed with acetonitrile. The
crude product was dissolved in CH,Cl, (200 mL), passed through a fritted filter and

20  dried under vacuum to give the product as a tan solid (27 g). Recrystallization from
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EtOAc (300 mL) afforded the title compound as a white solid (25 g, 72 % yield). MS
Calcd for C3H31N50,S;: 569.19. Found (M+H) m/z = 570.

Preparation of 5-(3-methoxyprop-1-ynyl)-2-phenyl-N-(2-(6-(pyrrolidin-1-
5  ylmethyl)thiazolo[S,4-b]pyridin-2-yl)phenyl)thiazole-4-carboxamide:

©\(S =
\/ o—

N

(@)
HN
O 050
/
N = N

The title compound was prepared according to amide synthesis general
method A, utilizing 2-(6-(pyrrolidin-1-ylmethyl)thiazolo[5,4-b]pyridin-2-yl)aniline
and 5-(3-methoxyprop-1-ynyl)-2-phenylthiazole-4-carboxylic acid. The product was

10 isolated using workup 2 and purified by silica gel chromatography (gradient 0 to 10%
methanol in CH,Cl,) followed by recrystallization from MeOH to give the title
compound (111 mg, 30 % yield). MS Calcd for C3;H27Ns50,S,: 565.16. Found
(M+H)" m/z = 566.

15  Preparation of 5-(3-methoxypropyl)-2-phenyl-N-(2-(thiazolo[S,4-b]|pyridin-2-
yl)phenyl)thiazole-4-carboxamide:

©\(S
\
O
HN
/
Z >N
5-(3-methoxypropyl)-2-phenylthiazole-4-carbonyl chloride (229 mg, 0.774
mmol) was added to a suspension of 2-(thiazolo[5,4-b]pyridin-2-yl)aniline (141 mg,
20 0.619 mmol) in acetonitrile (15 mL). DIPEA (162 pL, 0.929 mmol) was added and

the reaction mixture was stirred at room temperature for 16 h. The resulting ppt was

collected by filtration, and rinsed with acetonitrile to give the title compound as a
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white solid (260 mg, 86 % yield). MS Calcd for Cy6H2:N40,S,: 486.12. Found
(M+H) m/z = 487.

Preparation of S-(morpholinomethyl)-2-phenyl-N-(2-(thiazolo[S,4-b]pyridin-2-
5  yDhphenyl)thiazole-4-carboxamide:

)

N

O
HN
4
Z >N
The title compound was prepared according to amide synthesis general
method B, utilizing 2-thiazolo[5,4-b]pyridin-2-yl)aniline and 5-(morpholinomethyl)-

2-phenylthiazole-4-carboxylic acid hydrochloride. (390 mg, 92 % yield) MS Calcd for
10 CypH3N50,S5: 513.13. Found (M+H) m/z = 514.

Preparation of 5-((4-isopropylpiperazin-1-yl)methyl)-2-phenyl-N-(2-
(thiazolo[5,4-b]pyridin-2-yl)phenyl)thiazole-4-carboxamide:

5/

»

N

o
HN
EI%{ )
/
Z N

15 The title compound was prepared according to amide synthesis general
method B, utilizing 2-thiazolo[5,4-b]pyridin-2-yl)aniline and 5-((4-
isopropylpiperazin-1-yl)methyl)-2-phenylthiazole-4-carboxylic acid hydrochloride.
(140 mg, 56 % yield) MS Caled for C30H39NgOS;: 554.19. Found (M+H)+ m/z = 555.
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Preparation of 2-phenyl-5-(pyrrolidin-1-ylmethyl)-N-(2-(thiazolo[5,4-b] pyridin-
2-y)phenyl)thiazole-4-carboxamide:

)
e

N

o)
HN
I
/
Z N

The title compound was prepared according to amide synthesis general
5  method B, utilizing 2-thiazolo[5,4-b]pyridin-2-yl)aniline and 2-phenyl-5-(pyrrolidin-
1-ylmethyl)thiazole-4-carboxylate hydrochloride (270 mg, 76 % yield). MS Calcd for
C,7H23N508,: 497.13. Found (M+H) m/z = 498.

Preparation of 5-((4-(2-methoxyethyl)piperazin-1-yl)methyl)-2-phenyl-N-(2-
10  (thiazolo[S,4-b|pyridin-2-yl)phenyl)thiazole-4-carboxamide:

57
D
©\(3/ i

N

O
HN
/
Z N
The title compound was prepared according to amide synthesis general
method B, utilizing 2-thiazolo[5,4-b]pyridin-2-yl)aniline and 5-((4-(2-
methoxyethyl)piperazin-1-yl)methyl)-2-phenylthiazole-4-carboxylic acid
15  hydrochloride (140 mg, 35 % yield). MS Calcd for C3oH3oNsO2S;: 570.19. Found

(M+H) m/z=571.

Preparation of 5-(morpholinomethyl)-2-phenyl-N-(2-(thiazolo[S,4-b]pyridin-2-

yD)phenyl)oxazole-4-carboxamide:
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0]
HN
y/
Z >N
The title compound was prepared according to amide synthesis general
method A, utilizing 2-thiazolo[5,4-b]pyridin-2-yl)aniline and 5-(morpholinomethyl)-

2-phenyloxazole-4-carboxylic acid. (115 mg, 55 % yield) MS Calcd for C,7H,3N505S:
5 497.15. Found (M+H) m/z = 498.

Preparation of 5-((4-(2-methoxyethyl)piperazin-1-yl)methyl)-2-phenyl-N-(2-
(thiazolo[5,4-b]pyridin-2-yl)phenyl)oxazole-4-carboxamide:

(@)
HN
/)
10 Z N

The title compound was prepared according to amide synthesis general
method A, utilizing 2-thiazolo[5,4-b]pyridin-2-yl)aniline and 5-((4-(2-
methoxyethyl)piperazin-1-yl)methyl)-2-phenyloxazole-4-carboxylic acid (140 mg, 25
% yield). MS Calcd for C3oH3oNgO3S: 554.21. Found (M+H)+ m/z = 555.
15
Preparation of 2-phenyl-5-(pyrrolidin-1-ylmethyl)-N-(2-(thiazolo[5,4-b] pyridin-

2-y)phenyl)oxazole-4-carboxamide:
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@)
HN
Y
Z N
The title compound was prepared according to amide synthesis general
method A, utilizing 2-thiazolo[5,4-b]pyridin-2-yl)aniline and 2-phenyl-5-(pyrrolidin-

1-ylmethyl)thiazole-4-carboxylate (400 mg, 83 % yield). MS Caled for C,7H,3N50,S:
5  481.16. Found (M+H) m/z = 482.

Preparation of tert-butyl 4-((2-phenyl-4-(2-(thiazolo[S,4-b]pyridin-2-
y)phenylcarbamoyl)oxazol-5-yl)methyl)piperazine-1-carboxylate:

(@)
HN
//
10 Z N

The title compound was prepared according to amide synthesis general
method A, utilizing 2-thiazolo[5,4-b]pyridin-2-yl)aniline and 5-((4-(tert-
butoxycarbonyl)piperazin-1-yl)methyl)-2-phenylthiazole-4-carboxylic acid. (270 mg,
45 % yield). MS Caled for C3,H3,N04S: 596.22. Found (M+H)' m/z = 597.

15
Preparation of 5-(3-(4-(2-methoxyethyl)piperazin-1-yl)propyl)-2-phenyl-N-(2-
(thiazolo[5,4-b]pyridin-2-yl)phenyl)thiazole-4-carboxamide:
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O
N\ . HN «/N\)O
A solution of 5-(3-chloropropyl)-2-phenyl-N-(2-(thiazolo[5,4-b]pyridin-2-
yl)phenyl)thiazole-4-carboxamide (316 mg, 0.67 mmol) and 1-(2-methoxyethyl)-
piperazine (964 mg, 6.7 mmol) in DMSO (12 mL) was heated at 70°C for 16 h. The
5  reaction mixture was cooled to room temperature and poured into H,O. The resulting
solid was collected by filtration and rinsed with H,O. The crude product was purified
by MPLC eluting with DCM/MeOH+1% TEA(0-10% gradient) to give the title

compound (374 mg, 96 % yield). MS Calcd for C3;H34Ns0,S,: 598.22. Found
(M+H)" m/z = 599.

10
Preparation of 2-phenyl-5-(3-(pyrrolidin-1-yl)propyl)-N-(2-(thiazolo|5,4-
b]pyridin-2-yl)phenyl)thiazole-4-carboxamide:

@\(s
\
L
o D
HN
-0
15 Pyrrolidine (88 uL, 1.06 mmol) was added to a solution of 5-(3-oxopropyl)-2-
phenyl-N-(2-(thiazolo[5,4-b]pyridin-2-yl)phenyl)thiazole-4-carboxamide (250 mg,
0.53 mmol) and AcOH (127 mg, 2.1 mmol) in dichloroethane (DCE) (10 mL). The
reaction mixture was stirred for 1 h. Sodium triacetoxyborohydride (449 mg, 2.1
mmol) was added and stirring continued for 16 h. The reaction mixture was poured
20  into sat aq NaHCOj and extracted with DCM. The combined organics were washed

with brine, dried (MgSOy), and concentrated. The crude product was purified by

MPLC eluting with CH,Cl,/MeOH+1% TEA(0-10% gradient) to give the title
94
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compound (87 mg, 31 % yield). MS Calcd for C20H,7Ns0S,: 525.17. Found (M+H)"
m/z = 526.

Preparation of 5-(3-morpholinopropyl)-2-phenyl-N-(2-(thiazolo[S,4-b] pyridin-2-
5  yDhphenyl)thiazole-4-carboxamide:

Q\Ws
LN

N

| p
Z N

The title compound was prepared according to the procedure described for 2-
phenyl-5-(3-(pyrrolidin-1-yl)propyl)-N-(2-(thiazolo[5,4-b]pyridin-2-
10 yl)phenyl)thiazole-4-carboxamide substituting morpholine for pyrrolidine. (128 mg,
45 % yield). MS Caled for C,9H,7N50,S,: 541.16. Found (MJrH)+ m/z = 542.

Example 2. Biological activity

A mass spectrometry based assay was used to identify modulators of SIRT1
activity. The mass spectrometry based assay utilizes a peptide having 20 amino acid
15  residues as follows: Ac-EE-K(biotin)-GQSTSSHSK(Ac)NIeSTEG-K(5TMR)-EE-
NH2 (SEQ ID NO: 1) wherein K(Ac) is an acetylated lysine residue and Nle is a
norleucine. The peptide is labeled with the fluorophore 5STMR (excitation 540
nm/emission 580 nm) at the C-terminus. The sequence of the peptide substrate is
based on p53 with several modifications. In addition, the methionine residue
20  naturally present in the sequence was replaced with the norleucine because the

methionine may be susceptible to oxidation during synthesis and purification.

The mass spectrometry assay is conducted as follows: 0.5 uM peptide
substrate and 120 uM BNAD'" is incubated with 10 nM SIRT1 for 25 minutes at 25°C
in a reaction buffer (50 mM Tris-acetate pH 8, 137 mM NaCl, 2.7 mM KCl, 1 mM
25  MgCly, 5mM DTT, 0.05% BSA). Test compounds may be added to the reaction as
described above. The SirT1 gene is cloned into a T7-promoter containing vector and
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transformed into BL21(DE3). After the 25 minute incubation with SIRT1, 10 uL of
10% formic acid is added to stop the reaction. Reactions are sealed and frozen for
later mass spec analysis. Determination of the mass of the substrate peptide allows
for precise determination of the degree of acetylation (i.e. starting material) as

compared to deacetylated peptide (product).

A control for inhibition of sirtuin activity is conducted by adding 1 uL of 500
mM nicotinamide as a negative control at the start of the reaction (e.g., permits
determination of maximum sirtuin inhibition). A control for activation of sirtuin
activity is conducted using 10 nM of sirtuin protein, with 1 uL. of DMSO in place of
compound, to determine the amount of deacetylation of the substrate at a given
timepoint within the linear range of the assay. This timepoint is the same as that used
for test compounds and, within the linear range, the endpoint represents a change in

velocity.

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

use.

Sirtuin modulating compounds that activated SIRT1 were identified using the
assay described above and are shown below in Table 1. The EC, 5 values for the

activating compounds are represented by A (ECy5 <1 uM), B (ECy5 >1 and <10 uM),
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or C (EC;5s >10 uM). The percent maximum fold activation is represented by A (Fold
activation >300%), B (Fold Activation >150% and < 300%), or C (Fold Activation

<150%).
Table 1.
CoOMPOUND | [M+H]+ STRUCTURE ECis | FoLD
No (NM) | AcT.
1 571 A A
S
\
N/
O
HN
-0
4
'/&IN
)

N”  CH;

Lo

2 514 ©\( A A
S
.

3 498 A B
s
\
(0]
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CoMPOUND | [M+H]+ STRUCTURE ECis | FoLp
No (NM) | AcrT.

4 570 A B
S
\
N—4 0-CHj
(@]
HN
-0
C'\“\);IN/

5 566 A B
Sy = CH
\ = 0-CHs
N
o)
HN
-
G\I\J;IN/
6 487 B B
S 0-CH3
W

N

(@)
HN
/
X N

- @Cv
N
XY o
N s HN N\J

7 599
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COMPOUND | [M+H]+ STRUCTURE ECis | FoLD
No (NM) | AcrT.
g 526 A A
s
\
N / N
o
HN
/
XN
9 555 HsC A A
\—CHy
Y
s )
q
N /
0
HN
50
NS N/
10 514 (37 A B
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\
N //
0
HN
5O
[ N/
11 498 (j B C
©\(S X
\
N /
0
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5
NS N/
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COoMPOUND | [M+H]+ STRUCTURE EC,s | FoLD
No (NM) | AcrT.
12 571 N//\O,CH 3 A A
©\(S i
\
N /
O
HN
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0
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15 569 ©\( A B
0
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CoMPOUND | [M+H]+ STRUCTURE ECis | FoLp
No (NM) | AcrT.
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\O ) CHj
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In another embodiment of the invention, the compound is selected from any one of compounds 1, 2, 3,
4,5,7,8,9, 10, 12, 13, 14, 15, 16, 22, 23 and 24 in Table 1. 5 EQUIVALENTS The present
invention proyigeg@/mqgg other things sirtuin-activating compounds and mggiogsafousgsiereof While
specific embodiments of the subject invention have been discussed, the above specification is
illustrative and-notrestrictive. M variations of the invention will becom rent to those skilled in
10the art upan TEMERAPSPthiENFEHifidation. The Ui SEdpE BEthe invention sﬁﬁﬁ hd"@&Rrmined by
reference to the claims, along with their full scope of equivalents, and the speqificatioer.along with
such variations. INCORPORATION BY REFERENCE All publications and patents mentioned herein,
including those-ttemstistea-15hetoware-hereby-incorporatechy reference-insthefrentirety as if each

individual publication or patent was specifically vidu lly {ndicated|to be in¢orporated by

reference. In|case of conflict, the present appligatian, ingluding any definitions herein, will|control. Also
incorporated by reference |in their entirety are any poljinu tide and 20polypeptide sequences which
reference an|accession number corrglating to an entrNirk a public databpase, such as those
maintained by The Institute for Gengmic Research (TIGR tigr.org) and/or the Natignal Center
for Biotechnalogy Informatjon (NCBO (www.nchj.nim.nfii.gov). Also incorporated py reference are the
following: PCT Publications WO 52005/0026@ 00 . and 2004/016726., CLAIMS

N

N
21 597 0 C C
,\?’O CHj
(/7 cHS
Do
\
N
o)

22 498 A B
Z s

23 571 A A
“ s
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1. A compound represented by Structural Formula (1a): HN t\L s (la); or a pharmaceutically acceptable
salt thereof, wherein: ring A is selected fromand, wherein "*" represents a portion of ring A bound to

phenyl, and \go s6RIGEARRLS a portion of ring A bound to C=0 in the compougely, s 5plasied from
hydrogen, H 3CN 01Thss and R3 is selected from hydrogen, methoxypropyl, methoxyprop-I-ynyl,

Thss H3CyN

10

15

20

CH3 Ncsss 0, and
CoMPOUND | [M+H]+ STRUCTURE EC,s | FoLD
No (NM) | Acr.

24 514 A B
Z s
N=
o)
N

In another embodiment of the invention, the compound is selected from any
one of compounds 1, 2, 3,4,5,7,8,9, 10, 12, 13, 14, 15, 16, 22, 23 and 24 in Table
1.

EQUIVALENTS

The present invention provides among other things sirtuin-activating
compounds and methods of use thereof. While specific embodiments of the subject
invention have been discussed, the above specification is illustrative and not
restrictive. Many variations of the invention will become apparent to those skilled in
the art upon review of this specification. The full scope of the invention should be
determined by reference to the claims, along with their full scope of equivalents, and

the specification, along with such variations.
INCORPORATION BY REFERENCE

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

herein, will control.

Also incorporated by reference in their entirety are any polynucleotide and

polypeptide sequences which reference an accession number correlating to an entry in
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; and at least one of R1 or R3 comprises a nitrogen-containing saturated heterocyclyl portion.
2. The compound of claim 1, wherein the compound is: 1 C) L 1\1'1\1 or a pharmaceutically

acceptable sglpthspefisssThe compound of claim 1, wherein the compound dg;Qs@daiiaggaaceutically
acceptable salt thereof 4. The compound of claim 1, wherein the compound is represented by

Structural Formula (ll): or a pharmaceutically acceptable salt thereof 5. The compound of claim 4,
wherein the CQDPrﬂ?Bﬁ Hatbasangusiyas those maintained by The Institute for Genomic Research

(TIGR) (www.tigr.org) and/or the National Center for Biotechnology Information

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

Also incorporated by reference are the following: PCT Publications WO
5 2005/002672; 2005/002555; and 2004/016726.
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or a pharmaceutically acceptable salt thereof 6. A compound represented by Structural
Formula (VI): R3 HN (V1) or a pharmaceutically acceptable salt thereof, wherein: Rl is
selected from hydrogen, H3CONC Nand 01Thsc ; R3 is selected from hydrogen, -CH3, -CF3,
methoxypropyl, methoxyprop-I-ynyl, at least one of Rl or R3 comprises a

nitrogen-cofiibiMSsaturated heterocyclyl portion. 7. The compound of claim 6, wherein the
compound is: HN 0- s NN

1. A compound represented by Structural Formula (Ia):
S
O
HN
/
RITF TN
(Ta);

or a pharmaceutically acceptable salt thereof, wherein:

* *
S
T s
N— Nt(
. 3 M’w’ M
ring A is selected from and , wherein “*” represents a portion

of ring A bound to phenyl, and € gor ™ represents a portion of ring A bound to C=0 in the
compound;
TN
N N
\) O\)

H.C. N
R! is selected from hydro gen, o R and

O
R® is selected from hydrogen, methoxypropyl, methoxyprop-1-ynyl,

PN P
H3C\O/\/© / )H3C\O/\/© j’ Q/\/\/ |
S
HyeC N NN N
\CIJ/H3 , Ol/\\) , and © ; and

at least one of R! or R comprises a nitrogen-containing saturated heterocyclyl

portion.
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or a pharmaceutically acceptable salt thereof. 8. The compound of claim 6, wherein: N scs r
Nc,ss ), ) Rl is selected from H3CONO,and R3 is selected from hydrogen, -CF3 and -CHS3.

9. The compound of claim 8, wherein R3 is hydrogen. 10. A pharmaceutical composition
comprising a compound of claim 1 or a pharmaceutically acceptable salt thereof and a
pharmaceutically accEpiablaeariienof clai I, Fheredmposdinpoahdlaim 10, wherein the
pharmaceutical composition is pyrogen-free. 12. The composition of claim 11, further
comprising an additional active agent. s

, =4
O\L N HN °
g

or a pharmaceutically acceptable salt thereof.

3. The compound of claim 1, wherein the compound is:

.

or a pharmaceutically acceptable salt thereof.

4. The compound of claim 1, wherein the compound is represented by Structural

Formula (III):
S
Q, R3
L

O

HN
Ny -8

or a pharmaceutically acceptable salt thereof.
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5. The compound of claim 4, wherein the compound is:

©\/3
N4 5
o/

HN
s

or a pharmaceutically acceptable salt thereof.

6. A compound represented by Structural Formula (VI):
RS

(VI)

or a pharmaceutically acceptable salt thereof, wherein:

HsC.. N
R! is selected from hydrogen, o , O\) and

Y,

?

R’ is selected from hydrogen, -CHj, -CF3, methoxypropyl, methoxyprop-1-ynyl,

TN N
HaC\O/\/O\I / ,H3C\O/\/© ;’ @‘/\\/\f |
N
o N ~ Y
\cg'{B , C(\)N , and © ; and

at least one of R' or R? comprises a nitrogen-containing saturated heterocyclyl
portion.
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7. The compound of claim 6, wherein the compound is:
SN
N—-—
O
HN
O/\ i N\ S: 2::
k/ N = N/

or a pharmaceutically acceptable salt thereof.

8. The compound of claim 6, wherein:

N N
HsCog~- @ Q ’ and C’/\l/\fé’ and

R! is selected from ,

R’ is selected from hydrogen, -CF3 and -CHs.
9. The compound of claim 8, wherein R?is hydrogen.

10. A pharmaceutical composition comprising a compound of claim 1 or a

pharmaceutically acceptable salt thereof and a pharmaceutically acceptable carrier.

11. The composition of claim 10, wherein the pharmaceutical composition is

pyrogen-free.

12. The composition of claim 11, further comprising an additional active agent.

108





