BENZI M DAZOLES AND RELATED ANALOGS AS SI RTU N MODULATORS RELATED

APPLI CATI ONS This application clainms the benefit of U S

Provi si orpD 2091088t i on No. 61/133,938, 5filed July 3, 2008/S2q0884%W8Nt ent s
of which are incorporated by reference in their entirety. BACKGROUND The
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conserved group of genes present in the genones of organisns ranging from
archaebacteria 10to hi gher eukaryotes. The encoded SIR proteins are

i nvol ved, | Lver [ fromregul ati on of gene silencing to DNA
repair. %E@Wéﬁ%ﬁmby menbers of the SIR gene fam |y show hi gh
sequence CONSHiiY applRhtidclaing2fe B&eli® 0TI I PediSok0 MpipHcatidnhed. l61£I331088t eri zed
gene in this famly is S. cerevisiae SIR2, which is involved in silencing
HM | ci filﬁéﬂulﬁén?-%a/&ntherﬁoewﬁﬁtquﬁu@*p@é iHoprRRgatyd by tefprgneaig thsipentirety| omer e
position effects and 15cell aging. The yeast Sir2 protein belongs to a
famly of histone deacetyl ases. The 51r2 honol og, CobB, in Sal nonella

t yphi murBAGKGEROEINDNs as an NAD (ni coti nam de adeni ne

di nucl eot i de) - dependent ADP-rj bosyl sferase. The Sir2 praoteinis a
class I deaﬁa@ﬁa&@r}ma&lﬁn&ggla@é@gq@n 8L Bes E&P&?Sﬁ{ljmaﬁak ly ot her

deacet yl a8&sve BMIIJ of %é’ﬁéb gﬁsél{t‘-‘r’n {HéVgt%&ﬁQs bG8 Sah MG e archdicbatbtSria
insensitive to 20ctass | and Il histone deacetylase rTnhibitors |1ke
t ri dRosttathigheneykrgmyies. The encobed8Bt piotdinsare drfvoliedtiy Hiviesssipnecebses Sion? i s

tightl . ed NAD hydr ol ysi i i cotinanid d |
ncetyl  ABPIRGERetn st HITA Renstud e taikte SERued P HERodRbe B TSt i 2
i s esserdehalfarhi®f sHolwShifzH BEGUeARSCONBEG R dHAR aCB0NRAfho hdig chie@loaiicd welpl € Wi th

cel lular netabolismin yeast. Mammalian Sir2 honol ogs have NAD-dependent
25hi st orrbapeteeiaed gensan Hus famityyis S. cerevisigg SBkdbnvhdell isdnvpdyassinsdeneingidh t hat

Sir2 can_f: i| e, . . anl.no- inal I es H3 and
i -t oouptiin oA FusklSir8 ToB0 meBp g MR Phoss o8 M SRR i de.
Straisns cslltaBingdThé V@RS T piptss belbnd B2 fdnslp lodijfistone deasedasebN¥hedili2enci ng and
a 30% 1l gnger life span. It has recently been shown that additional copies
of the Gomuey. £obBsInSpalmongkdyplymugium, %@r@,tlomf A B (nicetingBigs daing s r 2
gene gr : i N ganisns. This inplies that the

S m-deﬁﬁeﬁﬁggﬁeﬁ%‘?ﬂ}??ﬁb 31/&?]83?&3% ng arose early in evolution and
has been wel |Tlediigeprowdh isEaday 111 Seatydewodhicr esebdlAlRued combsthas.dJdikel ved t o
enhance aﬁ of gani.sni s healft hh nd stress .resi st.ftnc.e t@\l;jencreasx? its chance

whic €.

of sur viVRAGeaFEsHpany 0 FrenmvRLVRS, Ingfy dlenrinesRivel 15ePsilive % genes
(Sl BH1- Ad3EPhnd Nafistoad@cdtPRsERRBRoMEkGAERIsHkinA n of Sir2. SIRT1 is a
nucl ear protein with the highest degree of sequence 5simlarity to Sir2.

SI RT1 regul atlesacetilatioploéacstyltlysing by airgés tietply caupleéto/NAD bydrplysisudi ng t he

t unor su essor. nb3. .the cel l ul ar, si ling factor - and t he, FOXO0
transcripgg‘liughngflg%@bnraméean 1Y e@@ﬂ ﬁglr%%océ)m ugﬁlgﬁfﬁ‘?ﬁ% elpgncgg%ser ved

i N pr ok aleyetascaded vy kB8 yDisassenfiBEfobltRAimchom whith tén écmeatiBdidlogichle
m tochondrial cristae by a unique domain |ocated at the N-_ 10 term nus.

SI RT3 hdslenthceliale merdafolisman grast. damerelim 32 hemplpigs haveJADsdepsnéast t ousl y
exXprHess LW - k0 nmetabolically active tissues. Upon transfer to
t he 2?11’ tggﬂ%ﬁﬁ%ag%y%%wlhg' believed to be cleaved into a smaller, active
form by a m tRiotlendcdl atudimgthay« shpvacthsisSirycanepidilyatkeacd Bde)the &ainor i C

restriction has,been kno for._over (70 years to.i ove th eal th and
15ext end®PHEA |tﬁlise%f§aﬁ0reﬂs\?%a%ﬂ resplang 0t raglion of i éaC@WitAq_?ﬁ-r_ #azoans,
is al so gYLERERLLRE. Sidifé %ﬁﬁ%ﬂﬁﬁénélggﬁieE 68§ cﬁslﬂé’}i fl?ikfe%séd%ﬁNA Eftlérfeﬁyg fUCh

as | ow glucose. The discovery that h yeast and flies |acking the SIR2
gene do andta 300 engenlife spash éirhas a¢cenily bédnyshpes that edditiopal cupidesf &widence t hat

Sl genes nediate the be i Ci ealth effegts,of a restricted. calorie

ai 600 NETEBTE Pt el Bela St A5 genf D) SR SPar

gl ucose-if meaﬁ%amnﬁmﬁi/s\wﬁplﬁ@qgmﬁé SER Bdependdi rspiasyhateaydepaiaent (Pl CA)
pat hway extend life span in wild type cells but not rn nutant sir2 strains,
denonst ras@sersarly Hnevobitm and hap kegnywelbcasseryed chpdap\wisk geaghedbeliovedie of t he
caloric restriction pathway. SUMVARY 25Provi ded herein are nove

sirtui n-nodul ati ng conpounds and net hods of use thereof In one
aspect, the invention provides sirtuintnmodul ati ng conpounds of Structural
Formulas (1), (Il1) (e.g., Ha, Hb, and Itc), and (II1l), as are described in
detail below |In another aspect, the invention provides nethods for using
sirtui n-nodul ati ng 30conpounds, or conpositions conprising

si rtui n-nodul ati ng conpounds. In certain enbodi nents, sirtuin-nodul ating
conmpounds that increase the Ievel and/or activity of a sirtuin protein may
be used for a variety of therapeutic applications including, for exanple,



30bi ol ogi cal | y, physi ol ogically, or pharmacol ogically active substance (or
subst ances) that acts locally or systemically in a subject. The
term " bi C¥O2W10419BE8 when referring to a conpound is art PEEASINOPERII AN
refers to a formof a conpound that allows for it, or a portion of the
amount - ofay€ QUROMNE éiﬁﬂéﬂd%'a%to?éﬁ?sng% Redl® ABIRERSEiR¥nce tH GRIASE AL BfhnEOof OF

a

ot herwi se physiol ogically aval e to a subject or patient to whomit is

adni ni stssrading®dBireibyegi cal |y active portion of a sirtuin" refers to a

portion of a .sirtuin protein hayi a bi ol oqi i,Vi t uch as the
o1ty to adndumnhBae st Sy aeie (SRIGRRNA it e e
conpri seatdMi Cnthifl oD SIRBI i atubRar %b&ﬁmitﬁﬁlel Mgt dopedddr seh@mge of SI RT1

havi ng GenBanl ¢ Accession No. NP_036370 that enconpass the NAD+ binding
domain aitreileniy te §dt SHREL mighbitasgndtpkicallulfitargsisdyleacetation meludéng the t hout

ar e oncodnr pRGR HEE e Vel S R R RO G R B 012038,

Ther ef orfactot.his region is sonetinmes referred to as the core domain. O her
bi ol ogically active portjons of SIRT1l, also sonetinmes referred tor‘;rahséocore

domai ns, i nclY&d 3dbsaemaleems SERT bhab iseopgervedzn prokeayfiesnnd sukayeies
NP_0363% J. s i i Queldidhi 1k
Accessi O%Rwr%%ngﬁ%gﬁ‘?@%g‘gﬁgﬁ tg%@gﬁgi?gﬁgﬁéﬁﬁé&%% %H%e(%%g%ﬁﬂ%ﬁessi on
No. IRP G8&3#as. SHRT2 haslNADendaperdenb proteis deasetylhss agtivityt amd 1S 8RiqoitouGnBank
Accession No. .NM Q12238; or out. anm.no.aci ds 254 t 95 of .. GenBank
Access] GHPRGNPISESIbIn BhEBR ity SEREGHStF bl PR EPISCT L I IEG as of
GenBank $iRa8S$balitvB@to DIM18:k2d 3o adhbllEr, h&TvO fofR B amhifithemirihiirif ef ers to
cats and dogs. As used herein, the term"dog(s)" denotes any nenber of the
speci es rcagsssing aeptidass (MPPof which there are a | arge nunber of different
breeds. The term."cat " 0 fell nj i.nel udj stic cats
and ot her ne ael(r)réc 561% r#ﬁén Pgasﬁlgel%%iﬁ}éwgge&eb‘gﬁ&%r%@@) F%ﬂthg%gga%gfef ers to
hi ghsbl esenguBalifedpankeinRachalo S cast B spem, llika shet Bf ARt2oargeiRel sl exBnded Bfpol i ¢
abnormalities arising froma prol onged hi gh bl ood sugfatr status or a

decr easdniefvegtippgbat reumete prieric resirighan.cych gnlosngiawses isatiscovery thetheth  and

type 11 l41 E%@ %p]% i aﬁg!}@ : of the

di sease.}fegﬁgn ??@ 1%%& rg%?%? %%)lga et egl%le ng%%H?hgﬂ?ﬁ(}q wsrtlﬁé]agggt ors:

wai st | i nerodtienmidentt drat IR gumee metliate the bemaficBb healthreffecfs@f awestweted bl ood
pressure of, 130/ 8 or hi %, riglycerides. above 150 30ng/di, fasting
bl ood gma@w«sesﬁ’ Jr &rer ﬁaﬁatmgt_ Fifiti‘ieg\" SRR OIRE Ve ERRSSTEY PHYDf | ess

t hano40 Jovid %ade’ﬂom?@B'W-nﬁﬂoﬁmsghatéﬁdéﬁ@%ﬁ&PKA) pathw%ﬂ@xt&ﬁf e'sBiPl 1s
art-recogni zed. In certain enbodi nents, ED50 neans t’he dose of a drug which
pr oduceswikbtpe telist ut makinmuwtantesd streims olenwhfaaing that ARL év hnleely teebeg keyhe dose
whi ch prcf)ductes a gre-de% e%i neld .reng)Cnlse in 50% of test subjects or

or epar atdOSHETea, gOTPRRAL piip calorC IGSIIGHRN palwALy ™| " Certai n enbodi ment s,
LD50 neans the dose of a drug 5which is lethal in 50% of test subjects. The
term"t[:qe{lr]a ex’i}ié{c index" is an art-recognized termwhich refers to the

t her apeutt x of a drug, defined as LD50/ED5o0. The term

ot n i ¢ HAOHReb iR e bt Bl foliaie taibointl B bk Bk 7, Bvel O
resi st anheeofiefers to a state in which a normal amount of insulin
P U R R B A S
"insul i Mgieaiag dbS 9a08b, andaf) UGS 8l AeQiribed HEAGAIPbEIGwWANY di sease
or condition t%lz{]ﬁ?s( alsed ’ba§l or )’conf(ri)t?)ut ed to 1b§ insull n resistance.
Exanpl es i nclludeothdi aspettaths iotsrgon yrovives adstiods faysohgsiryinimsiulatingr esi st ance
syndrones, syndronme X insulin 15resistanc 1 gh bl oo ressure,

S D T e K B R L R e

dysli pi desBodimeits) @iress-hridalatifig dbBfasHRs tiHE inteda08 thetléwk end/6C4BRaY fart ery

di sease or nmyocardial infarction, hyperglycem a, hyperinsulinem a and/or
hyper pr it Prateifiray bersed fa@ \@rietydstjghqrme@tla applicatiensapelydingsior exprpplpease,

di abetic conplications, including coronary heart disease, angina pectoris,
congestive heart failure, 20stroke, cognitive functions in denentia,
retinopat hy, peripheral neuropathy, nephropathy, glomerul onephritis,

gl onerul oscl erosi s, nephrotic syndrone, hypertensive nephroscl erosis sone
types of cancer (such as endonetrial, breast, prostate, and col on),
conplications of pregnancy, poor female reproductive health (such as
menstrual irregularities, infertility, irregular ovulation, polycystic
ovari an syndrone (PCQOS)), |ipodystrophy, chol esterol 25rel ated di sorders,
spch as gallstqnes, pho!ecystit!§ and chplelithiasis, gout, obstryctive.



30such as glycerin, sorbitol, mannitol and pol yethyl ene glycol; (12)
esters, such as ethyl oleate and ethyl laurate; (13) agar; (14) buffering
agents, sSWORIH¥AEENnesi um hydr oxi de and al um num hydr ox PE&/USRABI4HPYi ni C
acid; (16) pyrogen-free water; (17) isotonic saline; (18) Ringer's

sol uti onpckdg @k Mxdspah 60HAI ah?RatRiposBRAbRVEMIH wiRlvdlibgTdiRRds (21)

ot her non-toxic conpati bl e substances enpl oyed in pharnaceuti cal

f or nul atandrlésorders inclufling, fasrearpleogibsasesoari disordars telated torging er'sticseat nent i s
art-recogni zed .and refers to admnnistration,of a drug tq a host. If it is
S St S e R T A
(e. 9., dicafpatyQissRidie withwalicRénisloatia, 6duldriischas n@ot aBbideishen t he
treatnment is prophylactic, i.e., it protects the host %égi nst devel opi ng

the dnwessidievaserlan dipegac, bigtedradetting flisadissnindlagmeations angfordhingsttetSiBRnof t he
umeant e%&&%ﬂé?l}ntg' Rhipolls th&t‘%ﬁ%r@?s@ttlﬁ]ﬁvél%ﬁﬁ)ﬁ’ﬁ&wi cit*a-sﬁ?in phofcif gyded to

i m ni sh, amel1Porate or maintarn e exlsting urwanted condition or side
ef f ect s Hehsedforarehting & dizeast of disolgr migesubfacethat wanld benefitdran terdased

conposition, refers to conposition_that does not contain a_ _pyrogen in an
anmount tfﬂlé?c%&wg ARl ?‘H WE@I%P‘?@K{“&P% gqr,mwwrtgawm X%Tgver,

infla i | b i Xl o etc.) ina
SUb] oot T o B S e A AP e B e Lhe
t er i0i s isahamia. fip other empedimentonpdsintmehiatingaompoundsrtbet dstreagrths ldyst anti al |y

free of, endotoxi n.such as. for. 15exanple.,. a |ipopol ysacchar.ide (LPS).

" Ropl 1 c PP SRR AR Proteinyeas e Bed Fors gD PP c AERIRUERS cel | s

pr Oducedn@_ﬁdiﬁF, ﬂo_f‘&a‘fﬁﬂé!%créei‘s’ﬂi{%ﬁluﬁ? kdnsitivitEhe @tli&ls,(lﬁé&@din%ﬂidjb&;sis(?r _
"chronol ogi cal lifespan,” on the other hand, refers to the [ength of tine a
popul at itesatregnt gbeangey isdmplgtier pf appetiienppiionstiaptlaioprdvaigy gpiredtcofs nut ri ent s.
| ncr .‘?asdeQ&ibteP %u#éﬁefr SRR 1 mAnSE domlse a8 hﬁ&@l’iﬂggtota%g{eki ﬁ%@&‘pﬁ%%ffaa
cell,"” as applied to cell's of organi'snms, refersto increasing e nunber of
daught erph@ﬁheic%u@cfaﬂ)lgﬂtﬁﬁdti\&yamt ofh gimimn%b&ﬁzﬂim@h@uabj lity of cells or
organi snms to cope with stresses and conbat danage, e.g., .to DNA, proteins;
and/ or i ncr edBiCRgRInBELCSTSH ihﬁtsyt%m-ntpéplaélnapmap@gﬁﬁweqe&dgumﬁerﬁéazmchi st in
a livi ”Qn%BI%Bﬁaﬁfi&f(“ﬂitﬁ'm.cb&ﬂ Gindd, iHé‘thfn%%}?é’r st hlol@Ring o oﬁfd&f‘(ﬁs (for
exanpl e, heatshock, osnotic Stress, high energy radi ati on, c%em cally-

25i nducedhestthergutiDhigerdamage, i nadequate salt |evel, inadequate nitrogen

| evel , or inadequate nutrient |evel). Lifespan can be increased by at |east
about 20% 30% 40% 50% 60% or between 20% and 70% 30% and 60% 40% and
60%0r HEEAVEEDIDIRERGPFIONSCr i bed herein. "Sirtuin-activating conmpound”
refers to a conpound that increases the level of a 30 sirtuin protein
and/ or ilncr eddefmitiony east one activity of a sirtuin protein. In an

exenpl ary enbpdi t, .a.Si i n-activatii increas | east
one. bi ol ot cat Snoteit 5ol etk Bk BB AR HRN RS RToth 255,
50% 75%elok Qe defEEothErnesd) hidkachicalkindlseightifd teaté i3edtHegsn Bivesthé t Ui n
proteins include deacetylation, e.g., of histones and p53; extending

| i f esparfaime ARsapHg; a8 GomBinmhy wndsrsiend toope of prdingey fligllin Bi8set i ption; and

contkol Iing t 17 ip f i i n nd

daugzﬁt er cel I@gte%?rf%?ﬁ lg{r}sbe?élle%‘)& @e@?g&{%{e?l%ﬁéﬁﬁwﬁ;ﬁ?@%@ﬁ?ﬁi n

deacet ylchsmiqat odrepountig ra Higlogival haeremeleatle ysitch at hausleicicfdaam bytibodlyj £ h

i ncl ude yeast Si r2r1(\tgenfl_?§nk Accesgi on No. P5368 C,.elegans Sir-2,1

( GenBanPTHETLE HOFHPINECTeR €8 PPEPIAC) a WAt RIGRTIOm Siegir mateialsi on No.
NM 012238 ek A6 o, OFRERA0Gki ANy HAET a0 0B AGSQSPRON No.

NM 012237, NM 030593, NP_036369, NP 085096, and AF083107) proteins. O her
fam |y metibigy of Sunk hgehts mhy rendar it swithble asredfthsrapestic 8gem” which igenes termed 10
"HST .genes” .(honol ogues. Sir.two) HST1 12, 13 and T4 d the five
ot nef hianeke NP SRS R odrhark Bt Aty fere sweiRrs My er M e Achnmr m
et al. (atR960alinepstémicallPindBibjeand Frye et al. (1999) BBRC 260: 273).
Preferred sirtuins are those that share nore simlarities with SIRT1, i.e.,
hSI RT1, and/or Sir2 than with SIRT2, such as those nenbers having at |east
part of the N-term nal sequence present in SIRT1 15and absent in SIRT2 such
as SI RT3 has. "SIRT1 protein” refers to a nenber of the sir2 famly
of sirtuin deacetylases. In one enbodinment, a SIRT1 protein includes yeast
Sir2 (GenBank Accession No. P53685), C. elegans Sir-2.1 (GenBank Accession
No. NP 501912), human SIRT1 (GenBank Accession No. NM 012238 or NP 036370
(or AF083106)) proteins, and equivalents and 20 fragnents thereof In

anot her enbodi nent, a SIRT1 protein includes a pol ypeptide conprising a
sequence consisting of, or consisting essentially of, the am no acid



"Treating"” a condition or disease refers to curing as well as aneliorating
at | east 10one synptom of the condition or disease. The term "vi sion
i mpai r menWO 20EFB&I8t 0 di mi ni shed vi sion, which is oftenPCRIUS2¢M/049488 | y
reversible or irreversible upon treatnment (e.g., surgery). Particularly
severe Vi si onpjdyegh k E'\t/alfaﬁlet’Wh@ﬁgefeﬂ?fngqgg%§ V\Boﬁl{d is WSk QIbnl AR Snd refsCh
refers to a conplete loss of vision, vision rse than 207200 that cannot
be inprdve(fommﬁacompelmdltha alllewsécsrlt@tra@omcm;dlthelﬁmlaitdf ofmp@sd t han 20

degrees r.adi us . Sirtuin, Mdul.at ors . 4N one
Gopect . I e B PG qecrubated oo TR PR T g oo BYAlaL s
treati ngas'm, cPbr pitRMEBIEN # iYbdBinkaré®t y of di seases and di sorders

i ncludi ng, for exanple, 20diseases or disorders related to aging or stress,
di abét es, obeBielpgicaly pesivegertianafiasirtuinsefers o a pertionof Asisainpoteamd

o o e S RURRF M BB SRUROSS Sk IO p S AR B Lo

the | evedf aasi@iif imaycdomprisy thefcode ddmiditl loﬂsmlﬁi:seBimlmallglas@vmru&@cbff or
treating a d| sease or djsorder iin a sub%}ect that woul d benefit from

i ncr eas e Rfilthe¥ing{drnBank cegsgiopyNo. NGt OdniAthatfgcompess hoAbr tkindingce, for
| ncreasi g, ASed e'%‘;[ltg)sﬁllaﬁevtﬁhc‘ﬁn Qbmb £ eﬁﬁhbl@%mﬁ& iRE R SR leugﬂﬁﬁ(%r? tissue

danmage assocl ate or ischem a er conpoun I scl dsed

her di0n rayinbecidsb2-2BB ef GenBad@AcmssaorpNar Nﬁg@ﬁﬂ@,aivhlckn apaacededrbyand/ or one
or nore nethads disclgsed herein . I n e . enbodi nent, . .

o i iR Sl 691360 AaSP B Aerestion Nt Noh 072K ThretincRe ey s

St ruct urQnekiteBWfarréd o' as tlécdit AdhhiR20tIRE bdblSAtdlly RETERdrtiBRESRIRT one
of Z1 and Z2 is CR3, and the other of Zi and Z2'is selected fromN and CRS,
wher ei n @fesometisnss sefewed tt asegrshdaseaing, iroheds afopetrﬁmiyduaege%l toytoofy, hal o,

-C=N, fluog bstltut Kyl r al kyl ,
“ S or SRR RTS8, hien g oty nhligStdds BT Lidd

- S- (161- @énﬁhkﬂcceﬁﬁm@?o ayw omzlsgl about aminoRcids 282kes9r6f GeBankydr ogen,
-(C2- C4) al kyl - uoro-substjituted alk

, -(Cl-4
al kyl - T(Jb_Qiﬁ)QYO,aW}WIF areepgadq @MWF%‘PPUXQSU@Q%@ﬁ?a‘I))W?nB@kR? and
c2-c4 i | ect ed
rom hy) r%%%.@’ KNG EA80, St AR s 2380 s beqhsEReAMEN B! ect ed

at om ar eNP di36870,0getthae emddedﬂalyelunllebmdngegm ad 5538 af GanBank AdcessionNarenber ed

sat ur at Mﬁ]ﬁgﬁcycl e optionally conprising one additional heteroatom
sel ecte S, S(-0), S(=0)2, and 0, wherein the saturated heterocycle

i s Lpoptionalipe téHlbsédrﬁ}SHnﬁgl afi‘ﬁm@ls’sfe?&g?o E’&ﬂm%'s om M‘éeﬁhlereg"’the t@l'mm al kyl ,
fluoro, -NH(G -Ca al kyl") N(C -Ca allcyl)?2, ,
- N(CH2 Cl—leogéswt}eznf)tes any meRibet of the Bmﬁdlamrscﬁmnalwmr Qfo&lyach eheaﬁnarea lingeer ocycl e,

wh RI t ut t tutent

o eendime oCBsRRE hrebod 7R hork S oGBS it atnd RL S UG Rs g1

fluoro- Sdats%utowﬁee%eﬁibe%ﬁhgﬂml @elﬁae ﬁuﬂ&hs-(CI C2 20 al kyl)-N( R8)(R8)
-NHCl - 12- 53 &4 and - 0- Cl - 12- CH( OH) - CH20

:gl( (R%) 528 al k)ﬂg 1hetgsEasierRdy hlgh( @zaraqmdgqtgaccﬂoele asopel asKGIrgnioyERBITARS) |
2l 5@ opt TR oL s R i Py Ml BB hiogRRa Ve o decGaREM £ o

3, 4- et Iptheie cileayce. SDrhbeﬁehyémne@assxybothm thybe1Darat typb 8t (INoutladhlin

3, 4- et hyl enedi oxy;. 25each R8 is_independently selected from hydrogen, and
-C1-C4 é?wpgerﬁﬁ 1 sRdelus %éﬁ@b@b@meg thmdma%%@hﬁrlﬁf@@eas?érom to which
they ar edlé’d%‘tl%%qnélﬁdé alS %l?ovéﬁnéffé?:tcﬁs W heS %n%f’éttyéﬁwﬁlcﬂétf%f By ok gsoptionally

conpri sing one additional teroatom selected fromN, S, S(=0), S(=0)2, and
0, wher gnches fier wmbdrheny blosl essiuerdl189/8§ unhml"ligtomﬁl@lhewtmgiywelemabowﬂﬁé OH,

fluaqro, - e = NH( Cl - al kyl =N -Ca ,al ky02, ,-NH 2 r

N b By B biekiewiroh PRI o RGP ncehbis Bt eq a
a carbonuﬁhgmﬂﬁqﬁ@hoﬁ3@ Al ifCkomleky! , fluoro, 4412, -NH(Cl-Ca al kyl),

-N(Cl -Ca al kY1) 2, -M{GEGQOGBL or -N(CH2CH2OCH3)2 5R2 is selected from
a carbocycle having at |east five ring atons and a heterocycle other than
pi perazine, wherein R2 is optionally substituted with one to two
substituents independently selected fr n1ha|o -CEN, Cl1-C3 al kyl, C3-C7
cycl oal kyl, Cl1-C2 fluorosubstituted al -0-R8,-(C1-C2 al kyl)-N(R8) (R8),
-N(R8)(R8) (e.g., (e.g., -NH-CH2-CH(01fI CH201-1 and - 0- CH2- CH( OH) - CH20OH)
-0-(Cl-C2 alltyl)-N(R5(R8), 10-(Ci1-C2 alkyl)-0-(C1-C2 alkyl)-N(R8)(R8),
-C(0)-N(R8) (R8), -(G -C2 alkyl)-C(0)-N(R8)(R8), -0-phenyl, phenyl, a second
het erocycl e, and when R2 is phenyl, R2 is also optionally substituted with
3, 4- net hyl enedi oxy, fl uoro- substi t ut ed 3, 4- net hyl enedi oxy,

3, 4- et hyl enedi oxy, or fluoro-substituted 3, 4-ethyl enedi oxy, wherein any



In certain enbodi nents, the conpound of Structural Formula (1) is selected
from enbodi nents, the conpound has the fornula: R4 10R1L . X I n
certain eWPdIMWB48, R is sel ected from hydrogen, - (Cl- GEI/ERMPI4NIRTY) (R7),
-(C1l-4) alkyl-C(0)-N(R7)(R7), -(C-C4) alkyl -0-R7, and -(C2-C4)
al ky! - NCR?) - Qe <0 & ktRoBEd ﬁv@&aﬁrﬂaﬁsédlm&ﬂsslab%%&gﬂhe dole £ t ai n
enbodi nents, Z1 and Z2 are both 151 n certain enbodiments R4 Is
sel ectedt dru@thmro@;mes SQ%Iafltsn(ali\mum@tSp@nseadrlcﬂept an@ltdnllann'ﬁb' thelslosé t ut ed
Cl- C2 al kvl certain enbodinents, n certai errbodl ment s
wher oi n 'S¢t gy it DB s PR s P DR on Mepd e
enbodi MReHS L so $s arfkec8gnibld. In cdrihit &hbedimeRRPODI, RIS thelosé of a drug
-C(=0) - NH- CR5R5-t, where, in certain such embod| nents, R5 and R6 are
i ndependdiieh {5 lobakin SoVeef st subiagiar hdermaiiierapeutis indexjis an art-sesegmized such

720y R wnR R8s G3n gt 1A AR AR PR T Certain
enbodi ment's, TRE tesn Siglpedhadintmrnréfetsad agyutd Bsandadiptdual ingvideiethenevsdbbe

het er oat,o sel ected fromN_ O and S. In particular enbodinents, RL is
sel ect ednfuigin thachloesh is/ehsp iapesmumo009/ 049498 het erocycl es conpri sing one

or two nit ro@ﬁﬁ%ertﬂ A nB#Hn kﬁ%e”?é@ﬁqb T&DkSin llich 8 §§1llaq§.['r%qu Jfgﬂguh
het er ocycl es conprising up t hree heteroatons selected from
ot hdf enfrodliceeatighnoRhali lsolsgﬂcecﬂpedsefrekatwhm the bmjadierd respoqmeiis Bisgbjagt that t hr ee

heteroatdoms s% ected.fromO and N N/ 211 I("Nil))N -/ 0 ,S-M Li
RP Rt aV?_|R'|1fUIj_

Y%au 13 |, 0 IeGISENCRINN N H, ,-. NNNL%,,,,-- NNH? ) 1
111 csc”, NCA, 4ihsuHid3esiNandd(disdedidyy adgqhscﬁssfed Neﬂefh ?ﬁéﬁs% Qn}s&!i@éhs@ﬂpom ment s,
Rl is sel ect ed from 55L-- NNccss , In the enbodi nents

above, Rondigopghat sreansed lmmwmtribu@d t@by 1nsghn zesmﬁmc iBxagples lndu@q;enden_t |y
Se! ecte 1abe9¥sn &r?a]%r ngeg‘tbg)smclro ewn§th1n I‘%SIStaIDIC I’IHI‘O 0 sg{&bgrom 1n’s IS

trlazol y Su Stl ne or re su uen S’ se ected
froms ha|réb1§t£lﬂ:e(l@gh ChodPrésghre, hyperiesicy, Righrilos dilisterolRilyslipideptia,onal 'y

substituted 2-triazolyl. In certain

hyperlipidemia, dyslipidemia, atherosclerotic disease including stroke, coronary artery
disease or myocardial infarction, hyperglycemia, hyperinsulinemia and/or
hyperproinsulinemia, impaired glucose tolerance, delayed insulin release, diabetic
complications, including coronary heart disease, angina pectoris, congestive heart failure,

20  stroke, cognitive functions in dementia, retinopathy, peripheral neuropathy, nephropathy,
glomerulonephritis, glomerulosclerosis, nephrotic syndrome, hypertensive nephrosclerosis
some types of cancer (such as endometrial, breast, prostate, and colon), complications of
pregnancy, poor female reproductive health (such as menstrual irregularities, infertility,
irregular ovulation, polycystic ovarian syndrome (PCOS)), lipodystrophy, cholesterol

25  related disorders, such as gallstones, cholecystitis and cholelithiasis, gout, obstructive sleep
apnea and respiratory problems, osteoarthritis, and prevention and treatment of bone loss,
e.g. osteoporosis.

The term “livestock animals” refers to domesticated quadrupeds, which includes

those being raised for meat and various byproducts, €.g., a bovine animal including cattle

30 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 Capra; domesticated

5



10enbodi ments, where Rl is optionally substituted triazolyl, Xis
-C(=0)-NHt. In certain enbodinents, R2 is selected fromaryl and
het er oar yWO ZEJMWﬂMés of R2 include: fro. . ... ... ", .. PCT(US2009/049498
F3rrfs,,,,.., | N, 5,..- 9- CS -1.%--.."/2Z1;.?2.".---
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tituted relative to the attachnent of R2 to the rest of the

f -The term “mammal” is known in the art, and exemplary mammals include humans,
primates, livestock animals (including bovines, porcines, etc.), companion 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-
recognized and refer to modes of administration other than enteral and topical
administration, usually by injection, and includes, without limitation, intravenous,
intramuscular, intraarterial, intrathecal, intracapsular, intraorbital, intracardiac, intradermal,
intraperitoneal, transtracheal, subcutaneous, subcuticular, intra-articulare, subcapsular,
subarachnoid, intraspinal, and intrasternal injection and infusion.

2% <&

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

The term “pharmaceutically acceptable carrier” is art-recognized and refers to a
pharmaceutically-acceptable material, composition or vehicle, such as a liquid or solid
filler, diluent, excipient, solvent or encapsulating material, involved in carrying or
transporting any subject composition or component thereof. Each carrier must be
“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 include: (1) sugars, such as lactose, glucose and
sucrose; (2) starches, such as corn starch and potato starch; (3) cellulose, and its
derivatives, such as sodium carboxymethyl cellulose, ethyl cellulose and 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 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;

6
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d wherein R2 is optionally further substituted as descri bed



\ 10SCF3, In certain enbodinents, R2 is optionally substituted with
one to two substituents independently selected fromhalo, -C=-N, C-C4

al kyl , C,WQ2010/098(48- substi tuted al kyl, -OR8 wherei n R8 PETAISRYUI/ 043308 onal | y
substituted with one or nore halo substituents. In certain enbodi ments, R2

s pheny %@@@é&@ﬁ#@&e{ﬁﬁgg ); @OFpRispRE %uﬁ&%ﬁdtfo‘ﬂ?”ah @Q%gag.e”dem ly

selecte ron} I’ n anoct i ment,

t he i nvemnnitoxicgompatilss subs@mmnqdoy@ﬁn%m%wduml Srmubtional Forrmula I1:

(1), or a salit thereof - one, of , Z11 an A4S CR13, and
Lhe ot her of e tei B oph e Hea OB CPEaP ISR BOEHFSOe TR Ao 5

sel ect e%dﬁﬁﬁ@@rhﬁﬁﬂ&&@ﬂu% RAd Rost. ‘IﬂT' i édfﬁhgt&éﬂﬂﬁﬁértw CReic& m&:afeada{iaﬁ of the- (CL- C2

fluoro-substituted al k -S-(C fluoro-substituted al kyl), Q{ alkyl,
-(C -2 IHJIW@WC)LCNO@MI)I (m4§115635@0@m@14m@4m Of@w(}l@ﬂ-maléﬂh@yﬁhe -0-(C - C3)
al kyl - N(

K14 7 C Ik I 15 R
is sel ectfegd% ‘% rr%h R%é%gh )?&EO%Zfﬁlﬁ%eﬁAgt a%am%(téf%%g?%gllﬁco 6’¥ sti %lut ed
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al kyl -0-R7, and -(C2-C4) al kyl -N( R72 C(0)-R7, wherein: each R7 |s
i ndependaiment sctherepaiior 6571"H§/@F%’&%41 caﬁwuslcfneh%@rtw maigfaipie @SSRS hound
to t he q@l%n%gtcm%ﬁgng; g{gégf §t?1%1%‘?roh@9€t her with the nitrogen atomto form
a

ere saturate eterocy le optionally conpr|5|ng one
addl |onal h e rein the
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- NH( CH2CH2OCH3) , or. - N( CH2CH2(OCH3) is selected from hydrogen,
hal o, - GEENatiqn, ff‘d’rebi%ﬂﬂﬁliﬂﬁttl% é@n@easeesp&am dlstrs%( enrogexyc shoglorede-Bimsst i t ut ed
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5- NH S( =iyerhpass S()mﬁﬁ)smlbﬂstthat-aﬁ( fsé)c) @F diHsubstahlially- f8{e0)f2aBRidotdxin sudR as, for

5- S(Q) 2- NH-t =0) =0)-NHt, -NH C(=0)NHt, NH C(=0)NR154,
-NRﬂg C(exéf)“Rh? %%P& de 5-NH-t, -0-N-14, -NH-O4 NH- CR1 5R1 64,
- CRL5R16- NH-t -NI-I- =NR1! gt( =NRL5) - NH- t -0) - NH- CR15R16-t, -CR]
5R16- NH- C( 0) - Replicatjye essan dff‘mﬂé erSfelmmee Oééalgﬁiqmceli& produced by

~crsrr €y R Ton RSy SR el o A R el an e

- NH- C( =OythdRadd, CefetsRd Ghd lengthie! GfreC) popRIbERL 6£ nQn-dm[ﬂlng cells remains viable

- CR15R16- NH- 04, wh t t 1, d:
L SRLS AP Pd ol T s Pheter R F P ey D sa R nfag ey et o
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het erocycl e, wherein R11 is opfi onaIIy substituted with one to two
substit wéhpwdutrﬁdehryemenﬂl lylcm&l@&ﬂl@dibﬂﬁmf ¢edls @r orgaRiNms Gl cq@B: withky| | C3- 07

| oal k hsti.t R14 4
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-C(0) - N(dRMQaﬁ'lEizf’s)to sufv(d)and-eRikéHin Alvdng ftede-fodloapiiindeld PartibiIR1hdRb4) , and
when R1' is phenyl, R' is also optionally substituted with
3, 4- met B8-S Gy sﬁxafnpérohéat%§{9w1§dtr9854 igB CAYEE Fashiatippy chemically-
3, 4»8th I t ted
et anocs A SOt DB B MM LG St B, e B 08115 550 - Ca
al kyl - subsletjhaie ﬁﬂkn@nt(lsml)lrlafe@phnhmhée qmycdser) by uﬁeatseabomaﬁ% R%, 46%,

'aP ge'to gﬂd ntaééé‘f‘?fé’reec‘&fr?et%@ hén‘w(? 88)2«2%& g&ﬁ’ig&@%@%%@ﬁ%feé&%undtg fR éfm a

4- to 8- ﬁ@gg{ﬁr&gcrﬁﬁg%ﬁqrpd het erocycl e optionally conprising one additional
het eroatom sel ected fromN, S, S(=0), S(=0)2, and 0, wherein: 30when R14 is

al kyl, the ald t

20<tc1- O ai kgl B ERNEE p it U aE bl BRE PR 5

- NHGC1- k2€iin pR&EThAhd/onincredSHR Iﬁaﬁ&ﬁibl&):‘ri’wamf a sirtuin proteinen an/ﬂxeﬁjsl-hrﬁr e taken
together with the nitrogen atomto ich.t are o.f rma 4- to

5 e e BLPOSHRGHch S AR B SR PEIPOLHUT U SRe et PO EipLteical sbBpi onal |y
substi t Wradirfin rotéth lBKI@t RhambWhtt s Ok, 565 9vmal sk, orfrhéte! Exerhfitioy
-NI-1(C1l-C4 al kyl), (Cl-C4 al kyl)2, 7—NH(CH2C1120CH3) or

-N(CH2C1120a13) 2; 5and optionally substituted at any substitutable nitrogen
atomwith -Cl-C4 al kyl, fluoro-substituted C-Cl al kyl, or -(CH2)2-0-CHS3;
and R12 is selected froma carbocycle having at |least five ring atons and a
het erocycl e ot her than piperazine, indazole, triazole or pyrazol opyridi ne,
wherein R12 is optionally substituted with one to two substitutents

i ndependently selected fromhalo, -CN, Cl-C4 10al kyl, C3-C7 cycl oal kyl
CI-C2 quoro substltuted aIkyI -0-(CI-C4 al kyl), -S-R14, -S(0)-R14,




25CH, R11 is phenyl, and R and R4 are H, then R12 is not optionally
substituted phenyl, or pyridin-4-yl. In certain enbodi nents of
Formul a WO 2RI0003&t8not pyrazol yl, im dazolyl, indolyl, PRTABYWINO4HOS Y

t et rahydroi ndazol yl, tetrahydrocycl opentapyrazolyl, dihydrofuropyrazolyl,

tetr ahyq{iﬂgglcéloicﬂpﬁlegépélﬁhm ﬂr%fr@@@ﬁ&%ﬁ@éﬂﬂgﬁ(g@%% Yafhi®bnes and p33;

t et rahydr opyri di nopyrazol yl I'n ot her enbodi ménts of Fornula 11, RI2 is
not pyr axtinding lifespan; ihereasing ge;rwrrecrbtabliihme stlencafg tFosenipteont and ¢dmgrotongpound i s
ne .of .Structural F I'1b nd l[lc: (Hc). In a
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Formula Il, Ris dro%]r In one aspect of this errbodl nent, the compound
Ya
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R3 preserit an even nore -Specific as enbodi nent

the co rmzmtegblcbrﬁNb ermwesemmnhw F5t08 ama(roalqmez mﬂ))aaridCSIRaadGeﬁBdmkRS and R4
are hydrogen. 10l n _sone e In one_aspect of this

o, eAbesiar e dona TR Ne TR0 N5 o NIt ohsonk sk EPRARE! i o d
o8 o oRRRDIE CAARNfbmBErs bt D R Tidiond, 6act STRIMIEhS AR eN' ©
certldi n "é:fﬂi"cgtnné'r(hemo]a'gwssofsSeﬂ o) €XB i1y BB, HST3 and HSTM) arfd the Gve btheHN N N
" NN3 V\D 10/ 00304 / | O d

wher ei n IMand0 Hﬂ?%éb?@% meégﬁgﬁg ?‘ék\g% ‘ﬁthrIgr(gr%H’@W %/ﬁal andie,

enbodi mgMY95)Riehet DeR: 2§88réntiq7'{ﬁfét@$ (1 994 GBRE N6ONS3 RPREGedOfirr@hd her  Of

t hese enbodinents, Xis - I'n an even nore specific aspect of these

Senbodi rthereghat shaye n@(r@)mmlanttles with SERFpaendSIRT |.eapdéos §m2éhta1b\ylﬂssmﬂé?t ur al
Formul a slulcl(l:as tlhgsecr%cl;,r% ers hg%g 91{ leasr%tpeslrt %E‘ th%%-termmal secﬁ]e'nce presen 1nC§I§C’1"1f rom

" 15  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. P53685),
C. elegans Sir-2.1 (GenBank Accession No. NP_501912), human SIRT1 (GenBank
Accession No. NM_012238 or NP_036370 (or AF083106)) proteins, and equivalents and

20  fragments thereof. In another embodiment, a SIRT1 protein includes a polypeptide
comprising a sequence consisting of, or consisting essentially of, the amino acid sequence
set forth in GenBank Accession Nos. NP_036370, NP_501912, NP 085096, NP_036369,
or P53685. SIRT1 proteins include polypeptides comprising all or a portion of the amino
acid sequence set forth in GenBank Accession Nos. NP_036370, NP_501912, NP_085096,

25 NP _036369, or P53685; the amino acid sequence set forth in GenBank Accession Nos.
NP 036370, NP_501912, NP_085096, NP_036369, or P53685 with 1 to about 2, 3, 5, 7,
10, 15, 20, 30, 50, 75 or more conservative amino acid substitutions; an amino acid
sequence that is at least 60%, 70%, 80%, 90%, 95%, 96%, 97%, 98%, or 99% identical to
GenBank Accession Nos. NP_036370, NP_501912, NP 085096, NP 036369, or P53685,

30 and functional fragments thereof. Polypeptides of the invention also include homologs
(e.g., orthologs and paralogs), variants, or fragments, of GenBank Accession Nos.
NP_036370, NP_501912, NP_085096, NP_036369, or P53685.



(/721 \ it , and 5substituted. In a nore specific enbodinment, Ri 2 is not
further substituted. In one aspect of either of these enbodi nents, X is

- C(0) - NHWO 2pp/p048ven nore specific aspect of these enBEAIUSRRMIHINS s
-C(0)-NHt, and the compound is represented by Structural Forrula Ilc.
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hydroxyIRepgﬁ%%sﬁ?é}dPP NFPC%QHQ @@PCQ“EWI IQWHHQ‘%?(EFP@)S??ME | . Exenpl ary
15capbocycl eSTHeQ&In’r'sd%yﬁé’rﬁlcoﬂ?rﬂﬁﬂﬂrati&ﬁl’C‘La‘aﬂﬁ?ﬁw‘ered%&&%ﬁ%ﬂ?,ﬂy‘?eri aentyl
phenyl and napht hyl . The term "heterocycle”™ or "héterocyclic" neans
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into the central nervous system, such that it enters the patient’s system and, thus, is subject

to metabolism and other like processes.

25 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 or in the enhancement of
desirable physical or mental development and/or conditions in an animal or human.

30 The term “therapeutic effect” is art-recognized and refers to a local or systemic
effect in animals, particularly mammals, and more particularly humans caused by a

pharmacologically active substance. The phrase “therapeutically-effective amount” means

9



20bri dged pol ycyclic ring systens wherein the nonocyclic ring and each of
the bicyclic rings are independently selected from saturated, unsaturated
or aromatWeO.201§Wp048 het erocycle is polycyclic, it shoul @HAIS2¢desBO®Hod t hat
only one ring is required to contain a heteroatom Unless otherw se

speci fi afat nd¥Bt 6 QEN & ls@bdtsce Pidt BRI sBHRHebitdi 186k Wr E{5tQAR ePect®hE
substituents selected fromhal o, -CN, C1-C3 alkyl, C -C2 fluoro-substituted
al kyl , -repspadble ber@sif/risk asiomppliablé touang dreatmept. Theghqrapeudgyllyadttegtive - S- (C1- C3)
al kyl, -S-(Cl - fluoro- substituted al kyl, hydroxyl .. .amno, ..-NH (C - C3)
21 kol " arfPORE Pty it P debbiindtuit e EEN 1aPR B0aai e o6
aryl or Heaigetrdagddy the weighttialage efithe ¥abjoa) thy kevetindotthd diveaeebaditionnrhar omat i ¢
het er ocycl yl . Monocycl i c rh&gs are optionallﬁ substituted with one or nore

subs®i t BT ebadminisatiomandihe ke, Wirehhcan reydly e dessrpingddiyene 3 oxdinayy |

hydr oxyl g ;40 I y ! : i am :
nonocycl Sik%:ﬂglrtgﬁ %ré @r@%ﬁﬂ@%ﬁ%@%&%&?@ gltgﬁ%\ﬁisﬁgB%s@%lgﬁa%e%ﬁgﬂg%g%g and
car bocyd edficiGpeaiouhttorprodey al desirgl dftypsati avehsodeble beeefwirigk ratioxaptitable
oxazinyl, thiazinyl, dithianyl, dioxanyl, isoxazolyl, isothiazolyl,
triazol yP SUSHFEHYEL ¢ et r ahydr of uranyl , ~di hydrofuranyl, pyranyl, tetrazolyl,
pyrazol yl, DPWRZi¥b » chYdiliSai M¥dase talldrd a7Qlrto as Vel AliamelioraPhb bPle¥d

di hydropyrrol yl, pyrrolidinyl, piperidinyl, piperazinyl, pyrimdi nyl,

mor gRol iamglsymptery efithe conditioppedisdase.t hi ophenyl , cycl ohexyl, cycl opentyl,
cycl opropyl, | obut.yl ., .5cv.cl ohgpt.anyl .. azetidi.nyl, oxetanyl, thiiranyl,
oxi ranyl , aziﬁ%&?rﬂ/l‘,’l&gﬂb‘n?%f%ﬂﬂr Eﬂ%rrs%{%wml f‘%ﬁﬁf% Y@F@f%or%:rn s include
car bocy Glattéal i3 reveRéible o iPewREsibld GboRGehRityle.g. RafR Y Partian g REdVRfeadyibn and
het eroaryl groups such as imdazolyl, thienyl, furyl, pyridyl, pyrimdyl,
pyr any| ,impgireee iy termgg plindpess” oy r wigionyess”.t gl gfgrs 1o & gempletd l,ossar%

tetrazol yl: g I J I I 6.1 Nng
Syst oms THOH T 2of AT Al SCotdiblEE W KRNI AT el (e
t o dse dieldrof lessohe?0 Bedregsatianibter (10giegreExaudiises i ncl ude benzot hi enyl,
benzofuryl, indolyl, quinolinyl, benzothiazole, benzoxazole, benzi m dazole,
qui nol i nyl, isoquinolinyl and isoindolyl. Fluoro-substituted includes from
one fluoyo s it MEJa o per-fluoro- substitution. Exenplary

1 tor - Zibst ﬁaﬁtﬁﬁe% )b kyl includes - CF1-12, CF2H, -CF3, 15- CH2CH2F,

- CH2CHF2, - CHREGHB aspeCk2EHEZentiPe prdvides movelsirsitin-madethtio compatnds|for f or
exanpl e,, ipncludes -CF3,. and .-CF2CE3. . .. Sui table substituyents o

mor o | cxtepliog BT TR RGETHEITY bf dieeors MHCRCT DR g ST Hes8Runi ch do
not 29ubsfiRtdsdk bisotdetSefatddroWing drRReabdibbdids, Bbesithendiit slebasesdiveonpounds to
have one or nore of the properties disclosed herein. A substituent

subst antdiserseg, dqvlas disepses apd digprdars; pradiowessalar fiseases blaod dafimgridsordash t he
magni t u e r i ced N %0, I: cqnpound
i h ¢ haTQrbl SRS bt TSAEREG SRR PR B Wi R e BT

Conbi natlewhand’br satilvity iof b €iifusn prdekiy Ara alsb &8 uedtviios tremixtk Ddisdae 6r disvraert i on are
only thaose that result in the formatiqon of stable conpounds. As used

her ei n, 1pBSublgsthatsyond Benedit fremdpgrepssd srjtRsBoniial asktitypts selancinggppscie v

suf Hizci | @w: £ t ' ' Lok ' he
cormaund syl P PERATETANCE TRIGDR onTe! DLl o o PR AURLI Sl 00

det ai | edlahmgebssocidted vdtinpportor dichehzs Othdneompourals siisclased beteinpaayt beal | y and
fully deuterated variants. In certain enbodi nents, one or re deuterium
htom asEHELEHSE ik DRiare oS GErRam ST S O Bire A D RIS e ar
can sel ggleifhe sites at which such deuteriumatons are present. Al so
included in the present invention are salts, particularly pharmaceutically
accept abl e sdhiose embodimens isirtuin-modulating comppundsrpbig devedtise pierepteseatedi n. The
co unds Qf th res .Jinvention that possess a sufficiently acidic, a
su???cigﬁﬁﬁ?”hﬁ%ﬁgpngﬁngth functional groups, can react wth any of a
nunber of inorganic bases, and inorganic and 5organic acids, to forma
salt. Alternatively, conpounds that are inherently charged, such as those
with a quaternary nitrogen, can forma salt with an appropriate counterion
(e.g., a halide such as bromde, chloride, or fluoride, particularly

brom de). Aci ds comonly enploygg to formacid addition salts are

i norgani ¢ acids such as hydrochloric acid, hydrobrom c acid, hydroiodic
acid, sulfuric acid, phosphoric acid, and 10the |ike, and organic acids
such as p-tol uenesul fonic acid, nethanesul fonic acid, oxalic acid,

p- br onophenyl -sul foni ¢ acid, carbonic acid, succinic acid, citric acid,
benzoic acid, acetic acid, and the |ike. Exanples of such salts include the
sul fate, pyrosulfate, bisulfate, sulfite, bisulfite, phosphate,

nonohydr ogenphosphat e, di hydr ogenphosphat e, netaphosphate, pyrophosphate,



150r 100 fold; a sirtuin-nodul ati ng conpound may pronote deacetyl ation of
the DNA repair factor Ku70; a sirtuin-nodul ating conpound nmay pronote

deacet y| aWPa@A10403R8] A/ p65; a conpound may i ncrease genePEI/GSARNIHYEOS r at es
and enhance the sensitivity of cells to TNF-induced apoptosis. In certain
enbodi ments, a sirtuin-nodul atingsconpound does not have any 20substanti al
ability to |nh| bit a histone deagetyl a§e (HDACs) class I, a HDAC class 11,

or HDACs | and |1, at concentr , in vivo) effective for
Rsi rtuin. For instance, in

nodul ating the deacetyl ase actyvity of
preferred enbodi nents the sirtzin- &ati ng conpound is a
sirtuin-activating conpound and I8 chaoSen to have an EC50 for activating
sirtuin deacetylase activity thatl is at least 5 fold | ess than the EC50 for
i nhibition of an 25HDAC | and/ or 1, and even nore preferably at | east
10 fold, 100 fold or even 1000 fold | ess. Methods for assaying HDAC I

and/ or HI?&lS ftthe"%é:&fw\ﬁler are well known in the art and kits to perform such
assays may fe chased conmmer ci al | y. See e.g., BioVision, Inc. (Muntain
View, CA wordna owdan&\gblsam’ohﬁu/ihsioﬂm@ﬁm a2 iERelpasd SeireNtahd IOR’,
(Swedesboro, NJ; world wi de web at tomassci.con). 30In certain enbodi ment s,
a si rtw‘ﬁh%Hul ating conpound does not have any substantial ability to
nmodulsat e sirt t t prapf a human
S0 prot o R A O R IR AT MG BN ate S rtuin
prot ei n fiforosubstivged €nicankkyl, e6;(Cpdls) ﬂumbsubgtltytedta&yhr-smaﬁﬁn) pat hogens, at

concentrati on in_.Vvivo ffecti 0 iyati he, deac | ase
acti vi t y'U5f°" ﬁ@f‘?éwt‘% iyl G1-CGegilc yﬁ én@t éy‘Sélfkg §z{:h%§cquﬁa i’ﬁ:@ "gﬂ% nd may
be chosen to R‘%Vs%le@féd%%@hid% e’thtGOﬁﬁhb Qlﬂlyﬁ (f@ff@'j' ﬂ%bfotéﬂbgtltu%'dcalfkﬂ (@1' RT1
and/ or SI RT3, dea 'Pé{?g;l ase actl VIQB/Q) | east |'ess than 5t he

EC50 f orCaekyldiRN &@a@h) adlcylt -N(Qulﬂ& )as(CslGﬂZalksh&Ra@n@aMr@d S.

cer evi si ad en nore preferably at |east 10 fold, 100 fold or
eve 6 @@Yl&?@ ég% ﬁ ﬁ%{lher enbodi ment, an inhibitor of a sirtuin

pr ot el n fromdaemrr 1saﬁ&e}feuaﬁrﬁ1 ,se]léatéﬂlﬁ@tﬂ Wdr(ygeheﬂﬁi Gy ChikEnompat hogens, does
not have any substantial ability to inhibit a sirtuin protein from humans
at concent r attvgis boangto the ﬁalW vidnogen plert grg takep fogerier Biithithgynitreeeea®et yI ase

activit I

sirtui n){l n%ml%??l % 7r%’gfr?ggﬁﬁgaﬁwe({)ﬁ&&ﬁ%gggﬁgnﬁg%e aﬁﬁﬁ?&g&%@ﬁ?&rﬁﬁl bi ti ng a
human sihetamoatomseletied frosi RT3, $a(n:d)/)cﬂ(—8I)RIﬁd Odeacetinytha satuetdd hatdrycyichesit 1 s at
Ieas 5 faold t han the 1C50 for |nh| ye irtuin, such as
Sir2 (sw@ﬂoaaélwﬁmta@g 2t siggleggrhon aom g ?‘Pfaﬂacéegaf ©.5¥Bber abl y at

| east 1QN‘I-gb? Lc, 19| @, <, m/m hOQEH @}ﬁd@%§ orlﬁk@HS@H{@Cﬁ Hgbodi ments,  a
sirtuin ating conpound have the abi | ity to noduf at e ’One or nore
sirtuin prot@ris h@icmw)’ggm asmbpcasle afld;a heteenwptle, Whereindt' isroptéoneily hunan SI RT1,

SIRT2, S S

sirtuin- H’ET ﬁ\’tﬁgwﬁ g E—YE ﬂlbﬁﬁg{e[nltf‘ epg?réytSSféﬁthﬁﬁoganﬁ ’O{E‘% ?\fa %a(%%Tl and a
SI RT3 praityi 0, @OCPC}QﬂMyleﬂmglsﬁ@dﬂMied a,-8, Bk¥1,modrd ag.®®, dogs,not have any
subst anti al abl gmdgul ate other sirtuin protein honol 0gs, such as,
for 28xar@ﬂifYé)-NG?qé(P93/ -MoR a( (fmaumnelﬁHﬁﬁIﬂeT(z“H(@Hszifé1E Ol sy, S RT5 SI RT6, or

SIRT7, ap, t e V, t| ng the
deacet yI ase éctl \E/)ﬁ_{’j ¢ﬁ#&r{é] OqCéI%Ewlngﬁiﬁgﬁpfd éﬁélgfrl ?mdgl ating
e A 5001 ) o, DEDLyC DD S0 ”"?ﬁ‘ﬁm g
eacet yl ase acti vi a ea ess tha e or
modul at ifgs AR oavorwﬂ?/éuwmmﬁﬁépw%mnmxy sdmsu@rlltmp SI RT6, or
SI RT7 f .even 1000
ol d | oot e o g R e P L
sub§6ante|aeh R%tsnhciidpyndamtlwdlabtad érom @dﬁ@npmm&ﬁ& dlkylpether enbodi nents, a

SI RT3 tor any subst anti |I|t t 0. 30. nod other
si rtui W aﬁ?ﬂr@ﬂg@é Ogefloal'%orgﬁ% naereﬁf’m?‘potipef opp @ ﬁuﬁhﬁ SI RT1,
SI RT2, %&[Herecﬁ},ﬂésed ﬁleBI&,ycréropﬁbﬁWy coﬁ{prﬁﬁl@(b@ig taf ditibR4] hefePodlom sélBct¥d VO)
effectl ve for nodul at(lmgg t he eacetyl ase activity of human SI RT3. For

exanpl e,framn &, 8t 876, SErsdulaadiGhgvhestip Wr@lqﬁwom@nehﬁowtltu@drwleommmo f or
modul ati ng human S| RT3 deacetyl ase acyijvity that is at least 5 fold |ess
than the ED50 for nodul ati ng one or nore of human SIRT1, SIRT2, SIRT4,

SI RT5, SIRT6, or SIRT7, and even nore preferably at least 10 fold, 100 fold
or even 1000 fold less. In one enbodi ment, a SIRT3 nodul ator 5does not have
any substantial ability to nodulate a SIRT1 protein. In certain

enbodi ments, a sirtuin-nodul ati ng conpound nay have a binding affinity for
a sirtuin protein of about 10-9M 10-1M 10111\4, 10-12Mor less. A

si rtui nnodul ati ng conmpound may reduce (activator) or increase (inhibitor)




the instant invention may interact wth a sirtuin at the sane |ocation
within the sirtuin protein (e.g., active site or site affecting the Kmor
Vmax of tWe 28tvi@s8site). It is believed 15that this isPCRASRZERG6NINNY
certain classes of sirtuin activators and inhibitors can have substanti al
struct urghrSom, iRbld, ¥YNH,, -NH(C! T, &R RN S MBogk RN INH(EHE IS0 ) Normodul at i ng
conpounds descri bed herein may be t'aken al one or in conbination wth other
conpoundN(CHaCHn@CEnhadd therraturatedrhsterocyclots apiiondly swbstétutsidrat aicarbpmdiohat i ng

conpounds. b m.ni.ster ed ﬁgg Clyp.l d 20..t hereof |n another

enbodi rre\?ﬂﬂ??(éHs'l ‘t?(?ﬁ ﬂfgﬂo@ﬁ?rgﬂl\h%’glg Jﬂﬁﬂal{(wg’t'rﬂﬁﬁlféﬁg(gbzt he |evel and/or
acti vi t y-NH(CALSHLOWH), ok ol M, M0 d1e;)adni ni stered with one or nore of the
foll owi ng conppunds: resveratrol, butein, fisetin, piceatannol, or

quer et i n. | nRais selretapiTama earbrsgriediavingat epstifiyeningginmatidyheerpuind t hat
| nereas ec?thérgﬁzlxrl nﬁggﬂﬁgﬂé‘ %l%rreiﬁ%z'i%bé;[}'oanIY Substitudd! it b £ t@o%ﬁsﬁ@ge 5 4 rent . a

adm ni stere I mation Wt 1cotinic acid. Tn another

si rt ui n-indehehadritlygeleotep diondhdlbaiC=0E € dysdlisyl  ORCY exddalladC o€, Aadiovi ty of a
irtuin ot ei e _adm ni stered w.t or of the follow n

zgnpghnosgl.EDStHP‘!@HtaH%ﬁBd%g(%js( Sﬁzﬁ&%\gbﬁﬁggﬁ@ (Ié{(rlr?(qg&;} {‘?t?ei (§-8ant ag\cl)mni gt) :

NF279 ( anpurnes g Sy - NRWRS

6.y o HRRCAIGH LEADE IR0 eHD TIROK). CHAIK -O-(C1:Callo P NR)R’)

) - epi0gal {6 ct elkil)rO-(GyEs abky DAMRHIRES -B(H:NERS®E®), -&13C2 (-) - epi gal | ocat echi n

Il at it 7,31,41,5 d | | at 3); i di
Ohi or oo PR SRS ERpiindh Hhegit: SySPi AluhPiste 685 Whal R peh ™ @ "
chlori dER7(ﬁ,aﬁsoBpﬁoﬁallz}'%bstﬁ@%@WﬂlrQK-)ﬁeltWéﬂeHiéﬁ?'PﬂﬁcﬁbjsﬁlWﬁutBﬂ/B,i40et in

(carunbiscetin; 3,5, 7,31,42,51- hexahydroxyflavone); _

3,7, 3", ancthylepediexsh pdrshylenediotie or Guereyspbititwed 3,45¢cthryleneglioxyt wherein any
hexahydr | av 1 SLILI : bt om.Cj t ._eokodi ment ,
one o oEBAG SRRl ek Kb R SEk L UGy o BetEl-a RARLNRY, ERRE ey

mor € 5t heCg@ealky; CagB lusrd-aubstitieed dlledt, hOHC,-0);) Au@sanbstivmted hlkyl-O0q@s-C;)

di seases, _including, for_ exanple, cancer, 5diabetes, neurodegenerative

i seasekHaS orALHY arS -0 Ce B Bor RTINS B8 N ng.
obesity,CBQQkp@anétress, etc. In various enbodi ments, conbi nation therapies

conprising a sjrtuin-nodul ati ng conpound may refer to (1) pharnaceuti cal
conposi ti ons Rhiaseledepfiomehydnezeny halwr-E=d, flnoiorsubretituted GGy allyipounds i n

conbi nat i,0 i one or.npre.t euti.c n e.g., 0 or r.e
therapeu'ﬁf@‘%&:ﬂf‘gmésé’g tiﬁé&”ﬁ@f@?@) éﬂ( nasqg%é‘é(ﬁlikylgﬁ%ﬁi"%ﬂ?lggﬁ%lh of one
or mre sirtux s ERwdatdrn INFOOR@INY SCG)INADE -NH-ORFS- be=apaumitc agent s
wherein the sirtuin-nodul ati ng conpound and therapeuti c agent have not been
f or mul at RHLSK-Qhb -Ser)-BBnboSLd R b AkyObel pNESSHOMIFhi n the same ki t

or packagg,,_ S al a _ r ineha k :

conﬁect e'gj,ac(§§ a?éﬁé@'gé—acﬁ)mﬁéﬁ ﬁﬁg{is'gf r_@]?gﬁg mh}lg}zl 't?p'roﬁtjgilggf_)?ﬁt' AUGHD be
separ at edHbY)- halHIER R®-6) -GR R INEMte NHIGENR’ Y-+ UiO=NRAPRHLAL | ng conpound(s)
Separ at cO(GPIDIEERSHS: THE RN G o AR Sy CBoR b R Dbt st er ed
attes__'_s'_iis_ et RFAOI-HsQs_+S { or
conbzignat ?Jgﬁg((tbﬂgrﬁe}g:‘ h (\gfe\n@t% ?@g‘gﬁn irglillﬂstg{da?tz iccl)%nRofT’ gﬁ\?}?ﬁggﬁﬂlﬁer dpeuti c agent.

In cert alNH-OFOPORERIRS- T, FERAREO-E610)FHL i-NH-CEHOVERI-ORGRSH, t r eat i ng

di seases Qf;_20di sq usi i rEuin- t] oynd .may al so

conpr; se M RALSETRY Sher R S Rube 1o e P PR SER Reifuran & RrL
SIRT2 and/ or §eBk3ent®Whb@miagminl ie¢REQLd! Nncreasing protein |evel s can be
achi eved by introgucing into a cell one or nore copies of a nucleic acid

t hat encodes eackRf end R. isHodeperdantly sclectae flogvisidregenaCsiCa ialkiyh -C&n abé

i ncr,gas [ li.an.cell by introducing into the mammalian cell a
nucp ic%géﬁgzﬁﬂ@gg?gdﬂFﬁﬁmsirtuin, 25e.g9., increasing the level of SIRT1 by
i ntroduci ng aviwcX & C(OHNHENZL&id T drbeachriHand® 'ds sphisieMeeubtituttdr th in
GenBank Accession,No. NP 036370 and/or increasing the |evel of SIRT3 by

i nt r odudibspylathsn & és votPeridinglcodi ng the anino acid sequence set forth in
GenBank Accession No. AAHO1042. A nucleic acid that is introduced into a
cell to increase the protein |evel of ja sirtuin 30 nay encode a protein
that is at | east about 80% 85% 90% 95% 98% or 99%identical to the
sequence of a sirtuin, e.g., SIRT1 and/or SIRT3 protein. For exanple, the
nucl eic acid encoding the protein may be at | east about 80% 85% 90% 95%
98% or 99% identical to a nucleic acid encoding a SIRT1 (e.g. GenBank
Accession No. NM 012238) and/or SIRT3 (e.g., GenBank Accession No.
BC001042) protein. The nucleic acid may al so be a nucleic acid that
hybri di zes, preferably under stringent hybridization conditions, to a



Si rtui n-nodul ati ng conpounds that increase the |level and/or activity of a
sirtuin protein nmay al so be applied during devel opnental and growth phases
i n manmal WO 261041986&t8 | nsects or m croorgani sns, in ordePCTajS2¢0984949%l t er
retard or accel erate the devel opnental and/or growth process. In
anot her enmbodj,aENK is QI(G)JN}T-TUEU%@Zq 26 &N CAURYE phbal, Adict 8RS R hileqy,| evel
and/or activity of a siftuin protein may be used to treat cells useful for
t r anspl ahemR? trnodquisobhyl or irslazglyl; i ncl udi ng, for exanple, solid tissue

grafts, organ_irapspl.ant cellr s ensi o 1emcelbs on ryow cells,
etc. The cel I‘gﬁ%\%ﬁpﬁgﬁéﬁ%’jﬁ% a&‘ﬁszglffeo%atpﬁgHﬁgﬁs R ?’%ﬁeng %@,{{,w‘%t or a
xenogr afg4 ar_&_fB-BthéﬁRP% 1t pHSIBYE af®Y be treat ed with the sirtui nrmdul ating
conmpound prior to admnistration/i EQI antati.on, concurpently wth

adm Ri st rat i oWheisTNHICHnT, AnaMb” poSR . &dris HiostGHs: Roi el isrittandn into a
subj ect . T )] [ be treated prior to renoval of the cells
frolmtheR g gélgﬁ’ﬁth{ﬂ\?/gd&ar{o ﬁ%)%gl\y?:sg after rem)vgl of the cells or tissue
from t he dondn certglin\entbodiments, thpotnpgoopd af$@tdtanl Fortmuld (feisrselected divim: For
exanpl e, the donor or recipient individual my be treated systemcally with
a sirtuin-nodg ati gg conpoundger have a subggt of cells/tissue treated
| ocal l'y ﬁﬂith si rt*ui n- nodul ati ng npound tgnat | ncre@ases the |evel and/or
activity i f i

N tuin proN N certai nRéqpbetinen s, the cells or
\ndi f[i dyp-g2 may ad
r prol ongg
yto

ti ssue (or dond /rg}ei—R?ent bnaf)-yRBe treated with
for exanple, ressi ve agent, a | ci ne, an angi ogeni ¢ factor,

anot her thé¥ UtNC agenh:)g N survival, such as,
etc. In yeEﬂol(her enbodi ment,sX cells may be treaXed with a

si rtui n-nodul ati ng 20corrpmﬁqd that increases Bhe | evel and/ breesein vi ty of a
sirtuin protein.invivo, e.d. ., .tq incgrease their |ifespan or prevent

apopt osiegr}bolggpergcg}ﬁep‘foé?pos}]l?fi%‘a%g‘ﬁ%%%n Fotected from aging (e.g., devel oping
wrinkles, loss of elasticity, etc
with a sirtuin-nodul ating conpgq
of a sirtuin protein. In an exehplafry
phar maceuti cal or cosnetic 25corrp
conmpound that increases the Ie\sf% agdrorNactivity of a sirtuin protein.
Exenpl ary skin afflictions or in gonditions that may be treated in
accordance with the nethods descrip& herein include disorders or diseases
assd®iated with or caused by inflammation, sun danage or natural aging. For
exanpl e, the it i Ut iibd i eyengi r tyrent  of
cont act " der macenan el Bfitncetd R UL £b R P N R P er g c
cont act -(@y-@ntalityl<)(0)N@P)(R )l e(Osuls) tligl {rRS ank AEACAalgl-NERYC(BeREmR) |
actinic keratosjis, keratinj za}té)i, n disorders (including eczem),

epi der nrﬂe%‘inssuﬁlerl"‘B%‘gmﬁf‘@ggé% Cﬁ?&f‘@r udi ng penphi gus), exfoliative

dermatitis, sgRefsilRhboddRiRY! bhd7? BEYbEORS (including erythema
mul ti forme and erythema nodosum, damage caused by the sun or other [|ight

sourlées, di sdoicdrthinsobodimentrclinis sslgsted lormiptdorgeoshale,sC=pE 6niGsilley], @i n

cancer dth fect.s -of ,natural .aqi .1 n _appt her, enbadi ment ,

STt Ul e A A e AT T a6 i SR e o BPERR vi 1y of a

si rtui n gsddghehtsaelt Husrid ¢ bsAE R’ Rahd®itardbotprinds and/ or burns to
pronote healing, including, for, exar&lce, first-, second- or_third-degree
burns and/ or InierainiembeRisrtngsa X isrCer@cHr i dn costpimembarimefitsy s at i ons may be
adm ni st ere ' §y, t. ' r ts 6,0t i.cal

f or nul at'?ﬁg)'%gﬁﬂéi'i’gw%%% lgr%e%bgués%ﬁ ufdﬁrﬁé}n&%lﬁ }?]#2{9 a(r:%lrrrlﬁlg%e-rllaggﬁtﬁﬁat

i ncroas aclebrdIfenehydogdnomdatitCyalkyl. bf cetali suchiembpdiateatsnRirayd RF ae Hoeh used as
preventive, e.g., 10 chenopreventive,, cQmpQsilions. en ysed ip a

cheropr dVeFREEY nﬁeth@aplagu%re%ﬁmsme%ﬁ i-ﬁg{qo@?l}'ﬁﬁa?ean& gl hog Gy pAE bl e
condi ti diwa@egﬁ]&q{cul ar individual. Si rtui n-nodul ati ng conpounds

may be delivered locally or systemcally to a subject. In one enbodinent, a
si rtui n- modul akni cegainempedinderits; Rilds selentasifroro hateracytles eompisugony orongan of a

subj ect by injectio opi f latio etc.. 151 nanot he odi nent, a
Tt ut n RGRAEE MR BEG T aad SRt EBt Pty BRI 1y of a
sirtuin protein may be used for treatijgg or preventing a di sease or
condition induced or exacerbated by cellular senescence in a subject;

nmet hods for decreasing the rate of senescence of a subject, e.g., after
onset of senescence; nethods for extending the |ifespan of a subject;

nmet hods for treating or preventing a di sease or 20condition relating to

| i fespan; methods for treating or preventing a disease or condition
relating to the proliferative capacity of cells; and nethods for treating
or preventing a disease or condition resulting fromcell damage or death.

. ) RBY trFﬁating skin or epithelial cells
d tlhat i;hcreases the |evel and/or activity
>AWodi nent, skin is contacted with a
on ising a sirtuin-nodul ating




cardi onyopat hy, and hypertensive cardi onyopathy. Al so treatable or
prevent abl e usi ng conpounds and net hods descri bed herein are atheronatous
di sor der sWO201MW3H8j or bl ood vessel s (nmacrovascul ar di s@§F8)S2¢N9HH498 t he
aorta, the coronary arteries, the carotid arteries, the cerebrovascul ar
arteri e%etér@@yc[é%%ln ﬁElTn@rohE%r nﬁd“ﬁtlbgérﬁclrﬁﬂafrt%tﬂﬁ%mﬂoaﬁnémﬂ% sePfdder i es,
and t he popliteal arterles O her vascul ar di seases that can be treated or
pr event eldomn heteratycleh o@epmsenauted) ttltﬁerhem@t@ns saheptestfaorn Srandt¥dnrogher nal
arterlole t he rioles vasa neryor cardi a

o tor | o1 bodzAgS 0 relpdfn RSl Riss Ot ARR e B R Rerfitins Seqre
heart, aﬂdnkhgmpmntral and perlpheral nervous systens. The sirM nnodul ating
conpounds that increase the level and/or activity of a sirtuin protein may
al so 10be used for increasing | gyel n plaspe_of _~an i ndi vi dual .

Yet other disorders that nmay be trat ey ul ati ng conpounds

h)Si T Ui 0
that increase the |level and/or actlwit a sitguin L Ot

! tein include

rest gnosi s, e.gxmnﬁuﬁ&mmMlﬁmua@ronaryV|nt~rvent|onN anu”di sorders rel ating
to an abnormal |evel of high density, and | ow density chol esterol. 15In one
enbodi ment, a sirtuin-nodul ating co -ound t hat “ywcreases the | evel and/or

activity f a S|rtU|n rot §f d ag_part o a conbi nation
t her apeut i Ty »tﬁﬂ\Té oneNe (AN
sirtuin-nmodyl ati oonpogn o‘\a ivity of a
sirtuin prote 2% be a atio apeutic

with an anti-arrhythm a agent,_|

20nodul at i ngy Cofp oy i '
proteln%hay be & isstex ed )
anot her car dPovasell,ar adent el

conpounds t hat
may be ’ﬁ
receive se |o

fvity of a sirtuin
peutic with
mgdul ati ng

rease the IeveI and/or activity of a sirtuin 25protein

to sypje who h entIy q@cel d or are likely to
neNe t, Ylhe dose of
radi ation orNfox Epar as ed & nedi cal

g'atyon r “Y]oxi

[ d

procedur e, eHg., adntnlsﬁgre as: a pré%hyl CthC ureX I n anot her

enbodi ment, the radiation or OXIn exposure is recggyed unintentionally. In
such a case,N * ouna i ferabhy adni ni¥ 3as sogn as 30possibl e
after tgﬁ_eéb i |b| -gogt :Eﬁid—ﬁﬁ ubsequeny/ dgvel opnent of
acute radi atgot adrome. N Sir -nodugat ggic npoungs nmay al so be

used for treating and/or reventing cahcer. In certalPn enb8di nents,

si rtuin- nDduIatlng conpounds that rease th IeveI nd/or act|V|ty of a
sirtuin rO/EIN reve c . Calorie
restrlctgon ha en ILnke?—F% educ§ I n | e-rel ated

di sanders 5|80qu|ng Nancer. A8tordingly, %n |nqrease3|n the vaej and/ or
activity of a sirtuin protein my be useful for treating and/or preventing

the incidence of age-related™isorders, such as, for exanpNe cancer.
Exenpl ary c Nsth%kMybe

ed a si ng conpound
are tho Ok t e Prann ng n %ﬁﬁeégggk)c nceg cIudlng
var gancer y,rrphomas

breast, pros®ate, tesbicykrar,
| eukem as. In cancers a5500|ated 10 with solid tunors, a nDduIating

conpound nayp| be / e ed _Tﬁ?>ﬂm the unnr Ca cer of blood
cells, g. f I g b ﬁt duIatlng
2Ir1 rr

4 |0

compoun bIo streaPL |nto on emjgn cell grow h,
e.g., warts, can also be;trea d Clhetldlseaseg t hat ca be treated

i ncl ude autoinnune |seases system c | upus erythemat osus,

scl eroderma, _and a whlch ut oy mmu c 15shoul d be renoved.
Vi ral :gex: S such as agendyi r us, |and HTLV- 1 associ at ed

mal i gna hﬁhlg derqq ap also be {reat adm ni stration of

si rtui nmodul dting conpdtind. Al't natlvel be obtained froma
subj ect, treated ex vivo to renove certain undesirable cells, e.g., cancer
cells, and adm nistered back to the same or a different subject.
20Chenot her apeuti ¢ agents may be co-adm nistered with nodul ati ng conpounds
descri bed herein as having anti-cancengactivity, e.g., conpounds that

i nduce apoptosis, conpounds that reduce |ifespan or conpounds that render
cells sensitive to stress. Chenotherapeutic agents may be used by

t hensel ves with a sirtuin-nodul ati ng conpound descri bed herein as inducing
cell death or reducing lifespan or increasing sensitivity to 25stress
and/or in conbination with other chenptherapeutics agents. In addition to
conventi onal chenot herapeutics, the sirtuin-nodul ati ng conpounds descri bed
herein may al so be used with anti sense RNA, RNAi or other polynucl eotides



of intellectual faculties, and enotional disturbance. Tay-Sachs di sease and
Sandhoff di sease are glycolipid storage di seases where GW gangli osi de and
rel ated gWpeo1l/@WBe#8substrat es for p-hexosam ni dase accu®GITAiS30G9/949498
nervous system and trigger acute 10neurodegeneration. It is well-known that
apoptosis plays agrole in AIDS pathogenesis in the i mune system However,

H V-1 al so induc glegheal disease, which can be treated with
si rtui n-podul gti ng c¢npo nds o;;the i nvetion. Neur I ss is also a

sal i ent of p di sease h tzf el dt JJakop 15di sease in
human, BSE |n cattle (pad cow di s |ase) Scrapi ¢ Di seasg in.ssheep and goats,
and feline i for m@Hgephal opat SE) catis.CBIrtN'n- npgdul ati ng

compounds that inhcrease the |evel and/or activity’of a sirtuin protein my
be useful fg eating or preventing neuronal |oss due to these prior

di seasesé t her enbodi ment, a sirtuin-nodul ati ng conpound t hat

i ncreases the=/evel 20and/or activity of a sirtuin protein may be used to
treat or prevent any di sease or disorder invoIvingrfxonopathy. Di st al
axonopathy is a type of peripheral neuropathy %hat, | tsfrgm sone

met abolic or toxic derangenent of peripheral nervous ten (KNS) neurons.
It is the nosh cesamsnch @shalimentsfR nieselested fromet abolST ,or t oRiC ,

di st ur bances, anqéf;fiuch may be caused by netabolic di seases such as
I
If

di abetes, renal f nahputrition and

} dgf i cipgncygssyndyone u 25
al cohol ism 1N he ’:BSSQ%ITJ@ _n;;‘ qﬂd‘ﬁ gs.&@t)% i D dist al
axonopatdi e gﬂuall r entF*It sy trigal glQvesstoc qu,sensori-nntor
di st urbancesS Deep terdon re es and onon ¢ MNeryous 3ysT eamd ANS)
functions, are also lost or dimnished in affected areas. Diabetic
neuropatﬁi S e neuropathic disorders that are associated with di abetes 30
mel litus, RRlatilvely common conditions which nay be associated with
di abetic ne Mt hy i nclude third nerve pal sy; nononeuropathy; nononeuritis
mul t Ppl ex; diabetic amyotrophy; a painful pol yneuropathy; autonom c
neur opat hy; ang, thben86QaRARMERA, H‘%JIS;S{%EH‘%’ substituted by F&r3 RiRtigknfaeur opat hy
is the nedical termfor damage to nerves of the peri'pheral nervous system

whi ch neypddpendently esdleetied ifiwm hato,dCs€as alky bdndt=H& Ineewain embpdimentshB - is

i de- ef f.ect s .of iC..i]l . Mpj f i pher al th
her ude Gerps Rt e hiea Reonett one SERERaR i Bl ROTLR0RTEITES 1Y (e
nmost | i kgl ¥IkGRUS Gertdh BmdbdiaeatsPR Ao pEEhaEi siBktituted 2SkiakdlyN i@t i ng

conpound that increases , the |evel and/or activity of a sirtuin protein may

be Ufed ampoditagrts.avhopt By isrmptiapglly yybetityter drizzelyd, Xns)CCEOMNHdi ng rel apsing Ms
and nonosynpt LG r. gnat i LLLan 2 for
exanpl e, chroﬁﬁg&#ﬁwﬁgﬁﬁg'o?@aggéigﬁg%giﬁﬁga%ﬂ%?ﬁgggg%gﬁh%k?%P%gf?ﬁbr

synpt ongnélgdaci ated therewith. 10l n yet another enbodi nent, a

si rtui n-nodul ati ng conpound t hat inc&Fases the level and/or activity of a
sirtuin protein may, be used to tgeat 7R ;;gs, i ncl udi ng,
trauma due to_di sease, Nj ry3(6’rf I ;\ niQN) OCK,

envi ronngnt @ aunma | , neurot ¢ i sm etc.
Sirtuin?gnou ng colpoynds that i 2 ' ; and/ tivity of a
sirtuin 15prot® m may also be wuseful “to’prevent, tré%t, and™al | evi ate
synptonsfof various PNS di sorders. The term peri pheral neuropat hy”

enconpasSe FI3ang- of disorders inFwhich the nerGlks outside of the
brain and s cord 1-ripcera¢FQe5ﬁes- ave en: yged. Peri pheral

neur opat hy I | so be reé d to as pe etal nelf %, or if many
nerves are inyol ved, the @ pol yneu hy or pol iitis may be used.

20PNS di seaseB treatable w skrtui n- nodel at i ng conpoundsFi hat i ncrease
the level and/or activity of a sirtuin protein include: diabetes, |eprosy,
Char cot - Mar i e€CTaot h di sease, Guigl | ai n-Barre syndrome and Brachial Pl exus

Neur opat éfkes Adi sgases_of the ¢ l a0E,; f T st thoragjc nerve
t runks, cori ~\“sﬁ 3 npgﬁéﬁfi v --e%$a0h|. HeExus. 251 n
anot her enmbgdi pgnt, & treat or
prevént aF pol ygl ut ar nhae e . enpl ary, pol yg¥dt am ne di seeses i,ncl ude
Spi nobul bar nuscul ar atrophy (Kennedy 1gi sease), Huntington's D sease (HD)
Dent at or ubr al pal | i dol uysi an atrophy (Haw Ri ver syndrone), Spinocerebell ar
ataxia type 1, Spinocerebellar ataxia type 2, Spinocerebellar ataxia type 3
(Machado- Joseph di sease), 30Spi nocerebel |l ar ataxia type 6, Spinocerebellar
ataxia type 7, and Spi nocerebellar ataxia type 17. In certain
enbodi ments, the invention provides a nethod to treat a central nervous
systemcell to prevent danage in response to a decrease in blood flowto

the cell. Typically the severity of damage that may be prevented will




20l evel and/or activity of a sirtuin protein. The conpositions and nethods
di scl osed herein are useful for the treatnent or prevention of thronbotic
di sor der sWOA810/M38herei n, the term "thronbotic di sor dePCTIG$20090¢H98Nny

di sorder or condition characterized by excessive or unwanted coagul ati on or
henpstatic activity, or a per coagul abl e state. Thronbotic disorders

i ncl ude di seases or sorders involving p rr;atelet aghe i on and phronbus
formati on, 25and nay" e 1 Ty m

thronboggé e, 9., ch ing nunjaer of thrg jes, thrnnbo is at an early
age, a fan1 endenc ar ds onbosi s t hr onboskg~at unusual
sites. In a gr enbodi a d y include drugs

ation dr P regi nen

or conpounds 6f the treafheht or crev6ht|on o€l bl oqd coadul ati on di sorders

or secondary 30conditions associated with these conditions. Thus, a

conbi nati gn dhug regi nen nay i pbcl ude one or nDFe 5|rt;kn- --ulating
- ir

conpoun i néreasest | €vel _and el & in protein and
one or nore - coag i on or t hr ombOy .oents ht Contro

| n anot her _&spegt, si n- nodul &t i gg._conpou hat incrleasel the | evel
and/ or adkivity of a situifm protern nhy, be uSed for,tFeat Mhg,or preventing
wei ght gain or obesity in a subject. Eor exanple, |rtU|n nodul ati ng
compoun ease e | evel ~Qr ctivity~of _asirtuin protein may
be used, Fohe Ftéf? AR PIgreve reditarylobe‘ity, di etary
obesity, g I fed obe y, obesit ated tolt heladm ni stration of

medi cati on, ™ Tedlce the we t of,a subject ,Plor to reduc®RiT, prevent

wei ght gain in a subject. A subject in need of such a treatnent be a
subj ect who is obese, likely to becone obese, overweight, or

become overweight. Subjects who are likely to 10becone obese or overmelght
can be i ed, for exanple, based fantly hlstor netic i et,

activity le nedgéatlon | ake, or ari conblnat i ons t?preo

In yet othe ppodi e i rapdl at|n QPO t he
I evel and/or gctivity ¢ S|rt Dr ot €1 n nay . untnlstered bjects
suffering frofma Jb of ot hey gf seases and - tions that

treated or préevented by pronoting wei ght |dss 15|n t he subj’ect. Such’

di seases include, for exanpl®e\high blood pressure, hypertension, high

bl ood chol esterol, dyslipidem g, type 2 diabetes, insulin resistance,

gl ucose intol eranceshyperi ndNl i nem a, heart dise angi na
pectoris;ﬁcongesthi;:g i | stitis and
chol el it hi ag Gout™ lve s A ¥ and
respiratory bl ens, ¢r (such as etrial, breast,

prostat e, anthZ0col on), pregnancy, poéf femal e,
reproductive health (such 3g:nenstrual |rregular|t|es infertility,
i rregul argovul ati on), r3 gphtrol Pra ;p (such as stress

i nconti e uLiaza roli Fgi sorders (such as
depression,|eat|ng di sorders;| di st body i nd | ow self esteem.
Finally, parepiNs with ANS_egan de p Ilpodysbto or insulin resistance

in response to combination therapies for AIDS. 25 1n anot’her enbodi ment,
sirtuin- gbdulatlng compoun that | jcrease the Igyel and/or activity of a

sirtuin DY 5 O at cell

dlfferent|a||on mheth or |0 ay be used for
Ny n- nodul ati ng

a sirtuin protein

treating or enting ob n ot hevy€n mentN

conpounds that i ncrease the Ievel’and/or 3 act|V|ty o]

may be used for reduci myvappetite,gnd/or increasing satiety, thereby
causingmgelght | oss or avoidance of weight gain. A subject in need of such

a treat 3 ; ‘ 9%' |ghﬂN i kely
to becone t|or he c nprls: ing daily
or, every d¥ N 23 , apill,

to a subject. The dose may be an 'appetite redu0|ng dose." In an exenplary
enbodi ment, sirtuin-nodul ati ng conpounds that increase the |evel 5and/or
activity of a sirtuin protein may be adm nistered as a conbi nati on therapy
for treating or preventing weight gaingor obesity. For exanple, one or nore
si rtui n-nodul ati ng conpounds that increase the |evel and/or activity of a
sit-Mn protein may be adm nistered in conbination with one or nore
anti-obesity agents. In another enbodinment, sirtuin-nodul ati ng conpounds
that increase the |level 10and/or activity of a sirtuin protein may be

adm ni stered to reduce drug-induced wei ght gain For exanple, a

si rtui n-nodul ati ng conpound that increases the |evel and/or activity of a
sirtuin protein may be adm nistered as a conbination therapy with



Addi tional Iy, sirtuin-nmodul ati ng conpounds that increase the | evel and/or
activity of a sirtuin protein may be used to treat autoi mune di seases
and/ or i WP2MPAVBEAR 20associ ated with aut oi mmune di seas®STHHSHIQ$9498
arthritis, including rheunatoid arthritis, psoriatic arthritis, and

ankyl osi ng spondylitis, as well as organ-tissue auNai pryQe di seases (e.g.,
Raynaud' s symdromi), ul céda 'ﬁ 5 pral nucositis,
scl erode% rcgi—a—gsra pdot oxi n shock,
sepsi s, 10) ze e 1 ' ﬁerosrs aut oi rmune
thyroiditis, uveitis, systemc IUpus 25erythenatosrs Addi’son' s di sease,

aut oi mmune pn (alsqq as aut i pol ygl andul ar
/In er o] |nen S, one or nore
evepg [ activity of a

syndro
sirtuin- %
|n nay 'be t aken alone or n conblnatlon wi th other conpounds

sirtuin prot

useful for t RQ or preventing inflanmmtion. F|USthg In anot her
aspect, dul at i conpo thatlﬂ reasdﬂ I'Bve

activit /OTEJ ng-+a ¢ g ;ﬁé the delce or
severity of ﬁlushlng?an ohet flash s re S tons dNsor der .
For instance, the subject nethod i n¢l udes tHe use of S|rtU|n nodul’at i ng
conmpounds that inc se the level and/or act|V| Hg sirtuin protein,

al one or in conbin on with other agents or ucrng i nci dence or
severity of ?k hi ng sangf or ho Iashe 'aﬁéﬁ/ atlents ot her
enbodlne ?EF erEe éj g use of /sirtuin- Iatlng
conmpounds thg reag nd cactl gy of a Cbroteln to

reduce the |nC|dence or §ever|ty of flushing and/or hot”’ fIashes in 10

nmenopausal and p menopausal wonan n anot her aspeciN
sirtuin-nod ﬁy%mmo t hat ameNhNIeveﬁ e&@{ﬂvny of a
sirtuin ei n, may @ ed a§ g Sﬁ# i npj-dence or
sevesi ty of RNFUsShing and/@r N hat fI h S whi are sﬁﬁe effectt of anot her

drug therapy, e.g., drug- |nduced flushlng In certaln enbodi nent's, a met hod
for treating and/oH revent i fgGdr ug- 15i nduced fAtushi ng conprlses

adm nistering.to a patient in gthe ofﬁ cnmJau onprising at

| east o sfi 13 dygi ngs Hnd ne |r ui n- nodul ati ng
conmpounc t hat,—~Nncr eages “phe’ | ev g/ or ac |V|ty of a tuin protein. In
ot her enbodipent s, HsC net hod f @) treat?ngkgCug |nduceq: Iushlng conpri ses

separately adnlﬁlsterlng ohe or nore conpounds thdt induce’ flushing and one
or nore sirtuin- CH; nodul ati ng conpounds, e.g., wherein the

si rtuin- d a |ng conpo and flushlng |ndUC|ng agent haxge nﬂt been
for mul at e sa dE}‘Sltlo +$g sep i ons,
sirtuin- nDdu ating c&mpo ng e gf&ng?fthe same ds

ng in y,

adntnlstra%Con of the flyghi n agemm 2) wmt%Hnttte Ny with the
fl ushi ng i nduci ng adgent, (3) staggered relativé to administration’ of the
flushing inducing agent, (4) prior tQ 25adm nistration of t@e fl ushing
inducingﬁ gemy, ( sukseq Lni N ‘f f 1 ushi ng i nduci ng

agent, and fii}ario s Tonbi ndf i a\y fFLs i NG i nduci ng
d ' Xi

agents inclyde Jfor ts,
anti - psychot cs,. cheno
antibiotics. In one enbodiment, sirtuin-nodulating conpounds that increase
the | evel and/or 30activi V of a sirtuin y be used to reduce
flushing side effects, of vasgdi | ator or an Janti! i pem ¢ agent (including

anti cholest e Cag d I jC agents) .~ exenpl ary
ting tonp und that 1ncr 3283 the | evel and/or
n may €P to reduce ehi ng associ at ed

enbodi nent, Jja SIrtuin-

activity of la_sNrtuin pkot

with the admhistrati on off niacin. ’I n anot her e odi nent, the

i nvention provides a nmethod for treating and/ or preventing hyperlipidem a
wi th reduced flushing side effects. In another representative 5enbodi nent,
the nethod invol ves the use of sirtuin-nodul ati ng conpounds that increase
the level and/or activity of a sirtuin protein to reduce flushing side
effects of raloxifene. In another repngesentative enbodi nent, the nethod

i nvol ves the use of sirtuin-nodul ati ng conpounds that increase the |evel
and/or activity of a sirtuin protein to reduce flushing side effects of
anti depressants or anti-psychotic agent. For instance, sirtuin-nodulating
10conpounds that increase the |evel and/or activity of a sirtuin protein
can be used in conjunction (adm ni stered separately or together) with a
serotonin reuptake inhibitor, or a 5HT2 receptor antagonist. In certain
enbodi nents, sirtuin-nodul ati ng conpounds that increase the |evel and/or




Exempl ary retinal diseases include Exudative Age Rel ated Macul ar
Degener ati on, Nonexudative Age Rel ated Macul ar Degeneration, Retinal

El ect r oni WOROPHEMB®SI s and RPE Transpl antati on Age Rel at @ETNEBEUIOAQRI498
Degeneration, Acute Multifocal Placoid Pignent Epitheliopathy, Acute
Retinal Necrosis, Best Diseasen Branch Retinal Artery Occlusion, 15 Branch
Retinal Vein Cbclu5|on Cancet SOCIat d and Rel ated Aut oi mmune

Ret i nopa Central Retinal Arteryggbalu5|on, Centr Retinal Vein
Cccl usio ntNal Serous Chorporetin hy, Eal es [)ﬁgLEE, Epi macul ar
Menbr ane, ice De energalon Macr.oa urygh] Exabekkﬁvybcular Edenma,

| rvine- Gass N npubr cul ar Menbr anes,
D ffuse Unilateral] Su ute urdretinqitips, 20|hbn seudophaki ¢ Cystoid
Macul ar Edema, Pre Ccul ar~H st opl SIS me, Exudative Retinal
Det achnent Postoperatlve Ret i nal Detachnent Proliferative Retinal

Det ach /Re}lnltl ment osa tifitis, Retinoblastom,
Ret i nopat hy Q PrenaturltS shot ~ Ret 80 :% Background Di abetic
Ret i nopat hy, Prollferatlve D a tWEIZSRetlnopat y, Henogl obi nopat hi es
Ret i nopat hy, {%%ﬁ? vE 2
Ret i noschi si s%éame Ret 1 noschi gl gs Méﬂé?@%ﬁﬁugﬁ%ﬁgﬁe}&gn \R%%&t #R
Syndr onds the rest of ti@t dvanpozxedgmdavheran ﬁéassqztlomakby {ufthepgublstimtadaas tdemrk’wbd
infections (e.g. conjunctivitis, keratitis, tuberculosis,; syphilis,
gonorrhea), viral infections (e.g. Ccul ar Fbrpes Slrrplex’JJ 0 X
Varicella Zoster Virus, CytonegaIOV|rus ret |t|s Hunan | l odef i ci ency
Virus (H'V)) as well as progressive outer esi s ghdary to HV
or other H V- associated and ot her irmunodefassom ated ocul ar

di sease I 2 gi cl udest#ngal infectgons (e.g.
Cand?da%% %féﬁgg%ﬁﬁQﬁﬁggﬁﬁhﬁagnggﬁg 8%?0 ‘'ozoal 1 nfections (gig ’
toxoplaagp5|s) and ot hers §ﬁch as ocuyl ar toxocariasis and sarcoi dosi s.

Det achnent ;p eno :E;Llnal Deta t, Tractional Retina

One asp he GV FIre iOfhj btk i regyci ng or
treating V|I I npai r e a sﬁbjecw der goi ng Rdpent with a
chenot her ap g drug (e. 5neur ot 8 drug, a d hat rai ses

|ntraocular presstire,such a sterdrd),~by adm,niste g to,the subject in
need of ch treatment a t her apeuti c dosage of a sirtuin nodul ator
di scl os herg{ n. Anot her aspect of the invention is a nethod for
i nhi biting, cbpg or treatln vi sion i at%nent in a subject undergoing

C
surgery, in Fot és fsin the prone
position suchyas spi cprd surge|y, y admi ni sfjer

g to the subject in
need of such bppat ne Nher apeut is\@0sage of N

ui n nodul at or

di scl osed heréin’ Qcul ar surgeties include cataract, iridotomy and | ens
repl acenents. Anot her aspect~of the invention_is the treatnept,

i ncl udi ngs i nhi bition and prophyl/acti ag rel at ed
di seases® NaclNde E&zara p 9

At i on

(AVD), retifal “damage and | i KE; .terlng to t in need
of such tre t a therag c dosage of sf rtui n nmodulk di scl osed

her ei n. Anot her aspect of the Pnvention is the’prevention or °
treatnent of dama the eye caused by stress, chemi cal insult or

radi ation, by administeripg to the/suRject in need of su h treatment a
therapeufs dosagtl of ~a ép Mulator dig re Radi ati on or 20
el ect r omagny danmage to t e can i :HQ at cg séa d CRT' s or
exposure to gl i ght or UV. ment, a c @F on drug
regi mren may include drugs or Conpounds: for t e treatnent or preveﬂF%on of
ocul ar di sor or secondary conditions associated with these conditions.
Thus, £$6ﬁ6?§ tion drug reginmen may include one or nore sirtuin

25act|v orss e or nore t herapeutic agents for the treatnent of an
ocull@r di sorder. 3- In one enbodiment, a sirtuin nodul ator can be

adm nistered in conjunction with a therapy for reducing intraocul ar
pressure. |In another enbodi nent, a sirtuin nodul ator can be adm nistered in
conjunction with a therapy for treating and/ or preventing glaucoma. |In yet
anot her enbodi nent, a sirtuin nodul ator can be adm nistered in conjunction
with a 30therapy for treating and/or preventing optic neuritis. In one
enbodi nent, a sirtuin nodul ator can be adm nistered in conjunction with a
therapy for treating and/or preventing OCMW Retinopathy. |In another

enbodi ment, a sirtuin nodul ator can be adm nistered in conjunction with a
therapy for treating and/or preventing nultiple sclerosis.

M t ochondri al - Associ ated Di seases and Di sorders 5In certain enbodi nents,



Muscul ar dystrophy refers to a famly of diseases involving deterioration
of neuronuscul ar structure and function, often resulting in atrophy of
skel et al WOL01003H8 nyocardi al dysfunction, such as DucRERAS2098eUORr
dystrophy. In certain enbodinents, sirtuin activating conpounds may be used
for reduci ng hgddlmuRfiife kA% dp@ioﬂaﬁﬁrﬁ*beﬁmﬁeﬁfwra%deqe 0 SARREIchises and
for inproving nmuscular functrlonal status atients wth nuscu

dystr oph;rdependentlylsalec@d tfamhaobOCHNYEMG:, alls_,rl,r(E]quﬂnmdtsluhmmtgd akbuybeORéls may

be useful far Qre ochondri al opat hi e ochondrj al opat hi es
ange AR IS hEuopR bt RS e Ml bR PR Ao eo +o
Severe, é‘n%o@imérﬁi Qﬁtlh bEerjY 9;?1?6 Bll?&@ﬂﬂltm}l bRy 3QbstiRfearhal onyopat hi es.
Some syndrones have been’de sorre overl ap between them

Estaﬁl|sh@ﬂws¢m@W6ﬂbswdﬁK@thhgBmﬂ&cCeNLnGFmﬂgi gressrve ext erna
opht hal nopl egi he . NS Sayr. h | a,

pi gment ary rgPFﬁg%a %ﬁﬁ?c%? aclﬁgﬁﬁuc |g§(1e %%b“¥gﬁh& ?gﬁéﬁﬁgr ataxia, and
sensorrn&umaﬁmd&mﬁngﬂ$) t he MELAS syndrome (m tochondri al

encephal omyopat hy, lactic acidosis, and stroke-I|ike 25epi sodes), the WERFF
syndrone ( cIoniﬁ epi | epsy and ragged red fibers), linb-girdle

di stributioh weakness, and infantile nmyopathy (benign or severe and fatal).
In certa,n~e nts, sirtuin activating conpounds may be useful for
treatingypatignts syffesiong fromtoxi c danage to mtochondria, such as,

t oxi ¢ dapmge due tg cal ci um accunul ati on, excitotoxicity, nitric oxide
exposure, 0 i nbuced toxi c damage, or 30hypoxi a. In certain

enbodi ments| sirtuin activating conpounds may be useful for treating

di seases orydi sorders associated with mtochondrial deregulation. Miscle
Performance ~Spk11 In other enbodiments, the invention provides nmethods for
enhanci ng nuscl e perfornamﬂacmysamﬁwnkﬁwdmhﬁ@ a therapeutically ef fective

t of irt t d. ti
Compounds. oS! (ecRZ T B CRmABUPREsbtal e Zertnantebior A LT 1Y (o

per figr m@r Bhygdreial t ask such as exerci se, physical |abor, sports
activities, etc ), nhlbltlng retardrngé&Hysrcal fati gues, enhancing

bl ood oxygen Ievelfé isesetegtedi Bydegsn, halohd il 67N, fliowd-gibstiereddph@nc e
wor Ki ng capacj 3éc%gﬁa gﬁﬁﬁg%ﬁbﬁnﬁQEEQQﬁt @ﬁ”ﬁ £ 20 AT %?ﬁg%stress

enhanci ng car I ovascu nproving sexua

i ncreasi ng mGaleylATE, UQ‘dey$)-N@TI6)(IQ¥4) r-GGKCIIEIﬂIg(OIa}ﬂHz@}E,GOd(O]rC4;QIk§>1 ood. In
certai n enbodi nents g adm ni st er i unt of a

o ol EaE RS, g rﬁr%uﬁ@ﬁrrfxlgpds;@nwwlyalkyrmease
m t qghondr i al b ogenas a3 AlcrbRGH SRS THAQE ALY HoMSborinuea  SPOTLS

performance refers to the es to perform when

part Id ci pgt l1 ggﬂkyrh £0 e salkdtN® )(Rg)s -(CrhaakkeHCEPENR )@épf CKEz{qﬁr)(adakyl strength,
speed an enduy an crease in nuscul ar contraction
strength, inc?P§ ﬁdfgégrgﬁﬁﬁﬁﬁﬁq‘ﬂﬁéggeW@ﬁﬁPraction shortening of nuscle
reaction time between shiWRV alih@peaitlsQBlERE Hothy b FEne ki JgiEraikf10 an

i ndi vi dual who participates in sports at any |evel and who seeks t'o achi eve

an |nproved | evel a&f strength speed and endurance in their perfornmance,

suc for exanpl e, brc ists, long.distance. r ers,
sho?@ 20d|stance runners %ﬁH%ﬁc é%%%?%m%gr?S%ﬁﬁ i ﬁgﬁq ested by
the ability to ovefigédsa art@iﬁrccb ﬁ)rﬁﬂi4-gﬂ€rma’ﬁbérbd yat&@tdd&iefﬁr@dyﬁle&ﬁphbﬂalt}y for

| onger periods of tine, and have a nore effective wor In the

arena of athlete @W@lnﬂ&nﬁéﬁ‘ﬂiﬁﬁ%@ heferoatam gelested fpm Nog cSr(egﬁ S(TEhdi ti ons
that permt conpet Or a
proloﬁged perlgg 5? CR%@E&ﬁ@Pﬁh@gﬁ%gﬁ%gﬁgﬁgﬁégcﬁh%ha £m&%ﬁkﬁ§ggg§g[he
present inventi on catdon aadrsmrtheOé{ J€¢ 0y akkyl, flubke -NH@,&NHE(@& -(falkplisel e rel at ed

pat hal ogi cal condit] i rco xanpl e, nuscle
at rgphy and/ or ca@h@gggfgﬁg 3@%Qﬂi§ﬁfﬁﬁgﬁf ﬁﬁ@%%yg§ﬁ£H1?nb

i mmobi li zation, or major thoracic, abdom nal, and/or orthopedic surgery. In
certain enbodi ments, the invention provides novel di etary conpositions
30conprising sirtuin nodulators, a nmethod for their preparation, and a

met hod of using the conpositions for ipgprovenent of sports perfornmance.
Accordi ngly, provided are therapeutic conpositions, foods and beverages

t hat have actions of inproving physical endurance and/or inhibiting

physi cal fatigues for those people involved in broadly-defined exercises

i ncludi ng sports requiring endurance and | abors requiring repeated nuscle
exertions. Such dietary conpositions may additional conprise electrolytes,
caffeine, vitam ns, carbohydrates, etc. 5 Oher Uses Sirtuin-nodul ating
compounds that increase the Ievel and/or activity of a sirtuin protein may



Hi gher doses of sirtuin-nodul ati ng conpounds that increase the | evel and/or
activity of a sirtuin protein may al so be used as a pesticide by

i nterferiWg 2M®493@4Be regul ati on of silenced genes and t RETABSIWOA#I4O% of
apopt osi s during development. In this embodi ment, a conpound may be applied
to plants using a i it _ghat N oa[’quundls

bi o-available to |I?1§%I§§g té@@ﬁ@ﬁ@ﬁ%ﬁ’o%@’oép éﬂ}[}g@%}%ﬁtﬁgtgg?ﬁlc% view of the
| i nk bet ween -8ef-@dlduororsubstiduied alkeliGyCs dkyls 18-(Gir@dullaf amyCeCrpounds t hat

i ncrease the Ievebfgfnd/or activity of a sirtuin protein can be applied to
affect the rég Faldti on of organi sms such as insects, aninmals and

i oroor gani S1me s RRcftdARSAVIILC(-0)-HYet aher. mhp@es;qn atred, herein

i ncl ude screeni ng nethods for idéntifyi ohpounds or age ?s that nodul at e

si rt @i nsNERR(F=Yeht-Strdy)-BH-h -ArENeMNd-dc Sﬁu@h TasNHﬁS@t M‘Qrt Assays may be

conduct e ] an assay nm
corrplrJ| seg%ﬂr;cﬁﬁja}zﬁ\?t% *???ﬁgc‘ﬁba@t ng{:(e@)sll(]ﬁ ﬂ:a ﬁ%ltqggt agent undgr g
condi ti ONg- Z@t(D)I\WR'I'ISC'rh-NR§LGG=m)NPBﬁnNt}BNm@ﬁq1| «ma'&w TaID-2g e} -NHMOM, t 0

modul ate_the sirnt and nmonitoring or.determ nj g}thelevel of nodul ation
of the sNH- GRnR Tt‘rQstR sT‘éHCTe']SHQ &R st QQ'ENIR ithf'i ve to the absence of
t he test esgdieyel~ob N_3@fp an be determ ned by
determn E\llﬂlt;}f t(%@ eacet Cﬁb?g a su(g(st ate Ejenpl ary substrates

ItS a
ar e lacet ﬂRg QfePrNHet, -MH-8{0)xER topds ~hbCRI G S((D)aNtPB’rOVO_ (Pl ymout h

Meet i ng, r 15S 4o f p53, such as

t hose coh@%@%&@nﬁacef@q %e §¢@8‘52\ﬁf}& Mﬁcgﬁﬁhb e erred substrate is
the Fl uaprd®'byscBBINHCBI-AME)=0)-NR!-CRIR Q¢ el -aled)-PROTREe and
Arg-His-Lys: '1%/ her substrates are peptides from human hi st ones H3 and
H4 or afRade -NPhCéﬁOh@i ~fwhatsind. Substrates may be fluorogenic. The sirtuin
may be SIRT1,, Sir2, .Sl ryiion 1 hereof For exanpl e, reconbi nant

SI RT1 can beTrﬁPrgiS%% FTS%@})(%EE? ﬁ‘heal}dé,'actl on may be conducted for about
30 misnutes argt’ shdRPagde ilefendeily feldvtaiOkdh agldeen, eC HDAG, CFyanescynt
activi ty assa /dr ug discovery kit (AK-500, BIOMOL 5Research Laboratories)
may be Clsternmine the | evel of acetylation. Simlar assays are
descri bed i nBi ihm @ g:Qg[a T, he IeveI of
nodul ati on oflgt Etsteége??ep urn ?ﬁargég}gg‘%%ndjan}éﬁérgéydd areelﬁ olélgﬁt?&laug

nodul at isabstivited héthsinettaltwio substlim&nwmdq:méemlfy seleetedrfrommhﬂo( SEPYIGHE| y or

negat | VTRtV SEIBIE b: Taprousst e A hSThyS- hay SE 1 4 Crength
10sinpt Ui gy m}eﬂﬂﬁ 9r I\RRWG]@*}S @J(@{ @951k§1)ﬂ¢(§'4)§1R'hﬁ3C@§)Q@(1§'W) herei n that

actlvatlng conp ondsa pear termnus f 7SI RT1,
pr ot ei nsC{@)- obee, and tqaecag&aysc(mdt(@de(mtx endrivheth Rpdis phemys, R issilst ui ns,

7955 orvippdl RsBils I3l s ﬁ%‘ﬁylefg%gogp/e@ﬁqrﬂgsugsg@yc?gét ﬁ@f}?ﬁ'hg@geﬂ)?ﬁ 1-174 or

cont act iIethyRhédibky) MtlotdiswbstiRitdd JLHaB8Mnedioly aD-(e@hic dkRebeyLleRt rat e under
condi tions approg}é{;ate for the sirtuin to deacetylate the substrate in the

absence fBforq-pebsti d"ébéﬂﬁfurate%h%tel(oicyc)le)d@tcbr mning the level of acetylation
of e t i ylation of the substrate in
theblér eg@;}ﬁ@ glﬁl%ﬁm}ﬁ{éegtd]gﬁ T’t&[%}égéle }?e}ighabsence of the test agent

i ndi cat es th&hch R¥ it eﬁtepaglenﬂy setla:dmd Mm$1ydﬁ>@eletaytﬂacl-@w alkyl;tone si rtuin,

wher eas a higher_,,evel of acetyl %S%on of the substrate in the 20presence of

the test age ORal Bt BEeth ﬁBETO@FnF‘H’@ toguhich gheparg tfmnéé? hat the
test agent, Rrﬁlf@nl?éetréi &%%H%Eé}dcgé‘le%u Sofdptisitg M LARHSNd REtet AR | T Yi NG
an agent that nodul ates, e. sirturns in vivo may conprise
(i) contseletted grom Heb) S(wﬁ)rS(&Q)gand@geﬂwreand a substrate that is capable of

entering a cell in.th te n inh tor of, cgla | and cl [
roadl under *s5condridhe e e EsRorlly Sbrftiter i ons. R B 208 1 ne
substrate in.phe, @45@1@53 fRibrd, hﬁ}ltzem{(@g@qtalkyl)aqql(c( K, Q]ayl?zr m ni ng the |evel

of acetyl ation of the substrate, wherein a lower |evel acetyl ation of
the subst r at eNFCHaEHpPEEeh 68-NICHA3063h)89nt rel ative to the absence of
the test agent indicates that the test agent stimulates deacetylation by
the sirtuin, whereas a higher |evel ofgacetylation of the substrate in the
presence of the test agent relative to the 30 absence of the test agent
indicates that the test agent inhibits deacetylation by the sirtuin. A
preferred substrate is an acetylated peptide, which is also preferably
fluorogenic, as further described herein. The nmethod nmay further conprise
lysing the cells to determne the level of acetylation of the substrate.
Substrates may be added to cells at a concentration ranging from about |p, M
to about 10mM preferably from about 101sMto 1nM even nore preferably



be prepared by conventional neans w th pharmaceutically acceptable
addi ti ves such as suspendi ng agents (e.g., sorbitol syrup, cellul ose

deri vat i V9 2010/yBogenat ed edi bl e fats); enul sifying a®EMtEs2¢09/049498

| ecithin or acacia); non-aqueous vehicles (e.g., alnond oil, oily esters,
ethyl al cohol or fw}?cﬁtmen@ﬁa@tm&a%ge%&vmhltﬁa nitaen %ﬁﬁ@r\m&m MRS afe: 9.

met hyl or 15propyl - p-hydroxybenzoates or sorbic acid). The preparations nmay
al so cont ai n Houhd terfogmlat4s to Bimermbaredsatwrated hetarpcaold, thosaumtidigtagentes as

ol at a1 d Grygey e e pieB et YOl of v Heh diee b
adm ni strat i QNHpE,-07 ARy Bt 1}@(@1(@ Ak l)zpiNH(@}Pz(XJZ(b@H3?’erYN(CHQGHjOGH§)}3dU| ating

20 conpounds may be conveniently delivered in the tormof an aerosol spray

presént at i on apd le?ﬂ’déls@ubﬁitli‘ééd pTaEmB(sbfubﬂ’fl@abiébmqg@@lﬂtOWﬂth -Ch€sakel.of a

sui table pro ) Qb e, trichlorofluoronethane,
dichlorotetra Otog%]%bg ;[aegiecl lgg glqgaﬁalgﬁor ‘ther suitable gas In the case
of a pressuriRéi sakerd dtont heamos}&mhawmgatmwttb&ﬂ@ﬁbﬂibraﬁdiahytewcwbdi ng a

val ve to deliver a netered ampunt. Capsules and cartridges of 25e.g
gel at i n,0thes thandupsrazing, Tndimalecriagle PRRYFAFLRGinea yWhste i By o PRIz ont Ai ni ng

a po""de suBtut@d vzﬁtjﬂ%ng?&ﬁ@d’fl@)sﬁt%n?s 1ﬁ&lé(§kﬂ&!nﬂ @91%%%& RATRISLeaNaE I@gect ose or
starch. Si rtul n-nodul at1 ng conpounds orrm ated for parenteral
ad mlﬂl statlad, |(E)3HCb§1ycicmjllerlt(illeﬁz fleorg-subditutod llgl, k@}(@@i@@ﬂk}d} -SBAT, FH@R,

11Ut 0 O A BTN % L. TR0 QI ESET R iesooage Torm

30pr eser_@ﬁb) N%R“‘?ER@) CPOPOs ak}ygrﬁ(om(Rt‘%é“)s LG yhEm f’ﬁﬁwﬁ?l 5&@9%&11@%
and

sol utions or enulsions ip Agueous vehj cl €s’ contain

f or nul atheteyocyglenansl Whﬁth gs Bhﬁslp!bl?d ﬁ@lsoﬂpabﬂallyﬂuhgltuﬁ@d/\’dth #spersi ng
agents. rn e t i formfor
const it (¢ toﬂene%ﬁ%\%hés{%mt%gft%ttea\éﬁ w”ﬁ&f‘eﬁécﬁ@xyg 'etlhgl%néd}ogg {ee wat er ,

bef ase uakbstituted 3,4-ethyBeridditixy; 60D+ {saturared Baafpoym@avmmnahys ph&isl, fs@fulfmécat ed in
rect al COﬁpOSItIOﬂS such as supp05|tor|es or retention enemas

cont ai n|hﬁE‘j’rQ§dﬁ1\‘?é’ﬁ§‘F°(§’HQIhe@Wpfé@lsﬁBﬁt‘&“e&é@%% *d3,epticngdy é‘é@&&lt%‘fvtt@halﬁr ot her
gl yceri dgsy. bn [ t -O-
sirtuin- ﬁnralulbét(?%géyt}:o@r%uﬁ ésrgﬁéﬁgj/&g Q]%Xf)f or %I at e‘%ﬁggegﬁ etg%f§1 %ll)epoar ation.
Such | or{g:-8allyd), 5(CrCatlkpis-SrEy- G@eﬂtmtmuhsewdeﬂk)tiy -Nip(GrECatlkghatd or
exanpl e ﬁu@ nl@, usI or intramuscularly) or by intramuscul ar injection.
Thus, g-ln‘pq )25 WRETEIh- modul at i ng conpounds may be 10 formul ated with
sui t2@b| e pol X»&Iﬁh')@lsQC(dj)’ﬁJ'}P}?hP‘b'aﬁd et 2¢ bAhTH 10" i€XAMRARY &bs@futul sion in
an acceptable oil) or ion exchapge resins, or as sparingly soluble

deri vat iphewy], andrR axhRpire HathenaRspan@tmtlﬁlwbbnmllwlwl,tandCont roll ed rel ease

formul a al so _i,nclude hes.uln Ital n Lnen t he .conpo
described her'df° H)lég ﬁgP’S‘é@Fﬁm‘z o?’re&%‘fh @grs Iﬂéth%)éyn?}feg?’l g%ous
syst em ENRY afg 18 Vicave'd id Iﬁbt@ggﬂﬁyl Phar macol ogy & 15Ther apeutics 104: 29-45
(2004)). Conventi onal @5 proaches for drug delivery to thg CNS,jncl ude:

3

neur osur gi calln serfan egpedimentsgf Formpla 4k svhen pats -8 edtildnZorand Z'* are each

| nt hacer, u [ [ e..agent
e L e T T D R

pept| de plytidin- éhgls an affinity for an endot helial cell surface nol ecul e in

nbi h h fio bl f BBB) i
o320 at t ompth EGTEREPEPBmSHE A OTRYS dh e ROLD TRFLHe BRIk HUaDS of the |
BBB; ph%ﬁmp?k&glﬁ%trmya%ﬁ@zs@l deFligaReydiopd wy@ﬁ%ﬁyltdaﬁydrbﬁwbg%&bml lity

of an agent conj ugat 1 on "of er-sol ubl e "agerit’s to [i pi
chol est éq:trﬂhydlapynrellosyrammh temhydnopymncmyrrgzou{lsmmmalvdrqpb'rldimepynaz@glr| ty of

t he by h QS tio Sl ti the infusion of a
Rﬁtol sol ﬁ‘?f’%‘ﬁr FIHE’%CE Sé’i? itl:: ery n8ﬂ%f ?ﬂge of a biologically

actl ve agent [g u@rtm@smaadlﬁﬁqtsqif%ﬁhma%mmo'n%)md is represdntfDHOMBSOoNRIE 2

further drug delivery systemwhich is easily injectable. Accordingly, |

t he net Hoycyral Farawes Ja Hhandlei ve conpounds can al so be admi ni st ered
the formof a |liposone delivery system Liposones are well-known by a
person skilled in the art. Liposones ¢an be formed froma variety of
phosphol i pids, such as chol esterol, 30 stearyl am ne of
phosphati dyl chol i nes. Liposones being usable for the nethod of invention
enconpass all types of |iposonmes including, but not limted to, snal

uni |l anel l ar vesicles, large unilanellar vesicles and multil anell ar
vesicles. Another way to produce a fornulation, particularly a solution,
of a sirtuin nodul ator such as resveratrol or a derivative thereof, is

t hrough the use of cyclodextrin. By cyclodextrin is neant a-, p-, or

n
n



Si rtui n-nodul ati ng conpounds may be incorporated into creans, which
generally are viscous liquid or semsolid emulsions, either oil-in-water or
wat er - i n-WPI2010M08EMh bases 15are wat er-washabl e, and conP&TASANIHHI49Phase,
an enul sifier and an agueous phase. The oil phase is generally conprised of
petrol atumand a fatty al cohol such as cetyl or stearyl alcohol; the
aqueous phase usually, although not necessarily, exceeds the oil phase in
vol unme, and ggmerabiy contains a hupgctant. The enulsifier in a cream

formul at i EQ s expl ained in Rem ngfon '&® supra, is generally a nonionic,
ani oni ¢, REationi c-hor anphoteri c 20sgf agjant. Si rtui n-nodul ati ng
conpounds in @rated int i dro l-sions, which generally are

t her modynani tabl e, isot r(%g 2%% di spersions of two imm scible
liquids, such|as oil and waterR'st d by an interfacial film of

surfactant mpKecul es (Encycl opedia gf Pharmaceutical Technol ogy (New York:

Marcel DekKér, 1992), vol une 25941~ Si rt ui n-nodul ati ng conpounds nmay
be incorporated into gel fd@iayul ati ons, which geiiib)andy are semi solid
systens consisting of either suspensions nmade up of small inorganic

particles (tv@f‘phag{e systens) or |arge organic nol ecul es distributed

subst ant haj ly Jlunifermy throughout a carrier liquid (single phase gels).

Al t hough''ge Qeomnon| Y enpl oy aqueous carrier |liquid, alcohols and oils
can be used he&aﬁﬁ er liquid as well. Oher active agents may al so be
i ncl udedpi ¥ tormultati ons, e.g., other anti- inflammtory agents,

anal gesics, amtim crobial agents, antifungal agents, antibiotics, vitamns,
ant i oxi dant s/xand sunbl ock agents commonly found in sunscreen fornul ations
includi ngrpibut not limted to, anthrani]lates, .benzo%henones (particularly
benzophenone-3), 5 canphide)- depimaie presific anbodimentof Foanya 1L, gt y|

nmet hoxyci nnamat e), di benzoyl nethanes (e.g., buh}ﬁl nmet hoxydi benzoyl

met hane), p-am nobenzoic acid (PABA) and derivatyives phereof, and
salicylates (e.g., octyl salicylate). R1EN 'ﬁn t opi cal

formul ations, the active agent is present in @‘ u ;Jﬁﬁhe range of
approximately 0.25 wt. %to 75 wt. % of the fg at iZon, “preferably in the
range 10 of approximately 0.25 w. %to 30RA8. S of bhe fornul ation, nore
preferably in the range of approximately 0.5 w., %to 15 w. % of the
formul ation, and nost preferably in the range Q‘I‘Xapproxi mately 1.0 wt. %to

10 wt. % of the. formul atj,o ndition f tE eye can be treated or

pr event E§TBYINGISGERT etdetfﬁn%t,m%gﬁc%n}f%ﬁ?raocul ar injecti dHehf a

si rtgi n- noduliaickRgin eAIFBAMRSGs GTFdPMulas & siQBrdkn aliS ot Apaeds fRy el ease
device that rel eases a sirtuin-nodul ati ng conpound. A sirtuin-nodulating
conpoundmbediménicthe gempourtdds reppesentad iy Struglpral Voryulafllca Is pneth¢nnspecdoli n may
be delivered.in. a Jmaceut i cal | c t abl t hal mi c vehi ¢Jse, such that
the comygearolinfal A REFEEeT dom BRTRR E R B P oMol 5y o i

suf fi ci éphydrope. d8ah@ded Modd $pevifichepeeoshblsnthbodimansthe abmpolagl isor neal and
internal regions of the eye, as for exanple the anterior chanber,
20posterrFPTFS@FFélrhYeﬁFUCWTF]r%BH%ﬂ%B‘Edeﬁﬁ‘ﬁ’gu@‘d%rﬁ? hydrogemaous hunor, cornea,
irigpciliary,p,l i i apd +s &f thi :

pha?r(%aceuti caIP|S§@§8€:“§§?i§ge{“ g%gﬁﬂ??ﬁ%‘k?ﬁﬁ”%}y ,fﬂ?l(S:')F mggcg%f%,t hebe an

oi nt mentcompegrd shtmegnteddry Strucamelafsniube [laglnraatesen alore gdecHrcreapdct ef this t he
conmpounds .of . the invention .may be injected directly jnto the vitrepus and
aqueous SRARBIRETT) the SOMPRUTNGS TSP SERd by SuUC L FOamIB IR R P8 Ra bR ni st er ed
system qéfl Jry hydbgdh, 25as by intravenous infusion or injection, for treatnent
of the eye. Si rtui n-nodul ati ng conpounds descri bed herein nmay be
stored in oxygen free environment. For exanpleN e‘sv trol; g nal og

t hereof can be prepared in an airtight caprs%—& ﬂ)r 0 r!n i .stiration,
such as Capsugekrtdin embBlinmats, Rl nis sel@etd fome. g. S7treat®d &x vi Vo wieh a
sirtui n-nodul ati ng c,@rrpound, can be 30 adm ni stered according to nethods

for adm,ni e ygnaf t s‘ugi >N C be aoqgonpanied, e.g., by
admi ni stlr‘a{ﬁjxn oﬂ a E@ﬁgzs}o;dr e/sjﬁ{\ m Pz@ Qy@ orin A For
gendbal prithci ples in medi erhal f ot nul at ™6n,» the readeri> referred to Cell
Therapy: Stem Cell Transplantation, &gne Therapy, and Cellular

| mmunot herapy, by G Mrstyn & W Sheridan eds, Canbridge University Press,
1996; and Hematopoietic Stem Cell Therapy, E. D. Ball, J. Lister & P. Law,
Churchi Il Livingstone, 2000. Toxicity and therapeutic efficacy of

sirtui n-nodul ati ng conpounds can be 5determ ned by standard pharnaceuti cal
procedures in cell cultures or experinmental animals. The LDso is the dose

| ethal to 50% of the popul ation. The EDso is the dose therapeutically
effective in 50% of the popul ation. The dose ratio between toxic and




Cloning A Laboratory Manual, 2'd Ed., ed. by Sanbrook, Fritsch and Maniatis
(Col d 20Spring Harbor Laboratory Press: 1989); DNA d oning, Volunes | and
Il (D. NWO28UEW03eE. , 1985); digonucl eotide Synthesis (PHI/B2000449498d. ,
1984); Mullis et al. U S. Patent No: 4, 683,195 Nucl ei ¢ Acid Hybridization

(B. DD Hameg_ & S. J. Hi eds 19 4 Trr crlptIRn And Transl ation (B.
D. Hames i g _Qg;ﬁdi\iEES % e X A |an]CeIIs (R 1.
Freshneyr&ééaL\//?ﬂ g §L< tﬁ% ge ksNAnd Enzynes 25(1RL
Press, 1986); B. Perbal, A Practical Guide To Nblecular Cloning (1984); the

treatise thhods I Enzynology (ABHdemni ¢ Press, Inc., N.Y.); Gene Transfer
vectors | ifan hs eds., 1987, Cold
ods |

|1 er ag S
i En;‘ogy, s. 154 and 155 (Wi et
al. eds.), noche ods | nPlde A'

Sprlng ory) h
gt ar Bi ol ogy (Mayer and
Wal ker, eds.7 30 Acadenlc Press London 1987)5

-hdbook=Cf Experi nment al

Innunology volunes D.. M ir and C. C. Blackwell, eds., 1986);

Mani pul ati ng the Nbué y . orlr- ar bor Laboratory Press, Cold
Spring ) : e i nvent| on now bei ng
generalrg rls-d, be no readr Y u ence to the
fol |l ow ng exanpl g5 \whi ¢ e |ncI nerely f urp ses of stration

50f certain aspe and odlnentG f the pres i nv 1 on, U are not
intended to linit the invention in any way. Exanple 1. GEneraI procedure to

prepare 2-(2-(trAf Mormmethyl)phenyl) 1Hbenzo[ d] i m«lazol e- 4- car boxylic acid
(3). 102 antn benzoi ¢ aci (1, 50 ng,s0.33 I 2-(trifluoronethyl)
benzaIdeh8 q& ja |ﬂ )N a éf § Bm)ab sul fite (Na2S205, 82
ng, O.43 | merqwéaken u DNE\LﬁgnL) and stirreg at 100C for 17 h.

The reaction m xture was’cooled to roomtenperature and diluted with H20.
The resul ting m xt o+e mas stirred at roonttenperature for Ih and filtered.

The col | ¢
2-(2- (trlfuﬁfﬁone hyl]) phepyT 1Prt3hzo[|]| da -carb xylﬁkdécrd 3 as
a palse browazéblid (¥8 ny, FE:E CI5 N202:

306.06; found: 307 [Mri1]. ThIS general procedure is used to prepare any
4-carboxy derijvatives of 1H benzo[ d] i m dazol e using the appropriate
al dehyde co gnt as a replacenent for 2-§iijtrifluoronethyl) benzal dehyde

2 in the abaye Ischene. npl e 2 eparation of

N- (t hiazol -2-Y1) - 2-( 2- _J?fluoro t yl ) phen

[dllnldarok -carbox ( und 208).(H F3C Q

2 (2 (tr orone henyﬂi&ﬁ%ﬁbenz? dazal g-¢
ny, 25 O° 4 aken' u al

24 ny, 0 24 nnol) and HATU (186 ng, 0.49 nnolﬁ. DI EA (81 p, L, 0 49 mol )

was added. The reactlon m xtuxe was stirred at roomtenperature for 18 h.
The reacti

% S dl|// d wwth water and filtered. The coll ected
solids werefuft rified by srllca I chromﬁ;pgraphy to afford the
desired prod ct, nanely N-(thi -2-yN=2-(2- Sftrif uoronethyl)
phenyl ) - nzo[d] azoIe- -ca b de ( ound mhite solid
(35 ng, Yield: 38% N cal pdf oN L 3N40S]] 3 found 389
Thi s general procedure rs used for a of the de der¥ |ves shown in

Table 1 by substltutlng the propr| h%i xylic Cld and am ne
h

[
componen h@Sls of

2-(6- (p|pe azin- 1 )p rl 1 N—( zoI|2 |Hben20|dI|n1dazoIe 4-c
ar boxani deNwdr ochl or | npodhd ,251) N Step Prep tjon of

2-(6- chIoropyrldln 3- y 1FLbenzo fdllntdazole carboxyllc acid (6). 15

2,3-Di a 1 WﬂD nal dehyde (5;
186 ny, 1. 1 ?\1 2s Lh\/20r rrg| 1 iakeihtﬁ Iup in DVF (10
m.) and st &8d a C he |on nlxturﬂ was coqgled to room

t enperature and d|Iuted mnth H20 The resul ting m xture was stirred for |h
at roomtenperature and 20 filtered. The collected solids were washed with
wat er, MeOH, and dried to afford 2-(6-

chl oropyri di n-3-y1) - 1H benzo[ d] i m dazol e-4-carboxylic acid 6 as a pale
solid (340 ng, yield: 95%. Step 2) Ppgparation of
2-(6-chloropyridin-3-yl1l)-N(thiazol -2-y0-1H benzo fdlim dazol e- 4-

car boxam de (7).

2- (6-Chl oropyri di n-3-y0- 1H benzordl i m dazol e-4-carboxylic acid (6; 340 ny,
1.24 mmol ) was taken up in DMF (5 nmL) along with thiazol-2-amne (4; 125
ng, 1.24 mmol) and HATU (943 ny, 2.48 rrinol) DI EA (0.41 nL, 2.48 nmol) was
added. The reaction m xture was stirred at roomtenperature overnight. The
reaction mxture was diluted with Swater and the resulting solids were



A m xture containing tert-butyl

4-(5-(4-(thiazol -2-yl car banpby0- 1Hbenzo[ d] i m dazol - 2- yQopyri di n- 2-yl ) pi per azi
ne- | - car PNYRROHYW3E8; 20 ng, 0.0391. 1-not) in met hanol i c PELQS2¢MBI49428 ) was
stirred at roomtenperature for 18 h. The precipitated solids were
col l ected by fiItration washee~wi th MeOH and dried to afford

2- (6-(pi pera2| n-

1-yl)pyrjd y th| IN2 :L) nz@ m{ﬁb e- ar boxam de
hydr ochl 'd d—é‘j\? 7 alﬁ j NS(j ]I n.MB (ESI) calcd

for CZOH19I\C7 ( 409714; found: 406 [ MHH ,, H Exa Me Preparati on
of 2-(6-norpholi nopmdl n-3-y1l)-N-(thiazol-2-yl)-1H10

benzo[ d] i m dazol e- 4- ¢ar boxam de (Corrpound 247) . A m xture containing
2- (6-chl _@Tl Meﬂ )-N-(thiazoh=2-y1)-1Hoenzo[d]i ni dazol e- 4- car boxani de
(7, 20n§ 4r®56 J_ and morp |n| (48 49ng,056mm|)|n DMVSO (1.5
nm.) was stV'/rred at 40 dna ctor_fiar nl 5The reaction
m xture wis cooled to roomt erature aﬁ" ergint R éﬁlo%“tnﬁ I' The
preci pi t@beshueal 183 mieE §heelc! BfolEnd, RY' hd Ak thin@br 3Rt iATEE din oRGsSRL bdS were
redi ssol ved i n Et 0Ac and enough petrol eum ether was added to precipitate
t he prodiiter ofthessgambrodiménts, Solsi-G§OmIte T c bl dreevcadndyy spacific aspeaof theashed wi t h
MeOH .and dto
ror piol | RO R Ol RERD dbs sompapag sioprsastysst by PimveisbFema e poxani de
20 (Conpound 247) as a pale yellow solid (13 ng, 57% . MS (EST) calfed for
C20H13N6025: 406.12; found: 407 [MrH]. Exanple 5. Preparatiqgn g
2- (2-nor phol i nopyri di n-3-y1)-N-(thiazol -2-y1)-1Hobenzo[ d] im d% @ ear boxa
m de (Compound 250). c.C) Conpound 250
2- (2- Onl or pYficdisin bbbkl & ka2t K19 s Liteen gl midaf ol e- 4- oo boxam d
e 9 Swas prepared according to the general procedure out!inéd above 'using
the appropriate al deffyde conponent. A m xture cont ai fing this rraterl al ,
namsly2(2 chl oropyri -3 F

Vi

yl)-N-(t ZON\- 25 - az -4 cér ﬁe ( 9 ng, 0. 053
nmo) and @ ne ( stirred at
140 Cin a mcrovave reaEt,or he reactloﬁ mxtu e”was cooled to

roomtenperature and 10diluted w t h The precipitated solids were
collected by filtration and dried. -: i ds were redissolved in Et0OAc and
enough petrum et her ded to p G p| tate the product out again. The
sol i ds we Q Iected t%y‘@‘r‘&tlon was hg d%l MeOH and drled to afford
2- (2- nor bhor--4 'n 3-y Vthi azol —gr yi) - be o[df EFe- 4-

car boxam de ( Coapp 250) as la white @d (13 ng,%g% ESI) cal cd

for 15C20H18N6028\-(—n4 z): 406. 129 f,ound: 407 [ MtH] . npl e 67 Preparation
of 2-(2-(2-(trifluoronet hyf,:phenyl) 1H benzo[ d] i i dazgl e- 4-

ear boxam o) pyr| gkne 1- oxi de und a29) 829 FTo a solution
of N-(py @Y ARl e p ¢
benzo[d]i I e-4- é‘gn(‘l'de OOFrrg @ n 2C12 (10 )
was added BA (140 ny, 0 81 rrm)l) under nit¥ogen. >Theé m xtur-e was stirred
at roomtenperature for 12 h. A saturated aqueous sol ut+on of K2CO3 (10 nl)
was addeglmgnd the m xture was extractedcwth &H2C12 (3 X1Q0cpl). The

d_draeed [(NJ2SO8), 74 W@,

conbi ned

20101003 /3U fonce ted un educ ressure. The

resyl tin si du : I_by ct]g omat ogr (CHZC]CZF: met hanol = 20:1)

to dive , , , , ,

2-(2-(2-(trifluoronethyl )phenvyul) -ALHbenzo[ d] i m dazel eF4- car boxar ni do) pyri din
ss sol i.d. M5 (ESI)

e 1-oxi de (Compound 329)_(60. 58 %...as Fa col
calcd for C2uH1%§3N402: . ; afple 7, nt hesi s of
N-(2-(3- (tr or Snpthy | - 4- F
yI)thlaze arbol ijde (Cblnound tep |) Preparg f benzyl
2-(3-(tr tluoronethy phenyl) - 1H benZo[ d i ni dazol®'4 ylc Fbamat e (12). 10A
solution of 2-(3-(trifluoronethyl)phenyl)-1H benzo[d]i m dazol e-4-carboxylic
acid (11; 1.53 g, 5.0 mml ), diphenyl phosphoryl azide (DPPA, 1.39 g, 5.0
mml) and Et3N (0.75 g, 7 4 nmol) in pgluene (15 nL) was stirred at room
tenperature for 2 h and then stirred under reflux for 2 h. Benzyl al cohol
(0.54 g, 50 nnol) was added and the resulting reaction m xture was
stirred under reflux for another 12 h. After cooling to room 15tenperature,
the m xture was washed successively with aqueous citric acid (10% w w),
saturated NaHCO3 and brine. The organic |ayer was (Na2SO»4), and
concentrated under reduced pressure. The resulting residue was purified by
chromat ography (petrol eum ether:ethyl acetate = 10:1) to give benzyl



(10 m.) was stirred under reflux for 12 h under an inert atnosphere of N2.
The reaction m xture was concentrated under reduced pressure and the
resul ti ngWoe91uWal4tas extracted with ethyl acetate (3 x PCI/GR2)09/0FHES
combi ned organic layers were dried (Na2SO4) and concentrated under reduced
pressure. The resul ti ng re..sxdue was puri gd by SChéomat ogma%hy (petrol eum

et her: et hyl acet te = to affordN— py n2y 02 \\,

(trifluo ben } '-\ 8‘581) (30 nm,
0. 085 7@»; Iess 5 d |vs (E al U5 @ T- 113F3N4:
354.11; f und 355 »Exanp Fe 9. Bf eparatikon O

N-(pyr| di n-3-yl met hyl ) - 2- ( 3- (trlfl uor omret hyl ) pheny1) - 1I—EL0 F

benzo[ d] i m dazol - 4-am ne (Conpound ). CF3 A m xture, containing
2-(3-(trifluoronethyfiphenyl)-1H benzo isd dazol 4 api 13; 120 ng, O0.43
mol ), ni oti pal dehyde{( 16; 51 ngy, O0.47 and NaBH( 3 (143 nmg, O0.67

nol ) i chl or oe N nm.) was s red at room erature for 12
An ilnert atnoSphgre bf N2. Satu ated a ueous

h 15 und H 10 m.) was
added and™f he m Ntuhe was €xtrac Na/mth et cehate (3 15NL)y The
conbi ned or gani cLHa)@rs wer e dr| 2504) andt\gmentrat ed uhggo reduced
pressure. The resulting residue was purified by chronmatography (gradient
el ution, etroI eum et her: ethyl acetate =I'1 to 1:3) to afford

N-(pyri dj rret hyl ) - 2- i fluoromethyfi phenyl)-1H benzo[d]i m dazol -
20 am ne nd) . 198 tnrml O/c) as a pale yellow solid. IVB
(ESI) cal c Qﬁ)@ﬂ% blau g\mﬂq Exanpl e 10.

Synt hesi s of 2 (4- phollno 2- (trdH‘IuoromathyI) nyl)-N-(pyridin-3-

y1) - 14 benzol dl i m dazol e’ 4- ear boxam de { Conpound 430).° Step |) Preparation
of 4-chlor o-Cf-a(di met hoxymet hy€§2H2- (tri f | uor gmet hyl ) benzene (18). CHOwe CH
(OEt) 3aOKe_FsOHCI CF3 18 To a stirred _selutCrmn of

4-chl oro- 2|f| uor orret hyl ) zal dehyde (17, 20 g, 20.0 mmol) in

nmet hanol /\m(s/‘aQQed t DNapXypEThane  ( - nmop at 0C The
resultlng reactl xture was war nggyto roomterrpmand stirred for
12 h. A solution of ONa i n net hanol was ’added to adj ust the pH 10. The

sol vent was renoved under Hbs@duced prigS€sure and the resulting residue was
diluted with water. The m was xtpasted with ethyl acetate (3x50 nlL)

and the onbl ned- girganl c |lay® er e {0 (Na2SO4) and concentrat ed under
reduced it € 2t give 4- chtof o- 1- (dirre hoxynm:;ayl)

2- (trlfluo hyQbenzene 18 (3. g, 12,6N Step 2.
Preparation of Q- (4 (et hoxynkt hyl ) - 3- (t%‘Z q enyOnor phol i ne
10(18). OMe ove Q"CFB 18  rmorptP ol i ne P#2Pdba) a OK\—Me ,OMe CF3 19

A m xture of 4-chl oro 1- (di met hoxynet hyI) 2-(trifl uoronethyl )benzene (18;
3.20 g, 12.6 mml), gdba)S(O 30g .33 mmol ), t-BudK (3.50 g, 31 2

nmol ) an nor phol i ne (4 mol ) in: an*ﬁy ous toluene (50 n)
was stirfey under reflu *_ awf—her; @ pher & of ni trogen.
Upon co _b_@ Ner/At uke ur'k_vas i edhand’the filtrate
was con unger reduced pr|e sure The resultlng resi due™as purified
by chronat ography (pétrol eum ether:’ethyl acetate=10:1) to give 4-(4-

(di met hoxynet hy0- 3- (tr| ororret hyI)phen | ) nor pholine 19 (0.40 g, 10.4%.
Step 3. Preparation? of 4 m)r phol i no- 2 trifluor orret hAphenyO- 1H 20

benzo[d]'nls.;olefﬁxcar ﬁera ar e\
4- (4-(di @ Br hy?) - or I?*jrés_yu Oph Ot?orp 6—>ne(19; 0.40 g, 1.31
mmol ), 2, 3- o|an1n0oenzollc acid (1; 20 g, 1.31 Na2S205 (0. 33 g,
1.74 nnnl) in DVF (10’ L) was stlrred at 110 C (oil bath) for 18 h. Upon
cooling to 25 roomtenperature, the mxture was diluted with water (20 nL)
and stirred for 30 mn. The mxture was filtered; the filter cake was
washed with water (3x10 nlL) and dried to give 2-
(4-morpholino-2-(trifluoronethyl)phenyl)-1H benzo[ d]i m dazol e-4-carboxylic
acid 20 (0.37 g, 72% as a grey solid. Step 4. Preparation of

2- (4-nor phol i no-2-(trifluoronethyl)phenyl)-N(pyridin-3-yl)-1Hbenzo[ dJi m da
zol e- 4- car boxam de (Conmpound 430). NConpound 430 5 A m xture of

2- (4-norpholino-2-(trifluoromethyl)phe ?yl) 1H benzo[ d] i m dazol e- 4-
carboxylic acid (20; 157 ng, 0.40 rnno HATU (304 ng, 0.80 mmol), DI EA
(207 ng, 1.60 nanol) and 3-an1nopyr|d|ne (173; 37 ng, 0.40 nmol) in DWF (2
m.) was stirred at roomtenperature for 12h. Water (20 nlL) was added and
stirred for 30 mn. The m xture 10 was extracted with ethyl acetate (3 x10
nm.) The conbi ned organic |ayers were dried (Na2SO4) and concentrated under
reduced pressure. The resulting residue was purified by chromatography to
gi ve

— L, - . a oy P . P - s oz - - — P -



20car boxam de was used, except that

5-chloro-2-(trifluoronethyfl benzal dehyde 21 was used as the starting

mat eri al WO 2010038 PCT/US2009/049498

2- (5-nmorphol i no-2-(trifluoronethyl)phenyl)-N(pyridin3-yl)-1H benzo[d]i m da
zol e- 4- cgefepoxanm de (Conpgund 450). M5 (ESI) cal cd for C24H20F3N502: 467. 16;

found: 468 [\ Exarrpﬁ a_12. Synthesis of
2-(2- (p|pg g -4-y|oxyi ohenyl) - N-(thj a 2-y1)-11
benzo[ d] i'm d}azQl e- 4- car’boxar] de ( Conppu 8). St ep ) Preparati on of

tert-butyl 4-( thyIsquonyI @xy) pi peri di he\l- car bo¥yl dfe ( 4). OH Boc 22 0
23 241 Boc 5T a ution N-fBe{: 4- hydr opyli peri ghi=e ( “07‘ 124
mmol ) and Et 3N 701L) in GHRC12Q( 100 nHN was added A sol &I}Wl Bf

met hanesul fonyl chiefide 23 in SH2CL2 (20 mN dropwisé i Nean Nce-wat er
bath. The m xture was stilred at roomtenperature for 18 h. It was then
diluted with 100 nlL of 12 and shed successively with saturated
aqueous Na2CO3 (50 m) brine NrmL) The organic Imer was dried

(Na2sd™4) s 10 geqcentr ted unde duced /pr gsur af f rt-butyl
4- (et hyl sjg‘ QMoxy()pg I nel-carbo te J4 4 g ¢Nude y. el d: >100% .

Thi s matgeta Nwas\-then® us n t he nex ep 1 out her Muecat i on.
Step 2) Preparation of ’

tert- buty 4- (2 f ar myl phenoxy) pi peri di pe- 1- carbox | at e (26) m'xture
cont ai n| nzaI dehyd - tert- I 4-

(et hyl sul on oxy p| di bo}rMm - 41 noI), K2CO3
(7.15 g, 5 't nnol tlpt}g >HT UM odi g:?; ,/Tat) in DV
(100 ni) wasMestl rre eat 7 C for 18 h. The sol ventM syrenoved by

concentration under reduced pressuré&. The resulting residue was dil'uted
with Et0Ac (100 nmi) and washed with Wat re (50 nmL). 20 The organic | ayer was
dried (l\/gSO4) concentra@under ced pressure. The resulting

resi due was pNrified by ography (pentane/ EtOAc = 1:10) to give ten-
butyl 4-(2- forNryI phenox§l pi pexi di ne- 'g

(2.89qg, 270 Pre ar i on o

2(2(1 t ut arHon eridin onx b).- | Hbenzol.dJi m dazol e-
4- car boxyl i ¢ Zcid ( 7N angN gril 26 Tﬁ\)éhgge d@ﬂall ﬁ dur e

out | Isne%ueaﬁw@df oy ahﬁ)@e e@i@i@reﬁ{lio@ﬂnéhft 108 iz Y ifgkaze kebsHeRsd. Vlﬂtdn&%péé/ﬁ@f used,
enpl oyi ng 2, 3-di am noben20| c acid 1 and tert- butyl 4-(2-

for nyl preethexyhthessemborineents, caish64Q)-NiteT 2B arevish see gpecific aspect of these

242-(1- M d I
- car bopHbA A ORI RS U Syttt ISRy SR ML ™ 557 ©
[ MELT] . IIc St ep 4) Preparation of

2- (2- (pi peridin-4-yl oxy) phen (thia
benzol dl i i daRarEaPReE SRRk raé @L Wpﬁl‘?ﬁﬂ"%ﬁ@} provwgé@cpmw@ A DVE 27

The I@anfgtgﬁgﬁ%@o(ﬁmaq@[ coupl ing procedure outlined above was used,

bPxyl ate 26 as a yell ow oil

enpl oyi ng 2 (tert-butoxycarbonyl)piperi din- 4-yl oxy)phenyl) 1
H benzo Ikgl]lm dazolHe -4-carboxy | ic acid 27 and 2-ami nothi azole 4 as the
starting™ns i aks—Npe resulting crude am de 15 coupling product (0.2

mol ) was tfreat e(T W t [ﬁizof 25% TFA in CH2C12 and allowed to stand at
room t enperlat ur e lf or e mxture was concentrated under reduced
pressure andXxhe r eaNl ti ng residue was purified by preparative 1-1PLC using
aqueous acetonjitrile that has buffered with 0.1% TFA to afford

2- (2- (pi peridiin-4-ylaxy) phenyfi-N(thiazol-2-y1)-

1H benzo[ d] QN daggt’e- 4- car boxani de ( Conpound 428). M5 (ESI) calcd for
20C22H211\ 1502S; H19. 14; found: 420 [M+H . WD 2010/ 003048PCT/ US2009/ 049498
Exanpl e 13. Synt hesi s of (IIT), wherein:
2-(2-(pyrrolidjn-3-yloxy)phenyl)-N-(thiazol-2-yl)-1Hbenzoidlim dazol e-4-car
boxam de ( Corfpos ﬁ@leetgcbfromsthég)gep fhpaspaO4iHloandarorpbelin-fylsy |

3- (2-fornyl phenoxy) pyrrolidine-1-carboxylate (30). CHO CH

26



HOVE025 29 K2003 30 Boc 5To a sol ution of

N- Boc- 3- hydr oxypyrrolidine (28; 2 g, 10.7 nml) and Et3N (2.2 m, 16.0

nmol ) i n WP2C0P0B8NL) was added a sol ution of mnet hanes®CTAIRI0901488 | de
(1.84 g, 2.52 mM, 16.0 nml) in CH2C12 (5 nL) dropwi se in an i ce-wat er

bat h. The nlxture was stlrredI@t roo t enper gyure for elt was then

diluted with 50 niL of CHzca ed/ wW[th }sa«gﬂatedej (20 m.), brine
(20 inL), dri d h?%éﬁ%% d c nts un du pressure to
A

afford N-Boc- onyloxy)pyrroliﬁlne 29 (2 6 g, 929%. This

naterlal h oI mntho%} further purification.
2- Fwdroﬁ aI I B?e{
(nethylsquQ) rr()s |ne 1§ $mol ) 'S .0 g, 14.7

nmmol ) and tetrabutyl annnnlunllodlde (300 ng, cat) in CH2012 20 m.) was

stirred at 70-80 C for 1518 h. DMF was reane by conc ratlon under
reduced pr _ngNeS| Et OAc (100 nL),
mashed iﬁteH:KS g ntrat ed under reduced
pressure resultlngSresldué waﬂepurﬁiled b r omat ogr gphy

(pent ane: EtOAc = 1:10) to afford 676 ng of tert butyl 3-(2-

f ornyl phenoxy) pyrroll_i di ne-1-carboxylate 30 as an oil (g' 23% . 20 Step

2) Preparation of
2-(2-(1-(t d ar bo yrrol i M@-%k&%;>bhenyl)-lee zo[ d] i mi dazol e-
4- car boxyl cid (31), riijESI 0 A mxtu of '#-3-di apgiMobenzoic acid
(1, 350 , 2.3 nunol’), - butyyl 3~ (2-

fornylphenoxy)pyrrolidine | - cat boxyl ate {30; 670 ng, ’2.3 nmol) and Na2S205
(568 ny, mmol) in DM (30 nL) was stirred at 90C for 18 h. The

m xture *%iéTﬁ ontmmaaUHe TM&meue dlm w th water
(100 m.), stirre N tered, and, WO 201 /0030 2009/049498
washed with The f|| g k | cuu afford 822 ngy
of the t|tIeWound 31( 849 (5 dj;;w% 05: 423.18;
found: 424 [ , Step 3) ﬁ}eparat on of rt buft

3-(2-(4-(thiazol -2-yl carbanoyl) - 154benzoKi m dazolg

henox rrolidine-1-garboxyl at 32 7130 ci NBoc 032 5 To a
'sbqglutio?/r)/py'\r /\W e R %i\/ﬁ\{ %f 6\“u§j / /\W

2-(2-(1-(t rL»butbegarb () pyrrolodi n- -ywoxy)phemyl) pnzold]l om dazol e
-4-carboxylic acid (31; 150 ng, 0.36 mmol ), thiazol-2-amne (4; 35.5 ng, O

36 nmol ), and HATU (202 ng, 0.53 mmol) in (5 nL) was added DI EA (137
ng, 1.06 mml). The m xture was stirred at mterrperature for 18 h. It
was then diluted 10w th water (20 nL) and|stijrred fgr‘

preci pitate was coIIected by filtration, a then puarif ed by coI

chromat ogr aphy 10 qi t|t conmpound yleld . NB
(ESI) cagbgffnyU%fi q%y/ Nd 53 hﬂ ?t Preparatlon
of N~

2-(2-(pyrrolidin-3- yldxy)phenyl) N-(thlazol 2-°y1) - 1Hbeniof|IIlnldazole-4-ca
rboxam de (Conpound 459). A sol utioffifof tert-butyl ..

3-(2-(4- (thiazet]Z yl car bamoy1) - 1H benzo[ d] i ggo E

yOphenoxy) pyr ol i di ne- ¥-¢ rbox late 32 in C1/ Me s stirred
at roonltenper ure forN reC|p|tate orned col | by
filtration asd masheq to g 2 nmg of

2(2(pyir ? | o )phenyl) N{Q@Zyl) 1 N

benzo[d]|n1 - boxanlde (Co un 59) (yie 64;; M5 (ESI) cal cd
for C2111191\15028 405, 13; found: 406 [ M+H]. Exanple 14 Preparati on of

2- (13- (2, 3-di hydk oxypropo y)phenyl) N (t hi azol - 2- y1) 1Hbenzo[d i m dazol e-4-¢

ar boxam de (Conpound 3 ) Prepar ti

(2,2-di:)mit 1R,13_ T oIa )@@ W@ ﬁ@ fon 34) Tad,
Et 3N, T 3334 ( NDi yl- 3=di o N)net g ol (33;
7.56 mmol, 1.09)’ was takeh up in 20 nL bf dichloronethane. Triethylam ne
(26.46 nmmol, 3.687 nL) was then added, followed by p-toluensul fonyl

chl ori de (15.12 mmol , 2.88g) and catalytic anount of 4- dinethyl am no
pyridine. The reaction was allowed topstir at roomtenperature for 18 h. 10
The crude reaction mxture was diluted with dichloronmethane, washed
successively with saturated aqueous sodi um bi carbonate sol ution, water,
dried (Na2SO4) and concentrated under reduced pressure. The resulting

resi due 34 was used for the next step without further purification (89%
crude yield). Step 2) Preparation of

2-(3-((2, 2-di net hyl -1, 3-di oxol an-4-yl ) met hoxy) pl zenyl ) - N-



15(t hi azol - 2-y1) - 1H-benzol il | i m dazol e- 4- ear boxam de (36). To a
solution of (2,2-dinethyl-1, 3-di oxol an-4-yOnet hyl 4-net hyl benzenesul fonate
(34; 4. 0272010/00304859) and 3- hydr oxybenzal dehyde (35; 4P8TAISAMNII049498 614Q)
in 20 mL of dinethylformam de was added potassiuntcarbonate (10. 05 nmol ,

1. 399). &ggféﬁa |on 20 mas stl red at 50 C f %ﬁ h. To t he crude reactlon

m xture di chl or onet hane
(3 X 15nL S%ELd tg c llay d hbz and concentr at ed
under reducéﬁ pres crud erl was p@tlfled by, fl ash

chr omat ogr aphy (Pentanes/EtOAc) The desired product 36 was obtained in 84%
yi el d. Step 3) Prepar tion of

e A S sy i 3 Jdpt e
¢

above for Npreparetlo NDf ben2|n1d | es 6 1 hg @7 3-di am nobéhzpic acid
was used to prepare 2-(34(2, 2- dlnethyl 1 3- dloxolan 4-

yOret hoxy) phenyl) - N- (t hi azol -2-y1) - 1H—benzo[d]inidazole-4-carboxanide 37.
VS (ESI) C cd for §?3H22N404S 45 4;Mé 451 [MrH . \Step 4)
Preparatl J l _*ipﬁ;

2-(3-(2,3- dﬂ ﬁ%& po .npheny1)7N-(th|a£BI£a y1l) - 1Hben fimdazol e-4-c
ar boxami de Cowpo d 324), 18Cenptund.324 To 4"%ol ut@dn of  Me;
2- (34(2, 2-di net hy1- 1, 3- di oxol an- 4- yOret hoxy) phenyl) - N-
(thiazol -2-y1)-11-1- benzo[d]lnldazole 4- ¢ar boxam de (37;
in THE was added 4N HC1 dropw se u -C|p|tat|oq: served. The
precipitate was collected v u ra% nd i th anhydrous
et hanol . The pbodu %Soqg & 4) was d ve @lght upder vacuum

( Pr oduct maslgaﬁsé%ﬂﬁ h in col'or and yield = 86%’. M (ESI) calcd for
C231122N404S: 410. 10; found: 411 H . Exanple 15 reparation of

F'

50ng, 0.111 nmol)

2-(242-(p rol i di n4-ypetgoxy, p = 1) N—(thl,FoI%

1H—benzo| - dazole 4- £ar ba onpound 48 repar ati on of
2-chl or -. ,-‘.- é sCl 0 In a

t ypi gal ue\- Ifqnyl chlFori, ,70.5 g, 0N3Z/npl) was added

slow y to a solutlon of
(100 nmL) at 0 C. The%
wat er (300 a d\

acetate ( m.) The c~ i organlc 5 layers were washed with 1 N HCl1
(3 x100 mbL)Y (100 ’OA anctFQo epdr abed, under
reduced pressurEé:g af f 2 ch oroe beenze Ifonate 39 (64.3
g, 88 %. Step repa on of 2- ( Iorot pAioxy) benza -ehyde (40). OH
10A m xture of 2- chloroethyl 4- nethylbenzenesulfonate (39 27.0 g, 0.115

-chloroethanol (38 25.0 g, 0.31 nol) in pyridine
'on mxture was stirred at 0-5 C for 18 h. Ice

nol), 2- hydrox benz Idehyde (25”“14 Fo g, 0. 115 nolf“énd KZOQt (31.7 g,

0. 23 nol M -- 0 ~(200Fn1) was
added and m xture ra W|thyl cet (3 x m.). The
conbi ned orgéani c | ayer -re washed sat urafed brine X 50 dri,ed

(Na2SO4) and concentrated under reduced pressure. The 15resulting residue
was purifjed by chrong§ograpny (petroleugpether ethyl acetate=10:1) to
give 2- (2 chI y 16’ 8 g, T /@ as a pale
8t ) Prep
idin | - ypet hoxy 172 01-1C

F'A,sdiutlon fof 2~ (2-chl d oetho%% behzal dehywé (40;, 2.5 g, 13.5

di ne 20(172 lma g 26.8 mol ), K2CXB8 (3.8 g, 27.2 mmol) and

(50 m.) was stlgred at 80 C for 12 h. Water

was extract ed™ Wi h e hyI acetate (3 x150
s wer e weShed pr i Cl dried
reduceg -ssur he re ng resi due was

purified By chr grfat ogr aphy, (dﬂchlorpﬁbth ne: 1) to give
2-(2- 25(pyrrolidin-I-yeethoxy)benzal dehyde 41 (1 63 g, 7 43 nmol , 55% as
a pale yellow solid. Step 4) Preparation of
2-(2-(2-(pyrrolidin-1-Aethoxy)phenyl)-1H benzo[d]intidazol e-4- carboxylic
acid (42). A m xture of 2-(2-(pyrroRidin-1-yl)ethoxy)benzal dehyde (41,
1.6 g, 7.3 nmol), 2, 3-




5di am nobenzolic acid (1; 1.10 g, 7.3 rnnol), Na2S205 (2.0 g, 11.0 nmol) in
DVF (30 nmL) was stirred at 95 C (oil bath) for 18 h. Water (30 nlL) was
added andWOrH814190%948re was filtered. The solids were wasPEA/usi2009/049498
di chl or onet hane/ net hanol (50 nl, v/v=5/1) and dried to give
2-(2-(2-(pyrrolidin-1-yl)ethoxy)phenyl)-1H benzo[ df+ m dazol e- 4- car boxylic
acid 42 (J1.80 g, 5.1 709 as a brown solid. 40 8tep 5) Preparation of
2-(2-(2-(¢ yrroI idin-1- oxy) phe%/,,@)- lﬁﬂol y1) {1Hbenzo[ dJi m dazol e
- 4- car bg de (Corfp d/J8 A N
2-(2-(2- [ rolid - yDet hoxy'f{')9 en d] i m dazo Q— car boxylic
acid (42; OSFOg 85 mmol.) , U (0.42~q, 1.1.mol), D :0.22 g, 1.7
15nm)l)and2amnoth|azole(4 0.17 g, 1g7 pml) in DVMF (15 L) was
stirred at 50C for 14 h. Wat@fs (30 i) was dded and the m xture was
stirred for 30mn. The mAXture was filtgredhand the filter cake was

ifi y @ hl or onet hathanol ammonia = 60:1:0.3) to

purified by chronmatograp

gi ve 2-( {pYrrol i din-1-

yl) et hoxy) y1) N- (t hi azol yl) - 1H benzqf d] i m dazol e- 4- car boxam de

( Conpound 25482) , 0. 1%\@N/\q8 8 % \as/}\lﬁdhorl ess solid. M5 (ESL)

cal cd for CZ3H23N5 5.0433. 16; do434 [ M F1- O Exanpl e 16. Synthesis
of 2-(2-(difluoronmethyl)-4-fl uoropheny’l) 1Hbenzor i m dazol e-4-carboxylic

aci d (Conpound 559). Step 1) Preparatl on
1- br ono- ,é f 1 uor onmet hyI - fhuor obenze 44) 4344 5To a solution of
2- br ono- 5- robenzal dehm3 10g, 4 in CHCl2 (100nL) was
added a so and Ut dyr ;é DAST", 10. 5q,

65. 2mmol ) in CH2C1 50rrL) at 0 Cg The reactlon Xt ure was then warmed to
room tenperature and stitred for 15' h. The mxture was’ poured i nto aqueous
NaHCO3 sl owOfsand the | ayers QeHe separated. The aqueous | ayer was
extract ed with CH2Cl2. Thel10&onbi ned or gany. g were dried (Na2SO4)
and concen ed under redud pressure. The de material was purified by

’““x

vacuum di st gt af f ord=a> ol di f ot f | uor obenzene
44 (7.99, 71.3%. p 2) Preparati of 0

2- (di fluoronet hyl)-4-fl uorobenzaldehyde (46). 4445 TSI sopropyl magnesi um
brom de (30nmL, 1M in THF, Bejoml) was RRdded dropw se to an ice-cool ed

sol ution of 1 br ono-2-(diflu t hyl) - | uor obenzene (44; 6g, 26.7mmmol)

in THF(10Q0 lg—Jreaction revxé allowed to warmto room

t enper at .~°o s“f"lrred f or . Di net formam@e (3.5nl, 45.2mmol) was

added and tiagn stirred 3 hr. Witer was ded/a.t\dthe m Xt ure

was extracté&d v@th et 9l acet até. Phe con‘dseg | apers were dried

(Na25»4) and conceftt at ed under yced pr @u,rg. the' resulting residue was
purified by chronatography to afford 2-(difluoronethyl)-4-
fl uorobenzal dehyde 45 (3.2g, 68.5% Step 3) Preparation of

2-(2-(difl uoronethyl)- | uor opheny 1§ H benzol 8l i i tdlazol e- 4- carboxylic
aci d (46'53 The sa al /prbc 3 b for/—he preparation
of benziym | e/5was fuse

2-(difl )- -fI uorobengéllxﬁiehyde 15 an 3-di am noben ic acid 1 as

t he startlng material’s to afford
2-(2-(diflyoronethyl)-4-f|uorophenyl) - 1Hbenzo[ d] i m dazol e- 4-carboxylic acid

) ) cal cd ForFE1 1 19F3N202 3 ; found: 307 [MR-1]. Step
4) Prepay at)re
2-(2-(di§ @ hy-4}r op(Plen (@'P 2- P\ 1HL0
benzol dl i i nrdazol =4- carboxarnlde ound 559 I 4 HATU COOHDI EA DMVF
46 Conpound 559 “s The sane gener I> am de couplin procedure outlined
above was used to prepare 2-
(2-(difluoronethyl)-4-fluorophenyl)-N(thiazol-2-yl)-1H benzo[d]i m dazol e-4
- carboxam de (Conpound 559). Ms (ESI) calcd for CI81-111F3NACS: 388. 06;
found: 389 15[ M+1l]. Exanple 17. Synthesis of
2-(2-(difluoronethyl)-4-norphol i nophenyl)-N-(thiazol - 2-

y1l) - 1H benzo[ d] i m dazol e- 4- car boxam de (Conpound 551). Step 1) Preparation
of 2-(difluoromethyl)-4-norpholinobenzal dehyde (49). A m xture
cont ai ning 2-(difluoronethyl)-4-fluorobenzal dehyde (47; 3.50 g, 20.1 nmmol),
nmor pholine (48; 1.9 g, 22.1 mmol) and K2C&3 (5.5 g, 40.2 mml) in 50 nL of
DMSO was stirred at 100 C for 4 h. The resulting reaction m xture was
cooled to roomtenperature and diluted with water (200 nL). The
precipitated solids were collected by 5filtration and dried to afford

2- (di fl uoronet hyl ) - 4-nor phol i nobenzal dehyde 49 (2.5 g, 52% . Step 2)
Preparation of




10The same general procedure outlined above for the preparation of

benzi m dazol e was used enpl oyi ng

2- (di f1 uoWerBtuBpBY484- nor phol i nobenzal dehyde 49 and 2, 3- PATARNIHENI®I ¢ aci d
1 as the starting materials to prepare 2-(2-(difluoronethyl)-4-

nmor phol i ppghenyl) - 1H bep%o[ d]i m dazol e-4-carboxylic acid (50). M5 (EST)

calcd for 17F2N303: found: 374 [M1-11]. 15 Step 3) Preparation
of

2-(2-(di f!ITJ@et hyl )-4!- ol i nophek (thi azol -yl) 1Hbenzol dl i m daz
ol e- 4- car boxamgde ( Conpound 1). NH2F H O\ 4N NO_ / N HATU D
EA DMFO NH s/ LN \ i The s rre/ge\neral am Nco pI re outlrned
above was used pr €par e 2-

(2- (d| f1 uor onet hyN—4-,nor phol i nbph/enyl ) - N—(t"ﬁr a,zol 1) MeH- b'enzo[ d] i m dazo

| e-4- 20car boxam de (Conpgund 551). MsS (ESI) cal cd for C221- 119F2N302S:
455.12; found: 456 [ Mt WD 20101003048PCTI 11S20091049498 Exanpl e 18.
Synt hesis of 2-(4-chlor met hyl ) pheny1) - N-(v@ (p rrolidin-1-

yl met hyl ) pherg/1) benzol\dl i mdaz 4-gar de ( . Step 1)
Preparatron|of>%~q/(}?>@r | -yl met hy F e (53) 515253
51- ( Bronp | ) -\8—Ai t f obapzene (51; 5 3 1 1) iMe 100 i
of anhydrous THF al ong with pyrrolidine (2.3 ni, 27 72 mmdl) and K2C3B (4.8
g, 34.6 T e reaction mxture s strrred roomterrper e for 18
h and th ~qhe filtr -’ ﬁm: reduc essure
to afford -nrtriob nz I) rr|\p |ne Thi terfi al en up in
100rr1_of ute Hap % 06 %Siz

resul ting rqpectron extur strrred at r%mterrperag,,gr 1 atm of

hydrogen for 18 h. The’m xture was fthen filtered through’a pad of Celite
and the filtrate was concentrated underk rreduced pressure to afford 2.81 g

of 3-(pyrrolidin: 1yl et hyl ) i ne 53F 9 . Step 2) Preparation of
2-(4-ehloro-2\(t |quor phenyl) - -(pyrrolidin-1- 15
yl met hyl ) phenyl) - 1H ben oI d i dazol g-44cal boxam de (Conpound 490).

The sa ggnekal m cou pr océdure-Nyt | i ned above was used to

pr epare N ?‘@

2- (4-chl or o -(tPiquororrert hy M TpheR 1) R (3- ¢899 r ol i di n- 1- yI met hyl ) pheny1) -
111- benzo[d]im dazol e- 4- carboxam de (Conpound 490) from 2-(4-chloro-2-

20(trifluoromet hyfl phenyl) - 1H beng®[ d] i m dazpl e- 4- carboxylic acid 54 and
3-(pyrrolidi n- 1 y hyI )an e 53. M5 (E cd for C26H22C1lF3N40:
498. 14; found n -.- e 19 Synt he i s /of

2- (45fl U@h@r& éit 1 uor onle yI )phenyll AN\ngt4-

(nor phol i no thr az zo[ d] iym.dazol am de ( Conpound
681). Step T;(Ecr;ﬁ}g f‘) 116\%%n%1%1} ncﬁw? % [lOJ'Cl compounde o?’th e WD n, can aiso

4- (hydr meyzed hNﬂhMﬁBﬂﬁi@de?cn\bK@hé}amate (57). 555657 5 Et hyl

2- am not hi azol e- 4- car boxyl ate (55; 10.0 g, 58.1 mmol) was, taken up in 150
mL of anhydr okh¢ cpRmoEndsndgaknthgreof é@sr:nmdlyqrelearssdﬁ%r@ thejo comespendiag g,
58.1 nu | ang r

reacti 028%111} a)%%u(rg 'g"v}\l/a\éisntdgﬁ}%?e OMhy %@Hﬁﬁ%&mﬁ %{ ﬁ%ﬁé@?ra@ om E%S%I%%—%rgat ure
for 108 IBuithblewal/ehtdor mepmetmrmﬁseli/aﬂe@ and Hedrateg darc gehepillgdeselected bplat ai n- a

t hi ck oi Pent ane was added and the resulting crystalline naterials were
col | ect llwaftﬂs’la{lratlon and dried to afford 10.5 g of ethyl _

2- (tertbut oxmﬁr&m&hﬁawa%mh%ermegﬁmw AhSipBiss of BhyStaMBeer i al 56
(10.5 g, 38 mol ) was di ssolved in 300 nL of anhydrous THF and cooled in
Dry | ce-(ebiding ¢a-¢tystabimeland pokyoiomph)dorngst 1 M Super HydrideTmin THF (85 ni)
was then add over

tirrod a - aurerpplaRie el oIl SRR ARt R e (5

M) 18as dnben a&ﬁd@%f&rﬁﬂnﬁlh?)rdt&ﬂcpdr@@lﬁﬂy(ﬂﬂdrd@adb%ﬂasétabﬁﬁe}dofftﬁé sigiraddi ti onal 2
h at -45 C. The reaction was quenched at -45 by the addition of 50 nL of

brine. Wieidwarni ng to room tenperature, the reaction nixture was
concentrated under reduced pressure. The resulting m xture was extracted
wi th Et OAc. The conbi ned organic

30



20 |l ayers were washed with brine, dried (Na2504) and concentrated under
reduced pressure. The resulting residue was purified by chronmatography to
afford 6.W02§104#03¢48r t - butyl 4- (hydroxynet hypthi azol -2- mw%mww
(72% . Step 2) Preparation of 4-(norpholinonmethypthiazol-2-am ne (59).

aken up i n AADHRGT S Y GH0 200 bBRIBRRE Ry yifipatle T ) S
cool ed t@nﬁnoﬁldd\ﬂtthahﬁenﬂldmlwmot@hlbmnudﬁy GveSimerdr mdk® oBtherfolddwingas added and

the resulting rea X ure S stir at OC for. 60 mn. Morphline (48;
3.0 i, as5Vviis iph sont%g’bg hgbifip of ﬂgorﬁé%ﬁ%wh}hl%w fdyiRgiestirred at
roomte t er
reduced”%?%%sﬁrﬁa‘ft%%&?g@%@?ﬁﬂﬁé?‘Aﬁ% R e B M e

wi t h 5di | alcencgtratbors orﬂ&HG@mpdund tef aldrelffectn(d\faﬁﬁ@dmlaam@tmdeamulataUEd under
reduced su rial was b tering through a short
col um 1¥$¥ Pé%lSlljt&}n pn?%gn &rg 175 83 %\gﬂ{t]o?@z?ﬁa{m& et ord 1.88 g of
tert-butyl 4- T}ﬂeqeméa@istwyuae@t‘m&ctym@fzrﬁémarmg@wt&amﬂfereﬁﬁauﬂﬁg aBpgs group
was renoved by treating tert-butyl

4- (mor phese pﬁbmm@/mﬁuﬁp&&m@n@qr@hmawbc g8l &il2 nepabened bipyABWANERARS| n
CH2C12 for Q A n be r enoved
by concentt &t s e S SERERAkeYer ab biufhinbied PELFBOE LSRR Vas
treatoed the bivyeliomingsus ﬁld@f)ermﬂﬁl)afwécﬁd%@n tsatugtdd) nflsafuraféd gnd aromatic.

4- (mor phal | norret hyQ hi azol - 2-am ne 59 as a 15white salid. Step 3)

Pr epar at%lﬁsscﬁt Wise SpeGiBed Arayhoryals fbiraaliyJuppiiEted tyith\ereqr more

(mor phol b dii ]

( Conpoun%lg&g%dwé(%%ﬁ@hgé%y% %Oﬁlhgpég#ebgre@ﬁg%ﬂ Slub%‘Egl%cou i r?gj&]:or ocedur e
out | i nedCA bloom-svbstitusehllyd, Or-6@aCeo ableyl, -S-(Ci-Cs) alkyl, -S-(C-Cy) ﬂuoro-

191 bermbpipeiela e LR sl bR 866 CNp ks aRh for
C23H:59 CldaARRB0eSs ineRille Q? loﬁﬁﬁﬂdeycﬁﬁl%xile&ﬂohexWrﬁalaﬁlaﬁ@l pR¥RfIRRgi s of
N- ('5- (nor phol i nomet hyl ) t hi azol -2-y1)-

(trifluorphidyhyl ) phenyl) - 111- benzo] d] | m dazol e-4-ear boxam de (Conmpound
780). Step I) Pr.e arc}l?ttérog f,, 2 noO% oﬁ "’r}r?e”m th 55}?&% | rSam ne &61) X2 s
Ns-K\N  55- (I7oFBhol THEREL hyTh) RS2 dT -2 B ES SPWILE LG t he

sanme Syﬂhblethetér@a@@ueﬁhﬂéthUﬁbmnﬁﬁ erdmple, N oD, and S atoms and includes 4-7
4- (mor phol i nomet hyl ) t hi azol - 2- am ne enpl oyi ng et hy
ani not hiTBeBP@EIOAPHISKY Fad &-18onembarehbisy dirirs: %w@} @%ﬁpyr(étl%@é agng

Pr epar at :

G P o R Rt G RS SRR e haloPgaly ool cael Srine picyclic s, o)
The sanmrgandepaildenthy shdeotaliipbigiupatal; eckatwwated bl arvedhtiab Wienvastarsaddld io

N (GE?E ﬁ#ﬁwﬂi%ﬁ%@m Berymdgtstaod shag gnly_qns ringris Faauisrd IRgaRALY pRelsiAsLom.-

Hbenzo[ %hl@@s@ﬁ&%@%?@&ﬁ@’é%e@@cy@@ 11y 8Mstifuft&yith one of more
2-(2-(trifluoronethyl)phenyl)- 1H benzo&qﬂsl m dazol e- 4-car oxgl ic acid 3 and

5- ( nor pfﬂubiitﬁmré& Mdc)etdhﬁr@méllaloz =G rfer-6 4 alkyls U5 (o Elsioyo-skist thtefdoa k28 HEOF3N3025:

(R 2 ( A Aprecpaet iy T Bt b Sl b Ay Ry gp-Auoro-

N-(t hi az&@bstauﬁéahrkwhlgms)[ Airid dIﬁHod(ﬁ =) antpbmaa-m de-CGoamonnd 556) . Step 1)
Preparation of (S)-2-brono-5-((2,2-dinethyl- - di oxol an- 4-
yQOret hoxy) be d‘éanwakr@@ngmylud eobaeitaryl or heterv@ryé 3s'bmentbstedof

2- br ono- S
added (9 PR R P BT ERROBI oh Bt ol ooy U et AR V0 o,
nol ) and;uKﬁ(l with ahe b nitve mﬂs)ltuefrﬂseeleasdlﬁbnﬂgﬂqs egaid, doweriakitoxy clowes Stirred
at 1 10 h, cooled t roomt era di.l ut ed th water and

t her ext%lléygtlbvdir%ytl ertippAe Ry EBimg 0\5?@(5# ¥l %%is(ewg% Boned tifa2s0s)
and COn%Bﬁﬂs%ﬁﬁd@%%tufe%%a%ﬁsﬁsﬁﬁ%&r}féter cg/%lers%ﬁ&' E&b@&ya'[&s'sgbt‘?ﬁé!"as purified
by chronat ography (petrol eum ether/Et0Ac=10:1 to afford the desired

pr oduct ,meregtlic greypinpluderthigzolyl29xazely hexarmmyl1thizitiybdithiamyl dioxanyl,

Syl') met hoxy) benzal dehyde 64 (4.1 g, 56% . Step 2) Preparation of
(S)-4-0-brono-3-(di fluoronet hyl )phenog:r) met hyl ) -2, 2-di net hyl- 1, 3-di oxol ane
(65). 6465 To a solution of DAST (304g, 0.019 m)l) in 20 M CH2Cl12 was
added dropwi se a 10sol ution of _

(S)-2-bronmo-5((2, 2-di met hyl-1, 3- di oxol an- 4- yOret hoxy) benzal dehyde (64; 4.0
g, 0.013 nmol) in 8 ml CH2C12 at roomtenperature. The resulting reaction

m xture was stirred at roomtenperature for 10 h. It was then diluted with
CH2C12 (50 inL), washed with water, dried (Na2SO4) and concentrated under
reduced pressure. Purification by chromatography (petroleum



25conbi ned organic |layers were dried (Na2SO4) and concentrated under
reduced pressure. The resulting residue was purified by chronmatography
(petrol euWOOHEBBEB0AC=5:1) to afford the titled conpoRGd/USAeN9idl3498
(S)-2-(difluoromethyl)-442, 2-di net hyl - 1, 3- di oxol an4-y1) net hoxy) benzal dehyde

66 (1. 8%5(9(a2(7l?%s0t}§£z%lpyl4l)ria§61? Ot@trﬂiydro’furr:myl dihydrofuranyl, pyranyl,
(S)-2-(2-(difldoroneth - rrehll 3-di oxol an- 4-
yOr net hdmyazaobé rnMrf)ZOBle Ihwmiu:fldpyrrdadmzb Ilmxdazcda}r pgsiginy ¢ pacoldl,(67) . NH2

661NH2 5
(32 (AR emuTglto el opiecriin, sigrratind Byrigising. morpholiny

y1) met haxyasarzdbpliehytehiofnyl cBelolbxyh &pam* ydlo 1Feye ) was added
2,3- diam rﬁgenzm c aci d1 §1ny <3 0g xyggio %C anﬂ?% 205 ?m82 g, 9.60

mol § Trcloberian brazaiidinyl @xmlstbllmﬂﬂdowanﬂ@zmdmﬂ ang thiomorphgdigyk hen

wer e col | ect aaPBg P e Mot ol Blos IR ol B! N0 S0l €5

2-(2- (dln‘abhlhyloami h}thl)acﬂMé.rﬂi Retetoamt pivhpdsughds hnlbllaﬁﬂyﬂﬂﬁéﬁyﬂﬁhﬂ@my)ﬁbﬁnyl) 1H
benzo [d]im dazol e-4-carb yllc cid 67 fas dar yeIIo lid 084 g, 51%.
\YS; (ESI )Pyéﬁ”tl » PYAOC2RYT & 2NEF€)‘§Y RyaZipy), thi » O%pzQly IW etrazo vl st ep 5)

Prepar at A 9.0t of %r&?nc(h?d fﬁg&r&;&%,@gﬁﬁr 48e Fl Ly 3r di oxol an-4- 15
yl fi net hoxy ’ Eg O%) \ 3H Syrrol -2-y1 1I9I-é}1benzo éfg%r{?de{lz 1e 4- car boxam de
(68)10 carbocycllc aromatlc ring or heteroaryl ring is fused to one or more other heteroaryl rings.
(S)-2-(§§- di uor omet th 2-di rre h 3-.di 0X 0 t hoxy) phenyl) -1
Hbenzol ’i(afﬂ leﬁigcflg L"é?% ]Zbﬁnzé?g‘fréf %J?ijl %m?JrH‘y ?@cgh'%%le) was taken up
in 10 mbeﬁiox@hﬁeade%ﬁnmgolre Zluﬁlmlgt %\i%lﬁly( 4nd I%&naolmg, 0.289 mml ), HATU

(181.7 ny, O. 478 20m nol ) and DI 8 mg, 0.289 trunol). The resulting
reaction m xtiive@owsbstideted incdndgs frpamnetfb%m&éxsuwénmmtomr lﬁluawd diluted with

wat er . i dried.

Purifi cap ?%%&tgoy'gh h@%o%‘?%%%@b%%tg Idfé%ﬁ gﬂ]—mﬁq g) aed%}d’

(S) -13- ( 2cECHLECCOREHTY, -CHPFAH2 rQFzmHmt Pﬁtlﬂtibr@sﬁhsﬁmécﬁﬂr—(‘r}g yikyheshoxy) phenyl
)-N-(thiazol 2-yl1)-1H benzo] d] i mi dazol e- 4- car boxam de 68 (77 ng, 65%. M5
(ESI) c&ragpleginc @%2@%@@3-500 13; found: 501 [M+H]. 98 Step 6)
Preparation

(R) - 2- (2- (di 1ty orer S o R G P an By bRy D) R At 2- y1) - 1
H benzo[thidsemtdelzdd BetZSubsamttwkla ntetefere @atipthe abiliGoek) the ﬂlisE]ldsé‘el @fhp}aunds ©H HCl (con

) MeOH H20=1011 O NH .68 LvS Conpo 6.To, a,sol ution of . .

()~ 2- ( 5GPH UIRat 157 FOBTTS SIPIrdeRin-2 S5 GRe! Shentaly interfres

Syl poet hﬂwﬂle@a%\eﬂﬁeswfﬁtcb inpé@hd whanlthe htdphridealfdhd ploatPlsdeducedbh e de
(68; 80 , in MeOH (10m) was added concentrated HCL (1 m)
and wat éhar(all)ontL;O%TmI@ cmaasqmrtd Viigh ¢ as@bstwﬁmtﬁswnmed Weth astompouad wifdiewt r ef | ux
for 2 hthe b%eéthen cooled to roomtenperature and enough 1 N NaCH was
added t o adj he pH=8-9. The resulting m xture was extracted wi th EtOAc.

The conbi ned Cunglsinationk @Y sutstinens atd vathb(dNaadiskhned by tHiO tnenttsH arabaly under

reduced pressure. Purification b%/ chr omat ogr aphy é etrol eum et her/
Et 0Ac=2:t 9seélpqrt(§¢,s§gdn the formation of stable compounds. As used herein, the term “stable”

H b3rz oo e By AR aradufl U ARRTHRORDNR g p g 3D

cal cd f ahe ﬁ%@'@&ﬂtﬂﬂé@dﬁpo@(ﬂﬁtﬂph suffizienSyariddefitisneatb be useful for the purposes

6- nor p y%t hi azol

yl)-2- ( ?1 PGB8 omet hyppheny1) - 1111- benzo[ d] i mi dazol e- 4- ear boxani de

( CO”DOUHd 15%)con1§b§ﬂﬂs]&1sc?65%9ﬂéﬁid aﬁ§b Rtlude patiAly Bnd R Ruirdiéd r obenzoic
acid (77). To a m xture of potassiumtert-butoxide (38.9g,

0. 347no Meriamtsl Iu@plrmnembbyimamm an@ommhg@dtepwm gtom9gre pre@aiiop kinetian  DIVF

(16Qnt) a sol ut.i f O- 20 | ami ne .hydrochl ori de
(530, Hesn 0RO Ry bniln e R STRM DS TR Nt B o 3
DMVF (16Qedlpresdnt.0 C. The resulting reaction mxture was stirred at that
tenperature for 3 h. It was then quenched with water, acidified with 10%
HC1 and extracted with Et0OAc. The conbi ned organic | ayers were dried
(Na2504) and concentrated under reduced pressure. The residue was taken up
in EtOAc and extracted with 10% aquegps NaOH The conbi ned aqueous | ayers
were acidified with concentrated HCL to a pH = 3 and then extracted with
Et 0OAc. The conbi ned organic | ayers were dried (Na2SO4) and concentrated
under reduced pressure to afford 3-am no-5-chl oro-2-nitrobenzoic acid 70
(6.5g, 60.5%9 as a brown red solid.



5 Step 2) Preparation of nethyl 3-am no-.5-ehloro-2-nitrobenzoate (71).
CO2HCOOWe 7071 Concentrated H2SO4(1.5nl) was added to a m xture of
3- am no- SWORNEYW3I®8 ni tr obenzoic acid (70; 3.5g, 16.2mMmPICI/USA00988949¢ 120mL) .
The resulting reaction mxture was stirred under reflux for 3 days. It was

then neutral 'Kl@@’lﬂ@lﬁd&d%ﬁﬂérﬁés‘%ﬁ‘t R0sRRH rd Bk nﬂ&lﬁ%lﬁi&h&&ﬁﬁ@ﬂl wi th EtOAc.
The conbined organic layers were dried (Na2SO4) and “concentr at ed under

reduced gseeahle saltspofrthé sictain-maedblgtingheampouods @qshlyb@fhmldeﬁhermmm® of

am no- 5-¢chl or 0- 2- ni zoate 71 lid. Step 3)

B epar st TORES SRR SRLARRS Shatckndecil 2 hepinlbBie e | i T B N
48LNNH2 e drg 08 8upsbATNERct XMay (¥ Enufilbkd 65638 rghhitbadess Ahd Hnbfianiéfand

3- am no- 5- clhl olr)%g nltrobcénzoate (71; 3.3g 1r4gbgl5m$ol) in ng\%InF al(r166ml) was

added OB RGeS, fyprma sythltmaWwpaH@ﬂSKb@@ee inhereptly; chaggedz suahds) . The

(Tt er edrof A A Bt HiFolP afifobh 6% bid IR dbptBfjatEboubderffife d 260
conbi nechatidgswhas bayeids, omasr&ledoﬂﬂ@br(dlﬁa;?eﬁiﬁmlar@nbkommwnt rated under reduced

pressure. Colum chro hy af.f orde
3- ani no- 5- mor AT ?%mgal Hzfeﬁr@ afzdd 'f(cghticgls ﬁ@arf%orggmaaﬁ%wh@ | ow

sol i d. @dﬁo‘&hf@ac aEf%lpﬁff@erx%ﬁué’Bma %d%lé@ib '&&d%d‘ﬁh@*&@ﬂd‘ PrictpHoridP&NE Qg acid

met hyl ester sol ution of net
3- artiOno-tbe hike, phd) brgaowzamtiStsudbmmm@eimmczacncg me?h@nmbfo)mq aeidzio®#io 100ml)
erature, After.3h, 5the

hyd 5O Pd/ C.
P et o B o bRV Ritoiearid, SRR asft Pl iE et e her Bl e

afford Zicdic wlﬁ%ﬂﬂleﬁlK@E%}ﬁbﬂeﬁ]oﬂm\éhSﬂﬁﬂﬁ@h@e ﬁh@lsdlfﬂBtﬂWbsuﬁ%feeblsﬂlfﬁaté 1. 39,
69.5% as_a brown yellow solid. Step 5) Preparation of

6- nor phcﬁﬂlifﬁe,@gﬂiﬁtzrle}msphw IW@M@OE iphesibatel, §1m¥¢4@§ﬁ1mh0ﬁﬁ’fd’éezol e- 4- carboxylic

d t 2 H F3C
a2, "o bbb Rt 2N RACTRNB L S b BRTRRR Bl FC
estas (%3 ry&ﬁ)@ aogylate,. ﬁﬁﬁm‘al1);obulfyrEE%dpf&%}h&ptmt@@dﬁﬁblmﬂ@mmtémt abisulfite

(373 ng, 96mmol ), H20 and 2-trifluoronet hyl benzal dehyde (74; 990
ny, 5. 69“@91}ate=‘FH‘é3HP@é§l§PP?rﬁ’§ aeas, Grmarates maﬁeatsaéutw Me@mﬁdwmf‘eﬁ Pux for 3

h. 1t wag.den &J@ﬂofog) ﬂﬁréma rapﬁ{}gél 06k 38%8%?@%%%“ reduced

pressure. Purificafion orde
mor phol imetdexybezoa, phﬁhﬁ]lateosﬁfmlahykylpmﬁsnlfdl)atel ﬂltrefhamtam phemilgrogionateboxyl i ¢

21(‘: hd met hgnylgstgfsate 01tra(te ?actzﬂg gmnma—?@drgfyb%t}%gtlel gc1ycoﬁate tartra?t ep 6) Preparation

6- mophahétRarfesiond khdshiLEOM haleite nhi¥orkk) aRgRhATEAERZ Shiorfatec ar boxyl i c
acrg (76). t o h H Fge(cglr SF3C 10/ oﬁ?&-lcail (aq) 76 C@Eﬁgo A m xt ur etcont ai ni ng

6- nor phdh@lﬂﬂlf@iﬁ/@@ﬂl@imterl f | uor onet hyl - pheny1l) - 1H

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

25  potassium hydroxide, ammonium hydroxide, potassium carbonate, and the like.

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

30 Synthetic chemistry transformations and methodologies useful in synthesizing the
sirtuin-modulating compounds described herein are known in the art and include, for

example, those described in R. Larock, Comprehensive Organic Transformations (1989);
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benzoi m dazol e- 4-carboxylic acid nmethyl ester (75; 670 ng, 1.65mmol) in 1M
NaCH (27nml) was stirred at 70 C for 30 mm The reaction m xture was

neut r al i 2@ 2 & W3M3% aqueous HCL. The resul ting preci pi PETAISARN/0dBI8 ect ed
by filtration and dried to afford 6-

ggir 8h$|6i _é@&éﬁ%’%é é%@ /(gj.r ég;ﬂdg%ﬁﬁrgyef Z%\r/]v@;s]o%} d}éégag?cn%%%“ Igr %aglarﬁ%e{ll boxyI ic
6- mor phol.iFieseNarid . 8zestr; Fte)s‘ér) arib‘l(’z?se@ts me&gmﬁmw,& Sﬁﬁhwzs)(lﬂl%y and L

benzo[ dl i m dazol e- 4-car boxami de nmpound 628). H2Ns3 0 4 HATU, DI EA 0 NH
ConpoundPapgtiergd., Eﬁ%l%ﬁ@r%meﬁ&‘i”d%foééhﬁql’ilﬁéy’fﬁlf’@@e(dﬁ?@ detailed earlier was

used to prepa

nmor phol i no- N- F%ﬁl%ggrgpla?l%}? - fgt ?trl Il?gflglﬁg? ?r?% eny 3y tiﬁef)sgrggeo[ d] i m daz
ol e- 4 1@/’ccqﬂaishux areintbear(eCdrrell NBorGZ8npler @mompound may have a cell-permeability

6- nor ph t 1) - 1Hbenzoi m dawl e- 4- car boxylic
acid 76 r?a %S%Hééﬁ’ﬁo)?ﬁ/ %@g ?ééé‘ybgiycd for C221118F31, 1502S: 473.11;
found: 474 [ “@iﬂiwmg&ﬁm&&ﬁaouﬁﬂﬁﬂaﬁﬁﬁéd@ﬁr&ﬁ 1 may al also have one or more of the

N-(thiazol -2-y1)-2-(2-(trifluoromethyl)phenyl
i m dazo[ follswaigmpaiadieristica: evarcmbpanmcu@ar @enf,:soutmﬂlyswm)toxm@ geelpot JubRctpar at i on

f - d / H
N-oEr o SR rePBER o Sord i R e I 2678 mOBRET) s

added t 02080 anficordes| mbosanhw@ﬂ 188%; @ohpodiil igpldvie Gl Hagf-18fe cat&aoyblc acid (77,
27.6 g, 200=01). in 200 niL of concentrated H2SO4. The resulfi ng reaction

m xture ‘%%lé’slﬁierlﬁ cerfitions ol i cadmhevtatl days. 8 dayy 130 days & mendhs eitl y831:20 C for
3h. Upony t 2R d W th
stirri ngt Sgﬁﬂgb%gu Eti}lr ng m}%ﬁ%%\/\%&@f@% atébggp}(g%rs’ 18dﬁg’a§?§ t hen

sl owl y athyed months or tgearph sﬁrqum-mséulanmgmnmmuedMythelmasre(s&(bD: ig sbhutid®00 nlL of

water andauesuRte B b e AGHTAS Ceod FlGot b Odeia e i HEBHET 75
(14.18 g oral@%)@fold aSEl%erﬂioﬁ)ﬁlﬁﬁ%@d C(%ﬁmefma‘i7 ﬁoﬁbﬁrﬂeﬂ&‘t\ﬂhﬁ:&{ bthe DAA hpairhy !

est er m Xt ure cont ai ni ng
4- am no @ctnr Ku%O ri bdwinmedudating oemwuncbmtae proivgs dqesetjlat@n@fﬁeh‘b’pﬁia\d 10%

Pd/ C (500 VeOH d f 5
Ferper atOPEHPBY i Resep Sop et B E RN P e T O ED of ol e

and t he mpilﬁ@kedmtmcentrat ed under reduced pressure to afford
4,5-diamno-nicotinic acid ethyl ester 79 (10 g, 80% . Step 3) Preparation
of 2-(2-trifl|loseoaBerpodismaksy piSirBin- mﬁda@ﬂegaorspwﬁwanmm?e agar boxyl i ¢

t t
oot @05t s ERI oG ighigis a histone deallabll GrSRRLAIL A% AR ERD 01! o' ©
]9 1§IL_8r rr]m‘ﬁ)léﬂs I H&&SZﬁﬁcanerﬁraylonﬁﬁ‘gmh)de) elOctivle fof mbifatiasthetdesideedaset 120 C
or on

roomtenperature, the reactiqon m xture was poured
i nto 10GCHEIHP! @1&5@%@@? instARES, iR R W%@l@&dmen %\g‘ﬁél%w%}f@?d

15filtr
2-(2-t rwpgwu ph%ﬂv%m{ggcrﬁmp? %ﬂ%%gdofﬁ@h&%n @%gér[‘{ega?ln%cy fc():raarcngiti/ gl c acid

et hyI e stirtwin 80ace /186 agtivifOdéit iSteleast s fPlddpssrthar thm E6fso for inhibition of an

(81) St rif a%qﬁor%ﬁﬁgg%%teﬁ%wa E%g)i_?t 13'43}/ 69 5‘6105 foﬁiacyr%(\)fel}ll ic acid

202- (2- -ﬁFOOUfbﬂGﬂ@ﬁEMéﬁlod@hﬁw%}/n%W{Dma&@[& HD ALY adtHith@re/weldkhewyld ¢ acid
et hyl ester (80; 2. SSHg 7 mmol ) was taken up in 10% aqueous NaCOH (40 ml)

and et hath@ﬁrt@Q@kmt)OPP rpeueh mwww@wﬂm%wmmmﬂw&e ¢85l ux for 30

at.ur cidified
W o e P B LR RAVEIP RG MR il b SR Bl AR 8 B o,
washed Vﬂcﬁéhti\ﬁat(SWed@Bd'odNUﬁdoﬂ@wﬁefmtﬁht tomassci.com).

2-(2-trifluoronethyl phenyl)-3H|m dazo[ 4, 5-c] pyridi he-7-carboxylic acid
81(£077 ¢, 8é%ceﬂalgt€g@0§ynqnﬁ%§gmq-m Bl,ahng compound does not have any

N-(thi azﬁbstgnt}'anﬂ%l%%mrg%dlf Act:g errﬂmeltld}ﬂdlb%" ?rmfﬂe) erﬁ%dlﬁbﬂaépéarvéfor ofa

cl pyridine-7-car npound 341
human sirtuin protein may not have any substantlal ablllty to activate a sirtuin protein
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N 4 HATU OOH 81 ONH S/LN Conpound 341 The sane general am de coupling
procedure detail ed above was used to prepare N

5(t hi azol W2-2010/0030482- (t ri f | uor omet hyephenyl) - 3H i m dazo[PET8S2)091949488 ne- 7- ca
rboxam de (Compound 341) from

2- (2-1 11 frbHO6WERILR oﬁ?,%i&uiég%eﬁ‘st%%ﬁfrﬁn Pathbpiss] AicBEcehtratMsyexyih ¢ acid
81 and 2-amiothiazole 4" M5 (ES!) calcd fof Cl71-110F3N505: 389.°06; found:
390 [ M+1viyo) effectivefon agtivating theSleaedtglgsesactvity of human sirtuin. For example, a

2-(4-fluero-2-trifl uaoronet hyl - phenyQ- imd 5-. .

Toc) pyr | SE g SRR e B R R A S Gh fr daitinea e step 1)
Pr epar atdi@inOduch as SIRT1 and/or SIRT3, deacetylase activity that is at least 5 fold less than
2-(4-fluoro-2-trifluoronethyl -phenyl)-3Him dazo[ 4, 5-cl pyri di ne-

7- caPboxiie EEsaior actbrtpe a ysast pirugn puch@si3o2nsuakyas CradidepS -qgravisiperoegy A

m xt ure i nj - diram non 'Qaeté : ) and

4-f 1 uor oaf}l(a%ggll-l mogt??ll%ﬁ%érﬂg}lré% %@%an@gi gje(jr:]@gie ( gn (lq(%)ofé)?d %932%120: § ‘_::rn

ni t r oberzeelih&i, an inhibiter of 4 sirteich @oteR2BortC 16weer ehiBargotek)particutemlyi yegsttod r oom
tenperature, the reaction mxture was dilut.ed with ether. The resulting

sol i ds VBIRANREHOgERS ognot A e ﬁ@htwtlﬁhlglﬁ RSHIUIR AR T8 t o

provi de p t trations (e.g., in vivo) effective for inhjbiti deacefylase activity of

2- (4-11 UBT oS ot F T O omet gt Toheny 1y o Bt 5 it g A ey e e 7 car boxy
|i c 18ci c stthiplprefsingrorB 3 1¢8&GuleryoBOYpr exadiplyp a irtuin-ehabiting oempdund may

2-(4-fluoro-2-trifluor hyl .-. henélé'%_SH-i 1.dazoN, 55 ridinefsscarboxylic
2ot ¢ nioPss vy R Cethm R e e b s A g R ER e

out | i nedicabaylasenasivits it fstit RIaSIRFoRd Rsd thah kHedOQ; fr inhibiting a yeast sirtuin,
5trifluoronethyl -phenyl)-311-i m dazo[ 4, 5-c] pyri di ne-7-carboxylic acid

t hi azol -spcky pafird sucloanbanside. Sogyrevisiap edsy), even more preferably at’least 10

2-(4-fl i enyl)-3H i m dazo[ 4, 5-

c] pyri d:ykﬁ[ecp}g%g({rl 8&%?@2?%h%%2yl ester 83 as the appropriate starting
mat €5i al . M5 IqkSht)in ealbodinients, €3 R tdH=4d0Rting 6dmPp&indfrpainithve 46:8ai Rty 1 .

Exanpl e 25, Synthesis of | )

6- met hoxPoRHFtEPRF B MOte. Sjiuin profeintioptolegsy Bick emnfPy pHEwe pre ppmore of

1H-benzqf,gll Jn9187 okl 4, QAL PHXINTASSIRGSBRUN oP3RT7 B 6f dhb&iReA! At i on of
0- met hquhgﬁcﬁrnoxy a’mg ne (8%?9’ " Met hoxyl ar’ﬁoneﬂ%y@r ocﬁ oride was treat ed
wi t h an sistdessodatmgiormPemhhasithd abibtygo pralutatelbathial IBRT eand a|SpRiTat us. The
resul ti n& {n'xture was heated to 80 degree and the fraction that distilled
over at %8 BB degree was collected in a receiving flask containing 15KOH

pel Igt s. St epn2khdPeRbolidtdn®Na STR Bt A¥diRto? doBY i hivelaryl dubSBi abititpfel d (85) .
NO2NO2 COOHNH20MeH2NCOO H DMVE 84overni ght 85 A solution of freshly distilled

o- met hy | hydiag pthensinein Boin komelggs swetots) foqgyargple, one or more of human
am no- 5- 0% M5 ‘ i i - B, 2 [.) . in DVE (100 nL
s 120 AURdA- SIS SULTL SRS SR S RIZ, & el EE I B ING Sl onc) 2

( 10nol NeffestiidMor pwdulitihg theadeaddylare @tivitg 6 MhirBaSIRALIUF6r exAhipdd, asirtuini ng f or
4-8 hours at roomtenperature, It was quenched with water and_enough
concent rAp@HatirEcomPoOUBRdmeY be shasep i@ haveri Ty foranoduiatinedyman HE Thi xt ur e was

ext nact ed%a&!é&lgse?c%ﬁy HJ&P% £ R0 DRI RESRDh thel IAYS 5 Pé‘o’(‘hﬁ tﬂ%{cﬁ{é cfr'}l‘}"&ﬁ%) and
conééntrated under reduced pressure. Purification by chr ¢hat ogr aphy
( CHC13- Na@tdnAIRA2 =SIRT3, SIR)4, MR R TE; an$IRI-75anb¢ven xyor priferablyenzoi ¢ aci d

;S B?didg:.}iéq%fél_f% ﬁ)@!f?gie(%%gglg l(g(é @]c{ lg%t ?IP OI:13 enlilgoe 1r%<rar?tE ;1 gPR”P{ modulator
does not have any substantial ability to modulate a SIRT3 protein.
In other embodiments, a SIRT3 modulator does not have any substantial ability to
30  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-
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53- am no- 5- net hoxy-2-ni trobenzoic acid (85, 1.6 g, 7.5 nmol) was di ssol ved
in methanol (100 nmL) and 10% Pd/ C (300 ng) was added. The resulting

reacti on WoOROUYW3WEs stirred under 1 atm of hydrogen at PCFAiR2009M0pEOAt ur e
for 18 h. The reactlon mxture was filtered through a pad of Celite and the

filtrat
2I 3- {jlaaﬁ”l no- %ﬁ gﬁ( enz |%%§é?ezrﬁggg§eoargéﬁso%ﬁ% @@aﬁﬁ%?&&nepar ation of
6- et hox&eaactgr&se( id’tivitytulmtwmtlénw 3 ﬂﬂ&Mi)haﬂxlthdoE]Dgodbﬂﬂnbdtldarzg)anoraﬁm’e@XyI ic

acid (87 NH2HOH F3C Na2S305 CE3 m xt ure of
23" di aeS i In SR e a1 6 SIRTa. 881600 SHRI, prdhseen suore preferably at

(trifl U0 9%}3/'@*? YIEP 7R\ £ Hl@ﬂofoldgegf'lf{b @E&ﬂb&&?ﬁl'e{-}ﬁh%‘ﬁ@i’ dufatdre (3

equiv) in 15Was stirred under r or 12 Upon coo ing to room

t enpér at does not leveaep stbistmtiad ability ¢o wasluldid EUSIéd"lvprbﬂmnNat er. The resulting

solids were collected . by.filtration a rledto ffor

6- met hoxy- 2- (B-SeHARRTREh° raﬂ%ﬁfgp??ﬂ B GRmPON A B Hndng ar boxy | i o

g)CI g 87 eﬁﬁ{lﬂﬁ &ays%lﬂlﬁwro%@ihlo@amﬁ%m VO' R0 10y 0B PFIREH 192 Q0409498 St ep
repar ation of

6- met hoxlyodldymqum@uydynaz-r(:twcet(aquvat@o)mmrh%sb)(mhémtyn))thq&m@mKmpﬂazo| e- 4-

b |
or ocedur 41 RPN PRE0y Fbars gs NATRRY sy Siar B0 W ReRF Pk A BAF 200 UP! 1 1O

Snmetivoxy3,M; 6py, 2d] 30,3011 6@-1H Zcrﬁtatm leifnlbudmmt it Vphsnyd Jetddrhibedha@gihem dazol
e-4- car boxani de (Conpound 632) f

6- met hoxrpampeqttwqwm@wrﬁ@ﬁmheﬁﬁlﬁ&w Preferpdactivptng seraporerderedueathsdm i c
d

?g Ln d?74@f§5di“ﬁ)ﬂq§‘?‘ 'Bktﬁjdt?‘ér gogact!i@ngafg? a)terce@( & taRlcaleld Bl 2EIMRAR] artl 2- 11

N- ( 6- ( pysimdhi chnneﬁltraﬁbrmt l'Bﬁlugcqaghlellﬁn of Zsyﬂ.l)n ﬂ)r (t2 sutisfrate or cofactor similar to

trifluoronmeth 1-1H— enzo i m dazql e-4- car pboxam de ound 620
Step 1) BROLLRGIEA Ay f KT APHSEIRGT ARG paH L BROCEWOSTTSY LoN N
?SZEtSGQOiEEIQE&]thC Vmax O-F‘a sBtER bR By Af facdo PHR 48 Rsabr AW ﬂ'BnﬂCf?-rlt@oZU |3'OC5@-C' d

5 mmol) in ethanol (150 ni) was added SOC1Z (12.°0 g, 101
mml) ator0l 08, ABiruin-eandutating comaewidomay Basean 7125 0rkes Hmdubtleﬂthmder reflux for

12 Up lin 0 t he react,ion

concent rée)letag yfg} C?W %85 35&%?%@%%&@%0% sfj?sﬁrﬂé eac?ogg(tglgﬁéesf\lﬁm

sol ut i onabe@as1 AR tks ﬂlaﬁdb@.&tl 00 e, ﬂé‘is%haﬁl abmel [V sk ﬁmﬂ@%o@tqw legd ed under
reduced pressure and di chl or onet hane to the resulting

resi due. thama QW*PQMM wa&ogxahoﬂé&10|n@6rfmmpbotﬁtl\3?§8ml\4 dippepbui0d -1 ¥M.30 ni n

d
T T e L s e
et hyl 6- rﬁbdajlhte foltt dmye:tyiahmz:myﬂv&ynoﬁ afﬂkt‘lﬁhmcblaﬁ HR(IBZprote(n:ﬂgcé %toh-izti\lmlgqmé Boc gl;lN
CO2Et 91 .92 T ion of e mn0|coln ; . ,
mmol ) i rOuEYAY %ﬁz@ ﬁ‘boréﬁﬁ aé@é%aa‘ﬁééefi{w%{ &a&éacaﬁaﬁgi esseégAgo
mol ) - angrgh- aicn%ﬁnsglcomp%aﬁdnﬁlaﬁfcﬁme(a@-féﬁ agout“l%%s 3@%“51)% §0%, Q%!HtS on m Xt ure

was stirred at roomte erature . eso vent V\B.S rem)ve by
concent riatd,df foldd&l fql(édulzﬁbfotdr gsstar mdatrtdmapf hexdaaretylafe activity of a sirtuin

hex e/dlclor net hape 80 m, 3.1 s add .The resul ting m xtyre was
Cooi b (ORIt 5 85 sene Saliepidig ot el P E-LaRMabbEbaReth ¢ e at: on
and dri ega Ha\?éfdcrlQIIﬂS(ﬁfdﬂ)ﬁodﬁtatﬁ?lSﬁl{TS fHat Ry CREROBM Ffol Dpifslal smﬁﬂ@ 92(11.0
g, 91% 3) Preparation of tent-butyl

6- (hydr osa,mcf oy expater dian that yormedeatineeSIRG3 jands SHRI3.1' 1C02Et LAH BocHN

/1. 1CH20H 92 93 To a stirred solution of ethyl

6- (tert-but oxycarbonyl am no) pi colinate (92; 11.0 g, 33 nml) in THF (120
m.) unde3. ni tEmﬁﬁlavgaUs&dded Li A1H4 (3.80 g, 100 mmol) in THF (60 10 nl)

over_a period of 30 mmat 0 C The reaction ture s stirre t 0 Cfor
6 h3&nd car ef ey ARCHe o)y enpian RERYIASS e tads et mpdyla tntgtﬁalﬁ evaﬂer%i@%

sol uti 0”ac(141t90mr);1rﬁ¥n ofein H¥EMEREE dfARe Mexdofr € was filtered and the
filtrate was dried (Na2SO4) and concentrated under reduced pressure. The
resulting residue purified by chromatography (1:1 petrol eum et her: et hyl
acetate) to afford tert-butyl 6-(hydroxymethyQopyridin-2- 15yl carbamate 93
(3.0 g, 41%9. Step 4) Preparation of 6

(6-(tert-butoxycarbonyl am no) pyridi n- é-yOTet hyl net hanesul fonate (94). MC
BocHNCH20Ms 9394 To a solution of tert-butyl

6- (hydr oxynet hyl ) pyri di n-2-yl carbamate (93; 3.0 g, 13.4 20 mmol ) and DI PEA
(5.0 g, 40 mmol) in acetonitrile (30 n.) was added MsCl (2.0 g, 17.4 mmol)
over a period of 30 mn at O C and the m xture was stirred for 2 h at room
tenperature. The reaction was quenched by adding saturated aqueous NaHCO3
and extracted with et hyI acetate (3x60 m.) The conbl ned or ganl C Iayers wer e



Step 5) Preparation of tert-butyl

6- (pyrrolidin-1-ylmethyQpyridin-2-ykarbamate (96). BocHN N CH20Ms

A m xt ur WO HI03P48g (6- (tert - but oxycar bonyl am no) pyri diPETAIS20090e949§ |

met hanesul fonate (94; 1.30 g, 3.2 mwol ), pyrrolidine (95; 0.46 g, 6.4 nmol)

and K2CG3 (1. ) ed at room

t enperat ure flg(r%grfilg CE%H%Q %ﬂlcfaigg%lg@h?gwaﬁé%éhmss f?a e Mt the m xture
was conQﬁddlulai@d:omd)ﬁndsrwhh.temdhésmnmsmuduiatni@mmmudii admgataqwﬁmiﬁ | ayer was
extracted with EtOAc. The c ed organic, |l ayers were drie Na2SO4) and
concent rRIPEH GifdRCTFasg ala?ela\’% @@9@&?@1\@‘3 OzﬁfSBTLEIn PROFRIL iFtyin- Ieogulatmg

(pyrrol '(,Q)'rrﬂ)olunad ‘('Hgttlné’ljeﬁs}%%ﬁé _har a%d)()lr %@t‘i\q@r@{aesl@tﬁn &)R)tglﬁ ngay % %eﬁﬁ@d 62% for

two steps) ep 6) Preparation of 6-(pyrrolidin-1-ylmethyl)pyri - 2-am ne
(97) 5 BacaHNyN)fQE&EpieunG'Eppla:aggmamcl(udmgf fotr exampplatipé¢reasing the lifespan of a cell

6- (pyrroli,din-1- r|d|n2 | car bamat e 6 mmol) in
G oh or caniieaEE Yol BEE A Sl ey Rl Bt el MR e B o he
resul ti r&aﬁ@eecais@&emﬁmbmema&aItdagafég @ﬁstfe@@'ﬁﬁdb@t@edb@ﬁlw’e for 6 h and then
concentrated under reduced pressure no saturated aqueous Na2CCB was

added t drevrpslegasiativiedisensss; cacfhowmsl@ﬁ cugqasq rbéoomleftlgg divprslersi indlgmenaias. t hen

extracte t oy [ ayers were
dried (I\?aqﬁgf)ﬁl%hd%r gldfr%l ?ﬁ}e t n{&%ucelgﬁlbs?ece}s urg%%lg gtﬁﬁngdd

6- ([AYr r ahédoina fhayinaedukiygpyeffedtine é’mallintlmé aQiftuid-ddoRting 28hpoubidep.g b
Preparation of N-(6-(pyrrolidin-l-ylmethyl)pyridin-2-yl)-2-(2-

(trifl uoﬁ‘%‘#ﬁtaﬁtﬂa)t‘élﬁéﬁyl??ml benzoKi ni dazol e- 4- ear boxani de (Conpound 620). H
F3C 97 HATU W%@H&n@z& £ s &%&ﬁ@%&%eo%ﬂ?b&%@h kA9 aRVAERIYF ©
detailed earlier used to prepare N

(6- ( pyr rtbd irgtant mvymtmm%pmyarami iwith2e sidiin24 (He-sineilddation entbirthe piptuémy 1) - 1H ben

d dazol b ' 620), f . N
oS | R et R S By S sSROIn B ot Ve S b activesiiebdidpibees d 3 and
6- (pYr r ahatdhididthe rembiwhy R¥fAif cRsgs @%ﬂ@ﬁ&m&@dﬁ&hﬁhlg%& dad Bdve
C25H22F3N50: 465.18; found: 466 [ M+H]. Exanple 27. Synthesis of

N- ( 5- ( pisybstantiah strugpimabsimilpyityy r i di n- 2- y1) - 2- ( 2-

(trlfluoronethyl H z i I nd 621).
Step 1) Propar SN EOPOUTATH BRAT bR RAR o pBBIR BRHE R RRORR "o

Et OH 98 Wtaken-dl6x01I9 c@tﬁﬁ'natlon with MEER Edmpdimda Iﬁ@hblémbﬁdlﬁfent a mixture of

2- am no- 5- pyri di necarboxylic acid (98; 5.0 nmol ) i n ethanol (100
m) was B@dEMSOETPIN-Bogllgling/eompaysgs jnay e eg@msrﬁéd & s e5hén Resdct i on

m Xtyr e ¢ I E@pﬂh

t errpgr at }3@%0151111%60?%5%?{%%?1&@ E(tau%?%&l\ﬂfvas&d?cl)ﬁngl HtB fr?1 te htgﬁgmtegs g ceg pressure
and t herandfvo agtivityatfiarsathed pecqelemmay Hﬂaaﬂﬁﬁﬁlsemdlmlmnwmnamddﬁdldﬁ(ﬂmegr eaction

t t dj t 10sol i d |1 ted b
R SN S S L R R LS L AR
Step 2) JBiRanait Parthih- Iﬁ@)dﬂ){é‘m@' cfo‘i‘rﬁfohn@ Hia@ﬁ%f‘e%Eé%QHé/ie@@F ang)onl 'a@th’tyrtﬁtae (100).

H2N 99CO2Et (Eoc) 20 [---02Et To a solution of
6- am norsmunpmicle HQ@Q)G aﬂmlms@redaa cgmirinetipn vithini@itigiq gcid2 dn 4®tmr) and acet one

(40 ) add and_di arbo ate (30.0
237 Rt MRt cohdSnt TR ePPRedlhe IR o hiBP EE S < for

18 h andm&dlﬁ@r&@meﬁayttreaddﬂdnme&lrwftledw@dn@:re%ﬁwfeuov&m@@@hipban@‘

hexane/ di ch] or oret hane (180 ni was added and the reaction m xture was

cool ed tricatipgmities QYAM), suranpa; NE%% &aucir@r%maa@g%s% NIGH 9@ PeEngsgict i | t r at i on
d d t ¢ 100
and dri qg%e@ggr%%g{)ﬁst% ﬂér egg(*éﬁf&o‘ﬁ %?'9‘8 t%%ﬁ&h&gﬁ%hﬁﬂ‘ 1000580 BRY -

(17.0 r tert
5- (hydr Oxepiel loyBashin (Hydrdeyydncsited BUTen 3 4(, $0:10-)-efikaiichidihih ARatBddyddbky CH2COH

100 . a,S d soluti n of, e

(BOr o et S04 B Rt 570 P it i o4 6.97d:427 3 ol ) 10 THE (40
rrL) was Rads Cydrgkfgmhalm?orme) BRiphidiRlchidride 45 7($@ 90) over 25a period of
30 M at’ 0 The reésulting reaction mxture was stirred at 0 C for 6 h.
The r eadtekdry dwery fiakginng delan dedmiyyicesty eandabiscetiidBrig/.Wel .8 (1.0 m ) and 10%
NaOH solution (2.0 nL) at OC. The resulting m xture was filtered and the
filtrate was dried (Na2SO4) and concentrat ed under reduced pressure. The
resulting residue was purified by chromatography (dichloronethane: nmet hanol
= 40:1) to afford tert-butyl 5- (hydroxynethyl)pyridin-2-ylcarbamte 101
(4.50 g, 74%.



Step 4) Preparation of (6-(tert-butoxycarbonylam no)pyridin-3-yl)nethyl

nmet hanesul fonate (102). BocHNNMsCI BocHN | 5101102 To a m xture

cont ai ni NYOt281w0B#BY| 5- (hydr oxynet hyl ) pyri di n- 2- yl car bCAtES2¢02019498.. 5 g,

20.2 mol) and DI PEA (16.0 g, 121 mml) in THF (45 nlL) was added MsCl (6.93

g, 60.5 {Ermh)dr@MBTavend)es, 304 G pdHalPak Xy fldvéne; E&%y;%e@ﬁ%h,tﬂ,ﬂ&?:'[@-ac“ on mxture

was stirred at roomténperature for 12°h. The m Xture was then washed with

wat er ( 2heBamidroxydlavent), OxtiNak 8@ ppldouticin o ¢at angthsd emhodiment doe etimprees s ur e.

Z[‘ﬁ or /e;%. iﬁ-g-gé@i%tg‘%ecto\gl%iﬁ%;%é}! B i BB B 8B Yol i Rehp Rk b G ™

( 6- (t er tiopiHtiaandd oY bRubR B vadbuy BseabosBichMingRir kanapl] dasat e 102 (3.0
61% . Step 5) Preparation of benzyl

?1’46- 6t erdiabsigsongEedagensyative Hiesppssr ¢adiavascular disease, blogd ¢ptiingyiaflgmmation,
6-(tert i idi n- 3- 102;
1030 g LRSI LS AL Lol Unb IR, CRERARERINGERRL S SO0

K2CO3 ( ZodfigisinkG sirtuahgdudatthgNampondag refersé (inpHarmbadeutbdt coZPositipnsnvas
stirred at 60C for 2 h. The r,e% n. mxture was fig‘%er,ed d the filtrate
was condaftGOHPEEC ARG MPEHIENY ugaﬁlég§am89urv§ﬂ%fmrp abqn WiR SNe ef@8™and t he
m xture ﬂ‘}@épédtﬂctagéﬁg (e.%b&&&'dl&%tﬂ?éﬂap%‘a{ib Qéen‘f‘@die%cﬂ‘@e?lhﬁ%iﬁ)‘;‘ Eﬁc!‘@') Bl th vater
and dried to afford benzyl

446-10t eradminisicgticar dfemy loamonoiipyinimiddul dingQosmpopdds with ané omoredherbpoyyicat e 104

(2.20 g, _96% ., Step 6) Preparation of benzyl .

426 ant 1HESYP MEICEEIS RS R B bEE o Pre T BoRpAs dep6aYe nESERR N N Cb2
TEA 104 foahdiaRd in the sarhe cBmpOsiHbnsqBuOhaPBeBitkent within the same kit or package,
44(6-(tert-butoxycarbonyl am no) pyri di n-3-"yl ) met hyDpi per azi ne- 1- car boxyl ate
(104; 2.spoh gs a Blisier negk Oy othar mpihehambee parkage; comasiey, sopamtadyieradedTFA (3.4 g,
31.2 muo 0 { r L oR.. .M stirred
2t r oomeeaiaRisrd R oA FBOGBN LG ot BE bR b the SATH ARi R e st 2 (0
Enough sabdulairgctoatpsand(s) ML thaspauddagerit@) adjiu sépatdhievepst]s). Whehhe
resulting, mxture was then extracted w th dichloromethane (3 x25 nL) The
conbi nedlsa}ggssafﬁrete|fa%¥1§ﬂ%r§e 5@?191@@0(1%3@&?015%@@%%% admipigtergdriths educed
pressur ; - - £ wi

D mopyr e Pr i ferthore Yt o) spbseguent 0, or combigations thereal wilbdhe o o) )
Pr epar atadonnisfratimensiahother therapeutic agent.

O e SR P AR i B REel L iy SRLRR G do) Py
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(3; 306 ng, 1.0 nmol) and benz

4- ((6- arPTpf sitin gl gyfoms &Bﬂé&@zﬂrﬁ@d@@ﬂ“ﬁbﬁﬂhamlom@mfe subj ect ed
0 e e . n C . | are

benzy! A0CEPSL SRy RTHE Baf B B RGEs e et e By edfesdieP

car boxaniudlzldacid thanerdodeedinyippF aresxamphe tht-lewdl bOx yirtairecahQe ifct8dkedth a 45. 6% .

15 Step 8) Preparation of N-(5-(Aocerazin-I|l-ylnmethyl)pyridin-2-yl)-2-(2-

(trif1 udrgRmahgrosildnmirodugingsintohe magunelias-call aapslsicandiancodingibi Huwp 1) .

To SOl i . | . . ' . . ' R

ha( &5 ot PBreBin B¥Acl of SIRTI by inrogipcing a pugleic acid enpoding theapnino acid | 1
n- 3- y Oretiyampe pa farth imeGdnRamk HoxcydsatneN¢. NS ;038810 &Q/orgncrBasiiy therbdvel ofh

nmet hanol i, s, added, Pd/ C,(0.1.9,.5% on carbon). The reaction m xture
was sti rsrléﬁgéafdéﬁro Heingd Ia%clqu:zacr%%n@%lr% the, AMEIOAFIG oy SdettfHthﬂfbh a pad of
Celite. gdimnkidcdcelim NG LQDeRNt rat ed under reduced pressure. The

resulting residue was purified by chromatography . o
(di chl or onet Hanuclestahislitbat=s intiodueedantocy atliNo (1Br¢asé therpaetein-leviel of a sirtuin

yl hyl ridin-2-y1)-2-¢2-(trjflu I ¥ 1oodH benzol dl.i m dazol e-4
b e R B S s L I S AL s S

C25H2 3F3NEEquéide. of Y sirhfig e, SN hidvédr SR T3EN@iteh. & o2 8xarmyle} the siideiefacid
2-(5-fluoro-2-(trifluoromnethyl )Eheog%léo- N-gé 5- . . s

( nor pholenaediag Rpdpoieingnay be gtigast shaye REGH B Tonf Gaztn"e- W e o1 B8%adertcal Conpound
624). Step |) Preparation of tert-butyl

5- (nor phol i nonet hyl kyri di n-2-yl carbamgge (107). BocHN norpholine N 48
BocHN N 107 10 102 A m xture containing

(6-(tert-butoxycarbonyl am no) pyridin-3-yl)nethyl nethanesul fonate (102;
1.21 g, 5.0 nmol ), norpholine (48; 1.31 g, 15.0 mmol ), K2CO3 (2.10 g, 15.0
nmmol ) and Nal (0.12 g, 0.75 mmol) in DM (30 nL) was stirred at 80C for 4
h. Upon cooling to roomtenperature, water (30 nL) was added and the

m xture was 15extracted with ethyl acetate (3 x30 nL). The conbi ned organic
| ayers were dried (MJSO4) and concentrated under reduced pressure. The



25 the pH = 9. The m xture was extracted wi th dichl oronmethane (3 x25 nlL)

The conbi ned organic |layers were dried (MJSO4) and concentrated under

reduced pWOSMUY®3IYE af ford 5- (norpholinonmet hyl) pyri di nPETAM209/03088 (0. 85
9299 . Step 3) Preparation of

2-(5-fl |
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2- ( 55f | vonditipng myﬁmﬂmbdwbtlﬁyﬁﬂlm@dﬂwamw}z&s@]anﬁﬁ&ézWihen usiz@e boxyl i c

id 109. df C25H2] E 0 499. 1, f d. 50 M-H] .
O ammicliEp AT ey SR8 4 Sloreg B sl BEO ot v Bty MG R s 6.
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( Conpoun Step I) Preparation of ethyl 5-am nopieolinate (111).
sod 2 11acmvaeca-ws gm@&mﬁﬁfw@dmom#néoalywpwmﬁo erpressanpsebpeertiona aci d

(110; 8. g, 120
nmol ) at tﬁ‘f)gigu ﬁ%}gt 19%1%}%\1&2{?1\;6;&39&?@? r é)éa%or%%tazp r&% ugtdcﬁ %@%%1@&& cool i ng

t 0o rl@om SIBM drasingr&snBahle Acesssion Mo, INPX DBI6 3 Onpefaabig eorithiat €t dondsrucheeduced
pressure h sat urat ed aqueous ZCCB sol u ed to adjust pH =
9. The ré%ra‘vf LfﬁaC%eﬁfrH?t@rwgl IMef &ierg t%ﬁraﬂfor?éliscﬁ%. %P?aqﬁé?@%&ﬁk EdCersigar
reduced s 89 Y3633 @ “ﬁﬁé}parel eRQREDBY nacl8sidReRsE ) 99935 chBhnk Acéeseronw Step

2) Preparation of éth 5-(tert-butoxyearbonyl am no)picolinate (1
(Boc) 20"NM l-)im3l8pwhwh|mc¢m1155&€@ tﬂ@EADﬂzmdmgais wekitas e smfostmthbindmg

Ly was e pe E oot B3 gl ap D bR 15 6 114

g, 96 M@énBanitPecERA N NP 1088810, Whldﬂ a2t YR 8@ By ahidlestRIds 884 toDMtgnper at ur e
for 18 h and then concentrated under reduced pressure. Hexanes (150 nlL) was

added arfaenBeak ficgesgion NadNMa0l %2481 te abogt amine pcids B42 tp®3 i &ienBrelat ed sol i ds
| |
e <0 sy ) bt A 09 AL s

Pr epar atA@as@(fn NerNMo 01 Y1386 of imyawbwymm&acﬁc)smﬁmtd “P5 3f GeBahanmessiqnl 13) .
BocHNN4. 9--- LAH-N' 112CCO2Et 113CH a stirred solution of ethyl
5-(tert Iﬁ%%w(%éﬁ%mc&ﬁrﬁsmdeéby HH‘EI%Ot(dfi§1383 B3, offwnﬁa%ﬁﬁpgssm et hyl

et heg ( )0 a égopég g (100 n)
over%ba é\g(?lwﬂg—o 'gngﬁglg}thé : g%aelﬁrpgghd(tiig%g re(‘)calcci)ftllrb gn%&%tg%aggévas stirred
at 0 C k@piiitiQ, tararedefdrennacizacedrdinigyto methnels ddoty i theeftul |y addl ng wat er

1.0 mo dlo%\laC]—I I ti t . th
F1icrare was BeFbHT RSB R Al iogh Cote g PRI B disetiod fhesta e

af ford t@§drddistidih ﬁs{rﬁhﬂhﬁ)ﬁﬁlﬁﬁh@%&p&&ﬂ%i}réﬂso Yot R eBreBsidgl he (ot 9

789 . Step 4) Preparation

(5-(ter tle‘{ﬁhpﬁﬁ ylé‘alﬂlb@n‘sh @rﬁumﬁ)lrﬁlRleh WQMnd@tr WRTI,®r hemietags sharéadnat e (114) .
NV I 1 2

o ( Fdr TREETEic) o atoreis Joyel Gtk AR BoRlinb B el bponm iniheary 1y pea
(7.0 g, f&ﬁeﬂmﬂplejanslan&lé&ﬁkeﬁwnw&sc addied alvﬂﬁiymata‘igged /thd siftiil ganover a
period of 30 mn at. 0 C. The resulting reaction mxture was stirred at 0 C

20 for merexareasedria thegisin Ariomipant REgaAtVE STRERMRARYH CapreBHEniRRpidemot The
m xture t t Om(ﬁggn organic
| ayers m%l%i%%ﬁét?ﬁtlﬁ@b@?)ﬁ%lmg??% %ﬁ%@& g@??éﬁ? ?Jg'g%}gpunder
reduced desaiedyegt ,m add eradl (Q(H)IOtCeiltlh?ltléﬂycambbufeﬁl Attemalipaty i agents Zhay | ) met hy|
met ﬁgnes%}aonate 114 g g This material was used in the next step

t RQut RRIPYEPSHRHPR tELhbs WRU- 25 Step 5) Preparation of tert-butyl
6- (nor phol i nonet hyl ) pyri di n- 3 yl earbamate (115). BocHN, cN 114 norpholine
SocHNN r o 48 CH20Ms115 A m xture containing
(5-(tert-butoxycarbonyl am no) pyridin-2-yl)nethyl nethanesul fonate (114;
1.70 g), norpholine (48; 1.0 k, 11.3 mml) and K2C33 (2.30 g, 16.9 mmol) in
acetonitrile (30 nm) was stirred at rqgmtenperature for 12 h. Water (30
m.) was added and the mi xture was extracted with ethyl acetate (3 x30 nlL)
The 5 conbined organic layers were dried ( MgSO4) and concentrated under
reduced pressure. The resulting residue was purified by chromatography
(petroleumether: ethyl acetate = 1:1 to 1:3) to afford tert-butyl
6- (nor phol i nomet hyl ) pyri di n-3-yl carbamate 115 (1.20 g, 71%for two steps).
Step 6) Preparation of 6-(norpholinonethyl)pyridin-3-amne (116). BocHNN
TEA H2N 10115116 To a solution of tert-butyl




H F3C NH Ai. N Conpound 656 The sane general am de coupling
procedure detailed earlier was used to prepare 2-

(5- f | uor oW2-201%/9089480r onet hyl ) pheny1) - N- (6- ( nor phol i nonetPGIEEE29dHMIB- y1) - 1H
benzo[ d] i m dazol e- 4- car boxam de ( Conmpound 686) from

6- (nmor phol i n i

2- (5-fl uoro- gﬁ%{hmf Og)érrl%cﬁle%lﬁlgl%r%ﬁgﬁ}#?milé?%sg‘ﬂg%tn& Ude élzl%qsefozlmgglrl altln%/I iC
aci d 10%he NEan&fptioncaf (génésOéncﬁHBiQZiﬁﬁhiEO&et%@ o, stilﬁlﬂﬂdg/déﬁ@ﬂn][liﬂi‘g'ﬂthe 116
Exanpl e 30. Synthesis

N- ( 5- rret%ﬁemnéwmlél\w)armther(m@tb@dsd@pmvﬂgﬁ%yr. di n- 3-

y1l) - 1H benzol dl i m dazol e- 4- car boxam de (Conpound 703). Step |) Preparation
of nethyl 2, 3-di am nobenzoate (118). NO2NH2 NH2NH2 0 00 O 117118 5Met hyl
2- amSno-AeingAStreksenzoate (117; 3.2 g) was dissolved in EtOAc (100 m.) and

10% Pd C (.200 . Th t
ydr ogenat S in0e Ftbo @a’?frﬁngdgwa?w@mrrg@g PRef Sgeatns Bl “’?95 anc
filter ed;enhéﬂé&m%%he@siolﬁéra@% éatp‘ﬁmtyT(Iﬂea ddlll L1648 Wy SONGENbroRtdRg

reduced pressure ford essentially quantltatlve yleld of methy
2, 3- di arfundpalivi escld, delayingl@ligtag pereycepeeivan cell ovimisking the effects of calorle

{1 R TR AR W A AL BRSO SRR L ¢
t akgn urbonfacmlig:ﬂ{e&emnhad onginwhbdulatiighinpdusd of deimehenz dat @olkeds thd. 86 g,

5.23 mmol ), HATU (2,98 g, 157.84 mmol) and DIEA (1,82 nl, 10.5 mmol). The
r eact i orleYAl Rpd/Peaciydy of PrSFB’éP BEOtGiR JAah EXPBP altylﬁrnéqueﬁlermsthﬁ mqﬂioctﬁ/as t hen

i 11t ed o PLOACeIaRDE) Wi b Bk Ehor AhChkRZECY and concentrated

under re pressu crude net m no- 3- (4-

(trifluor orret”Jﬁ;eDnethmﬂs dmmhzbd)liammzmmytbe uddd to inatase itled ammamt bhtoma thgy in 5 i
of gl aci ah acet | cid and %03 rre 60 for 18 h, The rag?}gl}l%lgn m xture
was sti riees PAFHCYETlY Rrigpary gel lﬁda S| PCCgro apOTgguIS, [Py B room
L enpar atyng %weqﬁa%enkﬁ%@%ﬁ&%ﬁlcrﬁw@g RNESRMFIBripdiBe eBS 8hd oG resi due
was dil uted W|th Et 0Ac, washed with dil ute aqueous I\B dried (Na2SO4)
and conchffencatiateld thqwélrom,enwcﬁé@ mgir\elﬂn @smmframdumn@cmpmﬂ that
2(4(tr|fluor oIe4car 0Xx te.
This rcibrries RICE AR A ”fyl%éﬁ?w A R T
(0.4 9) iakditstifér 8dgatpeRdbd0sTink«E SREK aélurcanmb b&&sdrd foll ienspRmedtiodintdiaxt ur e
was concentrat ed under reduced pressure and neutralized with 6 N Ha. The

resul ti rigbisel pds aller & W medifisatify filtration and dried to afford 570 ny
4-(trif : |

ci 2 ast6 vi gy SELEAEKEL Ll ie kb BISRALTIA RER Brpac B ALY 2

C141- 18EniN802treadétlrwib a sfrauimeaioddddng bhbound thatShc&aasas ther eyeh aad/ o0 tiofty

N- ( 5- t I th | 4-(trill - 3-

bens ol afqLA Ao Petein s e e e SHAaT (st Bood el fissmcb i ggrea

2-(4- (Trgr6¢v+h%9ar§téﬂyp9y15'tggﬁes%rMﬂg)anslkoite)bﬁﬁme[b%ddeoqﬁ%é@aﬁoﬁl garboxylic acid

119 was coupl ed to 2-am no-5-nethylthiazole 171 using the sane general
am de couthvldmgl ’qbr pumpdsasef slansihsiomag be treatedl ovith a sirtuin-modulating compound

l.t hi a -(4-(t I t di
Loy 2y thALelREe i el oGPtk ph R R R TS Ploodeei ) cal co
for ClSJl&ﬂgdP%H@&fs of 41, A dditfontnd bldH¥o bivihkdd foE&ﬁ%@Rl wposeSyidlyhgwite Of
2-(2-(difluoronethyl)-4-(2-norphol i noet hoxy) phenyl (pyridin-2-yl)-1H benz

o[d]im dﬁ%ﬁ@dmmaraw%am@@%mﬁw@mauw&w mSteé-iﬁs 11}6 leyed padiat paivitgfol

2-b 5=
i xt ur & PGB DU SR BN e tehd et 15 e, o protect gegfie)
chl or oetdpypibsieipdhade dells Et)tctbﬁmmhmromﬁeg ( 8B; frdm ﬁotj}huﬁl@n mmin)lals tsuEJIVEs (75mL)

was added K2 10.3 g, 74.6 ). After reaction 2h at 120C for 3h, the
readti oﬁn?ﬁtmcﬁ@(t\ﬂﬁlés Qﬁﬁ@h%gh‘@&gngle@ddl tion of water and extracted with

Et OAc. The Orsﬂ?fﬁﬂncmb&}{&&’n ﬁhh@sdth&\ﬁﬁére%@ tf%!?}@%nﬁfb‘i' aGPRGASH AbGA under

reduced pressure. chr omat ogr aphy afforded 2-
br ono- 5-fr@teimmghalse h@eppimﬂyi)lbegzla\redimml hﬁdg(@vthghasw% magingld pwts, sol i d.
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Step 2) Preparation of
4-(2-(4-brono-3-(dilluoronethyl)phenoxy)ethyl)-norpholine (123). CHOCHF2

To a sol UWPGA1MF3@Spr ono- 5- (2- nor phol i noet hoxy) benzal deRgdaISeA@D#94487 g, 15
5 mol) in CH2C12 (30nL) was added a solution of DAST (3.63 g, 22.5 nrnol)
in CH2C : The lgin d under
refl ux 131 %s;@%%g@%ﬁ%g%nes églt ?rgﬁscyﬁ %(% Ufﬂ%&\?\n?%}d gﬂl]arcg%il éI|talrt1k'£ ﬂgle \se@fedéﬁé% EgI{ﬁﬁaq ueous
NaHCO3, amdtrgxdwtaprasssm t h CH2CL12. The conblned organic | ayers were dried

(Na2S™4) and conc ntr under yedu ressure l.um chr opat ogr aphy
af forded 4- (2‘“@&0 Flote? %ddmi’@t(ﬂrtPVUBP ‘E%F@HPP@HB% lﬁwe?%L%[‘% 'ne 123
(3. 13 0,an8RYhcanofaduid PrdteitY rdyl be 1REE R, Bdat BEIRRREAL T&Qra?ﬁg lantation or

2- (di fluoronet hyl) -4-(2- nor phol | noet hoxy) benzal dehyde (124). CHF2CH F2 OHC
n- Bubbi Dk therg8@, ivhuding forexample, satil tasssopuafts angaf transplants, cell

ol ) TR p80 ofie B TR R pate S BT GRPED el adiogit oy 0
1511. 2 mmRkiafiah syngBafeor J Réno; b el fakbiedaybirtdted Wah tifd dixnigd at the

@u%
same tenperature for 1 DMVF (1.24 17mmol ) was added dropw se. After
sti rri ngnedidatiigeompeund pﬂcrm@dm@ﬁstéaﬁlo iplantsiian, @ocwrentlysdthur at ed aqueous

NH4C1 0] i ned
or gani ¢ T et R ASCad b R bl R0 o SRR TECcr e
Pur i10i cadklloor tygue hiag rategted priyr ‘@frfaﬁbdﬁd)fﬂ&e(déilfs froar thedbiot ihdi¢iduzl, e20

mor phol i noet hoxy) benzal deh de 24 67% brown, yellow oil. Ste
4) FF)),- ep:'i’lné?tq ﬁ)r(%poval g? the ce s or tiLssue t(rom the donor 1nd1v1guzﬁ or post 1mp?antat¥gn ! P

2- (2- (dijfdoupg %&g{lpor%x&%&l@vﬂhefaehar;@n%&@ a{t)lﬁaﬁ%magrl%h%@ﬁ%sﬁl m dazol e-7-ca

rboxylic acid nobenzol c acid (1; 222nmg, 1.5mmol)
and t he systememfpwdihregsi@uin-modulating compound or rnay have a subset of cells/tissue

5(di fl uqropet hyl.) - 4-( 2-.nor phol. i.noet hox de, 124 were subj.ected to
The samd<BBRdpeay It Sa TP REHaT UATR A RES R kiefer the vl Hidfor S

2- (35 ( didflayatenptdiih) médettdn embodiments, the cells or tissue (or donor/recipient

mor phol i noet hoxy) pheny1l) - 1H benzo[ d] i m dazol e- 7-car boxylic acid 125 (300

ny, 48%1nd1$tdgpls}31)na]bﬁ jtiprallyds tespted with another therapeutic agent useful for

2-(2-(di f!)l%ﬁ %a}}‘y%u)rvwal( Cg}m (arégiﬁg L:)ﬁ 11

ol dl i m cPazo car oxant & ncq@?%ﬁ%ﬁgﬁ%@%%&t %l - 1H benz

G 8950Can21ﬁ@10§9m&r|ﬁ&t@am general am de coupl ing procedure detailed earlier
was used to prepar
(2-(difl uoroﬁﬁtyﬁwt}wrm@drm?rﬁmﬂlmér e rgatpth @it B ifquippyedudating2- y1) - 1H
ben d
?@E d}dfofﬂggr e {h%FnY/u] @%@?@@MQ%&@%RH@%E%%& LRRin in vivo, e.g., to
m)r phol iinaredsk ohey) Jofespay b pidtehieapppfodisi Fordaznple; ﬂelnaarbbapﬂotecctedcfrdn 125 and 2-

15ami di 89.. M5 (ES | c FANSQ2: 499. 16, 500
V] | B & g8velaphe NERIes P S latipl i A Ry BE skt SPUR S

(trifl U%Qﬂﬁélhﬁmm&ﬁlxﬂ]g MMH et 1&réﬁ&éstm&6mmlabmﬁaépi Srifin€ar boxami d
e (Conpound 757 Prepar ati on of

(S)-4- ( (motbmohmrtse)(emplﬁrly @mbomemy Eﬁmhe aogoterbwitl la)pharngaceptical or cosmetic

di mi Y dohinds 1ﬂl,goxo al'l néa u‘%]i;é odulati 0 at ¢as e leve or

(s- éﬁf‘%’f’% ¥ ROPPLInG 2 ST M uIFting grmaRaping it dacseasss the Jevebgpdlor ) yas
added t(hcﬁwgsl %ﬂdls’lﬁuﬂaqjil@tainnEﬁ@nﬁl‘dﬂfﬁﬁ'ﬁ)afﬂu(tiohs bt skon esmtitiots)ipnensibe( 126; 5 g,
20 mol K2CO3_ (8. 30 60 mmol) in 20 nL of DMF. The resulting

react i oﬁrqaﬁesétlm a@%@% wthrg%matmé@@%beddl%em ipsiflecizordarg ox diseasesm

t enper at L OAc.

Th(rarp conbalggnog t%?@éwﬁé#gﬁe%&&%y ri esgk%%ﬁ%%%és gﬁ%%ff% Eﬂgﬂe@ ‘under

reduced cpmpssitions findetilitg swutheippgyentai oiutecatvasnt pd nomtaﬁdiehyatanr(omdmg aphy
etrol eum et her Et DAc =.50: 1 for e . "

EE) 39 ( (B SRpasL %{@PW%M%{%W%&%MW& Rippic dermatitis (also known as

di met hyl ‘Il@ﬂg%: Qﬂz@?ﬁgj @&ﬁné ﬂerﬁtosé%@ratnﬁ&a@i@n%)soPde@Pﬁﬁ@}ﬁ&HQ e&ema),
(S)-4((2, 2-di et t hyd- 1, 3- di oxol an- 4-yl fi net hoxy) - 2-

10(tril Ientdueun@lwhy b)llbmaziaﬂed@wmelu(im&empﬁgus oliatiye desingtifissetwhrhaBuli i n
hexanes (6.76 nL, 1 6 Min hexanes) was added dropwi se to a sol ution of
(S)-44(4-bronn-3-(trif|uoronethyl)phegpxy)nethyl) 2,2-dimethyl -1, 3-

di oxol ane (127; 3.20 g, 9 mml) in THE (50 nL) at -78 C over a period of 30
mm After 15stifling for additional 10 min, DW (1.4 nL) was added dropw se
over a period of 10 mn. The resulting reaction m xture was warned to room
tenperature and stirred for 30 mMm It was then quenched with water and
extracted by Et0Ac. The conbined organic | ayers were dried (Na2SO4) and
concentrated under reduced pressure. The resulting residue was purified by
chr omat ogr aphy (petrol eumether: Et0OAc = 50:1) to afford (S)-4-((2, 2-

=




NH2 HF CO 1< O"\O DMF, 1 00C 151,

(S)-4((2,2-di nethyl-1, 3-di oxol an- 4- yenet hoxy) - 2- (trifl uoronet hyl ) benzal dehy
de 25128 WO0tEHS¢48d wi t h 2, 3- di ami nobenzoi c aci d! fol | ®EUTAH201984%@8e
general procedure outlined earlier in order to prepare

(7111 UL O Ry TRy 1 LEElfor b T af i Besor s 42 Eempaodprm dpitng o1 ep

4) Pr eparaageddry the sun or other light sources, discoid lupus erythematosus, dermatomyositis,

2 o b D P P RRGHLRL 2)
(S) - 2- (AhédulAin doRipavAdslthd-iHiRxeRO ede bR RENy-o?a(sivhlih bHEia MRl BE ) pheny 1)
- 1H benzo[ c]i m dazol e-4-carboxylic acid 129 was reacted with

2- amPonopyt fatithetrggmenti ofgvaunds ardier husesctpipsemete igdinge insliding, &et exampleanpl e

25, st t > -2-(4- (2 3- . .

ai hyar onyRroRsR OB el Fer SR iarmal semicel sy e siieb oW R T1 - benzo o) i
m dazol efofnuldfaamaxisaaditin{stspeopitdlly, 3d Jhe sk drirlidosslalset. f or

C231- 119F3N5Q4: . 472.14; found: 473 [Mrl-1]. Exanple 33. Synthesis of
(S)-N-(3-(2, j[mqﬂg}rwhgpabmprﬂ%mggnwmrtum—modulatmg f:ompounds that

g rG:Of : ;qu}é?!%stg?g% ?egﬂea%%ﬂ/jo} ad i8R Aih BEAGA WheatsoBR RO ApAGediRNPRUNd 725) .
(R) -12, 2-diemepieydntive( (BaprisitionsWhen yjeden hghdmdpraveaitiox oledrod, {ukd@ible 15

3-Ni t | 130;. 2,0 g, .14. 37 | .tak ; i 20nL of hyd
OVE 5l oRER b plia ooyl St enin R eg gl 35 05 ot ande
(R) - 4- (chl or cyRfinYhe dul i GniPbidsimdy Be Qd1RXRIIAD&IIY b3 bystémRallfHo a 18. 68

nol ), The resulting reaction m xture was heated in the m crowave reactor,
wi t h st isubjedigIn ene epdigodin@eritor sigtuin-modwating ehenposad i5 debive@diecellpteawas rinsed

wth water, filter and tract.ed wi.t ichlorongthane (3 x 15 nmL). The
conbi ne&lsf‘)l}eg(gnolr%aq eslpigje\ﬁg%(yeméerclglgﬁ’ t?mggg qutﬁ%l’ g%hcent rated under reduced
pregsur e. Thdnkastitt driigbdiRshtddl SirtvasSmpeilhfineebnpouad tiaicagkenhy 1dv8l ng et hyl

acetate: pentanes to obtain the desired product 132 as an anber-col ored oil
(529% . asfiopagvityrafgpirain prpteip may be used for treating or preventing a disease or

(R)-3(( ] - g - khi-ne. Under
nitr ogeﬁc?gégbg?\/@géd %Z%Qérg%(tg%g?géhﬁn%gﬁs %X%‘ﬁ%z‘(‘%@% f05,2. 54 mol )

wer e cordecreesing flelrhiews derdeycemde bf 4 oubjet, e.g., after onset of senescence; methods for

(R -2,2-dinmethyl-4((3-nitrophenox hyl )-.1, 3- 5di oxol ape (132; 1.8 g,
7.09 mw}eggwa_t‘éﬁh SPGB Wﬁ&ﬁg%ﬁﬁmmwre{%n&@.%ﬁé O The reaction
M XbYr € Waditish 'rélﬁtﬂ{% 18N8 ah GhétHSds BF trddding-or gmeﬁﬁﬂ’gﬂ@di@@%@ bl &dndiviss filtered
t hrough a pad of Celite gnd’ the filtrate was concentrated under reduced

pr essur gelalingtorthe pralifergtiegeapocity dfaopds; and snathads dort tewting bhpeiverttingromet hane (3
X 18 M The SOMbhicd LARDCl ANPAS RS b o LNERRRDoafshsaReent rat o
1034( 2, Znalho®ides holacd beidexiehaf fhe ¥RBBE bevhyeAsY dfl diaded3ndt bhartdh thd 9% yi el d) .

The material was used Iin the next step without any further purification.
Step 3) litewpaphe p@hedfIn certain embodiments, a method does not act by reducing the

(R) 5 ( - di iyl - di oxal an- 4- yOret hoxy) phenyO- 2- ( 2-

(tr i2$'|' ugé%?rléy %é‘%%%hgﬁy@%@iﬁﬁgcglnagﬁ%e?‘m dazol e- 4- ear boxam de (134).

152- ( 2- (Tri f [Ihgewanetity Enpbdimeh), akitienzouthlingicoiapoiret thatGacieasey thedewti d ( 3;
75 ng, 0.24 mml) was . taken up in NWP (2 nL) along with

(R) - 3( ( 2ndlogpstitityyof asirbuppEen ApayLe W%FWWyaﬁN%ieﬁ@n@i@s to gonempllyy 0. 288
mmol) a Q. I ggn%la s added and
t he resgﬁ?%ﬁﬁ;{fg%ﬁgﬁ’f rlnLQ ftél%rééﬂ%i)mstt |tr§r€\§§il%z]a'c}téalrﬁgtﬁegse%%érat u)rngy\?or 12 h.
The t enmgopibsisdt isdsliteithatdreatiog & eulfiect ithredcanimund degcribead herkinus einfilir was

al | d.to.stir for an itional, 1 h, The reaction.mxture was dil uted

i t 0t Suiiisaingi R bl (s B3Rl 9B P RneBhuth afeipliRR ity by
silica ggly shdfamméiPafapiy to afford the desired product 134, as a yellow
solid (51.5 ny, 42% . Step 4) Preparation of

(S)-N-(3-(2, 3-di hydr oxypr opoxy) pheny1) - 2- ( 2-

(trWior onet hyl ) phenyl) - 1H benzol dJi m dazol e- 4- car boxam de (Conpound 725).
42



Compound 725 To a sol ution of

(R -N-(34(2, 2-di net hyl-1, 3-di oxol an- 4- yOret hoxy) phenyl) - 2- ( 2-

S5(trifl uoWord8limpy4sheny1) - 1H benzo[ d] i m dazol e- 4- car box REITAE201DB494981. 5 ny,
0.1 mmol) in 3 n of TI-1F was added 4 N HC1 dropw se until observe col or
change, sol utd t I f o i s added
and t he sol U'[SI on s éﬁ?ﬁj\ﬁeﬁ)ﬁ%&s}?ﬁh letn &Ire%%%h(?g%le%ng{%rm&\f §1_Of0d ol . The

r eact i onproiekt mag bsvadmuhidterce th aM;LthJEcNEQHemw agingand egiogntlntat ednsegaeices educed

L i CRSSTS GReh b BHRAE: pestha hoBELe s SSB Y i o BraRpbagh i 4
(32.5 nQAlzﬁér@ers &@ez(sg%ﬁleﬁédrﬁﬁﬂngEha@gﬂbe]@%m%de fddtarldtsori@ingds | 472

[ MFEl ] . Exanpl e 34. Synthesis of
2- (35( 2, Bsatiated with ther ggieg ofiby pYﬁeﬁmaSNa(at&@t!agbucczngs:B)ldanehzo[ d]i m dazol e- 4

-earboxa'd nd 576 Ste Pre aratio f . .

o O o et ah B A Olerin b SBpgtndy LR HeRAsOfhe st e aqgivity of o

3- brom%ﬁﬁﬁgﬁﬁéﬂi@ﬁn k3 %e a&ﬁlrﬁst&ed Wﬁbjﬂm for trpdteRANEr disedsesdé.gl, ciirBnit 9, 120
and TsOH (O 1& in toI uene (200 m.) was stirred under reflux in a

Dean- St gHfcagis: @%SO@@tp mathgell dgathig qlideTUbBWtQ%BICMBS freny sdifegdnper at ure, the

m xture % d and

concent r%@?ﬂ%ﬁg{era% d‘ﬁfeot &S%g%&ghare to a‘%Lﬁ Hgdlsegtghééugﬁaq uant| P’atI ve

yi ell® oforanusdelaPed] Bddattosroplfmytign, :I;uarasdiadszqam sifibeaas Aelzlyeeﬂnbﬂmdmedse,( 25 g).

Step 2) Preparation of 3-(2 di met hyl mor phol i no) enza 137

A m xt urBHIEEIRSS Ieﬁq%a@nmrwgﬁﬁfﬂ%éﬂmw, ar@ravsaw&ﬁ YS(trf@ fglylfﬁegF&lnsn%@ mol ),

2,6- di g ?Mﬁs‘mfseﬁ% hfﬂ@éd&é%@ en;l:ra:tlﬁjﬂngf the- bﬁl}’ﬁnr@ﬁ@h Ls CP&%@Q@)&OB%%GQQ}

NaOt - Bu ( % and BI NAP of toluene was

stirred ratlnltlepigmcntasaa&d hereIIzmbndcgmtnahgl,myalczdyﬁplasarpmhaaswpbwtlemgh, cold IN

HC1 (50 was. added adj ust.. th H= 1 e .resul t|on m xture

W sti il SR Tishs Ftbtitial BferPiom ety FRAE Sifer SBR A ust the pH
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5(3 (2, 6-di nmet hyl nor phol i no) pheny1) - N- ('t hi azol -2-y1)-114-benzo[ d] i m dazol e-

- car boxam de (Corrpound 576) from

th hol i no) phenyl)-111- benzo[d]i m dazol e-4-carboxylic

aC| §(5 "a’? "Qscgy d ’t‘% f’zol e 4. M5 (ESI) calcd for C23H25F2N503: 433. 16;
found: 434 [ NkhhhothExanipddimai, theymidnaeien provides a method for treating and/or
(R -2-(2- (dlfluoronethyILaphen yl)-N(3-(2,3-
di hydr oxFp¥eaEBg ¢ Famiaypsouls disentsrhy. aﬁlﬂﬂlﬁ’éWElBg&I # ﬁ‘f‘?:]%%éﬂ oot therepfsiriiae
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51 or ot tging B ﬁ%?%@%és?%ﬂ%lgvﬂéﬁ%f aotiiy pfasgyin protein
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o Tt e ot g eaee i B hap il e R o ddan aRpRT S 0 ¢
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i ce- col drardigrdyenathy, elsgheliceprdipmypprithiatdeugninduens| Jaediomplopahy, iischemid on, washed
with water and dried to afford 5-fluoro-2-(2,2,2-trifluoroacetam do)benzoic
acid 20140 (13 g, 809%. Step 2) Prepggation of

5-fluoro-3-nitro-2-(2,2,2-trifluoroacetam do)benzoic acid (141). N2 1
fum ng H NGB0 N CF3NACF3 HH




HOOC 140141 5-Fluoro-2-(2,2,2-trifluoroacetam do) benzoic acid (140; 1.29g,
5.1mmol) was added, in small portions, to fumng nitric acid (7 nL) at 0 C
The resul WORg1WW3&Bi on 5 mi xture was stirred at 0 C f oPCI/U o/ 0¢heh pour ed
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(2-(Di fl uoronet hyl)phenyl)-N(3-((2, 2-di net hyl -1, 3- di oxol an- 4- yOnet hoxy) phe
nyl) - 6- fluoro-1H benzo[d]i m dazol e-4-carboxam de 147 was obtained in 48%
yi el d (204 Depth/OdaceES| ) cal cd for C27H24F3N304: 511.17; found: 512

E I\R/I)+121]( 2-( g;[ ? Uzblln ! ftﬁ%{%@}%ﬁgdﬁhﬁgnf@aﬁ the level and/or activity of a sirtuin
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44



10 di hydr oxypr opoxy) phenyl)-6-fl uoro- 1H benzo[ d] i m dazol e- 4- car boxam de
(Compound 811) (160 ng, 87% . MsS (ESI) calcd for C22H24F3N304: 511.17;
found: S5IWO20MM03048xanpl e 36. Synthesis of PCT/US2009/049498

2- (2- et hyl pyridi n-3-y1)- N (6-(norphol i nomet hyl ) pyri di n2-yl)-1H benzo

Edl i m dazol e-4:.6
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6 met hy|9siachiieraal syBivgde (152). Bu Li Br DMFCHO 151152 To a sol ution
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by chr orfbﬁ@d)eébhlsﬁlrt & mdm%ngiceél Gratthyr radusang ligsrialvy decrdasmg(sBntivity 10299 .
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6- Met hyl ni cot i nal dehyde 152 was coupled with 2, 3-di am nghenzoid acid 1
usi ng t w@%@ﬁ@eé WathdlaFlﬁFné%ﬁHﬁ iROWAL Greathar pelynuelgqtides & phikthe expression
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arri couplin ced re to, prepare 246-neth ridin

e Do SRR P TR 310 AeF e 61 SO RB B BV Bt e e R e
(Excggfgr%m%% H}[e'\%tsllgeE%sle et Sifbih & on @A INEQ AV et a Ehiendopttpsheufld Sgdnit-1- 1] .

2-(2- n‘etthftktp‘yglledﬂeneﬁeoy 4y lonet dosagorlp h@lr@fn@%@lhb(bc}lmym therefigctive dose
2-yl)-1H benzo[ d] i m dazol e- 4- ear boxat ni de (Conpound 816). Step 1)
Preparation of 2-methylisonicotinal dehyde (156).



CHO 15415511 56 To a solution of 2,4-lutidine (154; 10 g, 93.3 ntnol)
in TI-1F (150 nm.) was added nBuLi (2.5 M 41.1 nlL) at -78 C. D ethylam ne
(8.19g, 1W92 24A03048was t hen added at this tenperature, PCEIUS3EO4998 DVF (10
m.) The resulting reaction mxture was stirred at -78 C for 1 h. The

react i oS BHE BB Y pdiie aggq &1l BhbRHfatidf of Nﬁﬁ)@ﬂtqor{all’%rﬂ@ﬁéfhﬁ@ltﬂzo room
tenperature,” the m xture was tracted wth CH2CI2. The conbi ned organic

| ayers vweetdeh@duqumsmbmamjl wnlmeemtunran@dulahdgcommjmdedaqic&QLfcpld to

afford the t amne 15 sol ution 04 (40 9)
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Enou% N NaOH was then added to ﬁust the pH of the mxture to 8. The
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oo tsPMIAARE il PYRLA RATa) SRS SR RO ERTARDL kel e
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2-(2-met hy] pyridin-4-y1)-N(6-(nor i nomet hyl ) pyridi n-2-yl)-
1H bendeFfeFayhlid%tz%fogi A0 Saldiss £xeR %ﬁel%é‘gﬂ%@ﬁnd 816) . NH2 NH2 COOH CHOCOOH

156157 152- Met hyl i soni coti nal dehyde 156 was coupled with 2, 3-di am nobenzoic
acid 1 using subjected sane standard conditions detail ed above to prepare
2-( ZOrretMgurpyaﬁﬂnsmsas@Is)orddﬂbenzo[ d] i m dazol e- 4-carboxylic acid 157, which
was then coupled wt onet ri.djn-2-am ing the sane
standard ani CEHE‘BIaISP‘FétSp?IBQf glﬂ?%n%?oé?;g)?ﬁgds {hat 1ncreasent e }eve %/
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benzo[ d] i m dazol e- 4- car boxam de npound 816). (ESI') cal cd for
c24H24N6bseases2@1d2t®aumamm meghanigali y toVis ceptral mmsmmi@m;tr@hwgs
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benzg[ d] ﬂediwﬂm@hﬁhénaag mb«aﬂmﬁle of he mmﬁuﬂdaraaﬁ,&}hlc}Shﬁp bé dubtehaaabplon of

2-(4-(pyrrolidin-|- L -(trifluoronethyl)phenyl)-1Hoenzofdl i m dazol e
-4-car bo%pg{qréleagb'og {2111593113 which are far more profound than those in‘a healthy person that

aci 4 (547 BRI ) YRR LB L P B B RS BBl (5

m.) was pdiddcf hornx;ad) bretii Finzton, Hoe ttchprogﬂmmw de'gesedatlbm g yaxsvackded dr opwi se

oxaIyI . After havin irred,thg reaction
- bom shiptch trEeal o fistic TG TP AL e e et due

Was Joakedan BRvd & qHtR ORscRNAcHBSIBEL BUSEASS W18 hdhuMa b t3ddsUTAE %M@%fand

then brine. The organic layer was dried over MySO4, filtered, and

concent rtarisdleg@nerdtiongagyi wacddy chnicaloxppssion hy oreay dgara{iﬁsarr(n{‘tmu pent ane)

af f orded_ et

o (a CrinsTE ¥ nerative diseae s R A S A 9 A RS 5P 58P boxyl at e

as an orpungiaschsdisdace (P Haﬁmﬁgeom@alssmwﬂb) (2 tghiclatetallscldd¥y (ABSseal ed

tube containing the mxture of neth (4-chl oro- 2-

( trifl uolrcah%@lﬁgg 9 Hisraps)19ittipe bewy BP@] ﬁilﬁ‘iaé%tfbp@ﬁﬁ@@ﬁhmlsap’ém@%]@teﬁﬁ 1 10
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car bon atxem(rﬂghﬁe,g;,acl&a&l;ﬁmte)zomﬂﬁ diebetassiadaded dearogathics laadl Friedreichistatangen

tw ce. aé) t he ture was a @d THF/ 11% &#ané 4.4 m_(g The .suspensi on was
heat ed atltBE-ROYYRHLE PPORALS Banergasedhs I 4?6@?%‘(‘% S\‘IE‘ElBrPT‘f M) was
added a&qntb@%séc%q;eapmeyms&aérgaﬁa Bhe ik A CHRGI BelbWi ce.  The conbi ned
organic | ayers were washed with brine, dried over MgSH, filtered, and
concent r at ed. APus & CNSadis@derthatgesults an g@momhb@mamogthV(ommHO@HMM + 1%
Et 3 af f or ded

25( 335( pyHBPEI fﬁ}iy e Iy ipipidneg 1S, DRSRASS RS A RS - B A tath O TR dazol e
fvg- car hopasl cFtheaif SEsUHHUREbR A doFROYItbnasEtiony /ld B¥r SEpostideDftdwit)(e.g.

2- (4- (p)Blkﬁqulm betwegn themnyhy ealiest sympigsisaneieds/loppricagens mersen A8yl i ni dazol e
-4-carboxyl ate (544 nmg) and LiOH (95 ng, 4 mol) were dissolved in THF/ 1120
(1:1, 24 nmL). The reaction was sti rre§6overni ght at room tenperature, then
WO 2010/ 003048PCT/ US2009/ 049498 heated at 50 C overnight. The solvents were
removed in vacuo. The residue was taken up in water and the pH was adj usted
to 7-8 wwth 1IN HC1. After allowing the mxture to stirred for 1 hour, the
solids were collected by filtration to afford

2-(4-(pyrrolidin-1-yl nmethyl)-2-

(trifluoromethyl)phenye-1H benzo[d]i m dazol e-4-carboxylic acid 159 as a

pal e sol | d (170 Snyg, 2-step yield: 40%. MsS (ESI) calcd for C201-118F3N302:




2-(4-(pyrrol i din- 1 -ylnethyl)-2-(trifluoronethyl)phenyl)- 1 H benzo [di

i m dazol e-4- carboxylic acid 159 was coupled with 2-am nopyridi ne 89 using
t he sane YOr28rAl03E8ocedure outlined above in Exanpl e 39PCH/USReN9aHE98

N (pyridin-2-yl1)-2-(4-(pyrrolidin- 1-

YL et hy koot dd 4R QR RrSlriien oD isLinbengalalt il foagl it foGidgyan de
(Conpound 5838). Ms (ESI) calcd for C25H22F3N50: 465.18; found: 466 [ MrHi .
Exanpl e bty n8wenieatsi ggidity, tremor, and dyskinesia, and is associated with the death of brain

oty SHEH ) SR P G AT U el e ™
2- (4- ( pydisdérdhat-altadids RS Mptor néurbhs, icbmpehiann®sfiné CRIseRytldonided theesaaltel] | m dazo

| e-4- carboxylic acid 159 was coupled with 4-(pyrrolidin-21-ylnethypaniline
160 o pke alomuscles.

4- i i = 2o (tri. _ . hidin-1-
15 Pt by ) s 5 T el rcblativ g HOERERIPY B SR A MO M) ™ 7 g
The sanmefgetRecbal fucnitre umd emttiohaletistinbamearilyeSahs dibkasé ESl Sarsiabfd f or

C311- 132FE3N30: 547.26; found; 548 [ M+11l]. Exanpl.e 42, n hesi s, of
2- (4- ( pyH$ars dF ﬂlmﬁplﬁéf%%e)dl%e-aﬁqw}f%@ %ypalgﬁmrﬂ%{wpglmlmdo 1H benzol d

| i m daz =4+ i (s
2. (4-( p%?%ﬁ%ﬁ%%%&n%ﬁﬁ&%gﬁpﬁlgﬁ% thz’n%{‘f?ﬁ %ﬁgﬁ%‘? fr%égf)%%‘%%[ d]i mi dazol
e- 4-10canboxdegenceatiod. 159 was coupled with p-toluidine 161 to produce
2-(4-(pyrrolidin-1- ylmethyl)-2-(trifl uoyane | ) ghenyl) - N-p-tol y1- 1H benzo
[d]imi dazol e-1h1s ]“olé‘ioé’}’ﬁ @é&%}@%gmswege lﬁsAitIﬁ_é I{aﬂl@ggﬁﬁ ig e, ocedur e
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-benzo[ d] i m dazol e-4- car hoxam de nd 871). 03, LiQH,. THF/ H20S '
NCompount 87 2ieuroral Tt B b SURLERC LaRPEt R0n hscs, R B CoBiR R PR arp! e
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2-(5-chloro-2-(tri fi uor omet hyl )gjlr}l,enééi_- 1H benzo[ d] i m dazol e-4-car boxylic
aci d 163nddelingspangifarmygyc ey, (Folsinegtsd Sirripmegdaleting compounds that
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In certain embodiments, the invention provides a method to treat a central nervous
system cell to prevent damage in response to a decrease in blood flow to the cell. Typically
the severity of damage that may be prevented will depend in large part on the degree of
reduction in blood flow to the cell and the duration of the reduction. In one embodiment,
apoptotic or necrotic cell death may be prevented. In still a further embodiment, ischemic-
mediated damage, such as cytoxic edema or central nervous system tissue anoxemia, may
be prevented. In each embodiment, the central nervous system cell may be a spinal cell or a
brain cell.

Another aspect encompasses administrating a sirtuin activating compound to a
subject to treat a central nervous system ischemic condition. A number of central nervous
system ischemic conditions may be treated by the sirtuin activating compounds described
herein. In one embodiment, the ischemic condition is a stroke that results in any type of
ischemic central nervous system damage, such as apoptotic or necrotic cell death, cytoxic
edema or central nervous system tissue anoxia. The stroke may impact any area of the
brain or be caused by any etiology commonly known to result in the occurrence of a stroke,
In one alternative of this embodiment, the stroke is a brain stem stroke. In another
alternative of this embodiment, the stroke is a cerebellar stroke. In still another
embodiment, the stroke is an embolic stroke. In yet another alternative, the stroke may be a
hemorrhagic stroke. In a further embodiment, the stroke is a thrombotic stroke.

In yet another aspect, a sirtuin activating compound may be administered to reduce
infarct size of the ischemic core following a central nervous system ischemic condition.
Moreover, a sirtuin activating compound may also be beneficially 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 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 (or
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hemostatic disorders). As used interchangeably herein, the terms “hemostasis”, “blood
coagulation,” and “blood clotting” refer to the control of bleeding, including the
physiological properties of vasoconstriction and coagulation. Blood coagulation assists in
maintaining the integrity of mammalian circulation after injury, inflammation, disease,

5  congenital defect, dysfunction or other disruption. Further, the formation of blood clots
does not only limit bleeding in case of an injury (hemostasis), but may lead to serious
organ damage and death in the context of atherosclerotic diseases by occlusion of an
important artery or vein. Thrombosis is thus blood clot formation at the wrong time and
place.

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

As used interchangeably herein, “modulating or modulation of hemostasis” and

15  “regulating or regulation of hemostasis” includes the induction (e.g., stimulation or
increase) of hemostasis, as well as the inhibition (e.g., reduction or decrease) of
hemostasis.

In one aspect, the invention provides a method for reducing or inhibiting
hemostasis in a subject by administering a sirtuin-modulating compound that increases the

20  level and/or activity of a sirtuin protein. The compositions and methods disclosed herein
are useful for the treatment or prevention of thrombotic disorders. As used herein, the term
“thrombotic disorder” includes any disorder or condition characterized by excessive or
unwanted coagulation or hemostatic activity, or a hypercoagulable state. Thrombotic
disorders include diseases or disorders involving platelet adhesion and thrombus formation,

25  and may manifest as an increased propensity to form thromboses, e.g., an increased
number of thromboses, thrombosis at an early age, a familial tendency towards thrombosis,
and thrombosis at unusual sites.

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

30  conditions associated with these conditions. Thus, a combination drug regimen may
include one or more sirtuin-modulating compounds that increase the level and/or activity of

a sirtuin protein and one or more anti-coagulation or anti-thrombosis agents.
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Weight Control

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

In yet other embodiments, sirtuin-modulating compounds that increase the level
and/or activity of a sirtuin protein may be administered to subjects suffering from a variety
of other diseases and conditions that may be treated or prevented by promoting weight loss
in the subject. Such diseases include, for example, high blood pressure, hypertension, high
blood cholesterol, dyslipidemia, type 2 diabetes, insulin resistance, glucose intolerance,
hyperinsulinemia, coronary heart disease, angina pectoris, congestive heart failure, stroke,
gallstones, 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, poor female reproductive health (such as menstrual
irregularities, infertility, irregular ovulation), bladder control problems (such as stress
incontinence); uric acid nephrolithiasis; psychological disorders (such as depression, eating
disorders, distorted body image, and low self esteem). Finally, patients with AIDS can
develop lipodystrophy or insulin resistance in response to combination therapies for AIDS.

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

In other embodiments, sirtuin-modulating compounds that increase the level and/or
activity of a sirtuin protein may be used for reducing appetite and/or increasing satiety,
thereby causing weight loss or avoidance of weight gain. A subject in need of such a

treatment may be a subject who is overweight, obese or a subject likely to become
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overweight or obese. The method may comprise administering daily or, every other 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-modulating compounds that increase the level
5  and/or activity of a sirtuin protein may be administered as a combination therapy for
treating or preventing weight gain or obesity. For example, one or more sirtuin-modulating
compounds that increase the level and/or activity of a sirtuin protein may be administered
in combination with one or more anti-obesity agents.
In another embodiment, sirtuin-modulating compounds that increase the level
10  and/or activity of a sirtuin protein may be administered to reduce drug-induced weight
gain. For example, a sirtuin-modulating compound that increases the level and/or activity
of a sirtuin protein may be administered as a combination therapy with medications that
may stimulate appetite or cause weight gain, in particular, weight gain due to factors other
than water retention.
15
Metabolic Disorders/Diabetes
In another aspect, sirtuin-modulating compounds that increase the level and/or
activity of a sirtuin protein may be used for treating or preventing a metabolic disorder,
such as insulin-resistance, a pre-diabetic state, type II diabetes, and/or complications
20  thereof. Administration of a sirtuin-modulating compounds that increases the level and/or
activity of a sirtuin protein may increase insulin sensitivity and/or decrease insulin levels in
a subject. A subject in need of such a treatment may be a subject who has insulin resistance
or other precursor symptom of type II diabetes, who has type II diabetes, or who is likely to
develop any of these conditions. For example, the subject may be a subject having insulin
25  resistance, e.g., having high circulating levels of insulin and/or associated conditions, such
as hyperlipidemia, dyslipogenesis, hypercholesterolemia, impaired glucose tolerance, high
blood glucose sugar level, other manifestations of syndrome X, hypertension,
atherosclerosis and lipodystrophy.
In an exemplary embodiment, sirtuin-modulating compounds that increase the level
30 and/or activity of a sirtuin protein may be administered as a combination therapy for

treating or preventing a metabolic disorder. For example, one or more sirtuin-modulating
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compounds that increase the level and/or activity of a sirtuin protein may be administered

in combination with one or more anti-diabetic agents.

Inflammatory Diseases

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

In another embodiment, sirtuin-modulating compounds that increase the level
and/or activity of a sirtuin protein may be used to treat or prevent allergies and respiratory
conditions, including asthma, bronchitis, pulmonary fibrosis, allergic rhinitis, oxygen
toxicity, emphysema, chronic bronchitis, acute respiratory distress syndrome, and any
chronic obstructive pulmonary disease (COPD). The compounds may be used to treat
chronic hepatitis infection, including hepatitis B and hepatitis C.

Additionally, sirtuin-modulating compounds that increase the level and/or activity
of a sirtuin protein may be used to treat autoimmune diseases and/or inflammation
associated with autoimmune diseases such as arthritis, including rheumatoid arthritis,
psoriatic arthritis, and ankylosing spondylitis, as well as organ-tissue autoimmune
diseases (e.g., Raynaud's syndrome), ulcerative colitis, Crohns Disease, oral mucositis,
scleroderma, myasthenia gravis, transplant rejection, endotoxin shock, sepsis, psoriasis,
eczema, dermatitis, multiple sclerosis, autoimmune thyroiditis, uveitis, systemic lupus
erythematosis, Addison's disease, autoimmune polyglandular disease (also known as
autoimmune polyglandular syndrome), and Grave's disease.

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

other compounds useful for treating or preventing inflammation.
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Flushing

In another aspect, sirtuin-modulating compounds that increase the level and/or
activity of a sirtuin protein may be used for reducing the incidence or severity of flushing
and/or hot flashes which are symptoms of a disorder. For instance, the subject method
includes the use of sirtuin-modulating compounds that increase the level and/or activity of
a sirtuin protein, alone or in combination with other agents, for reducing incidence or
severity of flushing and/or hot flashes in cancer patients. In other embodiments, the method
provides for the use of sirtuin-modulating compounds that increase the level and/or activity
of a sirtuin protein to reduce the incidence or severity of flushing and/or hot flashes in
menopausal and post-menopausal woman.

In another aspect, sirtuin-modulating compounds that increase the level and/or
activity of a sirtuin protein may be used as a therapy for reducing the incidence or severity
of flushing and/or hot flashes which are side-effects of another drug therapy, e.g., drug-
induced flushing. In certain embodiments, a method for treating and/or preventing drug-
induced flushing comprises administering to a patient in need thereof a formulation
comprising at least one flushing inducing compound and at least one sirtuin-modulating
compound that increases the level and/or activity of a sirtuin protein. In other
embodiments, a method for treating drug induced flushing comprises separately
administering one or more compounds that induce flushing and one or more sirtuin-
modulating compounds, e.g., wherein the sirtuin-modulating compound and flushing
inducing agent have not been formulated in the same compositions. When using separate
formulations, the sirtuin-modulating compound may be administered (1) at the same as
administration of the flushing inducing agent, (2) intermittently with the flushing inducing
agent, (3) staggered relative to administration of the flushing inducing agent, (4) prior to
administration of the flushing inducing agent, (5) subsequent to administration of the
flushing inducing agent, and (6) various combination thereof. Exemplary flushing inducing
agents include, for example, niacin, raloxifene, antidepressants, anti-psychotics,
chemotherapeutics, calcium channel blockers, and antibiotics.

In one embodiment, sirtuin-modulating compounds that increase the level and/or
activity of a sirtuin protein may be used to reduce flushing side effects of a vasodilator or
an antilipemic agent (including anticholesteremic agents and lipotropic agents). In an

exemplary embodiment, a sirtuin-modulating compound that increases the level and/or
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activity of a sirtuin protein may be used to reduce flushing associated with the
administration of niacin.

In another embodiment, the invention provides a method for treating and/or
preventing hyperlipidemia with reduced flushing side effects. In another representative
embodiment, the method involves the use of sirtuin-modulating compounds that increase
the level and/or activity of a sirtuin protein to reduce flushing side effects of raloxifene. In
another representative embodiment, the method involves the use of sirtuin-modulating
compounds that increase the level and/or activity of a sirtuin protein to reduce flushing side
effects of antidepressants or anti-psychotic agent. For instance, sirtuin-modulating
compounds that increase the level and/or activity of a sirtuin protein can be used in
conjunction (administered separately or together) with a serotonin reuptake inhibitor, or a
5HT?2 receptor antagonist.

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

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

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

activity of a sirtuin protein can be used in combination with levofloxacin.

Ocular Disorders

One aspect of the present invention is a method for inhibiting, reducing or
otherwise treating vision impairment by administering to a patient a therapeutic dosage of
sirtuin modulator selected from a compound disclosed herein, or a pharmaceutically

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

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

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

Other exemplary diseases include ocular bacterial infections (e.g. conjunctivitis,
keratitis, tuberculosis, syphilis,. gonorrhea), viral infections (e.g. Ocular Herpes Simplex
Virus, Varicella Zoster Virus, Cytomegalovirus retinitis, Human Immunodeficiency Virus
(HIV)) as well as progressive outer retinal necrosis secondary to HIV or other HIV-

associated and other immunodeficiency-associated ocular diseases. In addition, ocular
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diseases include fungal infections (e.g. Candida choroiditis, histoplasmosis), protozoal
infections (e.g. toxoplasmosis) and others such as ocular toxocariasis and sarcoidosis.

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

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

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

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

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

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

modulator can be administered in conjunction with a therapy for treating and/or preventing
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CMYV Retinopathy. In another embodiment, a sirtuin modulator can be administered in

conjunction with a therapy for treating and/or preventing multiple sclerosis.

Mitochondrial-Associated Diseases and Disorders

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

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

In certain embodiments, methods for treating diseases or disorders that would

15  benefit from increased mitochondrial activity may comprise identifying a subject suffering
from a mitochondrial dysfunction. Methods for diagnosing a mitochondrial dysfunction
may involve molecular genetic, pathologic and/or biochemical analyses. Diseases and
disorders associated with mitochondrial dysfunction include diseases and disorders in
which deficits in mitochondrial respiratory chain activity contribute to the development of

20  pathophysiology of such diseases or disorders in a mammal. Diseases or disorders that
would benefit from increased mitochondrial activity generally include for example,
diseases in which free radical mediated oxidative injury leads to tissue degeneration,
diseases in which cells inappropriately undergo apoptosis, and diseases in which cells fail
to undergo apoptosis.

25 In certain embodiments, the invention provides methods for treating a disease or
disorder that would benefit from increased mitochondrial activity that involves
administering to a subject in need thereof one or more sirtuin activating compounds in
combination with another therapeutic agent such as, for example, an agent useful for
treating mitochondrial dysfunction or an agent useful for reducing a symptom associated

30  with a disease or disorder involving mitochondrial dysfunction.

In exemplary embodiments, the invention provides methods for treating diseases or

disorders that would benefit from increased mitochondrial activity by administering to a
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subject a therapeutically effective amount of a sirtuin activating compound. Exemplary
diseases or disorders include, for example, neuromuscular disorders (e.g., Friedreich’s
Ataxia, muscular dystrophy, multiple sclerosis, etc.), disorders of neuronal instability (e.g.,
seizure disorders, migraine, etc.), developmental delay, neurodegenerative disorders (e.g.,
Alzheimer’s Disease, Parkinson’s Disease, amyotrophic lateral sclerosis, etc.), ischemia,
renal tubular acidosis, age-related neurodegeneration and cognitive decline, chemotherapy
fatigue, age-related or chemotherapy-induced menopause or irregularities of menstrual
cycling or ovulation, mitochondrial myopathies, mitochondrial damage (e.g., calcium
accumulation, excitotoxicity, nitric oxide exposure, hypoxia, etc.), and mitochondrial
deregulation.

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

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

encephalomyopathies. Some syndromes have been defined, with some overlap between

' them. Established syndromes affecting muscle include progressive external

ophthalmoplegia, the Kearns-Sayre syndrome (with ophthalmoplegia, pigmentary
retinopathy, cardiac conduction defects, cerebellar ataxia, and sensorineural deafness), the
MELAS syndrome (mitochondrial encephalomyopathy, lactic acidosis, and stroke-like
episodes), the MERFF syndrome (myoclonic epilepsy and ragged red fibers), limb-girdle
distribution weakness, and infantile myopathy (benign or severe and fatal).

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

In certain embodiments, sirtuin activating compounds may be useful for treating

diseases or disorders associated with mitochondrial deregulation.
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Muscle Performance

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

Sports performance refers to the ability of the athlete's muscles to perform when
participating in sports activities. Enhanced sports performance, strength, speed and
endurance are measured by an increase in muscular contraction strength, increase in
amplitude of muscle contraction, shortening of muscle reaction time between stimulation
and contraction. Athlete refers to an individual who participates in sports at any level and
who seeks to achieve an improved level of strength, speed and endurance in their
performance, such as, for example, body builders, bicyclists, long distance runners, short
distance runners, etc. Enhanced sports performance in manifested by the ability to
overcome muscle fatigue, ability to maintain activity for longer periods of time, and have a
more effective workout.

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

It is contemplated that the methods of the present invention will also be effective in
the treatment of muscle related pathological conditions, including acute sarcopenia, for
example, muscle atrophy and/or cachexia associated with burns, bed rest, limb
immobilization, or major thoracic, abdominal, and/or orthopedic surgery.

In certain embodiments, the invention provides novel dietary compositions
comprising sirtuin modulators, a method for their preparation, and a method of using the
compositions for improvement of sports performance. Accordingly, provided are

therapeutic compositions, foods and beverages that have actions of improving physical
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endurance and/or inhibiting physical fatigues for those people involved in broadly-defined
exercises including sports requiring endurance and labors requiring repeated muscle
exertions. Such dietary compositions may additional comprise electrolytes, caffeine,

vitamins, carbohydrates, etc.

Other Uses

Sirtuin-modulating compounds that increase the level and/or activity of a sirtuin
protein may be used for treating or preventing viral infections (such as infections by
influenza, herpes or papilloma virus) or as antifungal agents. In certain embodiments,
sirtuin-modulating compounds that increase the level and/or activity of a sirtuin protein
may be administered as part of a combination drug therapy with another therapeutic agent
for the treatment of viral diseases. In another embodiment, sirtuin-modulating compounds
that increase the level and/or activity of a sirtuin protein may be administered as part of a
combination drug therapy with another anti-fungal agent.

Subjects that may be treated as described herein include eukaryotes, such as
mammals, e.g., humans, ovines, bovines, equines, porcines, canines, felines, non-human
primate, mice, and rats. Cells that may be treated include eukaryotic cells, e.g., from a
subject described above, or plant cells, yeast cells and prokaryotic cells, e.g., bacterial
cells. For example, modulating compounds may be administered to farm animals to
improve their ability to withstand farming conditions longer.

Sirtuin-modulating compounds that increase the level and/or activity of a sirtuin
protein may also be used to increase lifespan, stress resistance, and resistance to apoptosis
in plants. In one embodiment, a compound is applied to plants, e.g., on a periodic basis, or
to fungi. In another embodiment, plants are genetically modified to produce a compound.
In another embodiment, plants and fruits are treated with a compound prior to picking and
shipping to increase resistance to damage during shipping. Plant seeds may also be
contacted with compounds described herein, e.g., to preserve them.

In other embodiments, sirtuin-modulating compounds that increase the level
and/or activity of a sirtuin protein may be used for modulating lifespan in yeast cells.
Situations in which it may be desirable to extend the lifespan of yeast cells include any
process in which yeast is used, e.g., the making of beer, yogurt, and bakery items, e.g.,

bread. Use of yeast having an extended lifespan can result in using less yeast or in having
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the yeast be active for longer periods of time. Yeast or other mammalian cells used for
recombinantly producing proteins may also be treated as described herein.

Sirtuin-modulating compounds that increase the level and/or activity of a sirtuin
protein may also be used to increase lifespan, stress resistance and resistance to apoptosis
in insects. In this embodiment, compounds would be applied to useful insects, e.g., bees
and other insects that are involved in pollination of plants. In a specific embodiment, a
compound would be applied to bees involved in the production of honey. Generally, the
methods described herein may be applied to any organism, e.g., eukaryote, that may have
commercial importance. For example, they can be applied to fish (aquaculture) and birds
(e.g., chicken and fowl).

Higher doses of sirtuin-modulating compounds that increase the le;/el and/or
activity of a sirtuin protein may also be used as a pesticide by interfering with the
regulation of silenced genes and the regulation of apoptosis during development. In this
embodiment, a compound may be applied to plants using a method known in the art that
ensures the compound is bio-available to insect larvae, and not to plants.

At least in view of the link between reproduction and longevity, sirtuin-modulating
compounds that increase the level and/or activity of a sirtuin protein can be applied to

affect the reproduction of organisms such as insects, animals and microorganisms.

4. Assays

Yet other methods contemplated herein include screening methods for identifying
compounds or agents that modulate sirtuins. An agent may be a nucleic acid, such as an
aptamer. Assays may be conducted in a cell based or cell free format. For example, an
assay may comprise incubating (or contacting) a sirtuin with a test agent under conditions
in which a sirtuin can be modulated by an agent known to modulate the sirtuin, and
monitoring or determining the level of modulation of the sirtuin in the presence of the test
agent relative to the absence of the test agent. The level of modulation of a sirtuin can be
determined by determining its ability to deacetylate a substrate. Exemplary substrates are
acetylated peptides which can be obtained from BIOMOL (Plymouth Meeting, PA).
Preferred substrates include peptides of p53, such as those comprising an acetylated K382.
A particularly preferred substrate is the Fluor de Lys-SIRT1 (BIOMOL), i.e., the acetylated
peptide Arg-His-Lys-Lys. Other substrates are peptides from human histones H3 and H4 or
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an acetylated amino acid. Substrates may be fluorogenic. The sirtuin may be SIRT1, Sir2,
SIRT3, or a portion thereof. For example, recombinant STRT1 can be obtained from
BIOMOL. The reaction may be conducted for about 30 minutes and stopped, e.g., with
nicotinamide. The HDAC fluorescent activity assay/drug discovery kit (AK-500, BIOMOL
Research Laboratories) may be used to determine the level of acetylation. Similar assays
are described in Bitterman et al. (2002) J. Biol. Chem. 277:45099. The level of modulation
of the sirtuin in an assay may be compared to the level of modulation of the sirtuin in the
presence of one or more (separately or simultaneously) compounds described herein, which
may serve as positive or negative controls. Sirtuins for use in the assays may be full length
sirtuin proteins or portions thereof. Since it has been shown herein that activating
compounds appear to interact with the N-terminus of SIRT1, proteins for use in the assays
include N-terminal portions of sirtuins, e.g., about amino acids 1-176 or 1-255 of SIRT1;
about amino acids 1-174 or 1-252 of Sir2.

In one embodiment, a screening assay comprises (i) contacting a sirtuin with a test
agent and an acetylated substrate under conditions appropriate for the sirtuin to deacetylate
the substrate in the absence of the test agent ; and (ii) determining the level of acetylation
of the substrate, wherein a lower level of acetylation of the substrate in the presence of the
test agent relative to the absence of the test agent indicates that the test agent stimulates
deacetylation by the sirtuin, whereas a higher level of acetylation of the substrate in the
presence of the test agent relative to the absence of the test agent indicates that the test
agent inhibits deacetylation by the sirtuin.

Methods for identifying an agent that modulates, e.g., stimulates, sirtuins in vivo
may comprise (i) contacting a cell with a test agent and a substrate that is capable of
entering a cell in the presence of an inhibitor of class I and class II HDACs under
conditions appropriate for the sirtuin to deacetylate the substrate in the absence of the test
agent ; and (i1) determining the level of acetylation of the substrate, wherein a lower level
of acetylation of the substrate in the presence of the test agent relative to the absence of the
test agent indicates that the test agent stimulates deacetylation by the sirtuin, whereas a
higher level of acetylation of the substrate in the presence of the test agent relative to the
absence of the test agent indicates that the test agent inhibits deacetylation by the sirtuin. A
preferred substrate is an acetylated peptide, which is also preferably fluorogenic, as further

described herein. The method may further comprise lysing the cells to determine the level
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of acetylation of the substrate. Substrates may be added to cells at a concentration ranging
from about 1uM to about 10mM, preferably from about 10uM to 1mM, even more
preferably from about 100uM to 1mM, such as about 200uM. A preferred substrate is an
acetylated lysine, e.g., e-acetyl lysine (Fluor de Lys, FdL) or Fluor de Lys-SIRT1. A

5  preferred inhibitor of class I and class II HDAC:s is trichostatin A (TSA), which may be
used at concentrations ranging from about 0.01 to 100uM, preferably from about 0.1 to
10uM, such as 1uM. Incubation of cells with the test compound and the substrate may be
conducted for about 10 minutes to 5 hours, preferably for about 1-3 hours. Since TSA
inhibits all class I and class Il HDACs, and that certain substrates, e.g., Fluor de Lys, isa

10  poor substrate for SIRT2 and even less a substrate for SIRT3-7, such an assay may be used

to identify modulators of SIRT1 in vivo.

5. Pharmaceutical Compositions
The sirtuin-modulating compounds described herein may be formulated in a
15  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 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
20  administration. In one embodiment, a sirtuin-modulating compound may be administered
locally, at the site where the target cells are present, i.e., in a specific tissue, organ, or fluid
(e.g., blood, cerebrospinal fluid, etc.).
Sirtuin-modulating compounds can be formulated for a variety of modes of
administration, including systemic and topical or localized administration. Techniques and
25  formulations generally may be found in Remington’s Pharmaceutical Sciences, Meade
Publishing Co., Easton, PA. For parenteral administration, injection is preferred, including
intramuscular, intravenous, intraperitoneal, and subcutaneous. For injection, the
compounds can be formulated in liquid solutions, preferably in physiologically compatible
buffers such as Hank’s solution or Ringer’s solution. In addition, the compounds may be
30 formulated in solid form and redissolved or suspended immediately prior to use.

Lyophilized forms are also included.
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For oral administration, the pharmaceutical compositions may take the form of, for
example, tablets, lozenges, or capsules prepared by conventional means with
pharmaceutically acceptable excipients such as binding agents (e.g., pregelatinized maize
starch, polyvinylpyrrolidone or hydroxypropyl methylcellulose); fillers (e.g., lactose,

5  microcrystalline cellulose or calcium hydrogen phosphate); lubricants (e.g., magnesium
stearate, talc or silica); disintegrants (e.g., potato starch or sodium starch glycolate); or
wetting agents (e.g., sodium lauryl sulphate). The tablets may be coated by methods well
known in the art. Liquid preparations for oral administration may take the form of, for
example, solutions, syrups or suspensions, or they may be presented as a dry product for

10 constitution with water or other suitable vehicle before use. Such liquid preparations may
be prepared by conventional means with pharmaceutically acceptable additives such as
suspending agents (e.g., sorbitol syrup, cellulose derivatives or hydrogenated edible fats);
emulsifying agents (e.g., lecithin or acacia); non-aqueous vehicles (e.g., almond oil, oily
esters, ethyl alcohol or fractionated vegetable oils); and preservatives (e.g., methyl or

15  propyl-p-hydroxybenzoates or sorbic acid). The preparations may also contain buffer salts,
flavoring, coloring and sweetening agents as appropriate. Preparations for oral
administration may be suitably formulated to give controlled release of the active
compound.

For administration by inhalation (e.g., pulmonary delivery), sirtuin-modulating

20  compounds may be conveniently delivered in the form of an aerosol spray presentation
from pressurized packs or a nebuliser, with the use of a suitable propellant, e.g.,
dichlorodifluoromethane, trichlorofluoromethane, dichlorotetrafluoroethane, carbon
dioxide or other suitable gas. In the case of a pressurized aerosol the dosage unit may be
determined by providing a valve to deliver a metered amount. Capsules and cartridges of

25  e.g., gelatin, for use in an inhaler or insufflator may be formulated containing a powder
mix of the compound and a suitable powder base such as lactose or starch.

Sirtuin-modulating compounds may be formulated for parenteral administration by
injection, e.g., by bolus injection or continuous infusioﬁ. Formulations for injection may be
presented in unit dosage form, e.g., in ampoules or in multi-dose containers, with an added

30  preservative. The compositions may take such forms as suspensions, solutions or
emulsions in oily or aqueous vehicles, and may contain formulatory agents such as

suspending, stabilizing and/or dispersing agents. Alternatively, the active ingredient may
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be in powder form for constitution with a suitable vehicle, e.g., sterile pyrogen-free water,
before use.

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

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

In certain embodiments, the compounds described herein can be formulated 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., production of a chimeric fusion
protein that comprises a transport peptide that has an affinity for an endothelial cell surface
molecule in combination with an agent that is itself incapable of crossing the BBB) in an
attempt to exploit one of the endogenous transport pathways of the BBB; pharmacological
strategies designed to increase the lipid solubility of an agent (e.g., conjugation of water-
soluble agents to lipid or cholesterol carriers); and the transitory disruption of the integrity
of the BBB by hyperosmotic disruption (resulting from the infusion of a mannitol solution
into the carotid artery or the use of a biologically active agent such as an angiotensin
peptide).

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

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

Rapidly disintegrating or dissolving dosage forms are useful for the rapid
absorption, particularly buccal and sublingual absorption, of pharmaceutically active
agents. Fast melt dosage forms are beneficial to patients, such as aged and pediatric
patients, who have difficulty in swallowing typical solid dosage forms, such as caplets and
tablets. Additionally, fast melt dosage forms circumvent drawbacks associated with, for
example, chewable dosage forms, wherein the length of time an active agent remains in a
patient's mouth plays an important role in determining the amount of taste masking and the
extent to which a patient may object to throat grittiness of the active agent.

Pharmaceutical compositions (including cosmetic preparations) may comprise
from about 0.00001 to 100% such as from 0.001 to 10% or from 0.1% to 5% by weight of
one or more sirtuin-modulating compounds described herein. In another embodiment, the
pharmaceutical composition comprises: (i) 0.05 to 1000 mg of the compounds of the
invention, or a pharmaceutically acceptable salt thereof, and (ii) 0.1 to 2 grams of one or
more pharmaceutically acceptable excipients.

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

Formulations may be colorless, odorless ointments, lotions, creams,

microemulsions and gels.
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Sirtuin-modulating compounds may be incorporated into ointments, which
generally are semisolid preparations which are typically based on petrolatum or other
petroleum derivatives. The specific ointment base to be used, as will be appreciated by
those skilled in the art, is one that will provide for optimum drug delivery, and, preferably,
5  will provide for other desired characteristics as well, e.g., emolliency or the like. As with
other carriers or vehicles, an ointment base should be inert, stable, nonirritating and
nonsensitizing.
Sirtuin-modulating compounds may be incorporated into lotions, which generally
are preparations to be applied to the skin surface without friction, and are typically liquid
10 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-oil. Cream bases

15  are water-washable, and contain an oil phase, an emulsifier and an aqueous phase. The oil
phase is generally comprised of petrolatum and a fatty alcohol such as cetyl or stearyl
alcohol; the aqueous phase usually, although not necessarily, exceeds the oil phase in
volume, and generally contains a humectant. The emulsifier in a cream formulation, as
explained in Remington 's, supra, is generally a nonionic, anionic, cationic or amphoteric

20  surfactant.

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

25 9.

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

30 commonly employ aqueous carrier liquid, alcohols and oils can be used as the carrier

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

In certain topical formulations, the active agent is present in an amount in the
range of approximately 0.25 wt. % to 75 wt. % of the formulation, preferably in the range
of approximately 0.25 wt. % to 30 wt. % of the formulation, more preferably in the range
of approximately 0.5 wt. % to 15 wt. % of the formulation, and most preferably in the
range of approximately 1.0 wt. % to 10 wt. % of the formulation.

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

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

Cells, e.g., treated ex vivo with a sirtuin-modulating compound, can be
administered according to methods for administering a graft to a subject, which may be
accompanied, e.g., by administration of an immunosuppressant drug, e.g., cyclosporin A.

For general principles in medicinal formulation, the reader is referred to Cell Therapy:
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Stem Cell Transplantation, Gene Therapy, and Cellular Immunotherapy, by G. Morstyn &
W. Sheridan eds, Cambridge University Press, 1996; and Hematopoietic Stem Cell
Therapy, E. D. Ball, J. Lister & P. Law, Churchill Livingstone, 2000.

Toxicity and therapeutic efficacy of sirtuin-modulating compounds can be
determined by standard pharmaceutical procedures in cell cultures or experimental
animals. The LDso is the dose lethal to 50% of the population. The EDso is the dose
therapeutically effective in 50% of the population. The dose ratio between toxic and
therapeutic effects (LDs0/EDso) is the therapeutic index. Sirtuin-modulating compounds
that exhibit large therapeutic indexes are preferred. While sirtuin-modulating compounds
that exhibit toxic side effects may be used, care should be taken to design a delivery
system that targets such compounds to the site of affected tissue in order to minimize
potential damage to uninfected cells and, thereby, reduce side effects.

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

performance liquid chromatography.

6. Kits

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

subject (e.g., the blood vessel of a subject) or applying it to the skin of a subject.
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In yet another embodiment, the invention provides a composition of matter
comprising a sirtuin modulator of this invention and another therapeutic agent (the same
ones used in combination therapies and combination compositions) in separate dosage
forms, but associated with one another. The term “associated with one another” as used

5  herein means that the separate dosage forms are packaged together or otherwise attached
to one another such that it is readily apparent that the separate dosage forms are intended
to be sold and administered as part of the same regimen. The agent and the sirtuin

| modulator are preferably packaged together in a blister pack or other multi-chamber
package, or as connected, separately sealed containers (such as foil pouches or the like)

10  that can be separated by the user (e.g., by tearing on score lines between the two
containers).

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

15 The practice of the present methods will employ, unless otherwise indicated,
conventional techniques of cell biology, cell culture, molecular biology, transgenic
biology, microbiology, recombinant DNA, and immunology, which are within the skill of
the art. Such techniques are explained fully in the literature. See, for example, Molecular
Cloning A Laboratory Manual, 2" Ed., ed. by Sambrook, Fritsch and Maniatis (Cold

20 Spring Harbor Laboratory Press: 1989); DNA Cloning, Volumes I and II (D. N. Glover ed.,
1985); Oligonucleotide Synthesis (M. J. Gait ed., 1984); Mullis et al. U.S. Patent No:
4,683,195; Nucleic Acid Hybridization (B. D. Hames & S. J. Higgins eds. 1984);
Transcription And Translation (B. D. Hames & S. J. Higgins eds. 1984); Culture Of
Animal Cells (R. I. Freshney, Alan R. Liss, Inc., 1987); Immobilized Cells And Enzymes

25  (IRL Press, 1986); B. Perbal, A Practical Guide To Molecular Cloning (1984); the treatise,
Methods In Enzymology (Academic Press, Inc., N.Y.); Gene Transfer Vectors For
Mammalian Cells (J. H. Miller and M. P. Calos eds., 1987, Cold Spring Harbor
Laboratory); Methods In Enzymology, Vols. 154 and 155 (Wu et al. eds.),
Immunochemical Methods In Cell And Molecular Biology (Mayer and Walker, eds.,

30  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 Spring Harbor, N.Y., 1986).
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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
5  of certain aspects and embodiments of the present invention, and are not intended to limit
the invention in any way.
Example 1. General procedure to prepare 2-(2-(trifluoromethyl)phenyl)-1H-
benzo[d]imidazole-4-carboxylic acid (3).

N O CF3

Ha y FaG
+ A t EE:N> D
H _— /
2 N
2 o”oH

NH
0~ OH
1

10 2,3-diaminobenzoic acid (1; 50 mg, 0.33 mmol), 2-(trifluoromethyl) benzaldehyde
(2; 57 mg, 0.33 mmol), and sodium metabisulfite (Na;S,0s, 82 mg, 0.43 mmol) were
taken up in DMF (5 mL) and stirred at 100°C for 17 h. The reaction mixture was cooled to
room temperature and diluted with H,O. The resulting mixture was stirred at room
temperature for 1h and filtered. The collected solids were washed with water and dried to

15  afford 2-(2-(trifluoromethyl) phenyl)-1H-benzo[d]imidazole-4-carboxylic acid 3 as a pale
brown solid (75 mg, yield: 74%). MS (ESI) calcd for CsHgF3N20,: 306.06; found: 307
[M+H].

This general procedure is used to prepare any 4-carboxy derivatives of 1H-
benzo[d]imidazole using the appropriate aldehyde component as a replacement for 2-

20  (trifluoromethyl) benzaldehyde 2 in the above scheme.

Example 2. Preparation of N-(thiazol-2-yl)-2-(2-(trifluoromethyl)phenyl)-1H-
benzo[d]imidazole-4-carboxamide (Compound 208).
F3C,

H
FaC. S
H '3 N
N>*© [N/>_NH2 ’>_©
4 N
N 4
Hﬁ\ETU 0“ ™NH
0~ "OH DIEA
DMF S)%N
3 \_;  Compound 208

2-(2-(trifluoromethyl)phenyl)-1H-benzo[d]imidazole-4-carboxylic acid (3; 75 mg,
25  0.24 mmol) was taken up in DMF (2 mL) along with thiazol-2-amine (4; 24 mg, 0.24
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mmol) and HATU (186 mg, 0.49 mmol). DIEA (81 pL, 0.49 mmol) was added. The
reaction mixture was stirred at room temperature for 18 h. The reaction mixture was
diluted with water and filtered. The collected solids were further purified by silica gel
chromatography to afford the desired product, namely N-(thiazol-2-yl)-2-(2-
(trifluoromethyl) phenyl)-1H-benzo[d]imidazole-4-carboxamide (Compound 208), as a
white solid (35 mg, yield: 38%). MS (ESI) calcd for C;gH;F3N40S: 388.06; found: 389
[M+H].

This general procedure is used for any of the amide derivatives shown in Table 1 by
substituting the appropriate carboxylic acid and amine components for 3 and 4,
respectively.

Example 3. Synthesis of 2-(6-(piperazin-1-yl)pyridin-3-yl)-N-(thiazol-2-yl)-1H-
benzo[d]imidazole-4-carboxamide hydrochloride (Compound 251).
Step 1) Preparation of 2-(6-chloropyridin-3-yl)-1H-benzo[d[imidazole-4-carboxylic acid

Na,S,0
\N 2992 é
NH2 ?\C\ DMF 9: \ / cl

2,3-Diaminobenzoic acid (1; 200 mg, 1.31 mmol), 6-chloronicotinaldehyde (5; 186
mg, 1.31 mmol), and Na;S;05 (324 mg, 1.7 mmol) were taken up in DMF (10 mL) and

ZT

stirred at 100 °C for 18 h. The reaction mixture was cooled to room temperature and
diluted with H,O. The resulting mixture was stirred for 1h at room temperature and
filtered. The collected solids were washed with water, MeOH, and dried to afford 2-(6-
chloropyridin-3-yl)-1H-benzo[d]imidazole-4-carboxylic acid 6 as a pale solid (340 mg,
yield: 95%).

Step 2) Preparation of 2-(6-chloropyridin-3-yl)-N-(thiazol-2-yl)-1H-benzo[d]imidazole-4-

carboxamide (7).

H
H S N =N
N =N [/>—NH2 / \ Cl
e L EE[N@

HATU/DIEA/DMF 0™ 'NH
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2-(6-Chloropyridin-3-yl)-1H-benzo[d]imidazole-4-carboxylic acid (6; 340 mg, 1.24
mmol) was taken up in DMF (5 mL) along with thiazol-2-amine (4; 125 mg, 1.24 mmol)
and HATU (943 mg, 2.48 mmol). DIEA (0.41 mL, 2.48 mmol) was added. The reaction
mixture was stirred at room temperature overnight. The reaction mixture was diluted with
water and the resulting solids were collected by filtration. Purification by silica gel
chromatography (pentane/EtOAc) afforded 2-(6-chloropyridin-3-yl)-N-(thiazol-2-y1)-1H-
benzo[d]imidazole-4-carboxamide 7 as a pale yellow solid (215 mg, yield: 52%). MS
(ESI) calcd for Ci¢H¢CINsOS: 355.03; found: 356 [M+H].

Step 3) Preparation of tert-butyl 4-(5-(4-(thiazol-2-ylcarbamoyl)-1H-benzo[d[imidazol-2-
y)pyridin-2-yl)piperazine-1-carboxylate (8).

H
/ N N—Boc
YW, raVa
DMSO
0 /NKH 5 -0 )N\H
S N 7 (\NJ\OJ< g N 8
\—/ \—/
HN\) 170

A mixture containing 2-(6-chloropyridin-3-yl)-N-(thiazol-2-yl)-1H-
benzo[d]imidazole-4-carboxamide (7; 30 mg, 0.084 mmol) and tert-butyl piperazine-1-
carboxylate (170; 156.5 mg, 0.84 mmo) in DMSO (1.2 mL) was stirred at 140 °C in a
microwave reactor for 25 min. The reaction mixture was cooled to room temperature and
diluted with water. The resulting solids were collected by filtration, washed with water and
dried under vacuum to afford tert-butyl 4-(5-(4-(thiazol-2-ylcarbamoyl)-1H-
benzo[d]imidazol-2-yl)pyridin-2-yl)piperazine-1-carboxylate 8 as a pale yellow solid (20
mg, 71%). MS (ESI) calcd for Cy5H7N7058S: 505.19; found: 506 [M+H].

Step 4) Preparation of 2-(6-(piperazin-1-yl)pyridin-3-yl)-N-(thiazol-2-yl)-1H-
benzo[d[imidazole-4-carboxamide hydrochloride (Compound 251).

H H
g W
-Boc
Y, HCUMeOH aWa
0~ "NH 0 NH
SAN 8 SAN
\=/ \=/ Compound 251
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A mixture containing tért-butyl 4-(5-(4-(thiazol-2-ylcarbamoyl)-1H-
benzo[d]imidazol-2-yl)pyridin-2-yl)piperazine-1-carboxylate (8; 20 mg, 0.039 mmol) in
methanolic HCI (3N, 2 mL) was stirred at room temperature for 18 h. The precipitated
solids were collected by filtration, washed with MeOH and dried to afford 2-(6-(piperazin-
1-yl)pyridin-3-yl)-N-(thiazol-2-yl)-1H-benzo[d]imidazole-4-carboxamide hydrochloride
(Compound 251) as a pale yellow solid (21 mg). MS (ESI) calcd for Cy0H19N70S (m/z):
405.14; found: 406 [M+H].

Example 4. Preparation of 2-(6-morpholinopyridin-3-yl)-N-(thiazol-2-yl)-1H-

benzo[d]imidazole-4-carboxamide (Compound 247).

H
N =N N /=N S
N/>“<\:/)”C' N/ N/
o/\
07> NH LN, 07 NH
s N DMSO g SN
\=/ 7 \=/ Compound 247

A mixture containing 2-(6-chloropyridin-3-yl)-N-(thiazol-2-yl)-1H-
benzo[d]imidazole-4-carboxamide (7; 20 mg, 0.056 mmol) and morpholine (48; 49 mg,
0.56 mmol) in DMSO (1.5 mL) was stirred at 140 °C in a microwave reactor for 25 min.
The reaction mixture was cooled to room temperature and diluted with water. The
precipitated solids were collected by filtration and dried. The solids were redissolved in
EtOAc and enough petroleum ether was added to precipitate the product out again. The
solids were collected by filtration, washed with MeOH and dried to afford 2-(6-
morpholinopyridin-3-yl)-N-(thiazol-2-y1)-1H-benzo|d]imidazole-4-carboxamide
(Compound 247) as a pale yellow solid (13 mg, 57%). MS (ESI) calcd for C3oH;3NsO;S:
406.12; found: 407 [M+H].

75

SII

N



Conmpd # [MrHr Structure ECI 5Fold Act. 276 374 Fc B 0 N 41 ONH 6

277

384 Li ONHNj'"'" N/ BAZ278 400 HF B A 40 N* N ONH 279 411 H

A A i s WO 201@NBP48Ir k 280 390 B PCT/US2009/049498

Example 5. Preparation of 2-(2-morpholinopyridin-3-yl)-N-(thiazol-2-yl)-1H-
benzo[d]imidazole-4-carboxamide (Compound 250).

O
Cl

H
N
>SN K/NH
N ’/ \N
DvMso
07 NH

H
— A N
= \ﬁ Compound 250
2-(2-Chloropyridin-3-yl)-N-(thiazol-2-yl)-1H-benzo[d]imidazole-4-carboxamide 9
5  was prepared according to the general procedure outlined above using the appropriate
aldehyde component. A mixture containing this material, namely 2-(2-chloropyridin-3-
yl)-N-(thiazol-2-yl)-1H-benzo[d]imidazole-4-carboxamide (9; 19 mg, 0.053 mmo) and
morpholine (48; 46 mg, 0.53 mmol) in DMSO (1.2 mL) were stirred at 140 °C in a
microwave reactor for 25 min. The reaction mixture was cooled to room temperature and
10 diluted with water. The precipitated solids were collected by filtration and dried. The
solids were redissolved in EtOAc and enough petroleum ether was added to precipitate the
product out again. The solids were collected by filtration, washed with MeOH and dried to
afford 2-(2-morpholinopyridin-3-yl)-N-(thiazol-2-yl)-1H-benzo[d]imidazole-4-
carboxamide (Compound 250) as a white solid (13 mg, 60%). MS (ESI) calcd for
15 CyHisNgO,S (m/z): 406.12; found: 407 [M+H].
Example 6. Preparation of 2-(2-(2-(trifluoromethyl)phenyl)-1H-benzo[d|imidazole-4-
carboxamido)pyridine 1-oxide (Comound 329).

F3C F3C
H
N N
V/, V.
N mCPBA N
rr———
o] NH 0 NH
Z | = f{]’o
J 10 . Compound 329

To a solution of N-(pyridin-2-yl)-2-(2-(trifluoromethyl)phenyl)- 1H-
20  benzo[d]imidazole-4-carboxamide (10; 100 mg, 0.26 mmol) in CH,Cl; (10 mL) was added
mCPBA (140 mg, 0.81 mmol) under nitrogen. The mixture was stirred at room temperature
for 12 h. A saturated aqueous solution of K;COj3 (10 mL) was added and the mixture was

extracted with CH,Cl; (3%10 mL). The combined organic layers were dried (Na;SOy4),
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concentrated under reduced pressure. The resulting residue was purified by
chromatography (CH,Cl,:methanol = 20:1) to give 2-(2-(2-(trifluoromethyl)phenyl)-1H-
benzo[d]imidazole-4-carboxamido)pyridine 1-oxide (Compound 329) (60.0 mg, 58 %) as a
colorless solid. MS (ESI) caled for C,0H;3F3N40,: 398.10; found: 399 [M+H].

Example 7. Synthesis of N-(2-(3-(trifluoromethyl)phenyl)-1H-benzo|d]imidazol-4-
yDthiazole-4-carboxamide (Compound 332).

Step 1) Preparation of benzyl 2-(3-(trifluoromethyl)phenyl)-1H-benzo[d]imidazol-4-

ylcarbamate (12).
§ H
N/ DPPA_ @ 4
BnOH
/o 12
Bn

A solution of 2-(3-(trifluoromethyl)phenyl)- 1 H-benzo[d]imidazole-4-carboxylic
acid (11; 1.53 g, 5.0 mmol), diphenylphosphoryl azide (DPPA, 1.39 g, 5.0 mmol) and Et;N
(0.75 g, 7.4 mmol) in toluene (15 mL) was stirred at room temperature for 2 h and then
stirred under reflux for 2 h. Benzyl alcohol (0.54 g, 5.0 mmol) was added and the resulting
reaction mixture was stirred under reflux for another 12 h. After cooling to room
temperature, the mixture was washed successively with aqueous citric acid (10 % w/w),
saturated NaHCOj; and brine. The organic layer was (Na;SOs), and concentrated under
reduced pressure. The resulting residue was purified by chromatography (petroleum
ether:ethyl acetate = 10:1) to give benzyl 2-(3-(trifluoromethyl)phenyl)-1H-
benzo[d]imidazol-4-yicarbamate 12 (1.45 g, 70 %) as a solid. MS (ESI) calcd for
CyoHj6F3N30,: 411.12; found: 412 [M+H].

Step 2) Preparation of 2-(3-(triﬂu0r0methyl)phenyl)-IH-benzo[d]imidazol—4-amine (13).

CF3 H
v y
E;E y i O
N R g
HN o

50 12 13
n]

To a stirred solution of benzyl 2-(3-(trifluoromethyl)phenyl)-1H-benzo[d]imidazol-
4-ylcarbamate (12; 1.45 g, 3.5 mmol) in methanol (20 mL) was added 5% Pd/C (0.20 g).

The reaction mixture was thoroughly purged with nitrogen and then stirred under 1 atm of
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hydrogen at room temperature for 18 h. The mixture was filtered through a pad of Celite
and the filtrate was concentrated under reduced pressure to give 2-(3-
(trifluoromethyl)phenyl)-1H-benzo[d]imidazol-4-amine 13 (0.90 g, 3.25 mmol, 93 %) as a
solid. MS (ESI) calcd for Cy4H oF3N3: 277.08; found: 278 [M+H].

5  Step 3) Preparation of N-(2-(3-(trifluoromethyl)phenyl)-1H-benzo[d]imidazol-4-
yDthiazole-4-carboxamide (Compound 332).

HOOC

s E;L

HATU

z\ zT

NHz

7 N
SJ/ Compound 332

A mixture of 2-(3-(trifluoromethyl)phenyl)-1H-benzo[d]imidazol-4-amine (13; 0.28

g, 1.0 mmol), thiazole-4-carboxylic acid (14; 0.15 g, 1.2 mmol), DIEA (0.42 mL, 2.4

10 mmol) and HATU (0.79 g, 2.07 mmol) in DMF (10 mL) was stirred at room temperature
for 12 h. A saturated aqueous solution of NaHCOj3 (5 mL) was added and the mixture was
filtered. The residue was washed with ethyl acetate (3x15 mL) and the aqueous layer was
extracted with ethyl acetate (3x15 mL). The combined organic layers were dried (MgSOy)
and concentrated under reduced pressure. The resulting residue was purified by '

15  chromatography (petroleum ether:ethyl acetate = 10:1) to give N-(2-(3-
(trifluoromethyl)phenyl)-1H-benzo[d|imidazol-4-yl)thiazole-4-carboxamide (Compound
332) (0.30 g, 0.77 mmol, 77 %) as a colorless solid. MS (ESI) calcd for C;gH;;F3N40S:
388.06; found: 389 [M+H].
Example 8. Preparation of N-(pyridin-2-yl)-2-(3-(trifluoromethyl)phenyl)-1H-

20  benzo[d]imidazol-4-amine (Compound 581).

H
N

CFsy
) e
@ OAc)2 BINAP, HNO
-BuOK N Compound 581

A mixture containing 2-(3-(trifluoromethyl)phenyl)-1H-benzo[d]imidazol-4-amine
(13; 332 mg, 1.20 mmol), 2-chloropyridine (15; 138 g, 1.22 mmol), Pd(OAc); (120 mg,
0.53 mmol), BINAP (336 mg, 0.53 mmol) and ~BuOK (150 mg, 1.34 mmol) in toluene
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(10 mL) was stirred under reflux for 12 h under an inert atmosphere of N,. The reaction
mixture was concentrated under reduced pressure and the resulting residue was extracted
with ethyl acetate (3 x 15 mL). The combined organic layers were dried (Na;SO;) and
concentrated under reduced pressure. The resulting residue was purified by

5  chromatography (petroleum ether:ethyl acetate = 1:1) to afford N-(pyridin-2-yl)-2-(3-
(trifluoromethyl)phenyl)-1H-benzo[d]imidazol-4-amine (Compound 581) (30 mg, 0.085
mmol, 7.1 %) as a colorless solid. MS (ESI) caled for CgH3F3Ny: 354.11; found: 355
[M+H].
Example 9. Preparation of N-(pyridin-3-ylmethyl)-2-(3-(trifluoromethyl)phenyl)-1H-

10  benzo[d]imidazol-4-amine (Compound ).

H CFs CHO
N
4
N

NaBH OAC)3
NH,
=

13 I
N

A mixture containing 2-(3-(trifluoromethyl)phenyl)-1H-benzo[d]imidazol-4-amine
(13; 120 mg, 0.43 mmol), nicotinaldehyde (16; 51 mg, 0.47 mmol) and NaBH(OAc); (143
mg, 0.67 mmol) in 1,2-dichloroethane (10 mL) was stirred at room temperature for 12 h
15  under an inert atmosphere of N,. Saturated aqueous NaHCOs (10 mL) was added and the
mixture was extracted with ethyl acetate (3 x 15 mL). The combined organic layers were
dried (Na;SOj4) and concentrated under reduced pressure. The resulting residue was
purified by chromatography (gradient elution, petroleum ether: ethyl acetate = 1:1 to 1:3)
to afford N-(pyridin-3-ylmethyl)-2-(3-(trifluoromethyl)phenyl)- 1 H-benzo[d]imidazol-4-
20  amine (Compound) (70 mg, 0.198 mmol, 46 %) as a pale yellow solid. MS (ESI) calcd for
CooH;5F3Ny4: 368.12; found: 369 [M+H].
Example 10. Synthesis of 2-(4-morpholino-2-(trifluoromethyl)phenyl)-N-(pyridin-3-
yD)-1H-benzo[d]imidazole-4-carboxamide (Compound 430).
Step 1) Preparation of 4-chloro-1-(dimethoxymethyl)-2-(trifluoromethyl)benzene (18).

/@[CHO Me
Cl CF, CH(OEt) OMe
TsOH 18

25 17
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To a stirred solution of 4-chloro-2-(trifluoromethyl)benzaldehyde (17; 4.20 g, 20.0
mmol) in methanol (25 mL) was added triethoxymethane (3.60 g, 24.0 mmol) at 0 °C. The
resulting reaction mixture was warmed to room temperature and stirred for 12 h. A solution
of MeONa in methanol was added to adjust the pH=10. The solvent was removed under

5  reduced pressure and the resulting residue was diluted with water. The mixture was
extracted with ethyl acetate (3x50 mL) and the combined organic layers were dried
(NazS04) and concentrated under reduced pressure to give 4-chloro-1-(dimethoxymethyl)-
2-(trifluoromethyl)benzene 18 (3.20 g, 12.6 mmol, 63%).

Step 2. Preparation of 4-(4-(dimethoxymethyl)-3-(trifluoromethyl)phenyl)morpholine
10 (19).

OMe Me
/@f\OMe morpholine OMe
Pdy(dba) N CF
cl CF 2 3 3
: tBuOK Q

18 19

A mixture of 4-chloro-1-(dimethoxymethyl)-2-(trifluoromethyl)benzene (18; 3.20
g, 12.6 mmol), Pd,(dba);(0.30 g, 0.33 mmol), #~-BuOK (3.50 g, 31.2 mmol) and morpholine
(48; 1.09 g, 12.6 mmol) in anhydrous toluene (50 mL) was stirred under reflux for 12 h
15  under an inert atmosphere of nitrogen. Upon cooling to room temperature, the mixture was
filtered and the filtrate was concentrated under reduced pressure. The resulting residue was
purified by chromatography (petroleum ether:ethyl acetate=10:1) to give 4-(4-
(dimethoxymethyl)-3-(trifluoromethyl)phenyl)morpholine 19 (0.40 g, 10.4%).
Step 3. Preparation of 2-(4-morpholino-2-(trifluoromethyl)phenyl)-1H-
20  benzo[d]imidazole-4-carboxylic acid (20).
FaC

@ﬁ oy essels

Nazszos DMF

A mixture of 4-(4-(dimethoxymethyl)-3-(trifluoromethyl)phenyl)morpholine (19;
0.40 g, 1.31 mmol), 2,3-diaminobenzolic acid (1; 0.20 g, 1.31 mmol), Na,S,0s (0.33 g,
1.74 mmol) in DMF (10 mL) was stirred at 110 °C (oil bath) for 18 h. Upon cooling to
25  room temperature, the mixture was diluted with water (20 mL) and stirred for 30 min. The

mixture was filtered; the filter cake was washed with water (3x10 mL) and dried to give 2-
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(4-morpholino-2-(trifluoromethyl)phenyl)-1H-benzo[d]imidazole-4-carboxylic acid 20
(0.37 g, 72%) as a grey solid.

Step 4. Preparation of 2-(4-morpholino-2-(trifluoromethyl)phenyl)-N-(pyridin-3-yl)-1H-
benzo[d]imidazole-4-carboxamide (Compound 430).

H FSC NH2 F3C
4 NP 173 4
N n_/ N
HATU
0" "OH DIEA
20 DMF

- N Compound 430

A mixture of 2-(4-morpholino-2-(trifluoromethyl)phenyl)- 1H-benzo[d]imidazole-4-
carboxylic acid (20; 157 mg, 0.40 mmol), HATU (304 mg, 0.80 mmol), DIEA (207 mg,
1.60 mmol) and 3-aminopyridine (173; 37 mg, 0.40 mmol) in DMF (2 mL) was stirred at
room temperature for 12h. Water (20 mL) was added and stirred for 30 min. The mixture
was extracted with ethyl acetate (3x10 mL). The combined organic layers were dried
(Na;S0y) and concentrated under reduced pressure. The resulting residue was purified by
chromatography to give 2-(4-morpholino-2-(trifluoromethyl)phenyl)-N-(pyridin-3-yl)-1H-
benzo[d]imidazole-4-carboxamide (Compound 430) (64 mg, 34%) as a pale yellow solid.
MS (ESI) caled for Cy4H30F3N50,: 467.16; found: 468 [M+H].

Example 11. Preparation of 2-(5-morpholino-2-(trifluoromethyl)phenyl)-N-(pyridin-
3-yl)-1H-benzo|d]imidazole-4-carboxamide (Compound 450).

FsC
FsC 3

z\ ZI

OHC

Cl
21

™ N Compound 450

The same general procedure outlined in Example 10, above for the preparation of 2-
(4-morpholino-2-(trifluoromethyl)phenyl)-N-(pyridin-3-yl)-1H-benzo[d]imidazole-4-
carboxamide was used, except that 5-chloro-2-(trifluoromethyl)benzaldehyde 21 was used
as the starting material to produce 2-(5-morpholino-2-(trifluoromethyl)phenyl)-N-(pyridin-
3-yl)-1H-benzo[d]imidazole-4-carboxamide (Compound 450). MS (ESI) calcd for
Ca4HyoF3N50;: 467.16; found: 468 [M+H].
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Example 12. Synthesis of 2-(2-(piperidin-4-yloxy)phenyl)-N-(thiazel-2-yl)-1H-
benzo[d]imidazole-4-carboxamide (Compound 428).

Step 1) Preparation of tert-butyl 4-(methylsulfonyloxy)piperidine-1-carboxylate (24).

OH Ms
?
+ /ﬁ_C|
0
23 24 ’\'l
Boc

|
Boc 22

5 To a solution of N-Boc-4-hydroxypiperidine (22; 25 g, 124 mmol) and Et;N (20.7

mL) in CH,Cl; (100 mL) was added a solution of methanesulfonyl chloride 23 in CH,Cl,
(20 mL) dropwise in an ice-water bath. The mixture was stirred at room temperature for 18
h. It was then diluted with 100 mL of CH,Cl; and washed successively with saturated
aqueous Na;CO3 (50 mL) and brine (50 mL). The organic layer was dried (Na;SO,) and

10  concentrated under reduced pressure to afford tert-butyl 4-(methylsulfonyloxy)piperidine-
1-carboxylate 24 (45 g, crude yield: >100%). This material was then used in the next step
without further purification.
Step 2) Preparation of tert-butyl 4-(2-formylphenoxy)piperidine-1-carboxylate (26).

HO CHO
OH _KeCO3 o)
BocN OMs
25 " DWF 26 NBoc

15 A mixture containing 2-hydroxybenzaldehyde (25; 4.2 g, 34.5 mmol), tert-butyl 4-
(methylsulfonyloxy)piperidine-1-carboxylate (24; 15.0 g, ~ 41 mmol), K,CO; (7.15 g, 51.7
mmol) and tetrabutyl ammonium iodide (500 mg, cat) in DMF (100 mL) was stirred at 70-
80 °C for 18 h. The solvent DMF was removed by concentration under reduced pressure.
The resulting residue was diluted with EtOAc (100 mL) and washed with water (50 mL).

20  The organic layer was dried (MgSOs) and concentrated under reduced pressure. The
resulting residue was purified by chromatography (pentane/EtOAc = 1:10) to give tert-
butyl 4-(2-formylphenoxy)piperidine-1-carboxylate 26 as a yellow oil (2.89g, 27%).
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Step 3) Preparation of 2-(2-(1-(tert-butoxycarbonyl)piperidin-4-yloxy)phenyl)-1H-
benzo[d]imidazole-4-carboxylic acid (27).

NH, O NBoc
CHO HZNKj)kOH </ )

0
1@ ! i OC
NBOC "Na,5,0,, DMF N/
26 N
o >on 27

The same general procedure outlined above for the preparation of benzimidazole
5  derivatives was used, employing 2,3-diaminobenzoic acid 1 and tert-butyl 4-(2-
formylphenoxy)piperidine-1-carboxylate 26 to produce 2-(2-(1-(tert-
butoxycarbonyl)piperidin-4-yloxy)phenyl)-1H-benzo[d]imidazole-4-carboxylic acid 27.
MS (ESI) calced for C4H37N305: 437.20; found: 438 [M+H].
Step 4) Preparation of 2-(2-(piperidin-4-yloxy)phenyl)-N-(thiazol-2-yl)-1H-
10 benzo[d]imidazole-4-carboxamide (Compound 428).

- @)
0}
H 0o

27 g >N Compound 428

The same general amide coupling procedure outlined above was used, employing 2-
(2-(1-(tert-butoxycarbonyl)piperidin-4-yloxy)phenyl)-1H-benzo[d]imidazole-4-carboxylic
acid 27 and 2-aminothiazole 4 as the starting materials. The resulting crude amide

15  coupling product (0.2 mmol) was treated with 4 mL of 25% TFA in CH;Cl, and allowed to
stand at room temperature for 8h. The mixture was concentrated under reduced pressure
and the resulting residue was purified by preparative HPLC using aqueous acetonitrile that
has buffered with 0.1% TFA to afford 2-(2-(piperidin-4-yloxy)phenyl)-N-(thiazol-2-y1)-
1H-benzo[d]imidazole-4-carboxamide (Compound 428). MS (ESI) calcd for

20  CpH3iN50,S: 419.14; found: 420 [M+H].
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Example 13. Synthesis of 2-(2-(pyrrolidin-3-yloxy)phenyl)-N-(thiazol-2-yl)-1H-
benzo|[d]imidazole-4-carboxamide (Compound 459).

Step 1) Preparation of tert-butyl 3-(2-formylphenoxy)pyrrolidine-1-carboxylate (30).

CHO
OH CHO
Ty - O
28 Boc 29 Eoc K2COs 30 NBoc
5 To a solution of N-Boc-3-hydroxypyrrolidine (28; 2 g, 10.7 mmol) and Et;N (2.2

ml, 16.0 mmol) in CH,Cl, (5 mL) was added a solution of methanesulfonyl chloride (1.84
g, 2.52 ml, 16.0 mmol) in CH,Cl; (5 mL) dropwise in an ice-water bath. The mixture was
stirred at room temperature for 18 h. It was then diluted with 50 mL of CH,Cl,, washed
with saturated Na;COs3 (20 mL), brine (20 mL), dried (Na;SQ4) and concentrated under

10  reduced pressure to afford N-Boc-3-(methylsulfonyloxy)pyrrolidine 29 (2.6 g, 92%). This
material was used in the following step without further purification.

2-Hydroxybenzaldehyde (25; 1.2 g, 9.8 mmol), N-Boc-3-

(methylsulfonyloxy)pyrrolidine (29; 2.6 g, 9.8 mmol), K2CO3 (2.0 g, 14.7 mmol) and
tetrabutyl ammonium iodide (300 mg, cat) in CH,Cl, (20 mL) was stirred at 70-80 °C for

15 18 h. DMF was removed by concentration under reduced pressure. The resulting residue
was diluted with EtOAc (100 mL), washed with water (50 mL), dried (MgSQO4) and
concentrated under reduced pressure. The resulting residue was purified by
chromatography (pentane:EtOAc = 1:10) to afford 676 mg of tert-butyl 3-(2-
formylphenoxy)pyrrolidine-1-carboxylate 30 as an oil (yield: 23%).

20  Step 2) Preparation of 2-(2-(1-(tert-butoxycarbonyl)pyrrolidin-3-yloxy)phenyl)-1H-
benzo[d]imidazole-4-carboxylic acid (31).

NH; QNBOC
CHO E/E[NHZ
@ﬂ@ O OH _
NBoc NaZSZO5 9/‘N/>_©

30

A mixture of 2,3-diaminobenzoic acid (1; 350 mg, 2.3 mmol), tert-butyl 3-(2-
formylphenoxy)pyrrolidine-1-carboxylate (30; 670 mg, 2.3 mmol) and Na,;S;05 (568 mg,
25 1.3 mmol) in DMF (30 mL) was stirred at 90 °C for 18 h. The mixture was cooled to room
temperature. The mixture was diluted with water (100 mL), stirred for 1h, filtered, and
84
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washed with water. The filter cake was dried under vacuum to afford 822 mg of the titled
compound 31 (84%). MS (ESI) calcd for Cy3HpsN30s5: 423.18; found: 424 [M+H].
Step 3) Preparation of tert-butyl 3-(2-(4-(thiazol-2-ylcarbamoyl)-1H-benzo[d]imidazol-2-
y))phenoxy)pyrrolidine-1-carboxylate (32).

Q\IBOC QNBOC
ol

DIEA
0% oH DMF 07 NH
# S)*N 32
\—/

To a solution of 2-(2-(1-(tert-butoxycarbonyl)pyrrolidin-3-yloxy)phenyl)-1H-
benzo[d]imidazole-4-carboxylic acid (31; 150 mg, 0.36 mmol), thiazol-2-amine (4; 35.5
mg, 0.36 mmol), and HATU (202 mg, 0.53 mmol) in DMF (5 mL) was added DIEA (137
mg, 1.06 mmol). The mixture was stirred at room temperature for 18 h. It was then diluted
10  with water (20 mL) and stirred for 30 min. The precipitate was collected by filtration, and
then purified by column chromatography to give 85 mg of the title compound 32 (yield:
48%). MS (ESI) calcd for Cp6Hy7N504S: 505.18; found: 506 [M+H].
Step 4) Preparation of 2-(2-(pyrrolidin-3-yloxy)phenyl)-N-(thiazol-2-yl)-1H-
benzold]imidazole-4-carboxamide (Compound 459).

QNBOC QNH
0

H
N . N
4 /
N N
0™ "NH 0" "NH
32
S/gN .
o/ \/ Compound 459

15
A solution of tert-butyl 3-(2-(4-(thiazol-2-ylcarbamoyl)-1H-benzo[d]imidazol-2-

yl)phenoxy)pyrrolidine-1-carboxylate 32 in 8§ mL of 4M HC1/MeOH was stirred at room
temperature for 2h. The precipitate formed was collected by filtration and washed with
methanol to give 72 mg of 2-(2-(pyrrolidin-3-yloxy)phenyl)-N-(thiazol-2-y1)-1H-

20  benzo[d]imidazole-4-carboxamide (Compound 459) (yield: 96%). MS (ESI) calcd for
Ca1H9N50,S: 405.13; found: 406 [M+H].
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Example 14. Preparation of 2-(3-(2,3-dihydroxypropoxy)phenyl)-N-(thiazol-2-yl)-1H-
benzo[d]imidazole-4-carboxamide (Compound 324).

Step 1) Preparation of (2,2-dimethyl-1,3-dioxolan-4-yl)methyl 4-methylbenzenesulfonate
34

0/@ TsCl, EtsN, DMAP o/%
0
Ho\)\/ DCM, RT Tso\)\/

33 34

(2,2-Dimethyl-1,3-dioxolan-4-yl)methanol (33; 7.56 mmol, 1.0g) was taken up in
20 mL of dichloromethane. Triethylamine (26.46 mmol, 3.687 mL) was then added,
followed by p-toluensulfonyl chloride (15.12 mmol, 2.88g) and catalytic amount of 4-
dimethylamino pyridine. The reaction was allowed to stir at room temperature for 18 h.
The crude reaction mixture was diluted with dichloromethane, washed successively with
saturated aqueous sodium bicarbonate solution, water, dried (Na;SO4) and concentrated
under reduced pressure. The resulting residue 34 was used for the next step without further
purification (89% crude yield).
Step 2) Preparation of 2-(3-((2,2-dimethyl-1,3-dioxolan-4-yl)methoxy)phenyl)-N-
(thiazol-2-yl)-1H-benzo[d]imidazole-4-carboxamide (36).

o)
0/@ J oH  KoCOs QO
o) H e o)
Tso A" b/ DMF.50°c  OHC \\Q\//
o)

34 35 36

To a solution of (2,2-dimethyl-1,3-dioxolan-4-yl)methyl 4-methylbenzenesulfonate
(34; 4.02 mmol, 1.15g) and 3-hydroxybenzaldehyde (35; 4.824 mmol, 0.614g) in 20 mL of
dimethylformamide was added potassium carbonate (10.05 mmol, 1.39g). The reaction
was stirred at 50 °C for 18 h. To the crude reaction mixture was diluted with water (10
mL) and extracted with dichloromethane (3 X 15mL). The combined organic layers were
dried (NazS0O4) and concentrated under reduced pressure. The crude material was purified
by flash chromatography (Pentanes/EtOAc). The desired product 36 was obtained in 84%
yield.
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Step 3) Preparation of 2-(3-((2,2-dimethyl-1,3-dioxolan-4-yl)methoxy)phenyl)-N-
(thiazol-2-yl)-1H-benzo[d]imidazole-4-carboxamide (37).

NH, O §
OHC H,N ’ )
2 OH N
o 1 1, Na,S,05, DMF o
S 07 NH
o 2
%)< Lo - %3<
o HATU, DIEA,DMF
36 * T 3 ©

The same general procedure outlined above for the preparation of benzimidazole‘s |
using 2,3-diaminobenzoic acid was used to prepare 2-(3-((2,2-dimethyl-1,3-dioxolan-4-
yl)methoxy)phenyl)-N-(thiazol-2-yl)-1H-benzo[d]imidazole-4-carboxamide 37. MS (ESI)
caled for Cp3H2»N404S: 450.14; found: 451 [M+H].

Step 4) Preparation of 2-(3-(2,3-dihydroxypropoxy)phenyl)-N-(thiazol-2-yl)-1H-

benzo[dJimidazole-4-carboxamide (Compound 324).

H
,t} N
/
N)—Q 4N HCl N>—Q
o) THF O
07 NH 07 NH
A &\0 SAN OH
S
3 R o)< \—/ OH

Compound 324

To a solution of 2-(3-((2,2-dimethyl-1,3-dioxolan-4-yl)methoxy)phenyl)-N-
(thiazol-2-y1)-1H-benzo[d]imidazole-4-carboxamide (37; 50mg, 0.111 mmol) in THF was
added 4N HCI dropwise until precipitation was observed. The precipitate was collected via
vacuum filtration and washed with anhydrous ethanol. The product (Compound 324) was
dried overnight under vacuum. (Product was pale yellowish in color and yield = 86%).
MS (ESI) caled for C33H22N404S: 410.10; found: 411 [M+H].
Example 15. Preparation of 2-(2-(2-(pyrrolidin-1-yl)ethoxy)phenyl)-N-(thiazol-2-yl)-
1H-benzo|d]imidazole-4-carboxamide (Compound 482).
Step 1) Preparation of 2-chloroethyl 4-methylbenzenesulfonate (39).

OH
o TsCl cl -OTs
38 39
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In a typical run, p-toluenesulfonyl chloride (TsCl, 70.5 g, 0.37 mol) was added

slowly to a solution of 2-chloroethanol (38; 25.0 g, 0.31 mol) in pyridine (100 mL) at 0 °C.

The reaction mixture was stirred at 0-5 °C for 18 h. Ice water (300 mL) was added and the

resulting mixture was extracted with ethyl acetate (3 x 100 mL). The combined organic

5 layers were washed with 1 N HCI (3 x100 mL), water (100 mLx3), dried (Na;SO,) and

concentrated under reduced pressure to afford 2-chloroethyl 4-methylbenzenesulfonate 39

(64.3 g, 88 %).

Step 2) Preparation of 2-(2-chloroethoxy)benzaldehyde (40).

OH
OHC 25 o~ O

39 K2CO3 40

10 A mixture of 2-chloroethyl 4-methylbenzenesulfonate (39; 27.0 g, 0.115 mol), 2-
hydroxybenzaldehyde (25; 14.0 g, 0.115 mol) and K,COs (31.7 g, 0.23 mol) in DMF (100
mL) was stirred at 45 °C for 12 h. Water (200 mL) was added and the mixture was
extracted with ethyl acetate (3 x150 mL). The combined organic layers were washed
saturated brine (3 x 50 mL), dried (Na,SO4) and concentrated under reduced pressure. The

15  resulting residue was purified by chromatography (petroleum ether : ethyl acetate=10:1) to
give 2-(2-chloroethoxy)benzaldehyde 40 (16.8 g, 0.091mol, 79%) as a pale yellow solid.
Step 3) Preparation of 2-(2-(pyrrolidin-1-yl)ethoxy)benzaldehyde (41).

O/\/Cl QNH
OHC 172 OHC
40 K2C03, Nal a1

A solution of 2-(2-chloroethoxy)benzaldehyde (40; 2.5 g, 13.5 mmol), pyrrolidine
20 (172; 1.9 g, 26.8 mmol), K,CO3 (3.8 g, 27.2 mmol) and Nal (0.6 g, 4.2 mmol) in DMF (50
mL) was stirred at 80 °C for 12 h. Water (200 mL) was added and the mixture was
extracted with ethyl acetate (3 X150 mL). The combined organic layers were washed brine
(3 x 50 mL), dried (Na;SO4) and concentrated under reduced pressure. The resulting
residue was purified by chromatography (dichloromethane: methanol = 100:1) to give 2-(2-
25  (pyrrolidin-1-yl)ethoxy)benzaldehyde 41 (1.63 g, 7.43 mmol, 55%) as a pale yellow solid.
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Step 4) Preparation of 2-(2-(2-(pyrrolidin-1-yl)ethoxy)phenyl)-1H-benzo[d]imidazole-4-
carboxylic acid (42).

NH, H
O™ o
N
0 NH, ,V»—@
OHC COH o
Na,5,0s O ON 2

A mixture of 2-(2-(pyrrolidin-1-yl)ethoxy)benzaldehyde (41; 1.6 g, 7.3 mmol), 2,3-

5  diaminobenzolic acid (1; 1.10 g, 7.3 mmol), Na;S,0s (2.0 g, 11.0 mmol) in DMF (30 mL)
was stirred at 95 °C (oil bath) for 18 h. Water (30 mL) was added and the mixture was
filtered. The solids were washed with dichloromethane/methanol (50 mL, v/v=5/1) and
dried to give 2-(2-(2-(pyrrolidin-1-yl)ethoxy)phenyl)-1H-benzo[d]imidazole-4-carboxylic
acid 42 (1.80 g, 5.1 mmol, 70%) as a brown solid.

10  Step 5) Preparation of 2-(2-(2-(pyrrolidin-1-yl)ethoxy)phenyl)-N-(thiazol-2-yl)-1H-

benzo[dJimidazole-4-carboxamide (Compound 482).

H
H
N N/
% HoN— N N
N>—Q 2 \(/ Va4 g
0~ "OH HATU )\
DIEA N7 s
42 N DMF \__; @
Q Compound 482

A mixture of 2-(2-(2-(pyrrolidin-1-yl)ethoxy)phenyl)-1H-benzo[d]imidazole-4-

carboxylic acid (42; 0.30 g, 0.85 mmol), HATU (0.42 g, 1.1 mmol), DIPEA (0.22 g, 1.7

15  mmol) and 2-aminothiazole (4; 0.17 g, 1.7 mmol) in DMF (15 mL) was stirred at 50 °C for
14 h. Water (30 mL) was added and the mixture was stirred for 30min. The mixture was
filtered and the filter cake was purified by chromatography
(dichloromethane:methanol:ammonia = 60:1:0.3) to give 2-(2-(2-(pyrrolidin-1-
yl)ethoxy)phenyl)-N-(thiazol-2-yl)-1H-benzo[d]imidazole-4-carboxamide (Compound

20 482) (70 mg, 0.16 mmol, 18.8 %) as a colorless solid. MS (ESI) calcd for C3H23N50,S:
433.16; found: 434 [M+H].
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Example 16. Synthesis of 2-(2-(difluoromethyl)-4-fluorophenyl)-1H-
benzo|d]imidazole-4-carboxylic acid (Compound 559).
Step 1) Preparation of 1-bromo-2-(difluoromethyl)-4-fluorobenzene (44).

HO FF
Br DAST _ Br
DCM
F F
43 44
5 To a solution of 2-bromo-5-fluorobenzaldehyde (43; 10g, 43.5mmol) in CH,Cl,

(100mL) was added a solution of (diethylamino)sulfur trifluoride (“DAST”, 10.5g,
65.2mmol) in CH,Cl;, (50mL) at 0 °C. The reaction mixture was then warmed to room
temperature and stirred for 18 h. The mixture was poured into aqueous NaHCO; slowly
and the layers were separated. The aqueous layer was extracted with CH,Cl,. The

10 combined organic layers were dried (Na;SO4) and concentrated under reduced pressure.
The crude material was purified by vacuum distillation to afford 1-bromo-2-
(difluoromethyl)-4-fluorobenzene 44 (7.9g, 71.3%).
Step 2) Preparation of 2-(difluoromethyl)-4-fluorobenzaldehyde (46).

F F MgBr F F
Br A OHC
. THF .
a4 a5
15 Isopropyl magnesium bromide (30mL,1M in THF, 30mmol) was added dropwise to

an ice-cooled solution of 1-bromo-2-(difluoromethyl)-4-fluorobenzene (44; 6g, 26.7mmol)
in THF(100mL). The reaction mixture was then allowed to warm to room temperature and
stirred for 3 hr. Dimethylformamide (3.5ml, 45.2mmol) was added and the reaction stirred
for 3 hr. Water was added and the mixture was extracted with ethyl acetate. The combined

20  organic layers were dried (Na;SO4) and concentrated under reduced pressure. The resulting
residue was purified by chromatography to afford 2-(difluoromethyl)-4-
fluorobenzaldehyde 45 (3.2g, 68.5%)
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Step 3) Preparation of 2-(2-(difluoromethyl)-4-fluorophenyl)-1H-benzo[d]imidazole-4-

carboxylic acid (46).
F 45 F F
F H
NH2z N
OHC F ) F
NH, _ N
COOH
1 COoH Naz8;0s DMF 46

The same general procedure outlined above for the preparation of benzimidazole
5  was used employing 2-(difluoromethyl)-4-fluorobenzaldehyde 45 and 2,3-diaminobenzoic
acid 1 as the starting materials to afford 2-(2-(difluoromethyl)-4-fluorophenyl)-1H-
benzo[d]imidazole-4-carboxylic acid 46. MS (ESI) calcd for CysHgF3N,05: 306.6; found:
307 [M+H].
Step 4) Preparation of 2-(2-(difluoromethyl)-4-fluorophenyl)-N-(thiazol-2-yl)-1H-
10 benzo[d]imidazole-4-carboxamide (Compound 559).

F
[/>_NH2 ?HF :
/ F
N

COOH DIEA
DIEA

DMF © /NLH

46 N

S\a Compound 559
The same general amide coupling procedure outlined above was used to prepare 2-
(2-(difluoromethyl)-4-fluorophenyl)-N-(thiazol-2-yl)-1H-benzo[d]imidazole-4-
carboxamide (Compound 559). MS (ESI) calcd for CgH;;F3N4OS: 388.06; found: 389
15 [M+H].
Example 17. Synthesis of 2-(2-(difluoromethyl)-4-morpholinophenyl)-N-(thiazol-2-
yl)-1H-benzo|d]imidazole-4-carboxamide (Compound 551).
Step 1) Preparation of 2-(difluoromethyl)-4-morpholinobenzaldehyde (49).
FHG HN F2HG —
OHC—<\ >—'F z >

K,CO; DMSO
a7
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A mixture containing 2-(difluoromethyl)-4-fluorobenzaldehyde (47; 3.50 g, 20.1
mmol), morpholine (48; 1.9 g, 22.1 mmol) and K;COs (5.5 g, 40.2 mmol) in 50 mL of
DMSO was stirred at 100 °C for 4 h. The resulting reaction mixture was cooled to room
temperature and diluted with water (200 mL). The precipitated solids were collected by

5  filtration and dried to afford 2-(difluoromethyl)-4-morpholinobenzaldehyde 49 (2.5 g,
52%).
Step 2) Preparation of 2-(2-(difluoromethyl)-4-morpholinophenyl)-1H-
benzo[d]imidazole-4-carboxylic acid (50).

F F
F 49 i
NH /N N /\
? OHC N O ) N O
NH g N
2
10 The same general procedure outlined above for the preparation of benzimidazole

was used employing 2-(difluoromethyl)-4-morpholinobenzaldehyde 49 and 2,3-
diaminobenzoic acid 1 as the starting materials to prepare 2-(2-(difluoromethyl)-4-
morpholinophenyl)-1H-benzo[d]imidazole-4-carboxylic acid (5§0). MS (ESI) calcd for
Ci9H7F2N305: 373.12; found: 374 [M+H].

15  Step 3) Preparation of 2-(2-(difluoromethyl)-4-morpholinophenyl)-N-(thiazol-2-yl)-1H-
benzo[dJimidazole-4-carboxamide (Compound 551).

F
F
H ZF_NHZ
N
L g
N n/
NH

HATU

DIEA
COOH DME

50 Compound 551

-

The same general amide coupling procedure outlined above was used to prepare 2-
(2-(difluoromethyl)-4-morpholinophenyl)-N-(thiazol-2-yl)-1H-benzo[d]imidazole-4-
20  carboxamide (Compound 551). MS (ESI) calcd for C2H,9F;N50,S: 455.12; found: 456
[M-+H].
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Example 18. Synthesis of 2-(4-chloro-2-(trifluoromethyl)phenyl)-N-(3-(pyrrolidin-1-
ylmethyl)phenyl)-1H-benzo[d]imidazole-4-carboxamide (Compound 490).
Step 1) Preparation of 3-(pyrrolidin-1-ylmethyl)aniline (53).

NO, NO, NH,
— @Q — @Q
Br N N
51 52 53

1-(Bromomethyl)-3-nitrobenzene (51; 5g, 23.1 mmol) was taken up in 100 mL of
anhydrous THF along with pyrrolidine (2.3 mL, 27.72 mmol) and K,CO; (4.8 g, 34.6
mmol). The reaction mixture was stirred at room temperature for 18 h and then filtered.
The filtrate was concentrated under reduced pressure to afford 1-(3-nitrobenzyl)pyrrolidine
52. This material 52 was taken up in 100 mL of absolute EtOH and 10% Pd on C (300 mg)
was added. The resulting reaction mixture was stirred at room temperature under 1 atm of
hydrogen for 18 h. The mixture was then filtered through a pad of Celite and the filtrate
was concentrated under reduced pressure to afford 2.81 g of 3-(pyrrolidin-1-
ylmethyl)aniline 53 (70%).
Step 2) Preparation of 2-(4-chloro-2-(trifluoromethyl)phenyl)-N-(3-(pyrrolidin-1-
yimethyl)phenyl)-1H-benzo[d[imidazole-4-carboxamide (Compound 490).

H FaC H FaG
N
N
COOH — 0
53

N
4
N
NH
54 HATU O
N Compound 490

The same general amide coupling procedure outlined above was used to prepare of
2-(4-chloro-2-(trifluoromethyl)phenyl)-N-(3-(pyrrolidin-1-ylmethyl)phenyl)-1H-
benzo[d]imidazole-4-carboxamide (Compound 490) from 2-(4-chloro-2-
(trifluoromethyl)phenyl)- 1 H-benzo[d]imidazole-4-carboxylic acid 54 and 3-(pyrrolidin-1-
ylmethylaniline 53. MS (ESI) calcd for Cy6H2p CIF3N4O: 498.14; found: 499 [M+H].
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Example 19. Synthesis of 2-(4-fluoro-2-(trifluoromethyl)phenyl)-N-(4-
(morpholinomethyl)thiazol-2-yl)-1H-benzo|[d]imidazole-4-carboxamide (Compound

681).
Step 1) Preparation of tert-butyl 4-(hydroxymethyl)thiazol-2-ylcarbamate (57).

.B
S\:\f\ — - . S)%N
S "t
o 0 O\_ OH
55 56 57

Ethyl 2-aminothiazole-4-carboxylate (55; 10.0 g, 58.1 mmol) was taken up in 150

mL of anhydrous THF along with di-tert-butyl carbonate (BOC,0, 12.67 g, 58.1 mmol)
along with 10 mg of 4-(dimethyl)aminopyrigline (DMAP). The reaction mixture was
stirred at 50 °C for 4 h and then at room temperature for 18 h. It was then concentrated

10 under reduced pressure to obtain a thick oil. Pentane was added and the resulting
crystalline materials were collected by filtration and dried to afford 10.5 g of ethyl 2-(tert-
butoxycarbonylamino)thiazole-4-carboxylate 56. This material 56 (10.5 g, 38.5 mmol)
was dissolved in 300 mL of anhydrous THF and cooled in Dry Ice-acetonitrile bath. A
solution of 1 M Super Hydride™ in THF (85 mL) was then added over a period of 10 min.

15  The resulting reaction mixture was stirred at -45 °C for 2 h. Another portion of 1 M Super
Hydride™ in THF (35 mL) was then added and the reaction mixture was stirred for an
additional 2 h at -45 °C. The reaction was quenched at -45 °C by the addition of 50 mL of
brine. Upon warming to room temperature, the reaction mixture was concentrated under
reduced pressure. The resulting mixture was extracted with EtOAc. The combined organic

20  layers were washed with brine, dried (Na;SO4) and concentrated under reduced pressure.
The resulting residue was purified by chromatography to afford 6.39 g of tert-butyl 4-
(hydroxymethyl)thiazol-2-ylcarbamate 57 (72%).
Step 2) Preparation of 4-(morpholinomethyl)thiazol-2-amine (59).
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tert-Butyl 4-(hydroxymethyl)thiazol-2-ylcarbamate (57; 2.0 g, 8.7 mmol) was taken
up in 25 mL of CH,Cl; along with Et;N (1.82 mL, 13.05 mmol) and cooled to 0 °C.
Methanesulfonyl chloride (0.85 mL, 10.88 mmol) was added and the resulting reaction
mixture was stirred at 0 °C for 60 min. Morpholine (48; 3.0 mL, 35 mmol) was then added
5  and the reaction mixture was stirred at room temperature for 18 h. The reaction mixture
was concentrated under reduced pressure. The resulting residue was taken up in EtOAc
and washed with dilute aqueous NaHCOj3, brine, dried (Na;SO,) and concentrated under
reduced pressure. This material was purified by filtering through a short column of silica
gel. The filtrate was concentrated to afford 1.88 g of tert-butyl 4-
10 (morpholinomethyl)thiazol-2-ylcarbamate 58. The Boc group was removed by treating
tert-butyl 4-(morpholinomethyl)thiazol-2-ylcarbamate 58 with 20 mL of 25% TFA in
CH,Cl, for 18 h at room temperature. After all the solvent had been removed by
concentrating and drying under high vacuum, the resulting residue was treated with a
mixture of pentane/EtOAc to afford 2.17 g 4-(morpholinomethyl)thiazol-2-amine 59 as a
15  white solid.
Step 3) Preparation of 2-(4-fluoro-2-(trifluoromethyl)phenyl)-N-(4-
(morpholinomethyl)thiazol-2-yl)-1H-benzo[d]imidazole-4-carboxamide (Compound

681).
y FaC HATU H FaC
N DIEA N
/ ¢! DMF / F
N N
NH,
COOH sy 07 “NH
4 = sy
N\ _ Compound 681
59 \\/O \_\<\
N
PO
20 The same general amide coupling procedure outlined above was used to prepare 2-

(4-fluoro-2-(trifluoromethyl)phenyl)-N-(4-(morpholinomethyl)thiazol-2-y1)-1H-
benzo[d]imidazole-4-carboxamide (Compound 681). MS (ESI) calcd for
C23H19C1F3N50283 521.09; found: 522 [M+H]
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Example 20. Synthesis of N-(5-(morpholinomethyl)thiazol-2-yl)-2-(2-

(trifluoromethyl)phenyl)-1H-benzo[d]imidazole-4-carboxamide (Compound 780).
Step 1) Preparation of 5-(morpholinomethyl)thiazol-2-amine (61).

NHz NH,
S:N —_— S \N
O:()\/ —_— 7\ ﬁ
O~ 60 o N 61

5-(morpholinomethyl)thiazol-2-amine 61 was prepared using the same synthetic sequence
outlined above for 4-(morpholinomethyl)thiazol-2-amine employing ethyl 2-
aminothiazole-5-carboxylate 60 as the starting material.

Step 2) Preparation of N-(5-(morpholinomethyl)thiazol-2-yl)-2-(2-
(trifluoromethyl)phenyl)-1H-benzo[d]imidazole-4-carboxamide (Compound 780).

H Fac “ FSC
O
Y7 V,
N N
HATU
COOH 0P NH
3
A

S
OK/N\)t/ ; Compound 780

The same general amide coupling procedure outlined above was used to prepare of
N-(5-(morpholinomethyl)thiazol-2-y1)-2-(2-(trifluoromethyl)phenyl)-1H-
benzo[d]imidazole-4-carboxamide (Compound 780) from 2-(2-(trifluoromethyl)phenyl)-
1H-benzo[d]imidazole-4-carboxylic acid 3 and 5-(morpholinomethyl)thiazol-2-amine 61.
MS (ESI) calcd for Cy3HyoF3NsO,S: 487.13; found: 488 [M+H].
Example 21. Synthesis of (R)-2-(2-(difluoromethyl)-4-(2,3-dihydroxypropoxy)phenyl)-
N-(thiazol-2-yl)-1H-benzo[d]imidazole-4-carboxamide (Compound 556).
Step 1) Preparation of (S)-2-bromo-5-((2,2-dimethyl-1,3-dioxolan-4-
yl)methoxy)benzaldehyde (64).

OHC, K,CO4 OHC O%/
DMF le
Br—OOH Br oo
c, P
62 \\U'Q/O 63 64

To a solution of 2-bromo-5-hydroxybenzaldehyde (62; 5 g, 0.025 mol) in DMF
(100 ml) was added (R)-4-(chloromethyl)-2,2-dimethyl-1,3-dioxolane (63; 4.87 g, 0.032

mol) and K,CO3(7.0 g, 0.05 mol). The resulting reaction mixture was stirred at 150 °C for
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10 h, cooled to room temperature, diluted with water, and then extracted with EtOAc. The
combined organic layers were dried (Na;SO4) and concentrated under reduced pressure.
The resulting residue was purified by chromatography (petroleum ether/EtOAc=10:1 to
afford the desired product, namely (S)-2-bromo-5-((2,2-dimethyl-1,3-dioxolan-4-
yl)methoxy)benzaldehyde 64 (4.1 g, 56%).
Step 2) Preparation of (S)-4-((4-bromo-3-(difluoromethyl)phenoxy)methyl)-2,2-dimethyl-
1,3-dioxolane (65).

F

OHC o%/ F o%/
DAST
[RARS e
Br-@*O/ </O - » Br O/ </O
' 64

65

To a solution of DAST (3.04 g, 0.019 mol) in 20 ml CH,CI, was added dropwise a
solution of (S)-2-bromo-5-((2,2-dimethyl-1,3-dioxolan-4-yl)methoxy)benzaldehyde (64;
4,0 g, 0.013 mol) in 8 ml CH,Cl; at room temperature. The resulting reaction mixture was
stirred at room temperature for 10 h. It was then diluted with CH,CI; (50 mL), washed
with water, dried (Na;SO4) and concentrated under reduced pressure. Purification by
chromatography (petroleum ether/EtOAc=5:1) afforded (S)-4-((4-bromo-3-
(difluoromethyl)phenoxy)methyl)-2,2-dimethyl-1,3-dioxolane 65 (3.3 g, 75%).

Step 3) Preparation of (S)-2-(difluoromethyl)-4-((2,2-dimethyl-1,3-dioxolan-4-
yl)methoxy)benzaldehyde (66).
F

F F
F nBuLi/DMF 0%/
&Y ol
Br o~ </o T OHC © ©

To a solution of (S)-4-((4-bromo-3-(difluoromethyl)phenoxy)methyl)-2,2-dimethyl-
1,3-dioxolane (65; 3 g, 0.089 mol) in THF (30 ml) was added n-BuLi (2.5M solution in
hexane, 3.9 ml, 0.097 mol) at -78 °C. The mixture was stirred at the same temperature for
1 h and DMF (0.929 g, 0.103 mol) was added dropwise. After stirring at -78 °C for an
additional 20 min, saturated aqueous NH4Cl (30 ml) was added. The resulting reaction
mixture was warmed to room temperature and extracted with Et,O (3 x15 mL). The
combined organic layers were dried (Na,S0O4) and concentrated under reduced pressure.

The resulting residue was purified by chromatography (petroleum ether/EtOAc=5:1) to
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afford the titled compound, namely (S)-2-(difluoromethyl)-4-((2,2-dimethyl-1,3-dioxolan-
4-yl)methoxy)benzaldehyde 66 (1.83 g, 72%).

Step 4) Preparation of (S)-2-(2-(difluoromethyl)-4-((2,2-dimethyl-1,3-dioxolan-4-
yl)methoxy)phenyl)-1H-benzo[d]imidazole-4-carboxylic acid (67).

F - F
F %/ H o%/
O N .
o o p o~ Q/o

5 0" OH
To a solution of (S)-2-(difluoromethyl)-4-((2,2-dimethyl-1,3-dioxolan-4-

yl)methoxy)benzaldehyde (66; 1.83 g, 6.40 mmol) in DMF (150 ml) was added 2,3-
diaminobenzoic acid (1; 0.97 g, 6.40 mmol), and Na;S,05(1.82 g, 9.60 mmol). The
reaction mixture was stirred at 110 °C for 18 h. It was then cooled to room temperature and
10  diluted with water. The resulting solids were collected by filtration and dried to afford (S)-
2-(2-(difluoromethyl)-4-((2,2-dimethyl-1,3-dioxolan-4-yl)methoxy)phenyl)- 1 H-
benzo[d]imidazole-4-carboxylic acid 67 as dark yellow solid (0.84 g, 51%). MS (ESI)
calcd for Cy;HyoF,N50s: 418.13; found: 419 [M+H].
Step 5) Preparation of (S)-2-(2-(difluoromethyl)-4-((2,2-dimethyl-1,3-dioxolan-4-
15  yl)methoxy)phenyl)-N-(3H-pyrrol-2-yl)-1H-benzo[d]imidazole-4-carboxamide (68).

. NH, F

N={ 4 F

JF O%/ g H | o%/
(1N
N /ln-ﬁ/ —_— / O/ Q/O
/ O 0]
N HATU N
(o] NH 68

(S)-2-(2-(difluoromethyl)-4-((2,2-dimethyl-1,3-dioxolan-4-yl)methoxy)phenyl)-1H-

benzo[d]imidazole-4-carboxylic acid (67; 100 mg, 0.239 mmol) was taken up in 10 ml of
DMF along with 2-aminothiazole (4; 28.7 mg, 0.289 mmol), HATU (181.7 mg, 0.478

20  mmol) and DIEA (61.8 mg, 0.289 mmol). The resulting reaction mixture was stirred at
room temperature for 12 h and diluted with water. The precipitated solids were collected
by filtration and dried. Purification by chromatography (EtOAc/Hexane = 2:1) afforded
(S)-2-(2-(difluoromethyl)-4-((2,2-dimethyl-1,3-dioxolan-4-yl)methoxy)phenyl)-N-(thiazol-
2-yl)-1H-benzo[d]imidazole-4-carboxamide 68 (77 mg, 65%). MS (ESI) calcd for

25  CyqHzFaN404S: 500.13; found: 501 [M+H].
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Step 6) Preparation of (R)-2-(2-(difluoromethyl)-4-(2,3-dihydroxypropoxy)phenyl)-N-
(thiazol-2-yl)-1H-benzo[d]imidazole-4-carboxamide (Compound 556).

F F
07 NH

F o%/ F OH
EE[ ) o/"'«/o _ HCl(eon.). o/""Q/OH
N
0% NH
s 68 N

MeOH/H,0=10/1
N \,®  Compound 556

To a solution of (S)-2-(2-(difluoromethyl)-4-((2,2-dimethyl-1,3-dioxolan-4-
5  yDmethoxy)phenyl)-N-(thiazol-2-yl)-1H-benzo[d]imidazole-4-carboxamide (68; 80 mg,
0.160 mmol) in MeOH (10ml) was added concentrated HCI (1 ml) and water (1 ml). The

zT
Z 2T

resulting reaction mixture was stirred under reflux for 2 h. It was then cooled to room
temperature and enough 1 N NaOH was added to adjust the pH=8-9. The resulting mixture
was extracted with EtOAc. The combined organic layers were dried (Na;SOj) and
10 concentrated under reduced pressure. Purification by chromatography (petroleum ether/
EtOAc=2:1) afforded (R)-2-(2-(difluoromethyl)-4-(2,3-dihydroxypropoxy)phenyl)-N-
(thiazol-2-yl)-1H-benzo[d]imidazole-4-carboxamide (Compound 556) (67 mg, 91%). MS
(ESI) caled for C31H 3FaN4O4S: Example 22. Synthesis of 6-morpholino-N-(thiazol-2-
yD)-2-(2-(trifluoromethyl)phenyl)-1H-benzo[d]imidazole-4-carboxamide (Compound
15  628).
Step 1) Preparation of 3-amino-5-chloro-2-nitrobenzoic acid (77).
NH2OCH; -HCI
cl Cu(GAC), NH,
t-BuOK

——
NO2  pwmF NO,

CO,H 0°C CO,H
69 70
To a mixture of potassium tert-butoxide (38.9g, 0.347mol) and copper-(II) acetate
monohydrate (0.9g, 4.96mmol) in DMF (160ml) was added a solution of O-

20  methylhydroxylamine hydrochloride (8.3g, 99.3mmol) and 3-chloro-6-nitrobenzoic acid
(69; 10g, 49.6mmol) in DMF (160ml) at 0 °C. The resulting reaction mixture was stirred at
that temperature for 3 h. It was then quenched with water, acidified with 10% HCI and
extracted with EtOAc. The combined organic layers were dried (Na;SO4) and concentrated

under reduced pressure. The residue was taken up in EtOAc and extracted with 10%
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aqueous NaOH. The combined aqueous layers were acidified with concentrated HCI to a
pH = 3 and then extracted with EtOAc. The combined organic layers were dried (Na;SO4)
and concentrated under reduced pressure to afford 3-amino-5-chloro-2-nitrobenzoic acid
70 (6.5g, 60.5%) as a brown red solid.
Step 2) Preparation of methyl 3-amino-5-chloro-2-nitrobenzoate (71).
sto4
\@[ CH30H \@N Oz
CO,H COOMe
70
Concentrated H,SO4 (1.5ml) was added to a mixture of 3-amino-5-chloro-2-

nitrobenzoic acid (70; 3.5g, 16.2mmol) in MeOH (120ml). The resulting reaction mixture
was stirred under reflux for 3 days. It was then neutralized with saturated aqueous Na,COj
and extracted with EtOAc. The combined organic layers were dried (Na,SO,4) and
concentrated under reduced pressure. Purification by chromatography afforded methyl 3-
amino-5-chloro-2-nitrobenzoate 71 (3.3g, 88.5%) as a yellow solid.
Step 3) Preparation of methyl 3-amino-5-morpholino-2-nitrobenzoate (72).

9

cl NH, 48 K/N NH,
\Q[Noz K2COg, DMF NG,

COOMe CO;Me
71 105°C 72

To a solution of 3-amino-5-chloro-2-nitrobenzoate (71; 3.3g, 14.35mmol) in DMF
(66ml) was added morpholine (48; 7.12g, 81.78mmol) and K,CO; (11.28g, 81.78mmol).
The resulting reaction mixture was stirred at 105 °C for 4h. It was then filtered, diluted
with water (500ml), and extracted with EtOAc. The combined organic layers were dried
(NayS0O,) and concentrated under reduced pressure. Column chromatography afforded

methyl 3-amino-5-morpholino-2-nitrobenzoate 72 (2.1g, 52.1%) as a brown yellow solid.
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Step 4) Preparation of 2,3-diamino-5-morpholin-4-yl-benzoic acid methyl ester (73).

0
@ NH, Pd/C ()‘1 NH;

N
Tl —
NO, Hy t NH,

COzMe COzMe
72 73

A solution of methyl 3-amino-5-morpholino-2-nitrobenzoate (72; 2.1g, 7.5mmol) in
EtOH (100ml) was hydrogenated over 5% Pd/C (200 mg) at room temperature. After 3h,

5  the reaction mixture was filtered and concentrated under reduced pressure to afford 2,3-
diamino-5-morpholin-4-yl-benzoic acid methyl ester 73 (1.3g, 69.5%) as a brown yellow
solid.

Step 5) Preparation of 6-morpholin-4-yl-2-(2-trifluoromethyl-phenyl)-1 H-

benzoimidazole-4-carboxylic acid methyl ester (75).

o o2 D

N/
NH EtOH, Na,S,05 CO-M
CO,Me ' 2Me  op
10 73 reflux

To a mixture of 2,3-diamino-5-morpholin-4-yl-benzoic acid methyl ester (73; 600
mg, 2.39mmol) in EtOH (60ml) was added sodium metabisulfite (373 mg, 1.96mmol),
H20 (2 ml) and 2-trifluoromethylbenzaldehyde (74; 990 mg, 5.69mmol). The resulting
reaction mixture was stirred under reflux for 3 h. It was then cooled to room temperature

15  and concentrated under reduced pressure. Purification by chromatography afforded 6-

morpholin-4-yl-2-(2-trifluoromethyl-phenyl)- 1 H-benzoimidazole-4-carboxylic acid methyl
ester 75 (670 mg, 69.2%) as a yellow solid.
Step 6) Preparation of 6-morpholin-4-yl-2-(2-trifluoromethyl-phenyl)-1H-
benzoimidazole-4-carboxylic acid (76).

0()\1 b FaC 0™ F4C

N LN N
\@[N/ 10% HCI (aq) \E;E )

7 76
5 coMe COH

20
A mixture containing 6-morpholin-4-yl-2-(2-trifluoromethyl-phenyl)-1H-

benzoimidazole-4-carboxylic acid methyl ester (75; 670 mg, 1.65mmol) in 1M NaOH
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(27ml) was stirred at 70 °C for 30 min. The reaction mixture was neutralized with 10%
aqueous HCI. The resulting precipitate was collected by filtration and dried to afford 6-
morpholin-4-yl-2-(2-trifluoromethyl-phenyl)-1H-benzoimidazole-4-carboxylic acid 76
(600 mg, 93%) as a pale yellow solid.
5  Step 7) Preparation of 6-morpholino-N-(thiazol-2-yl)-2-(2-(trifluoromethyl)phenyl)-1H-
benzo[d]imidazole-4-carboxamide (Compound 628).

HZN/Q:\) o/\

HATU, DIEA

/5 Compound 628

The same general amide coupling procedure detailed earlier was used to prepare 6-
morpholino-N-(thiazol-2-yl)-2-(2-(trifluoromethyl)phenyl)-1H-benzo[d ]imidazole-4-

10 carboxamide (Compound 628) from 6-morpholin-4-yl-2-(2-trifluoromethyl-phenyl)-1H-
benzoimidazole-4-carboxylic acid 76 and 2-aminothiazole 4. MS (ESI) calcd for
CyoHi3F3N50,S: 473.11; found: 474 [M+H].

Example 23. Preparation of N-(thiazol-2-yl)-2-(2-(trifluoromethyl)phenyl)-3H-
imidazo[4,5-c]pyridine-7-carboxamide (Compound 341).
15  Step 1) Preparation of 4-amino-5-nitro-nicotinic acid ethyl ester (78).

o}
N| N KNO4/H,S0, rxg Ny N2
B
Z NH, EtOH = NH,
CO,H CO,Et

77 78
Potassium nitrate (20.5g, 200mmol) was added to an ice-cooled solution of 4-

aminopyridine-3-carboxylic acid (77; 27.6 g, 200mmol) in 200 mL of concentrated H,SO4.

The resulting reaction mixture was stirred at room temperature for 20 min and then at 75
20  °C for 3h. Upon cooling to room temperature, ethanol (540 mL) was added with stirring.

The resulting mixture was stirred at 60 °C for 18 h and then slowly added to an ice cold

potassium acetate solution (800 g in 1500 mL of H,0). The resulting precipitate was

collected by filtration, washed with water and dried to afford 4-amino-S5-nitro-nicotinic

acid ethyl ester 78 (14.6 g, 35%).
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Step 2) Preparation of 4,5-diamino-nicotinic acid ethyl ester (79).
AN NO, Pd/C X NH,
P —
NH, MeOH NH,
COzEt g COOEt
A mixture containing 4-amino-5-nitro-nicotinic acid ethyl ester (78; 15 g, 0.071
mol) and 10% Pd/C (500 mg) in MeOH (500 mL) was stirred under 1 atm of hydrogen at
5 room temperature for 18 h. The reaction mixture filtered through a pad of Celite and the
filtrate was concentrated under reduced pressure to afford 4,5-diamino-nicotinic acid ethyl
ester 79 (10 g, 80%).
Step 3) Preparation of 2-(2-trifluoromethyl-phenyl)-3H-imidazo[4,5-c[pyridine-7-
carboxylic acid ethyl ester (80):
H FaC
A i
| - | - V/,
7 NH, DMF N
10 Coogt 79 CO,Et 80

A mixture containing 4,5-diamino-nicotinic acid ethyl ester (79; 1.81 g, 10mmol),
2-trifluoromethylbenzaldehyde (1.9 g, 11 mmol), Na;S,;05 (9.5 g, 50mmol) in 50 mL of
DMF was stirred at 120 °C for 18 h. Upon cooling to room temperature, the reaction
mixture was poured into 100 mL of cold water. The resulting solids were collected by

15 filtration, washed with water, and dried to provide 2-(2-trifluoromethyl-phenyl)-3H-
imidazo[4,5-c]pyridine-7-carboxylic acid ethyl ester 80 (2.35 g, 70%)
Step 4) Preparation of 2-(2-trifluoromethyl-phenyl)-3H-imidazo[4,5-c[pyridine-7-

carboxylic acid (81):
H FaC H FsC
N 10% NaoH N7 SN
| V/ B | _ /
Z N EtOH N
CO,Et 80 CO,H 81
20 2-(2-Trifluoromethyl-phenyl)-3H-imidazo[4,5-c]pyridine-7-carboxylic acid ethyl

ester (80; 2.35 g, 7 mmol) was taken up in 10% aqueous NaOH (40 mL) and ethanol (20

mL). The reaction mixture was stirred under reflux for 30 min. Upon cooling to room

temperature, the reaction mixture was acidified with SN HCI. The resulting yellow solids

were collected by filtration, washed with water, and dried to afford 2-(2-trifluoromethyl-
25  phenyl)-3H-imidazo[4,5-c]pyridine-7-carboxylic acid 81 (1.77 g, 85%).

103

N



N HN."."....,0 ./ I %-N 366 38 FF B A N40 N. HNO
N17."" 11 "-st"..N 367 400 B A Soll N

WO 2010/003048 PCT/US2009/049498
Step 5) Preparation of N-(thiazol-2-yl)-2-(2-(trifluoromethyl)phenyl)-3H-imidazo[4,5-
c[pyridine-7-carboxamide (Compound 341).

H
Y N
>—<\ > /
S\/I /
HATU H

\ﬁ Compound 341

The same general amide coupling procedure detailed above was used to prepare N-
5  (thiazol-2-yl)-2-(2-(trifluoromethyl)phenyl)-3H-imidazo[4,5-c]pyridine-7-carboxamide
(Compound 341) from 2-(2-trifluoromethyl-phenyl)-3H-imidazo[4,5-c]pyridine-7-
carboxylic acid 81 and 2-amiothiazole 4. MS (ESI) calcd for Cy7H;0F3NsOS: 389.06;
found: 390 [M+H].
Example 24. Synthesis of 2-(4-fluoro-2-trifluoromethyl-phenyl)-3H-imidazo[4,5-
10 c]pyridine-7-carboxylic acid thiazol-2-ylamide (Compound 693).

Step 1) Preparation of 2-(4-fluoro-2-trifluoromethyl-phenyl)-3H-imidazo[4,5-c[pyridine-
7-carboxylic acid ethyl ester (83).

A mixture containing ethyl 4,5-diaminonicotinate (79; 0.9g, Smmol) and 4-fluoro-
15  2-(trifluvoromethyl)benzaldehyde (82; 1.0g, 5.2mmol) in nitrobenzene (50 mL) was stirred
at 220 °C for 18 h. Upon cooling to room temperature, the reaction mixture was diluted
with ether. The resulting solids were collected by filtration, washed with ether, and dried to
provide 2-(4-fluoro-2-trifluoromethyl-phenyl)-3H-imidazo[4,5-c]pyridine-7-carboxylic
acid ethyl ester 83 (600 mg, 39%).
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Step 2) Preparation of 2-(4-fluoro-2-trifluoromethyl-phenyl)-3H-imidazo[4,5-c[pyridine-
7-carboxylic acid thiazol-2-ylamide (Compound 693).

Gy o g&@

HATU
DIEA H
DMF

\ N Compound 693

’

The same general procedure outlined above was used to prepare 2-(4-fluoro-2-

5  trifluoromethyl-phenyl)-3H-imidazo[4,5-c]pyridine-7-carboxylic acid thiazol-2-ylamide
(Compound 693), employing 2-(4-fluoro-2-trifluoromethyl-phenyl)-3H-imidazo[4,5-
c]pyridine-7-carboxylic acid ethyl ester 83 as the appropriate starting material. MS (ESI)
caled for C;7HoF4NsOS: 407.05; found: 408 [M+H].

Example 25. Synthesis of 6-methoxy-N-(pyridin-2-yl)-2-(2-(trifluoromethyl)phenyl)-
10  1H-benzo|d]imidazole-4-carboxamide (Compound 632).
Step 1) Preparation of O-methylhydroxylamine (84).

Methoxylamine hydrochloride was treated with an excess of 50% KOH in small
one piece distillation apparatus. The resulting mixture was heated to 80 degree and the
fraction that distilled over at 45-50 degree was collected in a receiving flask containing

15 KOH pellets.
Step 2) Preparation of 3-amino-5-methoxy-2-nitrobenzoic acid (85).

NO, NO,
COOH  NH,0Me HzN COOH
DME
84 overnight 85
O d 0

A solution of freshly distilled o-methylhydroxylamine (3.00 g, 53.6 mmol) and 3-
amino-5-methoxy-2-nitrobenzoic acid (84; 5.33 g, 27.0 mmol) in DME (100 mL) was
20  added dropwise to a stirred suspension of tBuOH (7 eq) and Cu(OAc); (10mol%) in DME
(50 mL) over 10 min at room temperature. After stirring for 4-8 hours at room temperature,
it was quenched with water and enough concentrated HC] was added to adjust the pH = 3.
The resulting mixture was extracted with EtOAc. The combined organic layers were dried

(Na;S04) and concentrated under reduced pressure. Purification by chromatography
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(CHCl5-MeOH-AcOH = 8:2:0.1) afforded 3-amino-5-methoxy-2-nitrobenzoic acid as a
dark yellow solid 85 (4.62 g).
Step 3) Preparation of 2,3-diamino-5-methoxybenzoic acid (86).

NO, NH,
HoN COOH Pd/C H,N COOH
MeOH, rt
o 85 overnight I 86
-
5 3-amino-5-methoxy-2-nitrobenzoic acid (85; 1.6 g, 7.5 mmol) was dissolved in

methanol (100 mL) and 10% Pd/C (300 mg) was added. The resulting reaction mixture
was stirred under 1 atm of hydrogen at room temperature for 18 h. The reaction mixture
was filtered through a pad of Celite and the filtrate was concentrated under reduced
pressure to afford 2,3-diamino-5-methoxybenzoic acid 86 (0.7 g).

10  Step 4) Preparation of 6-methoxy-2-(2-(trifluoromethyl)phenyl)-1H-benzo[d]imidazole-
4-carboxylic acid (87).

j;;[ . CFy NapSg0s _0 N >\:
/%
NHp DMF, overnight N
COOH
86 74 87

0" OH
A mixture of 2,3-diamino-5-methoxybenzoic acid 86 (1.1equiv) and 2-

(trifluoromethyl)benzaldehyde 74 (1 equiv) and sodium metabisulfite (3 equiv) in DMF

15  was stirred under reflux for 12 h. Upon cooling to room temperature, the reaction mixture
was diluted with water. The resulting solids were collected by filtration and dried to afford
6-methoxy-2-(2-(trifluoromethyl)phenyl)-1H-benzo[d]imidazole-4-carboxylic acid 87 as
dark yellow solid (40%).
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Step 5) Preparation of 6-methoxy-N-(pyridin-2-yl)-2-(2-(trifluoromethyl)phenyl)-1H-
benzo[d]imidazole-4-carboxamide (Compound 632).

H
H FsC, O N
/O N NHZ /
b Ny DIEA HATU N

N + |

= DMF 0 NH
O OH
87 89 = IN
N
Compound 632

The same general amide coupling procedure detailed earlier was used to prepare 6-
5  methoxy-N-(pyridin-2-yl)-2-(2-(trifluoromethyl)phenyl)- 1 H-benzo[d]imidazole-4-

carboxamide (Compound 632) from 6-methoxy-2-(2-(trifluoromethyl)phenyl)-1H-
benzo[d]imidazole-4-carboxylic acid 87 and 2-aminopyridine 89. MS (ESI) calcd for
Cy1H5F3N4O,: 412.11; found: 413 [M+H].
Example 26. Synthesis of N-(6-(pyrrolidin-1-ylmethyl)pyridin-2-yI)-2-(2-

10 (trifluoromethyl)phenyl)-1H-benzo|d]imidazole-4-carboxamide (Compound 620).
Step 1) Preparation of ethyl 6-aminopicolinate (91).
H,N_ _N._ _CO,H SOCI, H,N.__N.__CO,Et

N 90 N
To a solution of 2-amino-6-pyridinecarboxylic acid (90; 6.0 g, 43.5 mmol) in

ethanol (150 mL) was added SOCI, (12.0 g, 101 mmol) at 0 °C. The resulting reaction

15  mixture was stirred under reflux for 12 h. Upon cooling to room temperature, the reaction
mixture was concentrated under reduced pressure. Enough saturated aqueous NayCOj;
solution was added to adjust the pH = 9. The mixture was concentrated under reduced
pressure and dichloromethane (150 mL) was added to the resulting residue. The mixture
was stirred vigorously at room temperature for 30 min and then filtered. The filtrate was

20  concentrated under reduced pressure to afford ethyl 6-aminopicolinate 91 (5.5 g, 76%).
Step 2) Preparation of ethyl 6-(tert-butoxycarbonylamino)picolinate (92).

(Boc),0

H2N /N COZEt DMAP BocHN /N COZEt
! o l
A A 92

To a solution of ethyl 6-aminopicolinate (91; 5.5 g, 33 mmol) in ~BuOH (120 mL)
and acetone (40 mL) was added DMAP (0.08g, 0.66 mmol) and di-t-butyl dicarbonate
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(10.8 g, 49.5 mmol). The reaction mixture was stirred at room temperature for 18 h, The
solvent was removed by concentration under reduced pressure and a mixture of
hexane/dichloromethane (180 mL, 3:1) was added. The resulting mixture was cooled to -
20 °C for 2 h. The resulting solids were collected by filtration and dried to afford ethyl 6-
(tert-butoxycarbonylamino)picolinate 92 (11.0 g, 91%).

Step 3) Preparation of tert-butyl 6-(hydroxymethyl)pyridin-2-ylcarbamate (93).

BocHN /N’ CO.Et LAH BocHN /N CH-,OH
S @

To a stirred solution of ethyl 6-(tert-butoxycarbonylamino)picolinate (92; 11.0 g, 33
mmol) in THF (120 mL) under nitrogen was added LiAlH, (3.80 g, 100 mmol) in THF (60
mL) over a period of 30 min at 0 °C. The reaction mixture was stirred at 0 °C for 6 h and
carefully quenched by the addition of water (2.0 mL) and 10% NaOH solution (4.0 mL) at
0 °C. The reaction mixture was filtered and the filtrate was dried (Na;SO,4) and
concéntrated under reduced pressure. The resulting residue purified by chromatography
(1:1 petroleum ether:ethyl acetate) to afford tert-butyl 6-(hydroxymethyl)pyridin-2-
ylcarbamate 93 (3.0 g, 41%).
Step 4) Preparation of (6-(tert-butoxycarbonylamino)pyridin-2-yl)methyl
methanesulfonate (94).

BocHN__N._-CHOH MsCl BocHN _N._CH;0Ms

e — U «

To a solution of tert-butyl 6-(hydroxymethyl)pyridin-2-ylcarbamate (93; 3.0 g, 13.4
mmol) and DIPEA (5.0 g, 40 mmol) in acetonitrile (30 mL) was added MsCl1 (2.0 g, 17.4
mmol) over a period of 30 min at 0 °C and the mixture was stirred for 2 h at room
temperature. The reaction was quenched by adding saturated aqueous NaHCO; and
extracted with ethyl acetate (3x60 mL). The combined organic layers were washed with
brine, dried (Na;SO4) and concentrated under reduced pressure to afford essentially
quantitative yield of crude (6-(tert-butoxycarbonylamino)pyridin-2-yl)methyl
methanesulfonate 94.

Step 5) Preparation of tert-butyl 6-(pyrrolidin-1-ylmethyl)pyridin-2-ylcarbamate (96).

BocHN /N| CH,OMs CN o BOCHNUN '\D
U 94 o | 96
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A mixture containing (6-(tert-butoxycarbonylamino)pyridin-2-yl)methyl
methanesulfonate (94; 1.30 g, 3.2 mmol), pyrrolidine (95; 0.46 g, 6.4 mmol) and K,CO;
(1.30g, 9.6 mmol) in acetonitrile (15 mL) was stirred at room temperature for 12 h.
Saturated aqueous NaHCOs was added and the mixture was concentrated under reduced
pressure. The resulting aqueous layer was extracted with EtOAc. The combined organic
layers were dried (Na;SO4) and concentrated under reduced pressure to afford tert-butyl 6-
(pyrrolidin-1-ylmethyl)pyridin-2-ylcarbamate 96 (0.75 g, 2.7 mmol, 62% for two steps).
Step 6) Preparation of 6-(pyrrolidin-1-ylmethyl)pyridin-2-amine (97).

BocHN.__N N HaoN (N N
w L) D m LD

To a solution of tert-butyl 6-(pyrrolidin-1-ylmethyl)pyridin-2-ylcarbamate (96; 750
mg, 2.7 mmol) in dichloromethane (10 mL) was added TFA (4.0 mL) at room temperature.
The resulting reaction mixture was stirred at room temperafure for 6 h and then
concentrated under reduced pressure. Enough saturated aqueous Na,CO; was added to the
resulting residue to adjust the pH = 9. The mixture was then extracted with ethyl acetate
(3x25 mL). The combined organic layers were dried (Na;SO4) and concentrated under
reduced pressure to afford 6-(pyrrolidin-1-ylmethyl)pyridin-2-amine 97 (440 mg, 92% ).
Step 7) Preparation of N-(6-(pyrrolidin-1-ylmethyl)pyridin-2-yl)-2-(2-
(trifluoromethyl)phenyl)-1H-benzo[d]imidazole-4-carboxamide (Compound 620).

FsC
H Fs
H F3C N
N 4
o w TR0
N —
HATU o) NH
0] OH
3 | ~N
Pz N

Compound 620

The same general amide coupling procedure detailed earlier was used to prepare N-
(6-(pyrrolidin-1-ylmethyl)pyridin-2-yl)-2-(2-(trifluoromethyl)phenyl)-1H-
benzo[d]imidazole-4-carboxamide (Compound 620) from 2-(2-(trifluoromethyl)phenyl)-
1H-benzo[d]imidazole-4-carboxylic acid 3 and 6-(pyrrolidin-1-ylmethyl)pyridin-2-amine
97. MS (ESI) calcd for CasH2,F3NsO: 465.18; found: 466 [M+H].
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Example 27. Synthesis of N-(5-(piperazin-1-ylmethyl)pyridin-2-yl)-2-(2-
(trifluoromethyl)phenyl)-1H-benzo[d]imidazole-4-carboxamide (Compound 621).

Step 1) Preparation of ethyl 6-aminonicotinate (99).
SOCly H,

N NS
98 CO,H 99 CO,Et

To a solution of 2-amino-5-pyridinecarboxylic acid (98; 5.0 g, 36.2 mmol) in
ethanol (100 mL) was added SOCI, (8.6 g, 72.4 mmol) at 0 °C. The resulting reaction
mixture was stirred under reflux for 12 h. Upon cooling to room temperature, the reaction
mixture was concentrated under reduced pressure and then enough saturated aqueous
Nap,COj solution was added to the reaction mixture to adjust the pH =9. The resulting
solids were collected by filtration and dried to afford ethyl 6-aminonicotinate 99 (5.64 g,
94%).

Step 2) Preparation of ethyl 6-(tert-butoxycarbonylamino)nicotinate (100).

Boc),0
HN /Ni (Bacly BocHN\ENJ\
99 gkt 100 "¢,k

To a solution of ethyl 6-aminonicotinate (99; 11.3 g, 68.3 mmol) in +~-BuOH (120

mL) and acetone (40 mL) was added DMAP (0.17 g, 1.37 mmol) and di-t-butyl
dicarbonate (30.0 g, 137 mmol). The resulting reaction was stirred at room temperature for
18 h and then concentrated under reduced pressure. A mixture of hexane/dichloromethane
(180 mL, 3:1) was added and the reaction mixture was cooled to -20 °C for 2 h. The
resulting solids were collected by filtration and dried to afford ethyl 6-(tert-
butoxycarbonylamino)nicotinate 100 (17.0 g, 68%).
Step 3) Preparation of tert-butyl 5-(hydroxymethyl)pyridin-2-ylcarbamate (101).
BocHN. N LAH BocHN. N
100 U\CozEt o 101\@

To a stirred solution of ethyl 6-(tert-butoxycarbonylamino)nicotinate (100; 10.0 g,
27.3 mmol) in THF (40 mL) was added LiAlH4 (1.92 g, 50.5 mmol) in THF (60 mL) over

CH,OH

a period of 30 min at 0 °C. The resulting reaction mixture was stirred at 0 °C for 6 h. The
reaction was then quenched by carefully adding water (1.0 ml) and 10% NaOH solution
(2.0 mL) at 0°C. The resulting mixture was filtered and the filtrate was dried (Na;SO4) and

concentrated under reduced pressure. The resulting residue was purified by
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chromatography (dichloromethane:methanol = 40:1) to afford tert-butyl 5-
(hydroxymethyl)pyridin-2-ylcarbamate 101 (4.50 g, 74%).

Step 4) Preparation of (6-(tert-butoxycarbonylamino)pyridin-3-yl)methyl
methanesulfonate (102).
BocHN N MsCl BocHN. N

101 MCHZOH 102 \’;J\CHZOMS

To a mixture containing tert-butyl 5-(hydroxymethyl)pyridin-2-ylcarbamate (101;

4.5 g, 20.2 mmol) and DIPEA (16.0 g, 121 mmol) in THF (45 mL) was added MsCl (6.93
g, 60.5 mmol) over a period of 30 min at 0 °C. The resulting reaction mixture was stirred
at room temperature for 12 h. The mixture was then washed with water (2x5 mL), dried
(NazS04) and concentrated under reduced pressure. The resulting residue was purified by
chromatography (10:1 petroleum ether/ethyl acetate) to afford (6-(tert-
butoxycarbonylamino)pyridin-3-yl)methyl methanesulfonate 102 (3.0 g, 61%) .

Step 5) Preparation of benzyl 4-((6-(tert-butoxycarbonylamino)pyridin-3-
yl)methyl)piperazine-1-carboxylate (104).

H
N
[ j 103
BocHN_ _N N 104

|
-z BocHN . __N
U™ "
102 " ch,0Ms X | N
A mixture of (6-(tert-butoxycarbonylamino)pyridin-3-yl)methyl methanesulfonate

(102; 1.30 g, 5.4 mmol), benzyl piperazine-1-carboxylate 103; (1.42 g, 6.5 mmol), K,CO;
(2.30g, 16.1 mmol) and Nal (0.08 g, 0.54 mmol) in DMF (20 mL) was stirred at 60 °C for

.Chz

2 h. The reaction mixture was filtered and the filtrate was concentrated under reduced
pressure. Water (30 mL) was added and the mixture was filtered. The collected solids
were washed further with water and dried to afford benzyl 4-((6-(tert-
butoxycarbonylamino)pyridin-3-yl)methyl)piperazine-1-carboxylate 104 (2.20 g, 96%).
Step 6) Preparation of benzyl 4-((6-aminopyridin-3-yl)methyl)piperazine-1-carboxylate
(105).

BocHN Ny~ Otz TFA HaN N | N
] ' X N\)
104- N\) 105
To a solution of benzyl 4-((6-(tert-butoxycarbonylamino)pyridin-3-

yDmethyl)piperazine-1-carboxylate (104; 2.20 g, 5.20 mmol) in dichloromethane (10 mL)
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was added TFA (3.4 g, 31.2 mmol) at room temperature. The resulting reaction mixture
was stirred at room temperature for 12 h and then concentrated under reduced pressure.
Enough saturated aqueous Na,COj; was added to adjust the pH = 9. The resulting mixture
was then extracted with dichloromethane (3x25 mL). The combined organic layers were
dried (MgS0Os) and concentrated under reduced pressure to afford benzyl 4-((6-
aminopyridin-3-yl)methyl)piperazine-1-carboxylate 105 (1.50 g, 89% ).

Step 7) Preparation of benzyl 4-((6-(2-(2-(trifluoromethyl)phenyl)-1H-
benzo[d]imidazole-4-carboxamido)pyridin-3-yl) methyl)piperazine-1-carboxylate (106).

y FaC
HoN___N N-Cb2 N
y FaC | 4
N x N\) N
?:,\% { > 105 0% “NH

HATU
=N
0 OH |

=

106

2-(2-(Trifluoromethyl)phenyl)-1H-benzo[d]imidazole-4-carboxylic acid (3; 306
mg, 1.0 mmol) and benzyl 4-((6-aminopyridin-3-yl)methyl)piperazine-1-carboxylate 105
were subjected to the same general amide coupling procedure detailed earlier to prepare
benzyl 4-((6-(2-(2-(trifluoromethyl)phenyl)-1H-benzo[d]imidazole-4-
carboxamido)pyridin-3-yl)methyl)piperazine-1-carboxylate 106 (280 mg, 45.6%).
Step 8) Preparation of N-(5-(piperazin-1-ylmethyl)pyridin-2-yl)-2-(2-
(trifluoromethyl)phenyl)-1H-benzo[d[imidazole-4-carboxamide (Compound 621).

F3C, FsC
H"3 3
?N ; :H
7 /
N N
Pd/C
0~ 'NH Ll 07 °N
@ ()
Z %
106 N/ﬁ N/ﬁ
K/N‘Cbz K/NH Compound 621

To a solution of benzyl 4-((6-(2-(2-(trifluoromethyl)phenyl)-1H-
benzo[d]imidazole-4-carboxamido)pyridin-3-yl)methyl)piperazine-1-carboxylate (106; 280
mg, 0.46 mmol) in methanol (20 mL) was added Pd/C (0.1 g, 5% on carbon). The reaction
mixture was stirred under 1 atm of H; for 12 h and then filtered through a pad of Celite.
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The filtrate was concentrated under reduced pressure. The resulting residue was purified
by chromatography (dichloromethane:methanol=5:1) to afford N-(5-(piperazin-1-
ylmethyl)pyridin-2-yl)-2-(2-(trifluoromethyl)phenyl)- 1 H-benzo[d]imidazole-4-
carboxamide (Compound 621) (28.0 mg, 13 %). MS (ESI) calcd for C,5sH,3F3NgO: 480.19;
found: 481 [M+H].

Example 28. Synthesis of 2-(5-fluoro-2-(trifluoromethyl)phenyl)-N-(5-
(morpholinomethyl)pyridin-2-yl)-1H-benzo[d]imidazole-4-carboxamide (Compound
624).

Step 1) Preparation of tert-butyl 5-(morpholinomethyl)pyridin-2-ylcarbamate (107).

morpholine
BocHN /N 48 BocHN /N (\0
KJ\ S I N\)
102 CH,OMs 107

A mixture containing (6-(tert-butoxycarbonylamino)pyridin-3-yl)methyl
methanesulfonate (102; 1.21 g, 5.0 mmol), morpholine (48; 1.31 g, 15.0 mmol), K,COs
(2.10 g, 15.0 mmol) and Nal (0.12 g, 0.75 mmol) in DMF (30 mL) was stirred at 80 °C for
4 h. Upon cooling to room temperature, water (30 mL) was added and the mixture was
extracted with ethyl acetate (3x30 mL). The combined organic layers were dried (MgSQx)
and concentrated under reduced pressure. The resulting residue was purified by
chromatography (petroleum ether: ethyl acetate = 10:1 to 1:1) to afford tert-butyl 5-
(morpholinomethyl)pyridin-2-ylcarbamate 107 (1.40 g, 95%).

Step 2) Preparation of 5-(morpholinomethyl)pyridin-2-amine (108).

BocHN.__N HaN N
107 \E\J\/O = 10&"0

To a solution of tert-butyl 5-(morpholinomethyl)pyridin-2-ylcarbamate (107, 1.40
g, 4.77 mmol) in dichloromethane (10 mL) was added TFA (10.0 mL). The mixture was
stirred at room temperature for 12 h. The reaction mixture was concentrated under reduced
pressure. Enough saturated aqueous Na,CO3 was added to the resulting residue to adjust
the pH = 9. The mixture was extracted with dichloromethane (3x25 mL). The combined
organic layers were dried (MgSQ,) and concentrated under reduced pressure to afford 5-

(morpholinomethyl)pyridin-2-amine 108 (0.85 g, 92% ).
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Step 3) Preparation of 2-(5-fluoro-2-(trifluoromethyl)phenyl)-N-(5-
(morpholinomethyl)pyridin-2-yl)-1 H-benzo[d]imidazole-4-carboxamide (Compound
624).

FaC

H FoC
H 3
N N
/
?\/N
F
0% NH
SN

HaN(_N 109 F
[SESES
S N HATU
108

AN

Compound 624

=

)

o)

5 The same general amide coupling procedure detailed earlier was used to prepare 2-
(5-fluoro-2-(trifluoromethyl)phenyl)-N-(5-(morpholinomethyl)pyridin-2-yl)-1H-
benzo[d]imidazole-4-carboxamide (Compound 624) from 5-(morpholinomethyl)pyridin-2-
amine 108 and 2-(5-fluoro-2-(trifluoromethyl)phenyl)-1H-benzo[d]imidazole-4-carboxylic
acid 109. MS (ESI) calcd for C35H31F4N50,: 499.16; found: 500 [M+H)].

10  Example 29. Synthesis of 2-(5-fluoro-2-(trifluoromethyl)phenyl)-N-(6-
(morpholinomethyl)pyridin-3-yl)-1H-benzo[d]imidazole-4-carboxamide (Compound
686).
Step 1) Preparation of ethyl 5-aminopicolinate (111).

HoN SOCly y,N
2 \@ =k 5 \Cf\‘k
™ X
110 COyH 111 CO,Et

15 To a solution of 5-aminopicolinic acid (110; 8.4 g, 60.8 mmol) in ethanol (100 mL)
was added SOCI; (14.5 g, 120 mmol) at 0 °C. The mixture was stirred under reflux for 12
h. Upon cooling to room temperature, the reaction mixture was concentrated under reduced
pressure. Enough saturated aqueous Na,COj3 solution was added to adjust pH =9. The
resulting mixture was filtered and the solids were dried under reduced pressure to afford
20  ethyl 5S-aminopicolinate 111 (7.5 g, 75%).
Step 2) Preparation of ethyl 5-(tert-butoxycarbonylamino)picolinate (112).

Boc),O
HaN<_~ EMA),% BocHN._~
T =T
111 CO,Et 12 CO,Et

To a mixture of ethyl 5-aminopicolinate (111; 7.5 g, 45 mmol) in +~BuOH (60 mL)

and acetone (20 mL) was added DMAP (0.10 g, 0.9 mmol) and di-t-butyl dicarbonate (19.6
114
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g, 90 mmol). The resulting reaction mixture was stirred at room temperature for 18 h and

then concentrated under reduced pressure. Hexanes (150 mL) was added and the mixture
was cooled to -20 °C for 2 h. The precipitated solids were collected by filtration and dried
to afford ethyl 5-(tert-butoxycarbonylamino)picolinate 112 (8.9 g, 53%).

Step 3) Preparation of tert-butyl 6-(hydroxymethyl)pyridin-3-ylcarbamate (113).

BOCHN\CFL LAH BocHN\g\'\
112 "o et 13 XX

To a stirred solution of ethyl 5-(tert-butoxycarbonylamino)picolinate (112; 8.9 g,
24.0 mmol) in ethyl ether (200 mL) was added LiAlH4 (1.80 g, 48 mmol) in ethyl ether

CH,OH

(100 mL) over a period of 30 min at 0 °C. The resulting reaction mixture was stirred at 0 °C
for 3 h and then carefully quenched by carefully adding water (1.0 mL) and 10% NaOH
solution (2.0 mL). The mixture was filtered; the filtrate was dried (Na,SO4) and
concentrated under reduced pressure to afford tert-butyl 6-(hydroxymethyl)pyridin-3-
ylcarbamate 113 (4.20 g, 78%).

Step 4) Preparation of (5-(tert-butoxycarbonylamino)pyridin-2-yl)methyl
methanesulfonate (114).

BocHN\@\ MsCI BocHN\@
N N
13 CHoOH 14 CH,OMs

To a solution of tert-butyl 6-(hydroxymethyl)pyridin-3-ylcarbamate (113; 4.20 g,
18.8 mmol) and DIPEA (7.0 g, 56.4 mmol) in THF (20 mL) was added MsCl (2.8 g, 24.4
mmol) over a period of 30 min at 0 °C. The resulting reaction mixture was stirred at 0 °C
for 1 h and then quenched by adding saturated aqueous NaHCQO3. The mixture was
extracted with ethyl acetate (3x60 mL). The combined organic layers were washed with
brine, dried (Na;SO4) and concentrated under reduced pressure to afford (5-(tert-
butoxycarbonylamino)pyridin-2-yl)methyl methanesulfonate 114 (5.50 g). This material
was used in the next step without further purification.

Step 5) Preparation of tert-butyl 6-(morpholinomethyl)pyridin-3-ylcarbamate (115).

BocHN
oc 2 morpholine BoCHN._~ N (\o
s 48 | \)
114 CH,OMs > 15 XX N
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A mixture containing (5-(tert-butoxycarbonylamino)pyridin-2-yl)methyl
methanesulfonate (114; 1.70 g), morpholine (48; 1.0 g, 11.3 mmol) and K,CO5 (2.30 g,
16.9 mmol) in acetonitrile (30 mL) was stirred at room temperature for 12 h. Water (30
mL) was added and the mixture was extracted with ethyl acetate (3%30 mL). The
combined organic layers were dried ( MgSO.) and concentrated under reduced pressure.
The resulting residue was purified by chromatography (petroleum ether: ethyl acetate = 1:1
to 1:3) to afford tert-butyl 6-(morpholinomethyl)pyridin-3-ylcarbamate 115 (1.20 g, 71%
for two steps).

Step 6) Preparation of 6-(morpholinomethyl)pyridin-3-amine (116).

BocHN._~ N K\O TFA HoN /'\I K\
115 Xy | N T8 & N\j

To a solution of tert-butyl 6-(morpholinomethyl)pyridin-3-ylcarbamate (115; 1.20
g, 4.1 mmol) in dichloromethane (20 mL) was added TFA (6.0 mL). The resulting reaction
mixture was stirred at room temperature for 12 h and then concentrated under reduced
pressure., Enough saturated aqueous Na,COj3; was added to the residue to adjust the pH =29.
The mixture was extracted with ethyl acetate (3%25 mL). The combined organic layers
were dried (Na;SO,4) and concentrated under reduced pressure to afford 6-
(morpholinomethyl)pyridin-3-amine 116 (450 mg, 56% ).
Step 7) Preparation of 2-(5-fluoro-2-(trifluoromethyl)phenyl)-N-(6-
(morpholinomethyl)pyridin-3-yl)-1H-benzold[imidazole-4-carboxamide (Compound
686).

e
FiC G /
: s N
/ 116 F
N>—© 07 NH
HATU
F N
0% ~OH |
~N  Compound 686
109

N
_o
The same general amide coupling procedure detailed earlier was used to prepare 2-
(5-fluoro-2-(trifluoromethyl)phenyl)-N-(6-(morpholinomethyl)pyridin-3-yl)-1H-
benzo[d]imidazole-4-carboxamide (Compound 686) from 6-(morpholinomethyl)pyridin-3-
amine 116 and 2-(5-fluoro-2-(trifluoromethyl)phenyl)-1H-benzo[d]imidazole-4-carboxylic

acid 109. MS (ESI) calcd for Cy5H31F4N50,: 499.16; found: 500 [M+H].
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Example 30. Synthesis of N-(5-methylthiazol-2-yl)-2-(4-(trifluoromethyl)pyridin-3-
yl)-1H-benzo|d]imidazole-4-carboxamide (Compound 703).
Step 1) Preparation of methyl 2,3-diaminobenzoate (118).

o= e

5 Methyl 2-amino-3-nitrobenzoate (117; 3.2 g) was dissolved in EtOAc (100 mL) and
10% Pd on C (200 mg) was added. The resulting reaction mixture was hydrogenated under
1 atm of hydrogen at room temperature for 2 days and filtered through a pad of Celite. The
filtrate was concentrated under reduced pressure to afford essentially quantitative yield of
methyl 2,3-diaminobenzoate 118.

10 Step 2) Preparation of 2-(4-(trifluoromethyl)pyridin-3-yl)-1H-benzo[d]imidazole-4-
carboxylic acid (119).
FsC

H
HATU, DIEA. DMF N@
> /4 /
N N
&K 0~ ~OH 119

4-(Trifluoromethyl)nicotinic acid (88; 1.00 g, 5.23 mmol) was taken up in DMF (8
mL) along with methyl 2,3-diaminobenzoate (118; 0.86 g, 5.23 mmol), HATU (2.98 g,
15  7.84 mmol) and DIEA (1.82 mL, 10.5 mmol). The reaction mixture was stirred at room
temperature for 18 h. It was then diluted with EtOAc, washed with water, dried (Na;SOj)

and concentrated under reduced pressure to afford crude methyl 2-amino-3-(4-
(trifluoromethyl)nicotinamido)benzoate. This material was taken up in 5 mL of glacial
acetic acid and stirred at 60 °C for 18 h. The reaction mixture was stirred at 90 °C for an

20  additional 8 h. It was then cooled to room temperature and concentrated under reduced
pressure. The resulting residue was diluted with EtOAc, washed with dilute aqueous
NaHCO;3, dried (Na;SO4) and concentrated under reduced pressure to afford crude methyl
2-(4-(trifluoromethyl)pyridin-3-yl)-1H-benzo[d]imidazole-4-carboxylate. This material
was taken up in MeOH (8 mL) and H,O (8 mL) containing LiOH (0.4 g) and stirred at

25  room temperature for 18 h. The reaction mixture was concentrated under reduced pressure

and neutralized with 6 N HCI1. The resulting solids were collected by filtration and dried to
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afford 570 mg of 2-(4-(trifluoromethyl)pyridin-3-yl)-1H-benzo[d]imidazole-4-carboxylic
acid (35% yield from methyl 2,3-diaminobenzoate) 119. MS (ESI) caled for Ci4HgF3N30,:
307.06; found: 308 [M+H].

Step 3) Preparation of N-(5-methylthiazol-2-yl)-2-(4-(trifluoromethyl)pyridin-3-yl)-1 H-
S benzo[d]imidazole-4-carboxamide (Compound 703).

F3C FaC
HATU, DIEA, DMF
\
119

NH

—*

L« Compound 703

2-(4-(Trifluoromethyl)pyridin-3-yl)-1H-benzo[d]imidazole-4-carboxylic acid 119
was coupled to 2-amino-5-methylthiazole 171 using the same general amide coupling
procedure shown above to afford N-(5-methylthiazol-2-yl)-2-(4-(trifluoromethyl)pyridin-3-

10 yl)-1H-benzo[d]imidazole-4-carboxamide (Compound 703). MS (ESI) calcd for
Ci1gH12F3N50S: 403.07; found: 404 [M+H].
Example 31. Synthesis of 2-(2-(difluoromethyl)-4-(2-morpholinoethoxy)phenyl)-N-
(pyridin-2-yl)-1H-benzo[d]imidazole-7-carboxamide (Compound 723).
Step 1) Preparation of 2-bromo-5-(2-morpholinoethoxy)benzaldehyde (121).
CHO

CHO Br
Br I\ K,CO3
+ — >
g2 °H 120°C, 2h 121 o
15 120

To a mixture of 2-bromo-5-hydroxybenzaldehyde (62; 3 g, 15 mmol) and 4-(2-
chloroethyl)morpholine hydrochloride (120; 5.6 g, 30 mmol) in DMF (75mL) was added
K,CO5(10.3 g, 74.6mmol). After reaction 2h at 120 °C for 3h, the reaction mixture was
quenched by addition of water and extracted with EtOAc. The organic layer was dried over

20  Na2S04 and concentrated under reduced pressure. Column chromatography afforded 2-
bromo-5-(2-morpholinoethoxy)benzaldehyde 121 (3.3g, 72%) as a brown solid.
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Step 2) Preparation of 4-(2-(4-bromo-3-(difluoromethyl)phenoxy)ethyl)-morpholine

(123).
CHO CHF;
Br Br
DAST
(0] (0]
121 K/o Reflux 3days 123 0

To a solution of 2-bromo-5-(2-morpholinoethoxy)benzaldehyde (121; 4.7 g, 15
mmol) in CH,Cl, (30mL) was added a solution of DAST (3.63 g, 22.5 mmol) in CH,Cl,
(15mL) at 0 °C. The resulting reaction mixture was stirred under reflux for 3 days. The
reaction mixture was poured into saturated aqueous NaHCOs3, and extracted with CH,Cl,.
The combined organic layers were dried (Na,SO4) and concentrated under reduced
pressure. Column chromatography afforded 4-(2-(4-bromo-3-
(difluoromethyl)phenoxy)ethyl)morpholine 123 (3.13 g, 63%) as a pale yellow oil.

Step 3) Preparation of 2-(difluoromethyl)-4-(2-morpholinoethoxy) benzaldehyde (124).
CHF; CHF,
RCIETG
TowE

O\/\
N/\ .78°C, 2h

123 _o

To a solution of 4-(2-(4-bromo-3-(difluoromethyl)phenoxy)ethyl)morpholine (123,
2.8 g, 8.38 mmol) in THF (90 mL) was added n-BuLi (1.6 M solution in hexanes, 7 mL,

O\/\N/\

124 o

11.2 mmol) at -78 °C. The resulting reaction mixture was stirred at the same temperature
for 1 h and DMF (1.24g, 17mmol) was added dropwise. After stirring the mixture at -78
°C for an additional 30 min, saturated aqueous NH,CI was added and the mixture was
extracted with EtOAc. The combined organic layers were dried (Na,SO,4) and concentrated
under reduced pressure. Purification by chromatography afforded 2-(difluoromethyl)-4-(2-
morpholinoethoxy)benzaldehyde 124 (1.6 g, 67%) as a brown yellow oil.
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Step 4) Preparation of 2-(2-(difluoromethyl)-4-(2-morpholinoethoxy)phenyl)-1H-
benzof[d[imidazole-7-carboxylic acid (125).

NH,
1
; NH, F,HC,
COOH N
OHC —_—_— \ 0
EtOH, H,O N f—

o\/\N/\ Na,S;05 COOH @

124 o Reflux 125

2,3-Diaminobenzoic acid (1; 222mg, 1.5mmol) and the corresponding 2-

5  (difluoromethyl)-4-(2-morpholinoethoxy)benzaldehyde 124 were subjected to the same
general procedure detailed above to afford 2-(2-(difluoromethyl)-4-(2-
morpholinoethoxy)phenyl)-1H-benzo[d]imidazole-7-carboxylic acid 125 (300 mg, 48%).
Step 5) Preparation of 2-(2-(difluoromethyl)-4-(2-morpholinoethoxy)phenyl)-N-(pyridin-
2-yl)-1H-benzo[d]imidazole-7-carboxamide (Compound 723).

F,HC

N NH, N S
0
N\>_©70 . DIEA, HATU N \
H N = DMF o H N/}
COCH O 50°C, 24h NH K/o

89
125 o = N Compound 723

10 N
The same general amide coupling procedure detailed earlier was used to prepare 2-
(2-(difluoromethyl)-4-(2-morpholinoethoxy)phenyl)-N-(pyridin-2-yl)-1H-
benzo[d]imidazole-7-carboxamide (Compound 723) from 2-(2-(difluoromethyl)-4-(2-
morpholinoethoxy)phenyl)-1H-benzo|d]imidazole-7-carboxylic acid 125 and 2-

15 aminopyridine 89. MS (ESI) calcd for Cy5Hz,F4sNsO3: 499.16; found: 500 [M+H].
Example 32. Synthesis of (R)-2-(4-(2,3-dihydroxypropoxy)-2-
(trifluoromethyl)phenyl)-N-(pyridin-2-yl)-1H-benzo[d]imidazole-4-carboxamide
(Compound 757).

Step 1) Preparation of (S)-4-((4-bromo-3-(trifluoromethyl) phenoxy) methyl)-2,2-

20  dimethyl-1,3-dioxolane (127)

CFa
CF o) Br
L, "L
D, e Ty
K,CO o)
126 OH 2CO3 DMF 197 \F
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(S)-4-(Chloromethyl)-2,2-dimethyl-1,3-dioxolane (63; 3.3 g, 20.5 mmol) was added
to a mixture containing 4-bromo-3-(trifluoromethyl)phenol (126; 5 g, 20 mmol) and K;COs
(8.30 g, 60 mmol) in 20 mL of DMF. The resulting reaction mixture was stirred at 60 °C
for 6 h. Upon cooling to room temperature, the mixture was poured into water and
5  extracted by EtOAc. The combined organic layers were dried (Na;SO4) and concentrated
under reduced pressure. The resulting residue was purified by chromatography (petroleum
ether:EtOAc = 50:1) to afford (S)-4-((4-bromo-3-(trifluoromethyl)phenoxy)methyl)-2,2-
dimethyl-1,3-dioxolane (4 g, 56%).
Step 2) Preparation of (S)-4-((2,2-dimethyl-1,3-dioxolan-4-yl)methoxy)-2-
10 (trifluoromethyl)benzaldehyde (128).

CFs CFs
BI"\@\ nBulLi OHC\@
—_—
S N THF, DMF I G

127 O\ﬁ 128 O\ﬁ

A solution of nBuLi in hexanes (6.76 mL, 1.6 M in hexanes) was added dropwise to
a solution of (S)-4-((4-bromo-3-(trifluoromethyl)phenoxy)methyl)-2,2-dimethyl-1,3-
dioxolane (127; 3.20 g, 9 mmol) in THF (50 mL) at -78 °C over a period of 30 min. After

15  stirring for additional 10 min, DMF (1.4 mL) was added dropwise over a period of 10 min.
The resulting reaction mixture was warmed to room temperature and stirred for 30 min. It
was then quenched with water and extracted by EtOAc. The combined organic layers were
dried (Na;SO4) and concentrated under reduced pressure. The resulting residue was
purified by chromatography (petroleum ether:EtOAc = 50:1) to afford (S)-4-((2,2-

20  dimethyl-1,3-dioxolan-4-yl)methoxy)-2-(trifluoromethyl)benzaldehyde 128 (2.3 g, 84%).
Step 3) Preparation of (S)-2-(4-((2,2-dimethyl-1,3-dioxolan-4-yl)methoxy)-2-
(trifluoromethyl)phenyl)-1H-benzo[d]imidazole-4-carboxylic acid (129).

NH

omﬁj\o/\(\ ! %ﬁmz H;b ~ 3 e

O
e e o

(S)-4-((2,2-dimethyl-1,3-dioxolan-4-yl)methoxy)-2-(trifluoromethyl)benzaldehyde

25 128 was reacted with 2,3-diaminobenzoic acid 1 following the same general procedure
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outlined earlier in order to prepare (S)-2-(4-((2,2-dimethyl-1,3-dioxolan-4-yl)methoxy)-2-
(trifluoromethyl)phenyl)-1H-benzo[d]imidazole-4-carboxylic acid 129.

Step 4) Preparation (R)-2-(4-(2,3-dihydroxypropoxy)-2-(trifluoromethyl)phenyl)-N-
(pyridin-Z-yl)-IH-benzo[d]imidazole—4—carboxamide (Compound 757).

NHZ

ek O g;c S

DIEA, HATU DMF

H
COO 50°C, 24h

129
| Compound 757

(S)-2-(4-((2,2-dimethyl-1,3-dioxolan-4-yl)methoxy)-2-(trifluoromethyl)phenyl)-
1H-benzo[d]imidazole-4-carboxylic acid 129 was reacted with 2-amionopyridine 89 using
the same reaction sequence outlined in Example 25, step 5 to prepare (R)-2-(4-(2,3-
dihydroxypropoxy)-2-(trifluoromethyl)phenyl)-N-(pyridin-2-yl)-1H-benzo[d]imidazole-4-
carboxamide (Compound 757). MS (ESI) calcd for Cy3H 9F3N504: 472.14; found: 473
[M+H].

Example 33. Synthesis of (S)-N-(3-(2,3-dihydroxypropoxy)phenyl)-2-(2-
(trifluoromethyl)phenyl)-1H-benzo[d]imidazole-4-carboxamide (Compound 725).
Step 1) Preparation of (R)-2,2-dimethyl-4-((3-nitrophenoxy)methyl)-1,3-dioxolane (132).

NO, /@ NO,
s S oE ol
OH 0"y

130 131 132 © \%

3-Nitrophenol (130; 2.0 g, 14.37 mmol) was taken up in 20mL of anhydrous DMF

along with anhydrous potassium carbonate (4.96 g, 35.93 mmol) and (R)-4-(chloromethyl)-
2,2-dimethyl-1,3-dioxolane (131; 2.55 mL, 18.68 mmol). The resulting reaction mixture
was heated in the microwave reactor, with stirring, at 160 "C for 4 h. The crude reaction
mixture was rinsed with water, filtered and extracted with dichloromethane (3 x 15 mL).
The combined organic layers were dried (Na,SO,) and concentrated under reduced
pressure. The resulting residue was purified by chromatography using ethyl acetate:

pentanes to obtain the desired product 132 as an amber-colored oil (52%).
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Step 2) Preparation of (R)-3-((2,2-dimethyl-1,3-dioxolan-4-yl)methoxy)aniline (133).

NO, NH,
@\ Fe, NH4CI @\
IPA/H20 (4:1
O/Y\O (4:1) O/\O/\O
132 © ﬁ 133 —
Under nitrogen, Fe powder (2.38 g, 42.54 mmol) and NH4Cl (2.38 g, 42.54 mmol)
were combined, followed by addition of (R)-2,2-dimethyl-4-((3-nitrophenoxy)methyl)-1,3-

5  dioxolane (132; 1.8 g, 7.09 mmol) and a 4:1 mixture of isopropanol:water (30 mL:10mL).
The reaction mixture was stirred under reflux for 18 h. The crude material was filtered
through a pad of Celite and the filtrate was concentrated under reduced pressure. The
resulting aqueous layer was extracted with dichloromethane (3 x 15 mL). The combined
organic layers were dried (Na;SO4) and concentrated under reduced pressure to afford (R)-

10  3-((2,2-dimethyl-1,3-dioxolan-4-yl)methoxy)aniline 133 (1.2 g, 79% yield). The material
was used in the next step without any further purification. '
Step 3) Preparation of (R)-N-(3-((2,2-dimethyl-1,3-dioxolan-4-yl)methoxy)phenyl)-2-(2-
(trifluoromethyl)phenyl)-1H-benzo[d]imidazole-4-carboxamide (134).

H
N

E\j: HATU, Hunlgs )—@
>—<E > [ j N

133

134 o :

15 2-(2-(Trifluoromethyl)phenyl)-1H-benzo[d]imidazole-4-carboxylic acid (3; 75 mg,
0.24 mmol) was taken up in NMP (2 mL) along with (R)-3-((2,2-dimethyl-1,3-dioxolan-4-
yl)methoxy)aniline (133; 64.3 mg, 0.288 mmol) and HATU (186 mg, 0.49 mmol). DIEA
(81 uL, 0.49 mmol) was added and the resulting reaction mixture was stirred at room
temperature for 12 h. The temperature was then raised to 60 'C and the reaction mixture

20  was allowed to stir for an additional 1 h. The reaction mixture was diluted with water and
filtered. The collected solids were further purified by silica gel chromatography to afford
the desired product 134, as a yellow solid (51.5 mg, 42%).
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Step 4) Preparation of (S)-N-(3-(2,3-dihydroxypropoxy)phenyl)-2-(2-
(trifluoromethyl)phenyl)-1H-benzo[d]imidazole-4-carboxamide (Compound 725).

FsC F3C
4N HCI

Dioxanes

/Y\ O/Y\OH

0\6 OH
Compound 725

To a solution of (R)-N-(3-((2,2-dimethyl-1,3-dioxolan-4-yl)methoxy)phenyl)-2-(2-
5  (trifluoromethyl)phenyl)-1H-benzo[d]imidazole-4-carboxamide (134; 51.5 mg, 0.1 mmol)
in 3 mL of THF was added 4 N HCI dropwise until observe color change, solution darkens,
at which point an additional 1 mL of HCL is added and the solution is allowed to stir at
room temperature for 18 h. The reaction mixture was diluted with MeOH and then
concentrated under reduced pressure. The resulting yellowish suspension is purified by
10  preparatory HPLC. The desired product (Compound 725) was obtained as a white solid
(32.5 mg, 64%). MS (ESI) calcd for Ca4H0F3N304: 471.14; found: 472 [M+H].
Example 34. Synthesis of 2-(3-(2,6-dimethylmorpholino)phenyl)-N-(thiazol-2-yl)-1H-
benzo|d]imidazole-4-carboxamide (Compound 576).

Step 1) Preparation of 2-(3-bromophenyl)-1,3-dioxane (136).

0

P C
OH OH
TsOH. Hzo

135
15
A mixture containing 3-bromobenzaldehyde (135; 18.5 g, 100 mmol), propane-1,3-

diol (9.1 g, 120 mmol) and TsOH (0.1 g) in toluene (200 mL) was stirred under reflux in a
Dean-Stark water separator for 18 h. Upon cooling to room temperature, the mixture was
washed with 5% aqueous Na;CO; (200 mL), dried (Na2S04) and concentrated under

20  reduced pressure to afford essentially quantitative yield of crude 2-(3-bromophenyl)-1,3-
dioxane 136 as a yellow oil (25 g).
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Step 2) Preparation of 3-(2,6-dimethylmorpholino)benzaldehyde (137).

C 122 l NN
sz dba)s, NaOt-Bu,

BINAP, toluene

A mixture containing 2-(3-bromophenyl)-1,3-dioxane (136; 2.0 g, 8.23 mmol), 2,6-
dimethylmorpholine (122; 1.14 g, 9.88 mmol), Pd;(dba); (50 mg), NaOt-Bu (1.39 g, 14.0
5 mmol) and BINAP (100 mg) in 20 mL of toluene was stirred at reflux for 5 h. Upon
cooling to room temperature, enough cold 1N HCI (50 mL) was added to adjust the pH = 1.
The resulting reaction mixture was stirred at room temperature for 1h. NaOH(aq) was
added to adjust the pH = 11. The aqueous mixture was extracted with CH,Cl, (3 x 50 mL).
. The combined organic layers were dried (MgSO,) and concentrated under reduced
10  pressure. Purification by chromatography (petroleum ether:EtOAc = 10:1) afforded 3-(2,6-
dimethylmorpholino)benzaldehyde 137 as a yellow oil (1.36 g, yield: 72%).
Step 3) Preparation of 2-(3-( (2,6-dimethylmorpholino)phenyl)-1H-benzo[dJimidazole-4-
carboxylic acid (138).

o)
137 _)«
0 0 H
NHZ ' N\)\ N
' P
NH, , N
COOH P oH 138

1
15 2,3-Diaminobenzoic acid (1; 0.94 g, 6.2 mmol) and 3-(2,6-dimethylmorpholino)-
benzaldehyde (137; 1.36 g, 6.2 mmol) were subjected to the same general conditions
outlined earlier to prepare 2-(3-((2,6-Dimethylmorpholino)phenyl)-1H-benzo[d]imidazole-
4-carboxylic acid 138 in an 87% yield (1.9 g).
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Step 4) Preparation of 2-(3-(2,6-dimethylmorpholino)phenyl)-N-(thiazol-2-yl)-1H-
benzo[d]imidazole-4-carboxamide (Compound 576).
3 LS
S
H N [ )—NH, N—)d
E FN: <:§ N
) 4
N
0” ~OH
138

O~ 'NH

S)§ N Compound 576

\

z ZT

HATU/DIEA/DMF

The same general amide coupling procedure detailed earlier was used to prepare 2-
5  (3-(2,6-dimethylmorpholino)phenyl)-N-(thiazol-2-yl)-1H-benzo[d]imidazole-4-

carboxamide (Compound 576) from 2-(3-((2,6-Dimethylmorpholino)phenyl)-1H-
benzo[d]imidazole-4-carboxylic acid 138 and 2-aminothiazole 4. MS (ESI) calcd for
C23H35F2N505: 433.16; found: 434 [M+H].
Example 35. Synthesis of (R)-2-(2-(difluoromethyl)phenyl)-N-(3-(2,3-

10 dihydroxypropoxy)phenyl)-6-fluoro-1H-benzo[d]imidazole-4-carboxamide
(Compound 811).
Step 1) Preparation of 5-fluoro-2-(2,2,2-trifluoroacetamido) benzoic acid (140).

F (CF5C0),0 " J?\
NH,  THF N CFs

COOCH HOOC 140
139

2-Amino-5-fluorobenzoic acid (139; 1.0 g, 6.4 mmol) was taken up into 10 mL of
15  anhydrous THF and the resulting mixture was cooled to 0 °C. 2,2,2-Trifluoroacetic
anhydride (3.6 mL) was then added dropwise at 0 °C. The resulting reaction mixture was
stirred at room temperature for 16 h and then concentrated under reduced pressure. The
residue was treated with ice-cold, and the resulting precipitate was collected by filtration,
washed with water and dried to afford 5-fluoro-2-(2,2,2-trifluoroacetamido)benzoic acid

20 140 (1.3 g, 80%).
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Step 2) Preparation of 5-fluoro-3-nitro-2-(2,2,2-trifluoroacetamido)benzoic acid (141).

F E NO,
O  fuming HNO4 0]
N" "CFs NkCFa
HOOC HOOC
140 141

5-Fluoro-2-(2,2,2-trifluoroacetamido) benzoic acid (140; 1.29g, 5.1mmol) was
added, in small portions, to fuming nitric acid (7 mL) at 0 °C. The resulting reaction
5  mixture was stirred at 0 °C for 1 hand then poured into ice-water (10 mL). The resulting
precipitate was collected by filtration, washed with water and dried to afford 5-fluoro-3-
nitro-2-(2,2,2-trifluoroacetamido)benzoic acid 141 (1.2 g, 80%).
Step 3) Preparation of 2-amino-5-fluoro-3-nitrobenzoic acid (142).

NO
F 2
j\ NaOH F NO,
H CF3 Water/EtOH NH,
HOOC COOH
141 142
10 To a solution of 5-fluoro-3-nitro-2-(2,2,2-trifluoroacetamido)benzoic acid (141; 1.2

g, 4.1 mmol) in ethanol (20 mL) was added 10% aqueous sodium hydroxide solution (20
mL). The resulting reaction mixture was stirred at 80 °C for 3 h. Upon cooling to room
temperature, the reaction mixture was concentrated under reduced pressure. The resulting
orange solids were acidified with dilute HCl, filtered and dried to afford 2-amino-5-fluoro-
15  3-nitrobenzoic acid 142 (0.73 g, 90%).
Step 4) Preparation of 2,3-diamino-5-fluorobenzoic acid (143).
F NO, H, F NH,
\@[NHZ Pd/C \@N H,
COOH COOH
142 143

2-Amino-5-fluoro-3-nitrobenzoic acid (142; 0.73 g) was dissolved into methanol
(10 mL). To this solution was added 5% Pd/C (0.1 g). The resulting reaction mixture was

20  stirred at room temperature under 1 atm of hydrogen for 18 h and then filtered through a
pad of Celite. The filtrate was concentrated under reduced pressure to afford 2,3-diamino-

S-fluorobenzoic acid 143 as a brown solid (0.59 g, 95%).
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Step 5) Preparation of 2-(2-(difluoromethyl)phenyl)-5-fluoro-1H-benzo[d]imidazole-7-

carboxylic acid (144).
F NHp o OHC F2HC,
2 F2HC
L, T @
COOH Na;S,05 DMF
143

2,3-Diamino-5-fluorobenzoic acid (143; 0.826 g, 5.29mmol) and 2-

5  (difluoromethyl)benzaldehyde 144 were subjected to the same general conditions outlined
earlier to prepare 2-(2-(difluoromethyl)phenyl)-5-fluoro-1H-benzo[d]imidazole-7-
carboxylic acid 145, which was obtained in 65% yield (0.7 g). MS (ESI) calcd for
Ci5HgF3N204: 306.6; found: 307 [M+H].

Step 6) Preparation of (S)-2-(2-(difluoromethyl)phenyl)-N-(3-((2,2-dimethyl-1,3-
10  dioxolan-4-yl)methoxy)phenyl)-6-fluoro-1H-benzo[d]imidazole-4-carboxamide (147).
NH

146
whaas o3
F N 2 >Z’ \g

N HATU, DIEA, DMF

145 @L e
147 S [)L
o

2-(2-(difluoromethyl)phenyl)-5-fluoro-1H-benzo[d]imidazole-7-carboxylic acid
(145; 250mg, 0.82 mmol) was coupled with (S)-3-((2,2-dimethyl-1,3-dioxolan-4-
yDmethoxy)aniline 146 (prepared as described for 133 in Example 33, steps 1-2, except
15  using (S)-4-(chloromethyl)-2,2-dimethyl-1,3-dioxolane in step 1) as outlined earlier. (S)-2-
(2-(Difluoromethyl)phenyl)-N-(3-((2,2-dimethyl-1,3-dioxolan-4-yl)methoxy)phenyl)-6-
fluoro-1H-benzo[d]imidazole-4-carboxamide 147 was obtained in 48% yield (200 mg).
MS (ESI) calcd for Cy7Hp4F3N304: 511.17; found: 512 [M+H].
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Step 7) Preparation of (R)-2-(2-(difluoromethyl)phenyl)-N-(3-(2,3-
dihydroxypropoxy)phenyl)-6-fluoro-1H-benzo[d[imidazole-4-carboxamide (Compound

811).
F_ F
F N Vg
4 F N
N P
c. HCI N
O™ "NH
MeOH 0% “NH
4, O
i 07" >Z, @
147 [o O/\O:\OH
Compound 811
5 Ten drops of concentrated HCI were added to a solution of (S)-2-(2-

(difluoromethyl)phenyl)-N-(3-((2,2-dimethyl-1,3-dioxolan-4-yl)methoxy)phenyl)-6-fluoro-
1H-benzo[d]imidazole-4-carboxamide (147; 200 mg, 0.391 mmol) in methanol (15 mL).
The resulting reaction mixture was stirred at room temperature for 2 h and then
concentrated under reduced pressure to afford (R)-2-(2-(difluoromethyl)phenyl)-N-(3-(2,3-
10 dihydroxypropoxy)phenyl)-6-fluoro-1H-benzo[d]imidazole-4-carboxamide (Compound
811) (160 mg, 87%). MS (ESI) calcd for C,7H24F3N304: 511.17; found: 512 [M+H].
Example 36. Synthesis of 2-(2-methylpyridin-3-yl)-N-(6-(morpholinomethyl)pyridin-
2-yl)-1H-benzo[d]imidazole-4-carboxamide (Compound 814).
Step 1) Preparation of 2-methylnicotinaldehyde (149).

I"’j BuLi Ns
— |
P S
Br DMF - ohc
148 149
15

To a solution of 3-bromo-2-methylpyridine (148; 10 g, 58.1 mmol) in THF (150
.mL) was added n-BuLi (2.5 M, 25.6 mL) at -78 °C. The reaction mixture was stirred at
this temperature for 1h. DMF (1.30 mL) was then added and the resulting reaction mixture
was stirred for 1 h at -78 °C. The reaction was quenched by the addition of aq. NH,4Cl.

20  Upon warming to room temperature, the mixture was extracted with EtOAc. The combined
organic layers were dried (Na,SO4) and concentrated under reduced pressure. The
resulting residue was purified by chromatography to afford 2-methylnicotinaldehyde 149
(2.18 g, 31%).
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Step 2) Preparation of 2-(2-methylpyridin-3-yl)-1H-benzo[d]imidazole-4-carboxylic acid

(150).
NH,
1
; :NHZ H
N =N
[ __CooH N
A N/ \ /
OHC
149 CooH 150

2-Methylnicotinaldehyde (149; 2.18 g, 18 mmol) was subjected to the standard
5  conditions used to prepare substituted benzimidazoles by reaction with 2,3-diaminobenzoic
acid 1. The desired product, 2-(2-methylpyridin-3-yl)-1H-benzo[d]imidazole-4-carboxylic
acid 150, was obtained by purification using chromatography, followed by crystallization
from EtOAc (0.43 g, 11%).
Step 3) Preparation of 2-(2-methylpyridin-3-yl)-N-(6-(morpholinomethyl)pyridin-2-yl)-
10  1H-benzold]imidazole-4-carboxamide (Compound 814).

] NH,
H

N =N Z>N (\o N =N

N Y/ AN N
COOH 172 07 NH

N (0]

HATU
150 = (\
A | N\) Compound 814

2-(2-Methylpyridin-3-yl)-1H-benzo[d]imidazole-4-carboxylic acid 150 was

coupled with 6-morpholinomethylpyridin-2-amine 172 (prepared as set forth in Example
29, steps 1-6, except using ethyl-6-aminopicolinate in step 1) by the standard amide

15  coupling procedure detailed earlier to prepare 2-(2-methylpyridin-3-yl)-N-(6-
(morpholinomethyl)pyridin-2-yl)-1H-benzo[d]imidazole-4-carboxamide (Compound 814).
MS (ESI) caled for Co4Hp4NgO2: 428.20; found: 429 [M+H].
Example 37. Synthesis of 2-(6-methylpyridin-3-yl)-N-(6-(morpholinomethyl)pyridin-
2-yl)-1H-benzo[d]imidazole-4-carboxamide (Compound 815).

20  Step 1) Preparation of 6-methylnicotinaldehyde (152).

N N
Br DMF CHO

151 152
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To a solution of 5-bromo-2-methylpyridine (151; 10 g, 58.1 mmol) in THF (150
mL) was added n-BuLi (2.5 M, 25.6 mL) at -78 °C. The reaction mixture was stirred at this
temperature for 1h. DMF (1.30 mL) was then added and the resulting reaction mixture was
stirred for 1 h at -78 °C. The reaction was quenched by the addition of aq. NH4CI. Upon
5  warming to room temperature, the mixture was extracted with EtOAc. The combined
organic layers were dried (NapSO4) and concentrated under reduced pressure. The
resulting residue was purified by chromatography to afford 6-methylnicotinaldehyde 152
(5.0 g, 72%).
Step 2) Preparation of 2-(6-methylpyridin-3-yl)-N-(6-(morpholinomethyl)pyridin-2-yl)-
10 1H-benzo[d]imidazole-4-carboxamide (Compound 815).
NH,

ZI

N

NH, \ /

1
N —N
N COOH 172
| P \ /7
CHO
COOH
152 153 ZN (\o
| N\)

N
Compound 815
6-Methylnicotinaldehyde 152 was coupled with 2,3-diaminobenzoid acid 1 using
the same standard conditions detailed above to prepare the corresponding substituted
benzimidazole 153. The resulting 2-(6-methylpyridin-3-yl)-1H-benzo[d]imidazole-4-

15  carboxylic acid 153 was coupled with 6-morpholinomethylpyridin-2-amine 172 using the
same standard amide coupling procedure to prepare 2-(6-methylpyridin-3-yl)-N-(6-
(morpholinomethyl)pyridin-2-yl)-1H-benzo[d]imidazole-4-carboxamide (Compound 815).
MS (ESI) caled for Co4Hy4NgO,: 428.20; found: 429 [M+H].

Example 38. Synthesis of 2-(2-methylpyridin-4-yl)-N-(6-(morpholinomethyl)pyridin-

20  2-yl)-1H-benzo[d]imidazole-4-carboxamide (Compound 816).

Step 1) Preparation of 2-methylisonicotinaldehyde (156).

n-BuLi N
EGNH Nal04 AN
e |
THF Z
A CHO
156
/N\

To a solution of 2,4-lutidine (154; 10 g, 93.3 mmol) in THF (150 mL) was added n-
BuLi (2.5 M, 41.1 mL) at -78 °C. Diethylamine (8.19g, 112 mmol ) was then added at this
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temperature, followed by DMF (10 mL). The resulting reaction mixture was stirred at -78
°C for 1 h. The reaction was quenched by the addition of aq. NH4Cl. Upon warming to
room temperature, the mixture was extracted with CH,Cl,. The combined organic layers
were dried (Na;SO4) and concentrated under reduced pressure to afford the intermediate
enamine 1585.

To a solution of NalO4 (40 g) in water (200 mL) was added the above enamine
intermediate 155 in CH,Cl; (200 mL). The reaction mixture was stirred at room
temperature for 18 h. Enough 2 N NaOH was then added to adjust the pH of the mixture to
8. The mixture was then filtered, separated and extracted with CH,Cl,. The combined
organic layers were dried (Na;SQ,) and concentrated under reduced pressure, Purification
by chromatography afforded 2-methylisonicotinaldehyde 156 (4 g, 35%).

Step 2) Preparation of 2-(2-methylpyridin-4-yl)-N-(6-(morpholinomethyl)pyridin-2-yl)-
1H-benzo[d]imidazole-4-carboxamide (Compound 816).
NH,

(L,
N\ COOH >—<:/( 172
D [ j: N\ /

CHO COOH

156 157 N\)

Compound 816

Z\

2-Methylisonicotinaldehyde 156 was coupled with 2,3-diaminobenzoic acid 1 using
subjected same standard conditions detailed above to prepare 2-(2-methylpyridin-4-yl)-1H-
benzo[d]imidazole-4-carboxylic acid 157, which was then coupled with 6-
morpholinomethylpyridin-2-amine 172 using the same standard amide coupling procedure
to prepare 2-(2-methylpyridin-4-yl)-N-(6-(morpholinomethyl)pyridin-2-yl)-1H-
benzo[d]imidazole-4-carboxamide (Compound 816). MS (ESI) calcd for C34H;4NgO;:
428.20; found: 429 [M+H].

132

\

-/



443 388 si, 1111r HNO O/1) O IIP Nl \\NT ¢ B N Compd # [ M+Hr
Structure EC 5 Fold Act. 444 404 is N CB \----\ r W N NNO H 445 391

B A N sWON010003048 PCT/US2009/049498
Example 39. Synthesis of 2-(4-(pyrrolidin-1-ylmethyl)-2-(trifluoromethyl)phenyl)-N-
(thiazol-2-yl)-1H-benzo[d]imidazole-4-carboxamide (Compound 828).

Step 1) Preparation of 2-(4-(pyrrolidin-1-ylmethyl)-2-(trifluoromethyl)phenyl)-1H-
benzo[d]imidazole-4-carboxylic acid (159).

F3C

H 1. (COCI),, MeOH/CH,Cl, H F3C,
) cl 2. Pd(OAc);, XPhos, Cs;CO; /> <\ >
N KFaB—\ N b
HO™ ~O HO” S0
159

158 b

54 3. LiOH, THF/H,0

2-(4-Chloro-2-(trifluoromethyl)phenyl)-1H-benzo[d]imidazole-4-carboxylic acid
(54; 500 mg, 1.46 mmol) was suspended in CH,Cl, (15 mL). Methanol (2 mL) was added
to solubilize. To the reaction solution was added dropwise oxalyl chloride (130 pL, 1.46

10 mmol). After having stirred the reaction at room temperature overnight, the reaction was
concentrated. The residue was taken up in EtOAc and washed successively with saturated
NaHCOj; and then brine. The organic layer was dried over MgSQyq, filtered, and
concentrated. Purification by silica gel chromatography (EtOAc/pentane) afforded methyl
2-(4-chloro-2-(trifluoromethyl)phenyl)-1H-benzo[d]imidazole-4-carboxylate as an orange

15  solid (structure not shown) (390 mg, yield: 75%).

A sealed tube containing the mixture of methyl 2-(4-chloro-2-
(trifluoromethyl)phenyl)-1H-benzo[d]imidazole-4-carboxylate (390 mg, 1.10 mmol),
potassium 1-trifluoroboratom-ethylpyrrolidine (158; 212 mg, 1.11 mmol), Pd (OAc), (22
mg, 0.03 mmol), XPhos (31 mg, 0.06 mmol), and cesium carbonate (1.0 g, 3.3 mmol) was

20  evacuated and filled with nitrogen twice. To the mixture was added THF/H,O (10:1, 4.4
mL). The suspension was heated at 80 °C overnight and cooled to room temperature.
Water (2 mL) was added and the reaction was extracted with CH,Cl; twice. The combined
organic layers were washed with brine, dried over MgSOQy, filtered, and concentrated.
Purification by silica gel chromatography (MeOH/CH,Cl, + 1% Et3N) afforded methyl 2-

25  (4-(pyrrolidin-1-ylmethyl)-2-(trifluoromethyl)phenyl)-1H-benzo[d]imidazole-4-
carboxylate (structure not shown) as a yellow solid (544 mg).

Methyl 2-(4-(pyrrolidin-1-ylmethyl)-2-(trifluoromethyl)phenyl)- 1H-
benzo[d]imidazole-4-carboxylate (544 mg) and LiOH (95 mg, 4 mmol) were dissolved in
THF/H,0 (1:1, 24 mL). The reaction was stirred overnight at room temperature, then
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heated at 50 °C overnight. The solvents were removed in vacuo. The residue was taken up
in water and the pH was adjusted to 7-8 with IN HCI. After allowing the mixture to stirred
for 1 hour, the solids were collected by filtration to afford 2-(4-(pyrrolidin-1-ylmethyl)-2-
(trifluoromethyl)phenyl)-1H-benzo[d]imidazole-4-carboxylic acid 159 as a pale solid (170
mg, 2-step yield: 40%). MS (ESI) calcd for CyoH;gF5N30,: 389.14; found: 390 [M+H].
Step 2) Preparation of 2-(4-(pyrrolidin-1-ylmethyl)-2-(trifluoromethyl)phenyl)-N-
(thiazol-2-yl)-1H-benzo[d]imidazole-4-carboxamide (Compound 828).

F3C FaC
HATU, DIPEA, C
/{"HZ DMF P
\:/

4
To a solution of 2-(4-(pyrrolidin-1-ylmethyl)-2-(trifluoromethyl)phenyl)-1H-

ZUZ

Compound 828

benzo[d]imidazole-4-carboxylic acid (159; 60 mg, 0.154 mmol), 2-aminothiazole (4; 17
mg, 0.169 mmol), and HATU (117 mg, 0.308 mmol) in DMF (1.5 mL) was added
diisopropylethylamine (107 pL, 0.616 mmol). The reaction was heated by microwave at
140 °C for 15 minutes. The reaction mixture was diluted with EtOAc and washed
successively with water and brine. The organic layer was dried over MgSQy, filtered, and
concentrated. Purification by prep HPLC and subsequent lyophilization with dilute aqg.
HCI afforded the HCl salt of 2-(4-(pyrrolidin-1-ylmethyl)-2-(trifluoromethyl)phenyl)-N-
(thiazol-2-yl)-1H-benzo[d]imidazole-4-carboxamide (Compound 828) as a tan-colored
solid (24.3 mg, yield: 31%). MS (ESI) calcd for Cy3H0F3N50S: 471.13; found: 472
[M+H].

Example 40. Synthesis of N-(pyridin-2-yl)-2-(4-(pyrrolidin-1-ylmethyl)-2-
(trifluoromethyl)phenyl)-1H-benzo[d]imidazole-4-carboxamide (Compound 838).

H FSC NH2 H

N N

<O\ O} o

N @ - 89 N b
HO™ 0 HATU, DIPEA, HN” 0

DMF
159 Z "N

AN

Compound 838
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2-(4-(pyrrolidin-1-ylmethyl)-2-(trifluoromethyl)phenyl)-1H-benzo[d]imidazole-4-
carboxylic acid 159 was coupled with 2-aminopyridine 89 using the same general
procedure outlined above in Example 39 to prepare N-(pyridin-2-yl)-2-(4-(pyrrolidin-1-
ylmethyl)-2-(trifluoromethyl)phenyl)- 1H-benzo[d]imidazole-4-carboxamide (Compound
5  838). MS (ESI) calcd for Cy5H3,F3Ns0: 465.18; found: 466 [M+H].

Example 41. Synthesis of 2-(4-(pyrrolidin-1-ylmethyl)-2-(trifluoromethyl)phenyl)-N-
(4-(pyrrolidin-1-ylmethyl)phenyl)-1H-benzo[d]imidazole-4-carboxamide (Compound

869).
10
FaC NH F3C
N 2 HATU, DIPEA, N
) . DMF )
HO™ o 'D HN" S0
159 160

2-(4-(pyrrolidin-~1-ylmethyl)-2-(trifluoromethyl)phenyl)-1H-benzo[d]imidazole-4-
carboxylic acid 159 was coupled with 4-(pyrrolidin-1-ylmethyl)aniline 160 to produce 2-
(4-(pyrrolidin-1-ylmethyl)-2-(trifluoromethyl)phenyl)-N-(4-(pyrrolidin-1-
15  ylmethyl)phenyl)-1H-benzo[d]imidazole-4-carboxamide (Compound 869) using
The same general procedure outlined in Example 39. MS (ESI) calcd for
C31H32F3N50: 547.26; found: 548 [M+H].
Example 42. Synthesis of 2-(4-(pyrrolidin-1-ylmethyl)-2-(trifluoromethyl)phenyl)-N-
p-tolyl-1H-benzo[d]imidazole-4-carboxamide (Compound 870).
20

Fgc NHZ F3C

N HATU, DIPEA, N
) N DMF )
N N N
HO" 0 HN"0

$
159 161

Compound 870
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2-(4-(pyrrolidin-1-ylmethyl)-2-(trifluoromethyl)phenyl)- 1 H-benzo[d]imidazole-4-
carboxylic acid 159 was coupled with p-toluidine 161 to produce 2-(4-(pyrrolidin-1-
ylmethyl)-2-(trifluoromethyl)phenyl)-N-p-tolyl-1H-benzo[d|imidazole-4-carboxamide
(Compound 870) using the same general procedure outlined in Example 39. as the starting
5 material. MS (ESI) calcd for Cy7H;5F3N40: 478.20; found: 479 [M+H].
Example 43. Synthesis of 2-(S-(pyrrolidin-1-ylmethyl)-2-(trifluoromethyl)phenyl)-N-
(thiazol-2-yl)-1H-benzo[d]imidazole-4-carboxamide (Compound 871).

H FsC H FC
N 1. (COCl);, MeQH/CH,Cl, Bm:u, DIPEA, N
N/ 2. Pd(OAc),, XPhos, Cs,COy N/
N .
c! B /(Hz NG
HO 0 158 Q N HN"0
163 A
3. LIOH, THF/H,0 8" N Compound 871
10 \—/ P

The same general procedure outlined above in Example 39, steps 1 and 2, except
for using 2-(5-chloro-2-(trifluoromethyl)phenyl)- 1 H-benzo[d]imidazole-4-carboxylic acid
163 as the starting material, was used to prepare 2-(5-(pyrrolidin-1-ylmethyl)-2-
(trifluoromethyl)phenyl)-N-(thiazol-2-yl)-1H-benzo[d]imidazole-4-carboxamide
15 (Compound 871). MS (ESI) calcd for Cy3HyoF3Ns0S: 471.13; found: 472 [M+H].
Example 44. Synthesis of N-(pyridin-2-yl)-2-(5-(pyrrolidin-1-ylmethyl)-2-
(trifluoromethyl)phenyl)-1H-benzo[d]imidazole-4-carboxamide (Compound 872).

FaC FsG
1. (COGI),, MeOH/CH,Cl HATU, DIPEA,
2. Pd(OAG),, XPhos, Cs,CO; DMF

KFaB—,
The same general procedure outlined above in Example 39, step 1 and Example 40,

LZT

4
z ZT

158 b

3. LiOH, THF/H,O |

™ Compound 872
20  except for using 2-(5-chloro-2-(trifluoromethyl)phenyl)-1 H-benzo[d]imidazole-4-
carboxylic acid 163 as the starting material, was used to prepare N-(pyridin-2-yl)-2-(5-
(pyrrolidin-1-ylmethyl)-2-(trifluoromethyl)phenyl)-1H-benzo[d|imidazole-4-carboxamide
(Compound 872). MS (ESTI) calcd for C,5sHpF3N50: 465.18; found: 466 [M+H].
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Example 45. Synthesis of 2-(5-(pyrrolidin-1-ylmethyl)-2-(trifluoromethyl) phenyl)-N-
(4-(pyrrolidin-1-ylmethyl)phenyl)-1H-benzo[d]imidazole-4-carboxamide (Compound

873).
F3C

HATU, DIPEA,
N/ 1. (COCl),, MeOH/CH,Cl, ~ DMF

2. Pd(OAc),, XPhos, Cs,CO5

KFsB—,

N

158 Q

3. LiOH, THF/H,0
160

5 The same general procedure outlined above in Example 39, step 1 and Example 41,

F3C

.

2T

P4

Compound 873

except for using 2-(5-chloro-2-(trifluoromethyl)phenyl)-1H-benzo[d]imidazole-4-
carboxylic acid 163 as the starting material, was used to prepare 2-(5-(pyrrolidin-1-
ylmethy!)-2-(trifluoromethyl)phenyl)-N-(4-(pyrrolidin-1-ylmethyl)phenyl)-1H-
benzo[d]imidazole-4-carboxamide (Compound 873). MS (ESI) calcd for C3;Hs,F3N50:
10 547.26; found: 548 [M+H].
Example 46. Synthesis of 2-(4-chloro-2-(trifluoromethyl)phenyl)-N-(6-
morpholinopyridin-2-yl)-1H-benzo[d]imidazole-4-carboxamide (Compound 868).
Step 1) Preparation of 6-morpholinopyridin-2-amine (165).

NH, morpholine NH
N 48 SN
Y —
Z > N
164 165 (0]
15 A mixture containing 4-chloro-2-aminopyridine (164; 26g, 0.20 mol), K;CO3 (0.40

mol) and morpholine (48; 0.6 mol) in DMSO (150 mL) was stirred at 190 °C for 10 h.
Upon cooling to room temperature, the reaction mixture was diluted with water (300 mL)
and the resulting mixture was extracted with ethyl acetate (4 x 150 mL). The combined
organic layers were washed with water (3 x 25 mL), dried (Na;SO,) and concentrated

20 under reduced pressure. The resulting residue was purified by chromatography (petroleum
ether:ethyl acetate=10:1) to afford 6-morpholinopyridin-2-amine 165 (17 g, 47%) as a

white solid.
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Step 2) Preparation of 2-(4-chloro-2-(trifluoromethyl)phenyl)-N-(6-morpholinopyridin-
2-yl)-1H-benzo[d]imidazole-4-carboxamide (Compound 868).
FSC F 3C

H
N NH; H
) N
= N/\
(0] OH 165 0 (0] NH
N

N

™ @
|
XN

K/o Compound 868

6-Morpholinopyridin-2-amine 165 was coupled with 2-(4-chloro-2-
(trifluoromethyl)phenyl)-1H-benzo[d]imidazole-4-carboxylic acid 54 using the same
general amide coupling procedure described above to prepare 2-(4-chloro-2-
(trifluoromethyl)phenyl)-N-(6-morpholinopyridin-2-yl)-1H-benzo[d]imidazole-4-
carboxamide (Compound 868). MS (ESI) calcd for Co4H;9CIF3N50,: 501.12; found: 502
[M+H].
Example 47. Biological activity.

A mass spectrometry based assay was used to identify modulators of SIRT1
activity. The mass spectrometry based assay utilizes a peptide having 20 amino acid
residues as follows: Ac-EE-K(biotin)-GQSTSSHSK(Ac)NIeSTEG-K(5TMR)-EE-NH2
(SEQ ID NO: 1) wherein K(Ac) is an acetylated lysine residue and Nle is a norleucine. The
peptide is labeled with the fluorophore 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 naturally present in the sequence was
replaced with the norleucine because fhe methionine may be susceptible to oxidation
during synthesis and purification.

The mass spectrometry assay is conducted as follows: 0.5 uM peptide substrate and
120 pM BNAD" is incubated with 10 nM SIRT1 for 25 minutes at 25°C in a reaction buffer
(50 mM Tris-acetate pH 8, 137 mM NaCl, 2.7 mM KCI, 1 mM MgCl,, 5 mM DTT, 0.05%
BSA). Test compounds may be added to the reaction as described above. The SirT1 gene is
cloned into a T7-promoter containing vector and transformed into BL21(DE3). After the
25 minute incubation with SIRT1, 10 pL 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
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the substrate peptide allows for precise determination of the degree of acetylation (i.e.
starting material) as compared to deacetylated peptide (product).
A control for inhibition of sirtuin activity is conducted by adding 1 pL of 500 mM
nicotinamide as a negative control at the start of the reaction (e.g., permits determination of
5  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.

10 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-HCl, 2 mM Tris[2-carboxyethyl] phosphine (TCEP),

15 10 uM ZnCl,, 200 mM NaCl) and further treated with sonication for 10 min for complete
lysis. The protein was purified over a Ni-NTA column (Amersham) and fractions
containing pure protein were pooled, concentrated and run over a sizing column (Sephadex
S200 26/60 global). The peak containing soluble protein was collected and run on an
Ion-exchange column (MonoQ). Gradient elution (200 mM - 500 mM NaCl) yielded pure

20  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

25  compounds are represented by A (EC; 5 <1.0 uM), B (EC; s 1-25 uM), C (EC;5 >25 uM).
The percent maximum fold activation is represented by A (Fold activation >200%) or B

(Fold Activation <200%).
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In another embodiment, the compound of the invention is selected from any one of
Compound numbers 202, 203, 208, 226, 243, 247, 254, 262, 269, 287, 288, 289, 290, 295,
300, 302, 304, 312, 313, 315, 316, 317, 319, 321, 323, 327, 328, 340, 343, 344, 345, 346,
5 354,356,357, 358, 359, 360, 361, 362, 368, 369, 370, 371, 372, 376, 377, 379, 380, 381,
382, 394, 395, 396, 398, 399, 409, 411, 412,413, 414, 430, 432, 440, 446, 448, 451, 452,
455, 456, 457, 458, 461, 464, 465, 478, 479, 480, 481, 492, 493, 494, 495, 514, 515, 516,
531, 540, 541, 549, 550, 551, 552, 553, 554, 555, 556, 557, 558, 559, 560, 561, 573, 574,
575, 589, 590, 591, 592, 593, 594, 595, 596, 601, 603, 604, 620, 622, 623, 628, 629, 630,
10 631, 640, 641, 642, 643, 644, 645, 646, 647, 672, 674, 675, 677, 678, 679, 680, 681, 689,
690, 691, 692, 698, 699, 700, 701, 706, 717, 718, 719, 720, 721, 722, 723, 724, 725, 734,
735,736,737, 740, 741, 742, 743, 744, 745, 746, 749, 751, 767, 768, 769, 770, 774, 775,
776,782, 785, 786, 789, 798, 811, 817, 818, 819, 820, 824, 825, 827, 829, 831, 832, 833,
834, 836, 839, 840, 841, 845, 847, 849, 851, 852, 853, 854, 855, 862, 863, 865, 866, 867,
15 or 868 from Table 1, above.

HN™ ~O

EQUIVALENTS
The present invention provides among other things sirtuin-activating compounds
and methods of use thereof. While specific embodiments of the subject invention have
20  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.
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INCORPORATION BY REFERENCE

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

5  of conflict, the present application, including any definitions herein, will control.

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

10  (www.ncbi.nlm.nih.gov).

268



866 463 CF3 NI/-Th is N. \ A A 0 ONH -N 867 453 F N\c) N, is M
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CLAIMS
1. A compound of the formula (II);
R R
127 N
iﬁ\ l N p R12
" ,

or a salt thereof wherein:

one of Z'" and Z'? is CR", and the other of Z'' and Z" is selected from N and CR®,
wherein

R" is selected from hydrogen, halo, -OH, -C=N, fluoro-substituted C;-C, alkyl, -O-(C-C,
fluoro-substituted alkyl), -S-(C;-C; fluoro-substituted alkyl), C,-C,4 alkyl, -(C,-C, alkyl)-
NR")(R'™), -0-CH,CH(OH)CH,OH; -O-(C)-Cy) alkyl, 0-(C-Cy alkyl-NR")R'), -N(R')R™),
-S-(C-Cy) alkyl, C3-C; cycloalkyl;

R is selected from hydrogen, -(C,-Cy) alkyl, -(C,-C,) fluoro-substituted alkyl, -(C1-Cs)
alkyl-N(R")(R"), -(C;-C4) alkyl-C(0)-N(R")(R?), -(C,-C4) alkyl -O-R’, and -(C,-Cy)
alky-N(R")-C(0)-R’, wherein:

each R’ is independently selected from hydrogen, and -C;-C4 alkyl; or

two R’ bound to the same nitrogen atom are taken together with the nitrogen atom to form
a 4- to 7-membered saturated heterocycle optionally comprising one additional heteroatom selected

t from N, S, S(=0), S(=0),, and O, wherein the saturated heterocycle is optionally substituted at a
single carbon atom with -OH, -C,-C4 alkyl, fluoro, -NH,, -NH(C,-C, alkyl), -N(C,-C, alkyl),,
-NH(CH,CH,0CH;), or -N(CH,CH,0CH,);;

R* is selected from hydrogen, halo, -C=N, fluoro-substituted C,-C; alkyl, -S-(C;-C,)
fluoro-substituted alkyl, Cy-C, alkyl, -S-(C,-Cs) alkyl and C5-C; cycloalkyl,

X is selected from -NH-C(=0)-t, -C(=0)-NH-t, -NH-C(=S)-t, -C(=S)-NH-1,
-NH-$(=0)-1, -S(=0)-NH-1, -NH-S(O),.NR"-t, -NR"*-§(0),-NH¥, -NH-C(=0)O-¥,
-OC(=0)NH-*, -NH-C(=0O)NH-{, -NH-C(=0)-NR"-1,NR *-C(=0)NH-t, -NH-NR"-1,
-NR¥-NH-t, -O-NH-1, -NH-0O-1, -NH-CR"R'*-t, -CR"R'®-NH-¥, -NH-C(=NR")-t,
-C(=NR")-NH-{, -NH-C(=S)-CR"R'"’-t, -CR""R!-C(=S)-NH-1, -NH-S(0)-CR"*R"*-1,
-CRPR-§(0)-NH?, -NH-S(0),-CR'*R'%-1, -CR¥R"-§(0),-NH¢, -NH-C(=0)-0-CR"*R'*-1,
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-CR"*R'%-0-C(=0)-NH-*, -NH-C(=0)-NR'*-CR*R -+, -NH-C(=0)-CR"R ¢ -#; and —
CRPR'6-NH-C(=0)-O-%, wherein

1 represents where X is bound to R''; and

each R" and R'® is independently selected from hydrogen, C;-Cy alkyl, -CFs, and (C;-C,
alkyl)-CFs;

R' is a heterocycle, wherein R'! is optionally substituted with one to two substituents
independently selected from halo, -C=N, C;-C; alkyl, C;-C; cycloalkyl, C;-C, fluoro-substituted
alkyl, =0, -O-C,-Cy alkyl, -S-R'"%, -(C;-Cy alkyD)-NR")R™M), -N(R“)R ), -0-(C,-C,
alkyl)-N(R")R™), -C(O)-NR™)R), -C(0)-0-R", and -(C;-C4 alkyl)-C(O)-NR")R'), wherein

each R™ is independently selected from hydrogen, and -C;-C, alkyl; or

two R' are taken together with the nitrogen atom to which they are bound to form a 4- to
8-membered saturated heterocycle optionally comprising one additional heteroatom selected from
N, S, S(=0), S(=0),, and O, wherein;

when R' is alkyl, the alkyl is optionally substituted with one or more -OH, -O-( C;-Cy4
alkyl ), fluoro, -NH,, -NH(C,-C, alkyl), -N(C;-C, alkyl),, -NH(CH,CH,0CHj,), or
-N(CH,CH,0CH3); and

when two R' are taken together with the nitrogen atom to which they are bound to form a
4- to 8-membered saturated heterocycle, the saturated heterocycle is optionally substituted at a
carbon atom with -OH, -C;-C, alkyl, fluoro, -NH,, -NH(C,-C; alkyl), -N(C,-C, alkyl),,
-NH(CH,CH,0CHyz), or -N(CH,CH,OCHs),; and optionally substituted at any substitutable
nitrogen atom with -C;-C, alkyl, fluoro-substituted C;-C; alkyl or (CH;),-O-CHj; and

R'? is selected from a carbocycle having at least five ring atoms and a heterocycle other
than piperazine, indazole, triazole or pyrazolopyridine, wherein R' is optionally substituted with
one to two substituents independently selected from halo, -C=N, C,-C, alkyl, C;-C; cycloalkyl, C;-
C, fluoro-substituted alkyl, -O-R", -S-R™, -S(0)-R", -S(0),-R", -(C;-C4 alkyl)- NR)R'),
NR™)R™), -0-(C2-Cs alky)-NR)R™), -CO)-NR)R"), -(C1-Cy alky)-C(O)NR')R™),
-O-phenyl, phenyl, and a second heterocycle, and when R'? is phenyl, R'? is also optionally
substituted with 3,4-methylenedioxy, fluoro-substituted 3,4-methylenedioxy, 3,4-ethylenedioxy,
fluoro-substituted 3,4-ethylenedioxy, or —O-(saturated heterocycle) wherein any phenyl or second
heterocycle substituent of R'2 is optionally substituted with halo; -C=N; C;-C;4 alkyl, C;-C, fluoro-
substituted alkyl , -O-(C,-C; fluoro-substituted alkyl), -O-(C;-Cy) alkyl,-S-(C,-Cy) alkyl, -S-(C;-Cy)
fluoro-substituted alkyl, -NH-(C;-C,) alkyl and -N-(C,-Cy), alkyl.

270
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2010/ 003048PCT/ 1182009/ 049498 Conpd # [Mf-Flifr Structure ECL.5 Fold Act.
873 548 H F3C ip N7, N7----- A A N HNO\-- 4111 | n anot her
enbodi nent, the conpound of the invention is selected fromany one of
Compound nunbers 202, 203, 208, 226, 243, 247, 254, 262, 269, 287, 288,
289, 290, 295, 300, 302, 304, 312, 313, 315, 316, 317, 319, 321, 323, 327,
328, 340, 343,

2. The compound of claim 1, having the formula:
R« R
Ris N
/>—R1z
R43 N
R 1/X

3. A compound of the formula (I):

4
T R
22/ N
[ R2
1 Y
Z\ N
X\R1

@,
ot a salt thereof wherein:

one of Z' and Z% is CR?, and the other of Z' and Z? is selected from N and CR?, wherein

R is selected at each occurrence from hydrogen, hydroxy, halo, -C=N, fluoro-substituted
Ci-C; alkyl, -O-(C,-C,) fluoro-substituted alkyl, -S-(C,-C,) fluoro-substituted alkyl, C;-C, alky],
-0-(C;-Cy) alkyl, -S-(C,-Cy) alkyl, Cs-C; cycloalkyl;

R is selected from hydrogen, -(C-C;) alkyl, -(C;-Cy) fluoro-substituted alkyl, -(C;-Cs)
alkyl-NR)R?), -(Ci-Cy) alkyl-C(O)-N(R"}R"), -(C-Cy) alkyl -O-R’, and -(C-Cs)
alkyl-N(R)-C(0)-R’, wherein:

each R’ is independently selected from hydrogen, and -C,-C; alkyl; or

two R bound to the same nitrogen atom are taken together with the nitrogen atom to form
a 4- to 7-membered saturated heterocycle optionally comprising one additional heteroatom selected
from N, §, S(=0), S(=0),, and O, wherein the saturated heterocycle is optionally substituted at a
single carbon atom with -OH, -C,-C, alkyl, fluoro, -NH,, -NH(C,-C, alkyl), -N(C,-C, alky )2,
-NH(CH,CH,0CHjs), or -N(CH,CH,0OCH3),;

R! is selected from a carbocycle and a heterocycle, wherein R' is optionally substituted
with one to two substituents independently selected from halo, -C=N, C,-C; alkyl, =0, C;-C;
cycloalkyl, fluoro-substituted C;-C, alkyl, -O-RE, -S-R?, -(C;-C; alkyl)-NR:(RE), -NRH(R®),
-0-(C1-C; alky)-N(R®)(R?), -(C;-C; alkyl)-0-(C1-C, alkyD-NRH(RP), -C(O)-NRY(R®), and
«(C\-C; alky])-C(O)-N(R¥)(R®), and when R' is phenyl, R is also optionally substituted with

271



344,
372,
413,
465,

345,
376,
414,
478,

346, 354, 356, 357, 358, 359, 360, 361, 362, 368, 369, 370, 371,
377, 379, 380, 381, 382, 394, 395, 396, 398, 399, 409, 411, 412,
430, 432, 440, 446, 448, 451, 452, 455, 456, 457, 458, 461, 464,
479, 480, 481, 492, 493, 494, 495,

3,4-methylenedioxy, fluoro-substituted 3,4-methylenedioxy, 3,4-ethylenedioxy, and
fluoro-substituted 3,4-ethylenedioxy;

each R® is independently selected from hydrogen, and -C,-C; alkyl; or

two R® are taken together with the nitrogen atom to which they are bound to form a 4- to 8-

membered saturated heterocycle optionally comprising one additional heteroatom selected

from N, S, S(=0), S(=O),, and O, wherein the alky! is optionally substituted with one or
more -OH, fluoro, -NH,, -NH(C,-C, alkyl), -N(C;-C, alkyl),, -NH(CH,CH,0CHjy), or

-N(CH,CH,0CHyz); and the saturated heterocycle is optionally substituted at a carbon atom

with -OH, -C,-C, alkyl, fluoro, -NH,, -NH(C,-C, alkyl), -N(C,-C, alkyl),,

-NH(CH,CH,0CHy3), or -N(CH,CH,0CH;),

R? s selected from a carbocycle having at least five ring atoms and a 4-7 membered
monocyclic heterocycle other than piperazine, wherein R* is optionally substituted with one to two
substituents independently selected from halo, -C=N, C,-C; alkyl, C5-C; cycloalkyl, C,-C, fluoro-
substituted alkyl, -O-R%, -S-R®, -(C;-C, alkyl)-NR®(R®), -NRH(R?), -0-(C,-C, alky)-NRH(R?),
+(C1-C; alkyl)-0-(C1-C; alky)-NR*)R®), -C(O)-NR*)(R®), -(C;-C, alkyl)-C(O)-NR*)R?), -O-
phenyl, phenyl, and a second heterocycle, and when R? is phenyl, R? is also optionally substituted
with 3,4-methylenedioxy, fluoro-substituted 3,4-methylenedioxy, 3,4-ethylenedioxy, or fluoro-
substituted 3,4-ethylenedioxy, wherein any phenyl or second heterocycle substituent of R? is
optionally substituted with halo; -C=N; C,-C; alkyl, C,~-C, fluoro-substituted alkyl , -O-(C;-Cy)
fluoro-substituted alkyl, -O-(C,-C;) alkyl,-S-(C;-C3) alkyl, -S-(C,-C,) fluoro-substituted alkyl,
-NH-(C,-Cs) alkyl and -N-(C,-Cs); alkyl; and

R* is selected from hydrogen, halo, -C=N, fluoro-substituted C;-C; alkyl, -S~(C;-C5)
fluoro-substituted alkyl, C,-C, alkyl, -S-(C,-C,) alkyl and Cs-C, cycloalkyl;

X is selected from -NH-C(=0)-}, and -C(=0)-NH-%, wherein:

t represents where X is bound to R'; and
p
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514, 515, 516, 531, 540, 541, 549, 550, 551, 552, 553, 554, 555, 556, 557,
558, 559, 560, 561, 573, 574, 575, 589, 590, 591, 592, 593, 594, 595, 596,
601, 603, 604, 620, 622, 623, 628, 629, 630, 631, 640, 641, 642, 643, 644,
645, 646, 647, 672, 674, 675, 677, 678, 679,

each R® and R® is independently selected from hydrogen, C;-Cy alkyl, -CFs, and
(C-C, alkyl)-CF;, wherein:
when X is -C(O)-NH-t, Z' and Z? are each CH, and R! is optionally substituted phenyl,
then R? is not pyridinyl.

4, The compound of claim 3, having the formula;
. § R
R N
R
R N
R1,X
5. The compound of any one of claims 1-4, wherein R is hydrogen.
6. The compound of any one of claims 1-5, wherein X is -C(O)-NH-f.
-1 1
7. The compound of claim 1 or 2, wherein R" is selected from
N
/4 7
/
<2, 17 1 1 Hﬁ

< H;k@, aas) '—@“,
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680, 681, 689, 690, 691, 692, 698, 699, 700, 701, 706, 717, 718, 719, 720,
721, 722, 723, 724, 725, 734, 735, 736, 737, 740, 741, 742, 743, 744, 745,
746, 749, 751, 767, 768, 769, 770, 774, 775, 776, 782, 785, 786, 789, 798,
811, 817, 818, 819, 820, 824, 825, 827, 829,

UA“”U U

onnn,

Z "N
N

seaolssolracye:
@ B . O
< ,tC~ FeSiale!

prareres)

=

N .

N ‘ “
\ N , /

Cf”ﬂ DA”Q TQ IAJ T]
/YJ() 0 If

/ANy N\é\
N D 1 1<
Me<~n7" N\
)4] -7 N,N \"(L\JIJ\I {—q I—(@l‘ NN“
H . NVwme, mé | Me | and

i—</oj\

Me, wherein R'! is optionally further substituted.
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831, 832, 833, 834, 836, 839, 840, 841, 845, 847, 849, 851, 852, 853, 854,
855, 862, 863, 865, 866, 867, EQUI VALENTS The present invention provides
anong ot her things sirtuin-activating conmpounds and net hods of use thereof
Wi | e specific enbodi mnents of the subject invention have 20been di scussed,
t he above specification is illustrative and not restrictive. Mny
variations of the invention wll becone apparent to those skilled in the
art upon review of this specification. The full scope of the invention
shoul d be deternined by reference to the clains, along with %hﬁsiblﬂl

scope of qU|v L}‘eentsi g% tyh(enes elgsn{l cgt}pwh?rem?{ngiss ct%d v i ons.

| NCORPORA publ P cations And’ pa ents ment i ‘'oned

her ei n, |ncI udi frg those itens ftisted below are hereby mcorporat ed by
reference.,in ir entirety as eac i ndi vi dual PE bl i a) or patent was
speci fi cag i ndiAd duaI:I cate 0 be in rpora{ rference. In
case 5of [ t, @ se =Ya/o]! c_i ? n\ {initions
herein, wll conFtroI FAIso |m a.o ted erence inFtheir

-quences whi ch reference
!|IC dat abase, such as

entirety are any pol ynucl eotide and polypeptlde
an accession nunber correlating to an entry i

those mai ntained by The |nstitute fo nom cs Resed ch (TITAR)
(www. tigr.org) and/? e\ Nat i ona for Bi ot eghgol I nf or mati on
I nd ormula (I1):

(NCBI') lO(V\MNV .gov). CL A conpo
R4 R12 R1 It ther o,(l wher ei n: on ofl Z" dn1212 s and t he
ot her of Z" u is selected f/Tom N an ein

sel ected from hydrogen, hal o, -OH, CaN fl uoro substituted C7 CZ aI kyl ,

0(ClCZquoro sub ituted aIkyI) (CI C2f | uor o- substi th ted aIkyI)
Cl-C4 alk e CRRCIR (a -
al kyl, 0- (CI al kye@@(Rﬂ) '| aI kyI C3 C7
cycl oal | cyl; S | ected fr hydr oge kyI (Cl C4)
f1 uoro-substituted al kyl, -(C-C4) alkyl-N 127;.(4?) Cl 4)

al kyl - C(0) - N( R7) (R7), (c:2 cqlwal kyl -0zR7, and| - 04)m

al kyl - N( R7Y C(O) R? erein: jeach R7 ils i pdep nt?y sel ect from
hydr ogen, o ~CF3 1o QEFibg ?E sanme ni Satom are
taken tog th nitr ato ormal4- to 7- ered sat ur at ed

het er ocycl pt| onal Y conpr T ng one addi Fi ondf het erbat om sel ected from
N, S S(=0).. S(=0)2, and 0, wherein th.emsafturated het erocycl egis optionally
substi t ut ed at F? Si ngjmeﬂ car bon at om wi tih -

Q

-Cl.A IkyI f uoro - NH2,
-NH(Ci - ¢4 -N(Q - N{ CH2CH R4 is
sel ect ed o) hydrog oro su CZ aI kyl ,
-S-(C-C2) Tl uoro-su CI-C4 al kyl| (CI- al kyl and
C3- C7 cycl ddl kyl ;, C i ect ed ffr om - NHE C( 0) @0) NH-t,
-NR-C(=S)-t, -Q(59)-NHt, -NR-S(=0-t, -S( 0) NI - NH—S(O)2 NR154

. L NH-CF=0) 04, 0C(=0) Nif#, o 0)
OFN »
- )4 Rlﬂﬁq‘« —S)-CR15
- CRL5R16- C{'=S “NKE'S( Q) - 1642 CIAL,15RM625( 0) - Net |

- NH S(0) 2- CR15R164, -CR15R16-S(0)2-NHt, - NH C(=0)-0-
-CR1612. 16- 0-C(=0) - NH-t, -NR-C(:O)-NRI—I-CR15R16-t,/-
- cRiI5Ri6_mc(=0)-04~ wherein t represents where#X

—0 0 /- ¢!
@ @1@ Ijl“@ SN

275



each R16 and R16 is independently selected from hydrogen, Cl1-C4 al kyl,

-CF3, and (Ci1-C2 al kyl) - CF3; R11 is a heterocycle, wherein R11 is
optionally substituted with one to two substituents independently sel ected

fromhal o, -CN, Cl1-C3 al kyl, C3-C2 cycloal kyl, Cl1-C2 fluoro-substituted

al kyl, =0, -0-C1-C4 alkyl, -S-R14, -(Cl-C4 al kyl)-N(R14) (R14),

-N(RI4)(RI4), -O(C2-C4 al kyl)-N(R14) (Knl4), _C(0)-N(R14)(R14),

_C(0)-0-R14, and_ -(Cl-C4 alkyl)-C(0)-N(R14) (R14), wherein cache is

i ndependent | §~sél ected from hydrogen, and -Cl-C4 al kyl; or two R14
are taken t ge her with the nitrogen atomto which they are bound to forma
- to 8-ne th sat urated heterocycle optionally conprising one additional

heteroatom Se ed fromM S S(=0), S(=0)2, and 0, wherein; when
R14 is alkyl,kghe al kyl is™yg 'onaIIy sub d with one or nore -COH,
-0-( C1-C4 al Koy oro NHLCI - K , ~IN(Cl-C4 al ky02,

- NH( CH2CH20OCH3) ,  or f/N1 ) 2 Tan®PH \%en tw@"'RM are taken

together with the ni gen atomto @hli ch they are ®dund,to forma 4- to
8- menber ed .sat urated het eroc e, the sat ur at egk Eet erocycle is optionally

substituted |at a carbon at - - C1- fluoro, -NH2,
-NH(C1-C4 @ : -N(Cl -NH(C|—|2 X , or -N(CHZCHZOCH3)2; and
optionally st d at a i tutable atomwith -Cl-C4

al kyl , fluoros%stutt%d 01049 dPH- ( 3 . @ird R12 is

sel ected froma caPbocyc] e having atOH easf fi ve ri ng Gkt oms, and a

het erocycl e ot her than pi perazi ne, indazol e, Ft,_.r azol e ore pyr azol opyri di ne,

wherein R12 is optionally substituted with oné?fo two substituents

i ndependent y sel ected fromhalo, -CEN, Cl- 041 al C3 IoaI lcyl, C2
o7}

f 1 uor o- sub o6Fal kyl , - 0AR San _s(0)

al kyo_N( R14) ), - N( R14)(R1 \ R14)(R14) C(0)-N(12.1
4)(R14), ., n o kyl ) -8 “Bopheny! , ({L_\fecond

het erocycl e, and whemyR12 is phenyl, R§2 is also o naI ly s ituted

wi th 3, 4-net hyl enedi oxy, ffuoro- substltut ed’3, 4- rreth enedi oxy,

3, 4- et hyl enedi oxy, fluoro-substi tut ed Fs@-ethyl enedi gxg, or -0-fsaturated
het er ocycl Bf:0pher ei n any Rgenyl secon ter,oq(cl e s tit t of 1222

is optionally/ sabsti/tute =3 ha}-a*\- Kk
quorosubstg yt ep—al ky | NC2 ©1 uor b=4ubstifut ed Brky! )\—/o (Gi-Cc4)
al kyl , -S- / s-S— C2)—~f/l wor o- substituted al kyl, -N&(Cl-C4)

al kyl and - 270 2. The conpound of claim 1 havi ng t he

formul a: % he fOFmJJaHFIZQ;Z RAEIR Z2 R2 Z1 or a salt
1 -

sel ect ed fg

from hydroge

2NQ ZZ/_|_§ CR3 anq t ther of Z1 and Z2 is
bect at each occurrence
Ny Xy, bstlt ﬁ} Cl-C2 al kyl,
-0-(d-C2) fluoro- subtltuted aIkyI,, S-(C1-C2) flu -substituted al kyl,
G- alkyl, -0-(C1-C4) al h}gl -S-(C1ic4) _alkyl, C3-C7’cycloal kyl ; R

is selected from hydrogen, £2- C4) al kyl¥ F3G (C1-c4) fluoro- substltuted

-C4 al kyl) -

al kyl, 4Cl1-C4) al kyl - N( R7) ag?? (Cl-4) al C(0) - N(R7) , -(C2-C4)

al kyl -0-Rf~ and -(C2-C4) KY (R7)-C((J wher ei n: N R7 is

[ ndependentaic eI e d from hydr vgen, and - Cl- al kyl ; two R7
bound to t en atom are taken toget’her with the Rityogen atom
to forma 4- ?d sat ur at het er ocyc ey pt'onall?(_| %rising one
addi ti onal het eroatom ected fromN,/S, S(=0), 70) 2, and“Q7"“wherein the
saturated heterocycle is optionally sub§t| tuted at a Single carbdn atom
wth -OH -CIkRC# al kyl, fluoro, -NH2, -NH(C al kyl )y -N(Cl1-C4 al kyl)?2,

- NH( CHZCHZCI:I—@)Q or N( CH2CH2COCH3) 21 s sel ec froma carbocycl e

and a heteroBycl® e)lohereln Rl ¥s gptlonallys bstit ith one to two
substituenis ep sel N, CT>

cycl oal kyl f i t Ut %

al kyl)-N(I e) (R5, WER8)(R8) s -‘b (El CZ aI kyI) -R( )(R5 -(
al kyl)-0-(Cl-C2 alkyl)-N(R8)(R8), -C(0)-N(R8)(R8), and -(Cl-C2

al kyl)-C(0)-N(R8) (R8), and when Rl is phenyl, R is also optionally
substituted with 271 3, 4-net hyl enedi oxy, fluoro-substituted

3, 4- et hyl enedi oxy, 3, 4-ethyl enedi oxy, and fl uoro-substituted

3, 4- et hyl enedi oxy; each R8 is independently selected from hydrogen, and
-Cl-4 alkyl; or two R8 are taken toge&l%er with the nitrogen atomto which
they are bound to forma 4- to 8- nenbéred saturated heterocycle optionally
conprising one additional heteroatomselected fromN, S, S(=0), S(=0)2, and
0, wherein the alkyl is optionally substituted with one or nore -CH,
~.fluor.o, .-NH2 ~NH( CL- C4 N(CI ..... C4 al ky02,. .-NH( CHZCI—lZOCHS) ...... - OF... -N( CI-|2C:I-|2C)CHB)2...

I T . Y I I T T 1 I ) N 1 o o,



5. The conmpound of any one of clains 1-4, wherein R is hydrogen.
conpound of any one of clainms 1-5, wherein Xis -C(0)-NHt.

of claiml1l or 2, wherein W is selected fromsS ,
273 OHOH |1 OH, OH,
NI-C 1--Cl1 i.

HsJ, Me

_1-04 M NNN\ KI -N,N HHHn Me Me

R' is optionally further substituted. Me, Al A/Nro
C, ,M IC13 1 /-KL\ /711--%/71 1
Me AN / <N
‘Tro. A
Z Z = e, Me Me | 2
o) (j
NSO S° (0 N
S ] _
N N -
o | LN IO N
R F
F
=0
AN
Cl , wherein R'? is optionally further substituted.

The compound of claim 3 or 4, wherein R' is selected from:

CrciN _c/iN11(N o' cN c7N*, NO, 1tN f

6. The
7. The conpound
,S14NNI S
NO AM V. I W
and Me, wherein

"T*KIN #1N1 NI //1NO

,and

O

jecleosh: OO0

N/
>

-0
—CICh —~ 1)

0

H

_</] g-</S:[0H:.; _@ —Q —{j
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, Wherein R12 is optionally further substituted. 9.The conpound of claim3

or 4, wherein Rl is selected from S 1-N...... ?2.N NSH S'.%
NNN--. ITH---\ ¢ zZ/IN--{ 1---C_ M | 277 CF 3 trrj 01CF3
est\"./.,z.CF3 ,seCF3 111 NNN'....- erc"NIN. CF3 \.1 279 H3C ji N HN)
sO NN NN I 1-4q9) ei N 0"1\1,S HH lii C 4ss/NC 111 280 0 NH ,
and

L7 =" AT O

U AR Al @t s

o)

-3 O = S
§—</ §_</] _q _C N §—</N

N’

-ONH&U"U p

N~__-CHs
Ang U A Fn
\”/\N),' C/Ha : \©\|, mCI Clj\/j

10. The compound of any one of claims 3, 4 or 9, wherein R? is selected from:

YoR ot fﬁ ., o
\©/0st CFy o | o I§
3 CFj4
hcdiasulael
s L o ) o
boheohositouiaeod
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,or a salt thereof. 12. The conpound of claim3 selected from 281 13. A
phar maceuti cal conposition conprising a conpound of any of one clains 1-12,
or a pharmaceutically acceptable salt thereof; and a pharmaceutically
acceptable carrier. 14.The pharnmaceutical conposition of claim 13, further
conprising an additional active agent. Sirt046_seq_|ist SEQUENCE LI STI NG
<110> Sirtris Pharmaceuticals <120> BENZI M DAZOLES AND RELATED ANALOGS AS
S| RTU N MODULATORS <130> SI RT046 <140> PCT/ 1JS2009/ 049498 <141> 2009-07-02
<150> 61/133,938 <151> 2008:B7-03 <160> 1 <170> Fast SEQ for W ndows Version
: o] 223>
§> 3 <223>
22> 13 <223>

151015 Ay Lys~& u G-u 20 cr
. Cl
j@ ﬁF \@m Eﬁijc' ij
F’ H] F 3
“O" 0L O
\©/ , Ph, OPh,

ﬁpﬁgkﬂ

OPh, Ph

;r'\@,{}’ f\é, JUO, af‘\@/O,

CFs ¢

Y CF3 CFa
oD Y o
N CF

279



;{\1,24] 3T O

H3C N\YCHa CH
N
N< ) — ] 7 |
%ﬂ E_{\JN | §—<’SJN | §—<SF|N’ g ',jj, E_(;N
HaQ FaG Ph CHs
HsC Cl 3’ HSC

*CJ ”—« —(hﬁijﬂil

Pt f"\N Q U

N
2 % al, o K/NH

BSOS TOUS
OO O H e
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11. The compound of claim 1 selected from:

FsC
H"3
O N
) cl
N

O~ "NH

A

§ N

C

H FaC
N N
I />—<\ >
N

(@]

7\
_

O
=z ;
I

O

z
z, ZT
n

¥

F
§" SN
\—=/ ,or a salt thereof.
12, The compound of claim 3 selected from:
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8" N
\—/ ,or a salt thereof,
13. A pharmaceutical composition comprising a compound of any of one claims 1-12, or a

pharmaceutically acceptable salt thereof; and a pharmaceutically acceptable carrier.

14, The pharmaceutical composition of claim 13, further comprising an additional active agent.
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Sirt046_seq_list
SEQUENCE LISTING
<110> Ssirtris Pharmaceuticals

<120> BENZIMIDAZOLES AND RELATED ANALOGS AS
SIRTUIN MODULATORS

<130> SIRTO046

<140> PCT/US2009/049498
<141> 2009-07-02

<150> 61/133,938
<151> 2008-07-03

<160> 1
<170> FastSEQ for windows version 4.0

<210> 1

<211> 20

<212> PRT

<213> Artificial Sequence

<220>
<223> peptide

<220>
<221> ACETYLATION
<222> 1

<220>

<221> MOD_RES
<222> 3

<223> biotin

<220>
<221> ACETYLATION
<222> 12

<220>

<221> VARIANT

<222> 13

<223> Xaa = Norleucine

<220>

<221> MOD_RES

<222> 18

<223> 5TMR = fluorophore

<400> 1
Glu Glu Lys Gly Gln Ser Thr Ser Ser His Ser Lys Xaa Ser Thr Glu
1 5 10

Gly Lys Glu Glu
20
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