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CI7-EETIROAR1L DERIVATIVES OF OLE A N OLI € ACID 

AND METHODS Of SJSi THEREOF 

5 This application claims the benefit of 'United States Psoyiskpal Patent Application 

No, 61/699,199 filed an September 30. 2012, the entirety of which is fficarpomted hereto .by 

referee. 
Pursuant to-37 C.F.R. 1..821(c), a'sequence listing is sitaitted herewith as an: ASCII 

compliant text file named "REATP00'76US__Se^er»eListSftg._ST25.txt", created ©« 

10 -September 9, 2013 and having a sixe of-1 KB. The content of the aferemeauoned file b 
'hereby mcotporated by reference ia its entirety, 

BACKGROUND OF THE INVENTION 

L Fkkloftbelimatw® 

The present iawatioa relates generally to the fields of biology and medicine. More 

15 partial adv. it concerns compounds, .compositions sad methods for the. treatment sad 

prevention of diseases-such as those associated with oxidative -stress &nd. mllaBmatfcm. 

II, Description of Related Art 

tie anii»iBilammaioiy and an.ti-pfolifera.tive activity of the naturally occurring 
•triterpesoid, oleanolie acid, has been improved by chemical modifications'. For example, 2-

20 cyaiw-3412-dioc>xooleana-! Jtin-dieo-SB-oie acid (GDDO) a:ad related oonipottods have 

been developed (Haada ei al, 1997: Honda 0 nl, 1998; Honda & nl, 1999: Haada et cil, 
2000a; Honda m ill, 2000b; Honda, -ei uL, 2902; S*uh et al. 1998; Suh et .al,, 1909; Place ei 
ttl„ 2003: Li'fey et al, 2Q0S; tod U.S. Pftteftts 8,129,429; 7,915,402; 8,124?®; 8,071,632; 

8338,618; and 7,943,778). The methyl ester, ba-rdoxoloae methyl (CDDO-Me), has be® 

25 evaluated clinically for the treatment of cancer ami chronic- kidney disease (Pergola et al, 
201.1; Hoag etal, 2012), 

Synthetic triieipeiioid analogs of oleanplic acid have also bees shown to be inhibitors 

of cellular .toOamroaioiy processes, such as the deduction by IFNi-y of inducible nitric oxide 

synthase (iNOS) aad of COX-2 iu mouse macrophages. See Hoada et al (2000a); Honda <?/ 

30 al. (2000b), and Honda et id: (2002). Synthetic derivatives of another triterpenoid, feetuKnic 

acid, have also been shown to inhibit cellular" Mammatory processes, although these 
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compounds have foeea less extensively' cKaractsized (Hosida 4i al, 2003). The 

pfmrmaeoi.ogy of these synthetic .tnterjseaoid molecules is complex, Coaipounds derived 

from olsanohv: aeM have h&vo shown to affect ih« faneiion of multiple. protein targets and 

thereby modulate the activity of several important cellular signaling, pathways related to 

5 oxidative stress, cell cycle control and inflammation 'Oltdcoya-Kostom «t «£, 2005; 

Ahmad ei nl, 2006; Aksad el. Liby et «L 2007a). Derivatives of bstelhiie acid, 

though they have shown, comparable. aBU-iitfjamjitatory properties. also ajspear to have 

significant ditSsreoees k their pharmacology cotoparsd to OA-derived compounds (Liby et 
ill., 2Q0?b). Given- that the biological activity profiles of known iriterpenoid derivatives vary, 

10 and hi view of the wide variety of diseases that may, be treated or prevented with eompoaads 

having potent aatioxidant. sad aaiI-i.nlbiumato.iy effects, and 'the high, degree of unmet 
medical need represented within this variety of diseases, it is desirable to synthesize new 

compounds with diverse structures that may have improved biological activity profiles for die 

treatment of one or .more kdteatidns. 
15 

SUMMARY OF THE IN VENTION 

The present disclosure provides novel synthetic triterpenoid derivatives with anti-

inilmmatoiy and/or antkixiifeot properties, pharmaceutical compositions, arsd methods for 
their manufacture, sad methods for their use, 

20 In one aspect, there are provided eoovpoitnda of the formula: 
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wherein; 
ins 0»3; 

Ar is heterosresediyi(c<s) or a substituted m$io« hereof; aad 

'¥ is: 

hydrogen, hydroxy; tefo, amiao, or eyarto or -NCO; or 

alkyl^s), §&yt$yl(e<s;, ara%}|C^2» teeroaiyf^^ 

teia-ocyeloalkylfCsKj. «sy%sst»> ^yfoxy^^.acyfoxy^ 

aikyia3TO5%;<s?! d'ialkyteuio^i, arykmrno^r,, amlkykn«ao;csS)5 

alkyitlyOjC;^), ascylthioccsa,,, ^JkyisuifisiyiaiainD(cs«)> or .s«bstituted 

or 8 pliamiaceufically acceptebb salt: tfaereoE 

In some erabodirasjife, Y is ~H. In some enabodimmts, Y is alteyl.;c<:«, for example, 

methyl s-projjyl, isopropyi or eyclopropyl. la some embodiments, Y is substituted 3%S?c^ 

tor example, methoxymethyi 

to some «mbo.dbie»ts8 a::: 0. In other fiaubodimen.is, n«l. 

In some embodimesis, the eoppqand is selected from ihe group co.nsisii.ng of: 

10 vemoss ofasy of these groups: 

la some embodiments, Ar is 
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" Ar 
or a pliaxinaceatically acceptable salt ofaay of lite above formulas. 

la some aspects, there are provided, pharmaceutical compositions comprising one or 

more of the above compounds and an excipient. In other aspects there are provided methods 

of treating and/or preventing a disease or a disorder in patients to need thereof, comprising 

administering (o such patients one or more of the above compounds in m amount sufficient 

to tre^t and/or prevent the di sease or disoider. 

Otter-objects, features anil advantages of the present disclosure-mil become apparest 

from .the Mtowiag detailed description, it sho-ald he understood, however, that the detailed 

descriptors, and the specific examples., while indicating specific embodiments of the 

iaveatiofl, are given by way of illustration, only, since various champs and modifa-dosis 

within the spirit and scope of the iiivention will become apparent to those skilled ia the art 

from this detailed description, Mote that simply because a particular eompowad is ascribed to 

one particular generic formula doesn't mean that it cannot also belong to another generic 
formula. 
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DESCRIPTION OF fUTSTRAnvE EMBODIMENTS 

Disclosed .here® aye new compounds and compodiions with antioxidant and/or anth 

mfkmrnaftoy properties njethods for .their manufacture., mid methods .for their use, iticiudiag 

for th e treatment, an&'or prevention of disease. 

5 I. Defwftioas. 

When used in the context of a chemical group; %vdrogerf; means ~H; "hydroxy" 

means -OH; "oxo" means ^casbonyf' means ~€{K>}~; ^carboxy" means -:C(:::;0)0H 
(also written as -COOH or -COjH); "hakf5 means inciepencleatIy HF, -CL -Br or 

"amine" mesons -Ml-!?.; "hydroxyamiao" means -NHOB; "aitro" means knmo means 
10 means -CM;: --boeyanate" means -N-OO; "azklo" '.means- -N.?; in a 

monovalent context is'" -means ~0P(0)(0H}2 or a deprotosated form thereof; in a 
divalent context "phosphate" means —0P(<))(OI-l}<>- or a deprotonated form thereof; 

"mercapto" means -SH; and "thkr moans ~S;. ^sulfoayi" meaas " S(0]rand ^sufffoyr 
means -S{0}-, 

15 In the context of chemical .formulas, the symbol means a single bond, lK-~*-means 

a doubk'bond, and ii;»! means triple band. The symbol "—'' represents an optional bond, 

•which if present is either single or double, The symbolteprasents a single bond or a 

.0^0.0.0.® double bond. Thus, for example, the formula 8^^ includes ^ vA k x J> .and 

\jg?' And it is understood that no one such ring atom forms part of more than one double 

20 bond. Furthermore, it is noted that the eovalent bond symbolwhen connecting one or 
two siereogeaic atoms, does not indicate any preferred stereochemistry, Instead, it cover all 

stereoisomers as well as mixtures thereof. The symbol 'iiWA * when drawn perpendicularly 

across a bond (^g-jf-CHs for methyl) indicates a point of attachment of the group, it is 

noted, that the point of attachment is tvpical.ly pmiy identified in. this manner for larger .groups 

25 in order to assist the reader m unambiguously identifying a point of attachment. The symbol 
means a single boifo where the group attached to the thick-end oftho wedaeis "out of 

foe page-." The symbol" "m*} " means a single bond where foe group attached to foe thick end 
of the wedge is "into the page". The symbol "vwv" means a single bond Where the 

geometry around a double band (esr., eifoer E or Z} is. iitxlefined, Both options, as well as 

30 combinations thereof are therefore intended. The bond orders described above are not 
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limiting when one of the atoms connect by lite 'bond is 'a'.metal atom (M).. 'fa'such cases, it 

is understood that-the actual bonding may comprise sigaiffcaM multiple' bonding and/or tonic 

character, TteMora, unless indicated otherwise, the famwks: M~€, M«C, M~—C, and M 

™C, each refers to a bond of a&y and type and order 'between a metai atom and a carbon 

5 atom. Any undefined valency OR an atom.of a sJwtee shown, in Shis application implicitly 
presents a hydrogen atom bonded to that atom. A bold dot opa carbon atom indicates thai 

the hydrogen attached to that carbon is oriented out of the plane of the paper, 

Wkai a group WR" is depicted as a "floating, group* .on a .ring, system, .for examples ia 
the formula: 

then il stay replace any kydrogeri atom attached to aiiy of the ring atoms, me'toding a 
depicted, implied, or expressly defined hydrogen, so bag as a stable structure is formed. 

When a group SiR" is depicted as a "'floating group" on a .fused ring system, as for example in 

the formula: 

then R may replace any hydrogen attached to any of the ring atoms of either of the fused 

rings unless specified otherwise. Replaceable hydrogens include depicted hydrogens (i?,g. 

the hydrogen attached to the nitrogen in the formula above), implied hydrogens (ag., a 

hydrogen of the formula above that is not shorn but understood to be present), expressly 

.20 defined .hydrogens, and optional hydrogens whose presence depends on ihe identity of a ring 

atom (e&, a hydrogen, attached to group X, when X equals -GH-}, m long as a stable 
structure is formed. In fee example depicted, R may reside on either the 5-iiiembered or the 6» 

membered ring of the fused ring system, in the formula above, the subscript letter "y" 
immediately following the group "R" enclosed in parentheses, represents a mimetic, variable. 

25 Unless specified otherwise, this variable eat) be 9, I, 2, or any integer greater than 2,-oaly 

limited by the maxtmnm number of replaceable hydrogen atoms of the ring or. ting system. 

For the groups and classes below, the followmg pamilltelicai subscripts further define 

the group/class, as follows: ''(Co)** defines the. exact tmm.her (n) of carbon atoms in the 

gronp/elass. defines the. maxinumi number (a) of carbon atoms that can be in the 

10 

H 
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group/class, with the miromuxn number as small as possible for the group in question, e.g., it 

is understood that theniin.irnisn number of carbon atoms is die group "al'kefiyiccssf or the 

class "aikeiie^css!" is two. For example, "alteraiof designates -those aifeoxy groups having 

from I to' 10 Carbon atoms. (CHOI'} defines both th$ .nusimura (n) and maximum. number (a') 

5 of carbon skuas m the-group, SinuMy,- ualk^2;io)" designates those a%.yl groups having 
from 2 to 10 earbon atoms. 

The term "saturated" as used herein mtssm the-eompouad or group so .wodiikd.has. no 

caffeoft-carbon double and ao carfjoa-ca^KJu triple bonds, except as noted below. in the case 

of substituted versions of saturated groups, one or more carbon oxygen double bead or & 
10 carfepn nitrogen doable bond may be present. And when, such a bond is present, then carbon-

carbon doable bonds thai may occur as part of too-eaoi tauioraerism or itnlne/enamine 
taatomerism are not precluded. 

The term "aliphatic" when used without the "substituted" modifier signifies that the 
eompoiffid/groiip so modified is an acyclic or cyclic, but son-aromatic hydrocarbon 

15 compound or group. lis aliphatic compounds/groups, the carbon atoms can be joined together 

m straight chains, branched chains, or non-aromatk; dugs (alicyctk). Aliphatic 

'Cffli&poimds/groups caa be saturated, 'thai is joined by single bonds (alksnes/alkyi), 'or 

unsaturated, with one or more double bonds (ajkeoea/aikenyi) or with one or more triple 

bonds (alkynes/alfcynyl)., 

20 The term "aSkyF when used without the "substituted" modifier refe-to a monovalent 

saturated aliphatic group with a carbon atom as the point of attachment, a linear or branched, 

cycle, cyclic or acyclic structure, aad no atoms other thaa carbon and hydrogen., Thus, as 

used hcresia. cycioalkyl Is a subset of a&yi with the carbon atom that forms the point of 

attachment also being a member of one or mere non-aromatic ring -structures wherein the 

25 cycioalkyl group consists of m atoms otter -than carbon and hydrogen. As used herein, the 

tern does not preclude the presence of one or more alky! groups (carbon number limitation 
pMnitting) attached to the ring or ring system. The groups --Cfb. (Me), -Cf-bQT (Et), 

-CHjGHiCHs, (fj-ft- or propyl), ~CH(CHsh 'Pr or isopropyl), --CHfCHjfe 
(cyclopropyl), Clbai CH.Oh -ahCH:jCd:S C1U {sec-butyl). <..M:t;!hnhp 

30 (isobutyl), .~C(CHJ)J- ftendmtyi r-butyl,. /-Bu-or'Bu), -CM^GCGMs).; f aeo-peatyl), cyciobutyi 

eyciopentyi eydohexyf and cydofeylmethyi are nmidinriirag examples of alky! groups. 

The term "alkaaediyr when used without the ''substituted" modifier refers to a. divalent 

saturated aliphatic group,, with one or two samratod carbon atom(s) as the poini(s) of 
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attachment, a linear or branched, eyeb, cyclic .or acyclic structure, so carbon-esrbon double 
or triple bonds, and .ao atoms other than carbon ant! liydtxjgen. The groups, -CTb-

Mmitmg examples of aikanediyi groups. The toa "'aikyMemf whm u^ed withoat the 

5 ^sobstiffitsxf modifier refers to the divalent group -CRR' .in. which R and R' are 
kdegertdendy hydrogen, aikyl.. or R and 11' ate taken together to represent art alkanediyi 

having at least two carbon atoms. Noa-limitmg examples of aikyMs«:e groups inelude: 
"CHj, !HCH(CH-CH;;}, and '~C(CH;?)2: Aa *aiksne'J refers K> fee compound H-R, wherein R 

is aikyl as this term is defined above. When any of these terras is used with the '"substituted5' 
10 modifier QMS Or mom hydrogen atom .has been independently replaced, by ~OB, -fy -CI, -Br, 

-i -NH;:,-NO;-. •• COdi. "COjCH;, -CN, -SH, OGh, -OCH2CHJ, C.OCl!;. Nikdh. 

-NBCH;CH?, N(CH:h. -C<0)NH2, -<>C<0)CH3, or "S(C3^Nf:k The Mowing group* are 

non-limiting examples of substituted alky! group; --CHjGH, -Gt-ihGL -CFj, -CR^CN, 

CliCfOjOH. -(.IbCfOiOCH,. - €H::CiO;NfT. ~CH2C(0)CH;;, •ClhOCK.:. 

15 -CH20C(0)CH3S ~CH3NH2, -CH.NCeH,),, r.-sd -CHjCHsCI. The tern ^aloalkyp is a 

subset of substituted al.kyf in which one or more hydrogen atoms has been substituted with a 

halo group aad no other -atoms aside fejm carbon, hydrogen and halogen. are present. The 

group, -ClbCl is a non-fai.6ag example of a haloslkyi. The term "flnoroaikyF is a subset 

of substituted aikyl iu which, one or more hydrogen has been substituted with a fkoro group 

20 and 110 other atoms aside from carbon, hydrogen aad fluorine- are present. The groups, 

'"CH#, -CF), and -QTCFj are -examples of fiuoroalkyl groups. 

The tm« 14alkeiiy!,f when used without tile "substituted" modifier refers to an 

monovalent unsaturated -aliphatic group with a carbon, atom as the point of attachment, a 

linear or branched, -cyelo. cyclic or aeyeiie structure at least one nonaromatie csrbori-carbon 

25 doable bond, ao carbon-carbon triple 'bo-ads, and no -atoms other than carbon aad hydrogen; 
Noiidimitiag examples of alkenyi groups; -iuelude: (vinyl)., -CH^'ECH*, 

-CH~CHCIdfeCH^ ~€H2CftCH>. ~CH?CH^CHCHJy and -CH'CHCHK'Hj. I he 
tens "alfcenediyi" when used without the ''substituted" modifier refers to a divalent 

unsaturated aliphatic group, with two carbon atoms as points of attachment, a linear or 

30 branched, cyelo, cyclic or acyclic structure, at least one nonaiomatic carbon-carbon double 

be«4 m earbon-earboti triple bonds, Rod no atoms other (Jaw* carbon and hydrogen. The 

.{methylene}', -CHaOJjr, -CM2C{CfT)rCffc-, -afcCI^CIfc-, and "$J , ate non-

groops, - Ok< IK < H ( (idl.Of -CihCiiCif . and ^ , are nondimi ting 

SUBSTITUTE SHEET (RULE 26) 



WO 2014/040056 PCT/US2013/059015 

examples of alkenediyl groiips. It is noted that while the-alkeaediyl group is aliphatic, once 

connected at bosh ends, this group is not -precluded fmm tonning pari of an fimraatic 

structure. The terms "'alkeoe" or'"olefin" are sy aoaymo«s and .refer 'to. a compmiKl having 

the formula H~K, wherein R is -aJkenyl as this term is defined above; A "terminal ajkene" 

5 infers to an »lfo® having just one. «a.tt>on-&afton double bond, wherein-that bond forms a 
vinyl group at one sad of the molecule. When any of these terms are used with the 

"siibstituied" modifier o«e or more:'hydrogen atom, has:tea independency replaced by -OH, 

~f!: -CI. -Br, -1, -Nl-fe, -NOK ---CO.J.H, -CO2CH3. -C:N. ~SR -Ol'id. -OCM-I,, 

-C{0):C:H3> NiK.ii;. ---NH€H,C;% ~.N(.CH3)S, ~ao)m^ -oqoicHj, :S(0)2NH-£. 
10 The groups, -CB::::CHF, -C.H-CHC1 and ~CH'-CHBrf are son4imiting examples of 

substituted alkertyl groups. 

The term "alkynyF when used without (lie "substituted'' modifier refers to an 
monovalent ymatarated aliphatic- group with a carbon atom as ills point of attachment a 
linear or branched, cyclo, cyclic or acyclic structure, at least one carbon-carbon triple bond, 

15 and no atoms other than carbon and hydrogen. As used hereia, the term idfcyayl does -.not 
preclude the presence of one or more non-aromatic carbon-carbon double bonds. The -groups, 

•••OCIi, -OCCBjj and -CI%C®CCFh. are nnn-liniitiag examples of alkyuyi gronps, .An 

"aikyne" refers to the compound H~li wherein R. is afkyuyi, When amy of these terms, are 

used wdh the "substituted modifier mm or more hydrogen atom has bests independently 
20 replaced by -OH, ~F, -CI. -Br, ~L NH-. ,\Ck -CCMl -COTCHJ, ->'. N, Sll. ~OCHs> 

~OCH2CR3, uOKIh. - NiK.il i. -NHCHCHj, -NfCSiik -C(0)N.Ff:^ ~OC(Q)CHb, or 

--S(0)JNH5. 

The term "arvl" when used without the "substituted" modifier refers In a monovalent 

unsaturated aromatic group with an aromatic carbon atom as the point of attachment, said 

25 carbon atom tdrmkg part of a one or more sk-membered aromatic ring structure, wherein 
the ring atoms -are all carbon, and wherein the group consists of no atoms 'Other than carbon 

and hydrogen, if more than one-ring is present, the tings may be fused or ua&sed. As used 
tern, ths term. does net preclude the presence of one or mope aikyl or aralkyl groups 

(carbon number limitation permitting) attached to the first aromatic ring or any additional 

30 aromatic- ring present. Noudimiting examples of aryl groups include phenyl (Ph), 

Giethyipiienyh (dimefhyl}phnityl5 "C^LClfcCHj (ethyiphettyl), aaphtkyl, aad a monovalent 

group derived from biphemyi The term *atcnediyr when t&ed -without the "siibstitute-d^ 

.modifier refers to a divalent aromatic group with two aromatic' carbon atoms as points of 

attachment, said carbon atoms, forming part of o.n.« or more gt.s-membe.red aromatic rhig 
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structure^)'wherein tfe ring atoms ire all carbon, and wherein.the monovalent group e^nsSsh 
of no atoms 'Otherthan earbo.ii sad hydrogen, As used .herein, the term does not preclude the 

presence of ofte qr'moite aikyl. aryl'or aralkyl groups (carbon rumtber limitation pe^mirtrng) 

attached to the first aromatic sing car any additions! aromatic ring present, If more limn oae 

5 ring is preheat, the rings my be fused. or unfeed. Unfhsed rings may be connected via one 

or .twor« of fee fbifowmg; -a oovaietn bond, alkanediyi or alkenediyi groups (carbon number 

limitation permitting), NoMimuiag examples of areaediyl groups include: 

10 An "arene" refers to the compound H-R, wherein R is aryl as thai 'term is defined above. 
Benzene and toluene sre. nondnrsiting examples of arenes. When, any of these terras are used 

with die "substituted* modifier one or more hydrogen atom has been mdependemly ^placed 
by OH. -~F, ~C), dr. --!, Nth ~N€b, CO>K. -COjOHfe, ~CNf -SH, -OCHj, 
(Kiiai:. ™C(0)CHj, "NHCff, NfICS K1 k •'•C(0}NH,) ™0C(0)Ge^ or 

15 
Hie terrs "aralkyf wtat used without fee "substituted" modifier refers to the 

monovalent group -alkanedivH-iryl, in which the terns alkaoediyl and aryl are each .used in a 

manner consistent with the definitions provided above, Koo^irajtmg exsispies of aralkyls 
are; phenylraethyl (benzyl BR) and 2-ph«nyI-ethyI. When the terra aralkyl is used with the 

20 "substituted" modifier one or more hydrogen atom from the alkanediyS and/or the aryl group 

has been independently' replaced by -OH, -P. -CI, -Br, -L -NHa, ~NO:, -CO?!!, COCltj, 

ON. -SH, --QCHj, -OCHJCRJ, -CtO)CH3, -NHGHaCHj, -Nta 

~€{0}N1:PS ~0€(0)CHj, or ~-S(0),vNH% Non-lirftitisg examples of substituted arai'fcyls are: 

(3 -cbloioptoyO-m e%l, aad 2 -c'hii>.ro~2~plienyi-e th-1 -yl 

25 The term "heteroaryr when used without the "substituted" modifier refers to a 
monovalent aromatic .group with an aromatic carbon atom or nitrogen atom as the point of 

attachment, said carbon atom or -nitrogen atom .forming part of one or more aromatic ring 
structures wherein at least one of the ring atoms is nitrogen, oxygen or sulfur, and wherein 

the lieteroaryl group consists of no atoms other than carbon, hydrogen, aromatic nitrogen, 

30 aromatic oxygen and. aromatic sulfur. If mors than one ring is present* the rings .may be fused 
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or usfesed, As used, herein, the lean does not preclude the presence of one or more aJkyl, 
aryt,aa:(J/o.r aralkyi groups (carbon somber limitation permitting) attached -to fe? -aromatic-

ring or aromatic ring system. Non4imitiag examples of heieroarvl groups ttjclncle ftsrawl, 

isnidazolyb imdolyL iateoiyl (Ira), IsomoM, mcthylpyridmyi, oxsmlyl, pbestylpyridloyl, 

5 pyridmyt pyrrolyl, pyrimtdinyi, pyraziayi, quinolyl, quinnzolyi, qumoxaiinyl, triaxinyi, 
ieteizoiyl, thiazohl thksvl, anti iriaxoiyl, The terra <;Af--faeterearyr refers t» a hsteroary! 

group with a ratrogen.atom as the point of attachment The term "hsteroareaediyl" when 

used without the "substitut^f modifier refers to an. divalent aromatic group, wife two 

aromatic carbon atoms, two aromatic nitrogsn atoms, or one aromatic carbon atom, and one 

10 aromatic nitrogen atom as the two points of attachment, said atoms forming pan of one or 
more aromatic .ring structure^) wherem at least one of the ring Moms is nitrogem oxygen or 
sulfur,, and wherein the divalent group consists of no atoms other than carbon, hydrogen, 

aromatic nitrogen, arotMtic oxygen aad aromatic sulfur. if more than, one riag Is present, the 

rings may bo fused or utifced, IMUsed rings may be connected via one or more of the 

15 following: a covatent bond, alfcaaediyl, or aikenediyl groups (oarhoB number limitation 
parauttmg). As used herein, the terns does not preclude the presence of one or more silky!, 

aryl,. and/or aralkyf groups (carbon number limitation pennitttiig) attached to the: aromatic 

riag or aromatic riag system. Non~lksiiio.g examples of hetero&renedfyl groups include: 

| \ N^\ 
"A ' U 
^ , H 8 no "" " 4 . 

20 A "Iieteroareoe" refers to the compound M--R, wherein R is heteroaryl, Pyridiae and 

qumoifee. are ooa-limsthig example of heteroareiies. When these tevras are used with the 

"sahsthiited" modifier one or mom hydrogen atom has .been independently replaced by -OH, 

•! . -CI. Br. !. "NH2, ~M)J, CO.H. --CCbCMj, -CM, Si L -OCH.?i ~OCH?.CH3, 
-<;fO}CHj, -NFiCFb, -NHCHaCHj, -NiCHj};, -€(0}^!%, -<X:(0)CH;, or "$(0),Nfk 

25 The terra "iioterocyeioaikyl" when used without the ^substituted'' modifier refers to a 
monovalent non-aromatic group with a carbon atom or nitrogen atom as the -point of 

attachment,, said carbon atom or nitrogen atom ibraiing part of one or more non-aromatic riag 

structures; whereia at least one of the .ring atoms is nitrogen, oxygea or sulfur, and wherein 

the heteroeyelMlkyl. group consists of BO atoms other than carbon,, hydrogen, nitrogen, 

30 oxygen and sulfur. If more than. one ring is present, -the rings may he fused or imfused, As 

used herdu, the term does not preclude die presence pf <m or snore aikyl groups (carbon 

number limitation permitting}. attacked to the ring or ring system. Also, the tern does not 
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preclude the presence of one or more double bonds ut the ring or ring system,: provided that 

the restijtmg group rejwaais «oi>aroroatfc. Noa-li«ii{i«g examples of lietetwydoalkyl groups 

'include aariditty], -4tzet.idin.vl, pyrrolidinyi, ptperidinyt pipaizmyh mdrpholinyl, 

fhiomorpholinyi, tetahydrofaranyh tefrahydMhioiia-aoyL tdmhydrapyramd, pyranyl, 

5 oxiianyl, six! oxet&nyl The tem^W-heEeroeyebalky!'' refers to a hsteroeycioalky? group 

with a .nitrogen atom as the jsoMt of attachment, The term. "Merocycloalksmeciiyi" when 
used without the "'substituted" modifier refers to so divalent .cyclic group, with two carbon 

atoms, two nitrogen atoms, or One earlxm atom aad one- nitrogen atom as: tire two points of 

attachment, said atoms forming pan of one or mare ring stwcture(s'} wherein at least ope of 

10 the ring atoms is nitrogen, oxygen or sulfur, aad wherem the divalent group consists of no 
atoms other than carbon, hydrogen, nitrogen, oxygen and. sulfar, If more- than one ring is 
present, the rings may be fused or unfased. lin&sed rings may be connected via one or more 

of the following: a coealem 'bond, alfomediyi or alkensdiyl groups (carbon ouniber limitation 

permuting). As used herein, the term does riot preclude the preserve of one or snore aikyl 
15 groups (carbon number limitation permitting) attached to the ring or ring system, Also, the 

term does not preclude, the presence of oneor more double bonds in the ring or ring- system, 

provided that the resulting group .remains nomatxmatio. Notidimiimg. examples of 

heleat>cydoaikanediyi groups Made; 

20 When these terras are used with the " substituted" modifier one or more Iiydroseti atom has 

been independently replaced by "Oil ~F, -CI, -Bp ~1, -NHs, -NOj, -COj'H, --CQJCHJ, 
™CN, • Sl f. OCH,, -OCH2CH3» - C.'(0}(.'!l ;. -NHCHj, Nl!C.H;<Tk -'N{CH3);, 

"CiOJNlfc, "-0C{0)Cli;5, -StOhNH^. or "•C(0)0€(Clijh (^4>utytoxycarlxmyis BOC). 
The term "acyF when used without the "'substituted" modifier refers to the group 

25 -CfO)R, in which R is a hydrogen, aikyl aryl, aralkyl or betetxsary], as those tarsus are 

defined above. The groups, -CHO, -CCO'JCHJ {acetyl, Ac), -CCOlCMjCfh, 
-C(0)CH2CBiCH3} -C{0)CH(Ciij)^ ~-C{01CII(CH2)J, -C(0)CVHi, ~C(0)CsH4€H,! 
-C(0)CH>CS05, -•€(0)(«TiTda2x>l>>l} are non-limiting examples; of aeyl, groups. A "thioacyF" 

Is defined in an analogous maimer, except thai the oxygen atom of the group -C(0)R has 
30 been replaced with a. sulfur atom, -C(S)R. The term "aldehyde" corresponds to an alkane, n 

defined above. wherein at least otic of the bydrogea atoms has been replaced with a -CHO 

group. When say of these terras ate used with the "substituted" modifier .one or more 
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hydrogen stora (including a hydrogen a tons, directly attached the e&rbo.oyi or thioearbooyl 

groap, if my) has tea h*d<psndeMly replaced by -Ofi -;F, -CI, ~Br, -L HN'Hs, ~N0*S 

0>R: -COjjCHi, < ^ Sf!. OCHs, Oi'lPC.H-, -C{0}CM;, -NHCfK. •• NiKJbClh. 
• NtCI f y. ~€(0JN1;[25 ~0€t0}CH;, or The groups, •••C(0)CH2CF,! COT! 

5 (earboxyl), -C(>jCi:b (roethykarboxyi}, -CCKCHjCH^ -C{0)NH2 (darbamdyl), and 
-COiS{CHi}j, are aon-Hmitag examples of siibxiitufed acji groups, 

THg term "alkosy' when used without the '"substiiuiexT modifier .refers tO-ihe group 

-OR, k which. K. is an alkyt. as thai term is defined above. Noa-limiting examples of alkoxy 

groups mdude: OCH3 (wiethoxy), -OCH^CH? (ethoxy). HQCHjCHaCHa, HOCH(CH*J2 
10 (isoprppoxy), -^CH^ (fer^butoxy), '~OCH(CH;;);>> -O-eyelopemyl, and ™0~eye1ohexyl 

The terms "altoyloxy",. "aikyrfvloxy":. "aryloxy'k "'aralkoxy", v4faeteroaryioxy", 
<4hei«rocyck)alkoxy" and "aeyloKy'v when used without the "sabstitoted* laodifier, refers to 
groups, defined as -OR, a which R is ai'kerwi, 'alkynyl. aryl, araikyl. Iseteroani, 

feeterocyeloalkyl. and aeyl, respectively. He term "aKioxydsyf refers to the divalent group 

13 -C)-itlka:neiiiyl-. -O-ajkanediyl- Q or -alkanedsyFO-'-aikanediyH The tern) '"alkykhky' 

aad iXaeyttM<:r when -used without the "substiWed".modifier refers- to the group -SR, in 

which R is aa aikyl -and aeyl, respectively, The terra ^ateohoP corresponds to an aikaas, as 

defied above, wherein at least one of the hydrogen atoms has.been replaced with a hydroxy 
group. The term "ether"' eprrespo«ds to. an alkane. as defined above, wherein at least one of 

20 the hydrogen atoms has been .replaced with m alkoxy gmup. When any of these temis is 

used with the "substituted" .modifier oae or mors hydrogen atom has been irdepende&tly 
replaced by Off f: CL -Br, -L -NIT, -NO;, -COJi. CO?CM.. CN? -SH, -OCHi, 

-QCITOk --NHCHj, ~NHCH3C% NiCi!-)?, -C(0)NM2> ~0C(O)C% or 

-S(0)?NH2. 

25 The term ^kyknfiacr when used without the "substituted" xoodiGer refers to the 

group -™NHR, in which R is an alky!, as that femn is defined above. Nan-limiting, examples of 

alkylamino groups include: -NHCHj and ••••NHCHjCH*. The tern:? ""dtaikyiaMm" when 
used without the ^substituted" modifier i'efera to the grmrp -NRR, in which R and Rf can be 

the same or different aikyl groups, or R. and 'R.' can be takea together to -reprsseM an 

30 slkanediyl Mofi-Iimitmg exatspl.es. of dialkylainino groups include: ~N(CH:p;;. 

-N-CCHiXCHiCHj),. and i^pyrrolidmyl. The terms "aiksxy&ttino" Mteykmino'k 
"alkyoyiaffliBO's Siarylam.inoT "aralkykimno" "jieteroarylauoBO". "hsterocydoalkylamiuo" 

and ^alkytelfonylamim* when used without the " substi o,itedvi modifier, refers to groups, 

defined as ™NHR, in -which R is alkoxy, alkesyl alkynyl, aryl. aralkyl, heteroary'l, 
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heteroeydoaikyL aad alkylsislibnyh respectively, A :non4iraibag example of m mylamino 

group is -NHQHj. The tem? "amido" {aeylamino}, when used without fee "substituted" 

modifier, refers to the group ~NHR, in which R is acyl, as thai term is-defined above, A aoft-

liraJiing example. of an armdo gmup is-HNIC(0)CH$. The toi *aikylimin$v? when used 
5 without the "substituted" modifier .refers to the divalent §mup =;;NR.,:in which R is m alkyL gs 

that terra is defined above. The term ''a&ykminodiyP refers to the divalent group 

~:hiH~alkaaediy'K mNH'™aikanediybNH-\, or -afeaediyl-'NH-aik.anediylr. When any of 
these forms is used with the "substituted'5 modifier one or more hydrogen atom has been 

independently placed by -OH, -~F, -CI, -Br, -{, -NHs, ~CQ}H, -OOjCfih, --CN, 
1,0 Sib < X T iO('i) i fT OOXdf . •• NIK'S !.:< "NSChbCH;, 'N;<. I; ~C(0)NH;> 

-•OCtO}CH:3, or ~$(0}2KM2, The groups -NOCCO}OCH3 and -NHC(OJNHCHy are.nen-
i uniting examples of substituted mnido groups* 

The terms "afkylsuifoftyf and iia!ky!salfi.tiy3" -when used without the '"substituted" 

modifier refers to the groups ~;S(0):JR and ™S(0)R, respectively, in which R is ao aikyl, as 

15 dial term is defined above. The terms ^alteylsulibnyF, S'aikynyisulii>uyr\ "arylai!fbnyr't 
"aralkylsuifotiyF, "heteoarylsulfojiyr, aad "heterocycioalkylsulfftnyr5 are defined in an 

analogous manner. Whets any of these terms is used with ths ''siihstituted" modifier one m 

.more 'feydrogen atom lias been independently replaced by -OH, -F, -CI -Br, -I, ~NH2> 

-CO;;H, -CObCH3J -CN, -SH, OC H,: -OCTbCTb, -€(0)0*3, • NiK'lk 

20 -N!-ICH2CH3, -N(C.f 1.3)1,-CfO)NH:. -OC\()}CHh or ~S{0)2NH2, 

The terns *aikylphox$phate* when used without the "suhstitisted'" modifier refers to fee 
group •-Oi>(0}(00)(OR), m which R is an aikyl, as that term is defined above; Nondimittag 

examples of alkylphosphate groups include: OP(0)(0H){0Me} and •0P<0)(0H)(0Et), 

The terns MialkylphoSphate" when- used without the "'substituted" modifier refers to the 

25 group ™OP{0)(OR)(OR'), in which R and R' can be the same or different alky! groups, or R 

and R' can he taken together to represent an alkanedfyl, Non-limiting examples of 
diaikylphosphate groups include; ~0lJ(0}C0Me);, •••OP(<))(()Et)(DMe) and •-0S>(0)(0Bt}v. 

When any of these terms is used with ^'"substituted'5 modifier one or more hydrogen atom 

lias been -independently. replaced by-OH, -P, -GL -Br, -~k -Nhh, -NO?,. -CCbH, -GOJCHI, 

30 -CM, -SH, OCIh -OCJHaCHa, -C(0)CH3l -NHCHs, -NHQhafe, -N<CfTs)>, 

<{0)NH2! -OClOiCIl^ or S: (>). NI i . 

The use of the word V or "ao*" when used tss conjunction with the term 

'Comprising'' in the claims anchor the speciilcalion may mean %mf* but it is also consistent 

with the meaning of "one or more," "at least one," and "one or more than one," 
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Throughout this application, the term "abour is used to indicate that a value includes 
the inherent variatkm of error for the device, the method, being employed to 4etefmaK:. the 

value, 9}'.the variaiion feat exists among the study subjects, 

As used herein, a "ehiral mpliary' reiets to a removahie chM group ffeat is capable 

5 of influencing the stereoselectivity of a reaction. Persona of sJ&ll in the art. are familiar with 

such compounds, ami many are contn^rei^ly available. 

Hie terms, ^comprise/' "have" .aad "i.nckde,? are open-ended linking verbs, Any 
forms or tenses of one or more of these verbs, such as- ^comprises." "comprising"' "has/' 

"having,'includes" and 'including.,'' are also open-ended. For example, my method thai, 

1-0 "comprises," "has" or "inehides'' one or-more steps is .aot limited to possessing only those 
one/or more steps and also covers other unlisted steps. 

The term "effective," as that tens is used in the spedficatkm and/or claims, means 
adequate to accomplish a desired, expected, or Mended mult. "Effeetive amount." 

"Therapeuticidly effective amount** or "plmnnaceiiticaily effective amotmf when used k the 

1.5 context of treating a. patient or subject with a compound means that amount of the compound 

which, when aimuusiered to a subject or patien t for treating a disease, is-sufficient to effect 

such treatment for the disease. 

As used herein, the term "KV* refers to an inhibitory doss which is 50% of the 
maximum response obtained. This quantitative measure indicates how much of a particular 

20 drag or- other substance (inhibitor) is seeded to inhibit a given biological, biochemical or 
chemical process (or component of a process, i.e. aa easyme, cell, ceil receptor or 
microorganism) by halt 

An "isomer" of a first compound is a separate compound in which each molecule 

contains the same constituent atoms as the first compound, but where the configuration of 
25 those atoms in three dimensions differs. 

As used herein, die Mn "patienf or "snbfec-f refers to a living mammalian 

organism, such as a human, monkey, cow. sheep, goat, dog, eat, mouse, rat. guinea pig, or 

'transgenic species thereof in certain, embodiments, the patient or subject is a-primate, 'Non-

limiting examples -of human subjects are-adults, juveaite, ir-fkats and fetiises. 
30 As. generally used herein u|iliatinacettDcaiiy aeceptahiew refers to those compounds, 

materials, impositions, and/hr dosage forms which are, within the scope of sound medical 

judgment, suitable tor use in contact with the tissues, organs, and/or bodily fluids of human 

beings and. animals without excessive toxicity, irritation, allelic response, or other pjx>bfe»is 

or coatplteaiibns commensurate with a reasonable benelttdisk ratio. 
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"Pharmaeeiuiealiy acceptable .salts" means salts of oorapotinds of the present 
invention which ate pihamiaeeutkaily acceptable, as defined. stave, and which possess the 

desired plmrmacological activity, Such salts include acid addition salts formed with 
inorganic acids such as hydrochloric acid, hydrabramk acid, sulfuric acid, nitric acid. 

5. phosphoric acid, and fhe- like; or with organic acids such as !,2--efimiedisnlfd-sie acid, 

2^hydnmydlMiesidfomc, ae»4 '2-naphthaicnesidffenic acid, a-piteaylpfopionic acid, 
4,4'-m<?d?yleaebis{3-hyd:roxy-2--e«e-i-cari»xyl'fc .acid), 4-i>i«thyi.bi<::yclof2,2.2]oct-2-eae--
t-earboxylie acid, acetic acid, aliphatic memo- and diearboxylic acids,; aliphatic sulfuric acids, 

aromatic sulfuric acids, benzenemifottie acid, benzoic acid, csmpfaorsulfoaic acid, carbonic 

10 acid, dnnamic: acid, citric acid, cyclopentancp^pionie acid, ethanesiilfdnie acid, fumarie 

acid, ghseoaeptorsie acid, gluconic acid, glutamic acid, glycolie acid, heptanoic acid, he*anoid 
acid, hvdroxyaaph&oic acid, lactic acid, laiirylsulfurie acid, maleic acid, malic acid, taalonic 
acid, roandelic acid, TftethaHesiilfoiiic acid, triuconic acid, o~(4~l3ydroxybeffix)yl)bejiz6te acid, 
oxalic acid, /^hidrobaazmesulfoms' acid, pheayi-suhstiioted aliatioie acids, propionic acid, 

15 jsj-tolueaesulfonic acid, pyruvic acid, salicylic acid, stearic acid, succinic acid, tartaric acid, 
icrtsatybutylacedc acid, trirnsfhykcetie acid, and the like, Pharmaceutical- acceptable salts 

also include base addition salts which may fee formed wbea acidic protons present, are capable 

of .reacting. with inorganic or organic bases. Acceptable inorganic bases include sodium 
hydroxide, sodium carbonate, jxiteunra hydroxide, ahaninujp hydroxide and calcium 

20 hydroxide. Acceptable organic bases include ethanoiamirse, dieth&noiatmiK*, triethanolamine, 

temettoiaiao, A-methylghicafliiae and the like, It should be recognized that the particular 
anion or cation forming a part of any salt of this invention is not critical,, so long as the salt, as 

a whole,, is pharmacologically acceptable. Additional examples of pharmaceutical!}' 

acceptable salts aad. their methods of preparation and use are presented in Handbook of 
25 Pharmaceutical Salts; Properties, ami Use (P, H. Stahl & C O, Wermulh eds., Verlag 

Helvetica Chimica Acta, 2002). 

The term "pharmaeeutfcally acceptable carrierr as assd herein -means a 
pbamiacetrtioally-aceeptable material, .composition or vehicle, m&k as a liquid-or solid filler, 
diluent, excipieju, solvent or encapsulating material, involved in carrying or-transporting a 

30 chemical agent, 

"Prevention'* or "preventing" includes; (!) inhibiting the onset of a. disease in a 

subject or patient which may be at risk and/or predisposed to the disease hut does ao! yei 

experience or display any or all of the pathology or symptomatology of the disease, and/or (2) 

slowing the onset of the pathology or symptomatology of a disease tit a subject or pat feat 
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which may be at risk and/or predisposed to the .disease fait does not yet experience** display 
any oral! of the pathology or symptomatology of the disease. 

"Prodrug" means a compound fiiat 1% coayeiiihle in vivo metaholieally feto an 

inhibitor according to lite present invention. Tfe prodrug itself mayor may not also have 

5 activity with respect to a given t&fge* protein. For example, a compound comprising a 

hydroxy group may , be administered as a© ester thai is.eoavmed by hydrolysis /b.vsvd'to the 

.hydmxy- compound. Suitable esters that may be concerted in vfw irato hydroxy compounds 
i&clude aoeteteSj. citrates, lactate, phosphates. tartrates, m&kmates, oxalates, salicylates, 

propionates, succinates, tomarates. mateafes, jnetiwIeKie-his-pdiydroxyaaphthoate, geniisates, 

Hi isetuonates, di-/MohwyUamates, meihaneatfibnates, ethanesulfbrsates, benxeacsulfbnate, 
p-toltienesulibsatss, eyclohexyhulfamaiss, quinates, esters of amino acids,• and the like. 
Similarly, a compound comprising an amine group may be administered'as an arakte that is 

converted by hydrolysis in vivo to the am ine corapouad, 

A "stereoisomer" .or "optical isomer" is an isomer of a given compound in which the 

15 same atoms are boaded to fee same other atoms, but where the configuration of those atoms 

ia three dimensions differs, uEna«.tiomers" are stereoisomers of a given compound that are 

mirror images of each other, like left and right hands. "Biastftfeotiters" are stereoisomers of a 

givea compound that are not: enandomers, Ghimi molecules e.oatam a oMrai center, also 

referred io as a stereocenfer or.siereogejiic center, which is my poiaf, though not necessarily 

20 an. atom, in a molecule bearing groups such that an interchanging of any two groups leads to a 

stereoisomer, f« organic compounds, the chiral canter is typically a carbon, phosphorus, or 

sulfur atom, though it is also possible for other atoms to be stcreocenters w organic and 

inorganic compounds. A molecule can have multiple stersocenters, giving it many 
stereoisomers. la compounds whose stereoisomerism is due to tetrahedr&l stereogenic centers 

25 (e.g., terahedral carbon), the total number of hypotheticaiiy possible stereoisomers will not 
exceed 2u» where n is the number of tetrahedrai stereocenters. Molecules with sy.mm.etry 

frequently have fewer than the maximum possible number of stereoisomers. A 50:50-mixture 

of eii&ntiomers is referred to as a raeemie -mixture. Alternatively, a mixture of enartfiomers 
can be enantiomerically enriched so thai one enaotiomer is present is an amount greater than 

30 50%, Typically, enanbomers. and/or diastersomers can be .resolved or separated using 

techniques known in the art. It is contemplated that that for any stereoeenter or axis of 

ehirality for which stereochemistry has not been defined, that stereocenter or axis of ehirality 

can be present in its R form, 8 .farm, -or as a raktore of the ft. and. S forms, including raeemfc. 
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and non-racerauc mixtures, As used herein. the phrase "substantially free from other 
stereoisomers" means-that the composition contains. <15%, more preferably < 10%, even 

more preferably <-5%, or «K>SI pisferaMy < 1% ofaaothej'stereoisomer(s), 

''Treatment* or ''treating" taetatJes •(!} inhibiting a disease in a sabjeet w patient 
5 sxpedenei»g or displaying the pathology or syraptom8tr>iogy of the disease (e,g., arresting 

further development of Ike pathology a®d% symptomatology), (21 ameliotBtiog s-di$ease in a 

subject patient that is experiencing or displaying the pathology or symptomatology of the 
disease {&g., re-versing the pathology and/or symptomatology), and/or (3) effecting any 

measurable' decrease iii a disease in a subject or patient that is experiencing or displaying the 

10 pathology or symptomatology, of the disease. 

Other abbreviations 'used herein are as follows; DMSO, dimethyl sulfoxide; (COClfe, 
oxaM chloride.; EiNh or TEA, tfiethylamine; DMA?, ditaedtylamitinpyridme; fit>0, diethyl 

ether; ii-PtCONHNHj, butyric acid 'hyctaine; j-PrCONHNHj, isobiuyric acid hydrazine; c-
?rCONHNM:>J cyclopropane carboxylic acid hydrazine; p-TsOH, jMoInenesulfonie acid; 

15 UMF, dimethylforraamido; EDO, 1 -ethyl-3-{3^methylamko|H»p>4)eark3diim«ie; NO, 
nitric oxide- iNOS. inducible nitric oxide synthase; C0X-2, cycteoxygenase-2: PBS, fetal 

boviae serum; If Ny or iFN-y, iiitorfcroa-y; TNEeeor TNF-a. tumor necrosis feotor-a; IL-lfl 

kterleukimlp; HCM, inducible heme oxygeaase, 

The above definitions supersede any contacting dsfmitbn k any of fee reference that 

20 is incorporated by reterecee herein. The fact that certain terms are defined, however, should 

not be considered, as indicative that any term that is undefined is indefinite, .R&tlter, all terms 

used are believed to describe the invention in terms such that one of ordinary skill can 
appreciate the scope and practice the present iaventioa, 

II. Compound's sisd Synthetic Methods 

25 The compounds provided by fee present disclosure are shown, above in the summary 
of the invention, in the claims, and in the sections below. They may be made using the 

methods outlined in the Examples section. These methods can he further modified and 
optimized asifeg the principles aad technique of organic chemistry as applied by a person 

skilled in the art. Such principles and techniques are taught, for example, k March's 
30 Advmmd Organic ChmiMry; Rem'dam, M&ciumUfm, <mil Structure (2007), which is 

incorporated by reference herein. 

Compounds of fee kventioa may contain one or more asynimetrieali.y-snbstito.ted. 

carbon or nitrogen atoms, and may be isolated in optically active or raceinie foita. Thus, all 
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chiral, diastoreomerie, sueernle fen», opimsric .form, and all geometric isomeric Jbrras of a 
chemical formula are intended, unless the specific stereochemistry or isomeric ibnn is 

specifically indicated. Compounds may occur as raeenmtes. and .rae-emio- mixtures, single 
iT^miomers, diastereoffierie nrixbijcs and individual diastereoKters, i:n same embodiments, a 

5 single dkstereoraer is Obtained. The ohirai: Centers of the •compounds of the .present .invention 

can fcive the S or theit' configas-atba. 

Chemical .fommfas used to represent compounds of the invention will typically only 
show one of possibly several different tatdroers, For example, many types ofketone groups 
are known to exist ia equilibrium with corresponding eaoi groups. Similarly, many types of 

10 wains groups exist In equilibrium, with euamioe groups. Regardless of whic.b taittoraer is 

depicted for a .given compound, tod regardless of which one is most prevalent al! tautomers 
of a given chemical formula are intended. 

Atoms snaking up the compounds of the present invention axe intended to Include all 

isotopie forms of such atoms. Compounds of the present invention inelude those with one or 

15 more atoms thai have beeo isotopically modified, or enriched, in particular those with 
pharmaceatiealiy acceptable isotopes or those useful for pharmaemieally research. Isotopes, 

88 used herein, include those atoms having tte same atomic number but different mass 

numbers. By way of general example and •without limitation, isotopes of hydrogen kcUkfc 

deuterium, and trkium, and. isotopes of carbon include !~C sud ?*C. Similarly, if is 

20 contemplated that om or more carbon atora(s} of a. compound of the present invention may 

be replaced by a silicon atony's). Furthermore, it. is contemplated that one or more oxygen 

alom(s) of a compound of the present invention may be replaced by a. sulfur or selenium 

atora(s). 

Compounds of the present isvsatios may also exist in prodrug form, Since prodrugs 
25 are known to enhance numerous desirable qualities of phanmeeyticals solubility, 

•bioavailability; ibaiMfaeturing, etc.), the compounds employed m some methods) of die 

Invention may. if desired, be delivered ia prodrug form. Thus, the .invention contemplates 

prodrugs of compounds of the present invention as well as methods, of delivering prodrugs. 
Prodrugs of the compo«»ds employed in the invention may he prepared by inodiiying 

30 functional. groups presentin the compound in such a. way that the mod.ificatio.as ass cleaved, 

either in routine manipulahon, or in vim, \o ihfe parent eompoand, Accordingly, prodrugs 

include, tor example, compounds: described herein is which a hydroxy, amino, or earboxy 

group is bonded to any'group that, when the prodrug is administered to a subject, cleaves to 

fotm a hydroxy, amino, or earboxylic acid, respectively. 
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It Should'be wogTJ^ed'ltei tie particular anion orcafejrj.f<»TBi«g.«. jpait of a«y salt of 
this invention. is not endca'Lso long as the salt, as a whole, is pteaiacofogrealiy acceptable.. 

Additional examples of ptaaac^afcalty acceptable salts and imt mftods of ptepara&oa 

aad use are presented in Handbook qf' Phsrnmceuiical Sails: Properties, and Use (2.002). 

•5 which is incorporated -Item by jxfem&ee. 

it should be farther, •rscogaized.'th&t the compounds of the present hivetitiust include 

•those, that have bees forth® modified to comprise 'suhsfituents that are convertible fo 
hydrogen. in vim. Thb includes those groups fcatmay be convertible- to a hydrqgca atom fay 

etymological, or chemical means including, but fiot limited to, hydrolysis and 

10 hydrogenoiysk Examples irje'inde hydroiysable groups, $ueh as acyl groups, groups having 

•an oxyearbony] group, amiso acid residues, peptide residues, o-attroph.caylsulfefl.yI, 
tr?methyIsily 1, tctrahydropyraayl, diphsBylphospMnyh and die like. .Examples, of aeyl groups 

hiciude ibrmyi, acetyl, trifluoroacetyl, and the lite, 'Examples, of groups .having an 

oxycarbonyl group include ethaxyeattonyL /<?rfb«toxyearixrayJ (-C(0)0C(CH3}J, Boc), 

15 bettzybxyearbemyt ^nieihuxybenzyloxycarhonyl vioyloxycarbonyi 
toluenesiilfonyljethoxycarbonyl, and the like, Suitable smim acid residues include, but arc 

tiot limited k), residues of Oh (glyeiae). Ala (alanine), Arg (srgMm), Am tepaftgiue), Asp 
(aspariie acid), Cys (cysteine), Ola (glutamic ^cM), His (histidine), lie (ssdlascme), Leu 

(leucine), Lys (lysine), Met (methioaiae), Phe (phenylalanine), Pro (proline), Ser (serins), 
20 Thr (thruorune), Tip (tryptophan}, Tyr (tyrosine), Val (valine), Mva (porvalifle),. Hse 

(homoserine), 4-Hyp {4-hydroxyprol.iae), 5-Hy! (5-hyd.roxylysine), Om (ornithine) and p-
Ala. Examples of suitable amino acid residues also include ammo acid residues that arc 

protected with a protecting group, Examples of suitable protecting groups include those 
typically employed in peptide synthesis, including acyt groups (such m 'forroyi aad acetyl), 

25 atylmetboxycarbonyl groups (such as benxyloxycarbony! and p-niirobenzyioxycarbo.nyl}, 

fer^butoxyearboByl groups (-•C(0){X.'(CH^>3t Boo), and the like, Suitable peptide residues 

include -peptide residties ecraprisiag two to five amino acid residues. The residues of these 
amino acids or peptides can be present in stereochemical configurations of the D-ibroi, the L-
form or mixtures thereof. ha addition, the amino acid or peptide residue may have an 

30 asymmetric carbon, atom. Examples of suitable amino acid residaes. having an asymrnctrfc 

oatfetm atom. 85clu.dc residues of Ala. Lea, Phe, Tip, Nwi, Vsl, Met, 8er, Lys, Thr ami Tyr. 

Peptide residues having 'an asymmetric carbon mm include peptide residues having one or 

more oossiituent arai.no acid residues havhig as asymmetric carbon atom. Examples of 

suitable amino acid ptotectiiig groups include those typically employed in peptide synthesis, 
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inefadysg aeyl groups (such as lorrnyl and acetyl), arylmethoxysaitosiyl groups (seefe as 

benzyloxyemtoByl and ^-t&ol>en2yl0xycarl>piiyl)} leHrhnt&xyottxhtmyl groups 

(-CfOsOCCCB^Is). and the lite. Other examples of substeats "eoRvertibte.to hydrogea w 
vim" include reductively eiimmafete hyxSrogenolyzabie groups. 'Examples- of suitable 

5 feduetiveiy eltmimbtei hydtogefiolyKabk groups iaeMe, but aye-not limited to, ary.lsuifonyl 
groups (s«ch m p-tol««nesu]fonyI); .tnethyl groups substituted with: phenyl or ber&ylo'xy 

(such as benxyi tri.tyl, and beinyloxymethyl}; aryteethosycaibonyl groups (siw-h as 
be^yioxycartxmvl .am! o~metlioxy~bea?yloxy^arbo«yf}; and Imbstexyearbooyl groups 
(such as p,p;p-tdcWofoethoxyc<irboayi and p-Icsdoelhoxycad>o:ayl). 

10 Compounds of the inyentiaB may also have the advantage thai they may be more 
efficacious thars, -be less toxic fea, be longer acting than., be mare potest than, produce fewer 
side effects than, be mom easily absorbed than, aad/br have a better phanuacokittetic profile 
(e".g,i higher oral bioavailability attd/oi" lower clearaace) ten, m&m "have other useful 

pharmacological, physical, b* ebemkal properties over,, cornporrads known in the prior art, 

15 whether for use m the indications stated herein or otherwise. 

III. Biological Activity 

Assay results tor the suppression of 3FNy4ndueed NO production are shown tor 

several of the compounds of the present invention in. Table 1 below, fa the Tight-hand 

column of this able under tht> RAW264,? heading, the results are compared to those of 
20 bardoxolone methyl (RTA 402. CUDO-Me). Details regaiximg ibis assay are provided in the 

Examples section below. 
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IV. Diseases Asseciated with Ififlaimnaticm and/pr Oxidative Stress 

liifiamiMtiori is a biological process that provides resistance to Meoikv&s or parasitic 

organisms and the repait of damaged tissue. Inflammation is c'onmtortly characterized by 
localized vasodilation. redness, swelling:, and pain, the recmitment of leukocyte to the site of 

5 infection or is#ry, production of iaflammatory Cytokines- soch as TNF-<x: and IH, and 

production of reactive oxyaes or nitog&ti species sgeh as hydrogen peroxide, superoxide m$ 

paroxymtrite, k later stages. of inflammation, tissue remodeling, angiogsaesis, and scar 
formation (fibrosis) may occur as part of the wound healing process, Under norma! 

circiiffisfcances, the kflanunaiory' response is regulated and temporary aad is resolved in M 
10 orchestrated &shioa once the infection or injtsiy has been dealt with adequately. However, 

acute'inflammation can become excessive and life-teatening if regulatory mechanisms fail. 
Alternatively, kftomatioti can become chronic md cause emniiiaiive tissue damage or 
systemic complications. Based at least da the evidence presented abo ve, the compounds of 

this invention nmy be ased m the treatment or prevention of inflammation, or diseases 
15 associated with kfiaramation. 

Matty serious and. intractable human diseases .involve dysregulatio.ii of hftemraatory 

processes, imlading diseases such as cancer, atherosclerosis,, and diabetes, which, were 'not 
traditionally viewed as inflammatory conditions. In the case of cancer, the inflammatory 

processes are associated with tumor formation, progression, metastasis, and resistance to 

20 therapy. Atherosclerosis, long viewed as a disorder of lipid metabolism, is now understood 

to be primarily an inflammatory condition* with activated macrophages playing an important 

role in the formation and eventual rupture of atherosclerotic plaques. Activation of 

inflammatory signaling pathways has also been-shown to play a role in the development of 

ksulin resistance, as well as k the peripheral tissue damage associated with diabetic 

25 hyperglycemia. Excessive pnxtoctson of reactive oxygen species and reactive nitrogen 
species such as superoxide, hydrogen peroxide, nitric oxide, and peroxynnrite is a hallmark 

of iiifiatmuatory. conditions. Evidence of dysrcgulated perosynitrite pRxtoicm has been 
reported in a wide variety of diseases (Sxaho-<zt a',, 2007; Schck ei m.x 2008; Forsterrnann, 

2006; Fail, 2007j, 

"30 Autoimmune diseases such as rheumatoid arthritis, tapes, psoriasis, aad multiple 

sclerosis involve inappropriate aad. chronic activation of inflammatory processes in affected 

tissues, arising from dysfunction. of self vs. non«sdf recognition and response mechanisms irs 

the immune system. In neurodegenerative diseases such as Alzheimer's aad Parkinson's:' 
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diseases, sexira] damage is corrrfated with activation of microglia aad elevated levels of pro-
iafianwatOTj' proteins such as inducible sitae oxide synthase (iNQS). Chronic organ failure 

such ss ra-ial failure, Heart failure, liver fatlure, axid cIuxjnic-QbstraciiYspuiffiongay disease is 
closely associated, with tfee presence of chrome oxidative stress and inilantjmtfoflt, leading to 

5 the development offitwosis aad eventual loss of organ .function. Oxidative stress in vascular 
endothelial ceils, which Ike major sad minor blood vessels, can. lead to endothelial 

dysfunction .aad is believed m be. am important contributing factor ix\ the development of 
systems cardiovascular disease, complications of diabetes, chronic kidney disease sad other 
forms &f organ failure, aad a number of other aging-related, diseases including degenerative 

10 diseases of the central, nervous system and the retina. 

Many otte disorders involve oxidative stress and isflammation in. affected tissues, 
iaekding inflammatory- 'bowel disease; inflammatory skin diseases; mucositis related to 

radiation therapy aad chemotherapy; sye diseases such as uveitis, glaucoma, macular 

degeneration and. various forms of retinopathy; transplant failure and rejection; ischemia-

IS reper.fusion injury; chronic pain; degenerative conditions of the bones and joints including 
osteoarthritis and osteoporosis; asthma and cystic fibrosis; seixare- disorders; and 

tmropsyehiairie conditions including schizophrenia, depression bipolar disorder, post­

traumatic stress disorder, attention deficit disorders, autisiu-spectmrtv disorders, and -eating 

disorders such as anorexia nervosa. Dysregykiion of inflammatory signaling pathways is 

20 believed to be a major factor in the pathology of muscle wasting diseases including muscular 

dystrophy and various forms of cachexia. 

A variety of life-threatening acute disorders also involve deregulated inflammatory 

signaling, including acute organ failure involving the pancreas, .kidneys, liver, or lungs, 

myocardial infoietien or acute coronary syndrome, stroke, septic shock, trauma, severe hums, 
25 and anaphylaxis. 

Matty complications of infectious diseases also involve dysregntetloo. of inflammatory 

responses. Although an inflammatory response can kill invading pathogens, an. excessive 

tnOmmatety response can also be quite destructive and in some cases can be a. primary 

source of damage in infected tissues, furthermore, an excessive inflammatory response can 

30 also lead to systemic complications due to overreduction of Mlamsi&tory cytokines such as 

TNF~a and IL-.1. This is believed to be a feeler in mortality arising from severe influenza, 

severe acute respiratory syndrome, and sepsis. 

26 

SUBSTITUTE SHEET (RULE 26) 



WO 2014/040056 PCT/US2013/059015 

The aberrant or excessive expression of either-iNOS. or cycboxyganasevf (C0X-2) 
Ms been implicated in the pathogenesis of many disease processes. For example, it is clear 

ihat NO' is a potent mutagen. sTamir and Taraiebatsm, 1996), aad that nitric oxide cm also 

activate COX-:2 (Salvemini:ei al, 1994). Furthermore, there is a marked increase in iNOS ib 
5 rat coioti tumors induced by tte c^wmogeB, axoxyjMthafle (Tafealiashi ^ i£ :i 199?), A series 

of synthetic triterpenoid analogs of oleanolieaeid have been $howa;& be powerful inhibitors 

of cellular ittfia«tmafoiy ptjeesses, such as the md«c«os by IFN-y of hiducible citric oxide 

synthase (iNOS) and of COX-2 is mouse macrophages. See Honda et al. (2000a); Honda et 
d, (2000b), .aad Honda. <?/ al. (2002), which are all incorporated hereirt by reference, 

1.0 h\ one aspect compounds disclosed herein ate characterised by their ability to inhibit 
the production of nitric oxide in maeropbage-derived RA W 264,7 cells induced by exposure 

to -y-iaterferon, They are further characterised by their ability to induce the expression of 

antioxidant proteins such as NQOl and reduce the expression of pro-uiflamimatory proteins 

such as COX-2 and inducible nitric oxide synthase (iNOS), These properties arc relevant to 
15 die treatment of a vii.de array of diseases and disorders- kvoMag oxidative stress and 

dysregulatioc of infknnnMtory processes including cancer, complications from localized or 

total-body exposure to ibafctag radiation, mucositis: resulting from radiation therapy or 

chemotherapy, autoimmune diseases, cardiowsenkr diseases' including atherosclerosis, 
ischemk-reperfosioa injury, acute and chronic organ Mure -including renal failure and heart 

20 failure, respiratory diseases, diabetes and complications of diabetes,, severe allergies, 

transplant rejection, graft-versus-host disease, seurodegenerative diseases, diseases of the eye 

aad retina, acute aad chronic pain, -degenerative' bone diseases inclitdmg osteoarthritis and 

osteoporosis, inflammatory bowel diseases, -dermatitis and other skin diseases, sepsis, hums, 

seizure disorders, and neuropsyehiatrie disorders. 

25 Without being boaod by theory, the activation of the antioxidajiyasti-infiammafory 

KMpi/Nrf2/ARE pathway is believed to be duplicated in both the antWmflammstoiy aad 

auti-earoinogenie properties of the compounds disclosed herein. 

In another aspect, compounds disclosed 'heroin may be used for treating a subject 
having a. condition caused by elevated levels of oxidative stress in one or more tissues, 

30 Oxidative stress results .from, abnormally high or prolonged levels of reactive oxygen species 

such as superoxide, hydrogen peroxide, nitric oxide, and psroxynitrite (formed by the 

reaction of .nitric oxide and superoxide). The oxidati ve stress may be aeeo.tupao.ted by either 

acute or chronic inilammatiofi, The oxidative stress may be caused, by mitochondrial. 
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dysfunction, by activation ofimwiane ceils such as macrophages and neutrophils, by acute 

.exposure to an external-agent such as soaking radiation or a cytotoxic chemotherapy agent 

(i?,g;, doxorubicin), by trauma or other acute tissue injury, by ischenria/reper&sion, by poor 

circulation or aaeraia, by localised or systemic hypoxia or hyperopia, by elevated levels of 

5 inftammtory cytokines and other itiftaimtastion-related proteins, -and/or by other abaomuil 

physiological states such as hyperglycemia or hypoglycemia. 

la aaimal models of many -such conditions, stimulating exiwession of indueiMoltenrii 
oxygenase (HO-1). a target gene of fee NrO pathway, his been shown to have a significant 

therapeutic effect including models' of myocardial infarction^ renal feiiure, transplant failure 

19 aad rejection, stroke,, cardiovascular disease, aad aut&itmmme disease Sacerdoti ei d. s 

2003: Abraham & Kappas, 2005; Bach, 2006: Afaajo et d.t 2003; Litre*-«/,, 2006; lshikawa 
et al,. 200.1; Kroger et a!., 2006; Satoh ei al, 2006; Zhou ei al, 2005; Morse and Choi, 2005; 

Morse and Choi, 2002). This enzyme breaks free hmm down into iron, carbon monoxide 

(CO), and bibverdk (which is subsequently eoo.vert.ixi to the potent antioxidant inokouie, 

15 bili.rub.rn)', 
IB another aspect, compounds of this invention may be used in preventing or freatiag 

tissue-damage or organ .failure, acute-aad chronic, resulting from oxidative stress:exacerbated, 
by mtlarnmatioii. Examples of diseases that fell in this category include: heart failure. liver 

.failure, transplmit .failure and rejection, renal failure, parscreadtis, fibrotte lung diseases 

20 (cystic fibrosis, COPD. and idiopathic pulmonary fibrosis, among others), diabetes (including 

complications), atherosclerosis, ischemia-repedusioa injury, glaucoma, stroke, autoimmune 
disease, autism, macular degeneration, and muscular dystrophy. For example, in the case of 

autism, studies suggest that increased oxidative stress \n the central -nervous system, may 
contribute to the .-development of the disease (Chauhan and Chanhao. 2006). 

25 'Evidence also links oxidative stress and infiasHnauon to the devefoproeat and 

pathology of many other disorders of the central nervous system, including psychiatric 

disorders such as psychosis, -major depression, and bipolar disorder; seizure disorders'such as 

epilepsy; pain and sensory syndrotnes sach as .ratgraine, neuropathic pain or tinnitus; sad 
behavioral syndromes suds as the attention deficit disorders. See, Diefcei'son et al, 

M 2007; Hanson et at, 2005; Kendall-Taekett, 2007; Lencz ei .al, 2007; Dudhgaottkar m. id 
2006; Lee erol, 2007; Morris ei al, 2002; Raster et al. 2005; Mclvsr et ui,, 2005; Sarchielii 

et.ttl,, 2006; Kawakanii etal, 2006; Kas&ei a/.„2O05, which are all incorporated by reference 

herein, for example, elevated levels of inflammatory cytokines!, including INF, interferon-?. 
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and IL-6,. m- associated with. major mental illness (Dickenson cf 2007), Microglial 

aetivatioii has also been linked to major mental illness, .Therefore, doworegnlating 

inflammatory cytokines and iothbhing excessive actuation of microglia could be beneficial 

in patients with schi^pbrenia, major depression, bipolar disorder, aotismoipeetruiir disorders, 

5. and other rseuropsychiatrie disorders, 

Accordingly,, in pathologies involving oxidative stress atom? or oxidative stress' 

exacerfeated by mjlaoiroation, treatment may comprise administering p. a subject a 
therapeutically effective amount of a compmiiid of this invention, such as those described 

above or ihrouglioat this specification; Treatment may be administered preventively, in 

10 .advance of a predictable state of oxidative stress (e,g.y organ. transplantation or the 

administration of radiation therapy & a cancer patient), or it may be administered 
therapeutically ia settings involving established oxidative stress and inflammation. 

The compounds disclosed herein may foe generally applied to the treauneat of 

ktlamfnatory coftdiiioas, such as sepsis, dermatitis, autoimmune disuse and osteoarthritis. 
1.5 la one aspect, the compounds of this invention may be used to treat inflammatory pain and/or 

Reuropaihk for example, by inducing Nrf2 and/or inhibiting NF-KB. 

In some embodiments, the compounds disclosed herein may be used in the 

and prevention of diseases such as cancer, mil animation, AMreimerV disease, ParidsMson's. 

disease, multiple sclerosis, autism, amyotrophic lateral sclerosis, Huntisgfxra's disease, 

20 autoimmune diseases such as dismiatoid arthritis, hxpm, Crohn's disease and psoriasis, 

inflammatory bowel disease, ali other diseases whose pathogenesis is believed to. involve 

excessive production of either nitric oxide or prostaglandins, and pathologies involving 
oxidative stress alone or oxidative stress exacerbated by inflammation. 

Another aspect of inflammation i§- the production of inflammatory prostaglandins 

25 such as prostaglandin E. These molecules promote vasodilation, plasma extravasation., 
localized pain, elevated temperature, and other symptoms of inflammation. The inducible 

form of the enzyme COX-2 is associated with their production, and high levels of COX-2 are 

fourrd in inflamed tissues. Cwequ&jtly, inhibition of COX-2 may relieve many symptoms 
of mflammatioa and a nombet of important arEi-inflammatory drugs {&.$,, ibnprofen and 

30 celeeoxih) act by inhibiting "COX-2 activity. .Recent research, however* has demonstrated 

that A class of eyclopeotesione prostaglandins (eyPQs) (eg;, 15-deoxy prostaglandin 12, a:k.a. 

PGJ2) plays a role in stimulating the orchestrated resolution, of Mammalian (osy, Rajakarar 

of id., 2007), COX-2 is also associated with, the production of cycloperheoone prostaglandins. 
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Consequently, inhibition of CDX-2 may .interfere with the full resotokm of mfiamjmtidft, 

potentially promoting the persistence of activated immune cells in tissues «nd 1 eading to 

chronic, ;<si»oldenag" kflammatioa This, effect may be: responsible for tile increased 

incidence- of cardiovascular disease in patterns using selective COX-2 inhibitors far long 
5 periods of time. 

to.- one aspect, the cotajMt^s disclosed herein xm$ be tised tocontrol &cfrod»cti0B 
of pro-inflammaitoiy cytokines within the cell by selectively activating- regulatory cysteine 
residues (ICRs) on proteins thai regulate tie activity ef redox-sestsiiivc transcription factors. 
Activation of .RCRs by eyPGs .has been, shows to Initiate a pro-resdlution program in which the 

IP .activity of the antioxidant, and eytopTOteetiee ascription factor .Nr£2 is potently induced ml 

the activities of 'the pro-oxickit and ptKnO&mrnatory tranxription factors KF-KB and the 

STATs are suppressed, te some embodiments, this increases the productioB of amioxidant and 

reductive molecules {NQOh HO-1, SOD1, y~QCS) and decreases oxidative stress and the 

production of pro-oxidam aad pro»Mkmmatoiy molecules (iNOS, COX-2, TiNF-a), fo some 

15 embodiments. the compounds of this invention may cause- the cells that host the Inflammatory 
event to revert to a ijon-infiairuna'tssry state by promoting the resolution of Inflammation am! 

limiting excessive tissue damage to die host. 

V. PhannaeeutiealForaudatloixs tuid Route s of Admrnistratibn 

The compounds of the present disclosure may be administered by a variety of 

20 methods, e.g., orally or by injection (eg. subcutaneous, intravenous, intraperitoneal, etc). 
Depending on. the route of administration, the active compounds may be coated m a material 

to protect the compound from fee action of acids and other natural conditions which may 
inactivate the compound. They may also be administered by coatiauous peifusi on/infusion 

of a disease or wound site , 

23 To administer the therapeutic composmd by other than parenteral administration, it 
may he necessary- to coat the compound with, or co-administer the compound wMv, ama ferial 

to prevent its inaetivation, For example, the therapeutic compound may -be administered to a 
patient in an appropriate carrier, for example, liposomes, or a diluent Phar&i&ceutieally 

acceptable diluents include saline a:sd aqueous buffer solutions, Liposomes include vsato-m-

30 oifm-water CGF emulsious as well as conventional liposomes (Strejan et al., 1584). 

The therapeutic compound may also be administered pareBtecally, mtraperftaoeally, 

ktraspmaily, or mtascerebraily, Dispersions' catvhe prepared .in glycerol, liquid polyethylene 

JO 
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glycols, ahd msxtimes.thereof and In ©|k Under ordinary conditions of storage and use, these 

preparations may contain a pp^eiYative to prevent the growth ofmicrocn^anisros. 

Pharmaceutical compositions suifabfe for injectable use include: sterile aqueous 
solutions (where water soluble), dispersions, aad sterile powders for the exfeitfiai^iieous 

5 preparation of sterile injectable solutions or division. See for example US. Patent 

Application by X Zhang, entitled "Amorphous Solid Dispersias® of CDDO-Me .for Delayed 

Release Dial Dosage .Compositions," filed. Febm&y 53, 2009, wfckh is incorporated herein 

by reference. In. all eases. tb6 composition must be .sterile and most be fluid to the extent that 
easy syringaMity exists. It must be stable under the conditions of manufacture arid storage 

!0 and must, be preserved against th^ontajniraating action of mieroot'gaaisms such -as bacteria 

and fungi The carrier cart be a solvent or dispersion medium containing, :tl>r example, water, 
ethaaol, polyol (such as, glycerol, propylene glycol, and liquid polyethylene glycol, and the 

like), suitable mixtures thereof, and vegetable oils. The proper fluidity can he maintained,, for 

example, by the use of a coating saoto as lecithin, by the maintenance of the required particle 

15 size in the case of dispersion and by 'the use of surfactants. Prevention, of the action of 
microorganisms can be achieved by various--antibacterial and antifungal agents, for example, 

parabens, eMo»lwta?Mi, phenol, ascorbic acid, iteraei-osal, and fee like. Irs many cases, it 

will fee preferable to include isotonic agents, for example, sugars, 'sodium chloride, or 

polyalcohols such, as mannitol and .sorbitol, in tire- composition. Prolonged absorption of the 

20 injectable compositions can be brought abost by including In the composition m agent which 

delays absorption, for example, aluminum monostearate oi gelatin. 
Sterile injectable solutions can be prepared by incorporating the therapeutic 

compound in the required amount in an. appropriate solvent with one or a combination of 

ingredients mumerated above, as reqaired, followed by filtered sterilization. Generally, 
25 dispersions are prepared, 'by incorporating the therapeutic compound into a sterile carrier 

which: contains a basic dispersion 'medium and the required other ingredients from those 

•eamaenued above. In. the ease of sterile powders for the preparation of sterile injectable 

solutions, the preferred methods of preparation are vacuum drying and freexe-drying which 
yields a powder of the active ingredient {i.e., the iherapestic compound) plus any additional 

30 desired ingredient from a previoaslysterife-filtei-ed solution thereof. 

The therapeutic compound can be arally administered, for example, with an- inert 

diluent or an assimilable edible earner. The therapeutic compound aad ather ingredients may 

also be enclosed in a hard or soft shell gelatin capsule, compressed into tablets, or 

incorporated directly into the subject's diet. For oral, therapeutic administration, the 

31 
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therapeutic comp&und may be incorporated with exeipients and usee! in the for® of ingesdhie 
tablets. buccal' tables, troches, capsules, elixirs, suspensions, syrups,- watte, and the like, 

The percentage of the therapeutic compound ia the compositions and preparations may, of 
course, be varied. The amount of the therapeutic compound in such therapeutieitlly useful 

5 compositions is such that a suitable dosage will be obtained, 

it is especially advainagepusto formulate parenteral compositions in dosage unit fbrm 

for ease, of administration and uniformity of dosage. Dosage anit form as used harem refers 
K? physically discrete units suited as unitary dosages .for the subjects to be treated; each uriit 
containing a predetemiiucd quantity of therapeutic compound calculated to produce the 

10 desired therapeutic effect in association with, the required pharmaceutical carrier, The 

specification for die dosage unit fbiins of the invention are dictated by and directly dependent 
on (a) the unique characteristics of the therapeutic compound and the particular therapeutic 
effect to be achieved, and (b) the iimiiatiotiy inherent in the art of compounding such a 

therapeutic compound for the treatment of a selected condition in a patient. 

15 The therapeutic compound may also be administered topically to the skin, eye, or 
mucosa. Alternatively, if local delivery- to the lungs is desired the therapeutic compound may 

be administered by inhalation in-a.dry-powder or aerosol formulatioa. 

Active compounds am administered at a-therapeutically effective dosage sufficient to 

treat a condition associated with a condition is. a patient. For example* the efficacy of a 

20 compound can be evaluated in aa animal model system, (hat may be predictive of efficacy in 

treating the disease in 'humans, such as the model systems shown in the examples and 
drawings. 

Tbe actual dosage amount of a compound of the present disclosure or composition 

comprising a compound of the present disclosure administered to a subject may be 
25 determined by physical and physiological factors such as age, sex, body weight, severity of 

condition, the type of disease feeing treated, previous or coBCoireat therapeutic Interventions, 

Idiopafhy of tbe subject and on the mute of administration. These fetors may be determined 

by a skilled artisan. The practitioner responsible for administration will typically determine 

the cojseeotratiofi of active iagredieftt(s) in a composition and appropriate dose|$? for tbe 

30 individual subject. The dosage may be -adjusted by the individual physician in the event of 

any complication, 

An effective':amount typically will vary from about 0.001 rog/kg to about 1000 rag/kg, 

from' about 0,01 mg/kg to about 750 m.g/kg, iters about 190 mg/kg to about 500 mg/kgj from 

about 1,0 mg&g to about 250 th^kg, from about 10,0 .rag/Ig to about 150 mg/kg m one or 
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.roore-<Jose adumbrations daily, for one or several days (depending ofcowse of the mode of 
administration arid the facto discussed above). Otto- suitable dose ranges include 1 .mg is 

10000' mg per day. 100 mg to 10000 mg per day, 500 tag if> 10000 nig per day, aad 500 sag to 
1000 mg per day, 'lis some particular er&bodiments, the amount is less than 10,000 mg per 

5 day with a range of 750 mg to 9000 mg per day. 
Hie effective amount may be less than 1 ©g/fcg/day, less than 500 xng/kg/day, less 

than 250. mg/kg'day, Jess tteo 100 mg/'kgday, less flma 50 mg/kg/day, less than 25 
.ftig/fcg/day or less than 16 mg/kg/day. It may alternatively be .in the range of 1 mg/kg/day j» 
200 mg/kg/day. For example, regardingtreatment of diabetic patl&lts. the unit dosage my 

10 be an 'aroouai that reduces blood glucose fey at least 40% as compared to afl untreated subject 

fn another embodiment the unit dosage is art amount that reduces blood glucose to a level 
that is £ 10% of the blood glucose level of a aon-diabetic subject. 

In oilier non-dimiting examples, a dose may also comprise from about .1 mkro-

grairi/kg/body weight, about S micrograni/kg/body weight, about 10 micro^atn/kg/body 

15 weight, about 50 miorograffi/kg/hody weigh!, about 100 niicrog.ram/kg/body weight, about 
200 raicrogram&g&ody weight, about 350 microgram/kg/body weight, about 500 

microgram&g/body weight about .1 miUigram/kg/body weight, about .5 miljigmm/kg/body 

weight, about 10 .railMptai/kg/body weight, about SO mililgramdfg/body weight about 100 

milligram/kg/body weight about 200 milligram/kg/body weight about 350 

20 m.UIigram/kg/body weight, about 500 millsgraavkf^ody weight, to about 1000 mg/kg/body 

weight or more per administration, and aay range derivable therein, la non-limiting 

examples of a derivable range froat the numbers listed herein, a rauge ofaboot 5 mg/kg/hody 

weight to about 100 mg/kg/hody weight, about 5 micK)grai«4g:%ody weight to akait 500 

niilligram/kg/body weight, etc., das be admimstemi based on the numbers described above, 

25 In certain embodiments, a pharmaceutical composition of" the present disclosure may 

comprise, for example, at leas! about 0.1% of a compound of the present disclosure. In other 
embodiments, the compound of the preseat disclosure may comprise between, about 2% to 

•about 75% of the weight of the unit, or between «hoat 25% to afeowt 60%, for example, and 

any mage derivable therein. 

30 Single or maltiple doses of the agents are contemplated, Desired time intervals lor 

delivery of tmsJOpk doses can be determined by OM of ordinary skill m the art employing no 

more than routine exprnmeaMioa. As an example, subjects may be adnsiuistered two doses 

daily at approximately 12 hour intervals, in some embodiments, the agent is administered 

eoee a day, 

SUBSTITUTE SHEET (RULE 26) 



WO 2014/040056 PCT/US2013/059015 

The agentfa) may-be administered «n a .routine schedule. As used herein, a ma tine 
schedule refers to a pre&etemjmed designated period of time, The routine schedule may 

encompass periods: of time which are identical or which differ m length, as Song as tbe 

schedule is predetermined. For instancy the toutine schedule may involve administration 
5 twice a day, every day, every two days, every three days, every four days, every five days, 

every six days,-a weekly basis, a monthly- basis or any set number of days or weeks there-
between, Alternatively, the predetermined routine schedule may Involve admiivistmtten OH a 

twice daily basis for fee first week, followed, by a daily basis for Severn! months, efe In other 

embodiments, the invention provides thai the agentfs} may be taken orally and that the. timing 

10 of which is or is not dependent upon food intake, 'Thus, for example, the ageat can. be taken 
every morning and/or even' evening, regardless of when, the subject has eaten or will cat. 

VL ComfeiaatHm Therapy 

In addition to being used as a .monotherapy, the compounds of the present invention 

may also find use in combination therapies. Effective combination, therapy may be achieved 

15 with a single composition or pharmacological formulation thai includes both, agents:, or with 

two distinct compositions or formulations, administered, at the same time, wherein one 

composition includes a compound of this invention, mid the other includes the second 

ageai(s), Alternatively, the therapy raay precede or Mow the other ageat treatment by 

intervals ranging from minutes to months, 

20 Norfmning examples of such combination therapy 'include combination of one or 

more compounds of the invention wife another anti-kflammamry -agent, a chemothentpeutic 

agent, .radiation therapy, an amidepressMt, an. antipsychotic agent an anticonvulsant, is mood 

stabiliser, an anti-ialeetive agent, an antihypertensive agent, a chslesterol-lewering ageat or 

other modulator of blood lipids, an .agent for promoting weight loss* m antithrombotic agent, 
25 an agent .for treating or preventing cardiovascular events such as myocardial mfarctioa or 

stroke, an antidiabetic agent, an agent for reducing transplant rejection or g.raft~versus-.h.osf 

disease, an aati-artkitie agent, an analgesic agent, an anti-asthmatic agent or other treatment 
for respiratory diseases, or an agent tor treatment or prevention of skin disorders. 
Compounds of the invention may be combined with agents designed to improve a patient's 

30 immttoe response to eateet; including (but not limited to) cancer vaccines, See Lit et dl. 
(2011), which is incorporated herein by reference 
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Vil Examples 

The following examples are inc.hided to demonstrate jpmf&rred embodiments of Use 
isiveatiosi It should be appreciated by those of skill m the art that the techniques disclosed in 

the examples which Miow. represent teefmiqees discovered by the inventor to function w$l 
5 in tile practice of fee mveata, and thas caa be considered to constitute preferred modes lor 

its practice. However, those of skill m the art should, in ligjit of the present disclosure, 

appreciate thai many changes can. he made in the specific embodiments which are disclosed 

and still obtain a like or similar result without departing fem the spirit and scope of the 
invention, 

10 Methods and Materials 

Nitrfc Oxide Frednetfea and Cell Viability Assay. KAW264J mottse macrophages 

were plated m 96-weil plates at 30,000 cells/well m triplicate in RPMI1640 -f 0.5% FBS and 

incubated at 3?CC with S% CO;, On the next day; ceils were pre-treated with D.MSO or drug 
(0-200 nM dose mage) for 2 hours, and then treated with recombinant mouse iFNv (R&D 

15 Systems) for 24 hoars. Nitric Oxide eorseentration in media was determined using the Griess 
reageat system (Promega). Cell viability was determined usmg-WST-1 reagent (Roche). fOw, 

values were determined based m the suppression of li^Ny induced Nitric Oxide production 
normalized to eel! viability, 

NQpl-ARE- Ludferase Reporter Assay. This assay allows for quantitative. 

20 assessment of the endogenous activity of the Nrf2 transcription factor in cultured mammalian 

ceils. Expression, of Firefly, lueiferase fern KQ01-A.8E lacifmse reporter pksmid is 
cootmlled by binding of Nrf2 to a specific enhancer sequence corresponding to the 

antioxidant .response.element ( ARE) that was identified in the promoter region of the human 

,NADFH:quiuoae oxidoredaetase ! (NQQf) gam (Xie ei al, 1995). The piasmid was 
25 constructed by inserting a sequence: 

5"'- CAG'TCACA<7.rGACTCAQCAGAAT€TG-3!"(SEQ ID NO:1> 

encompassing the toatan NQOl-ARE into the pLuc-MCS vector using Bindill/Xbol cloning 
sites (GenScript Corp., Piscaiawayv MJ), Tbe assay is performed in HitH? cells maintained in 

iDMEM (Irmtrogen) supplemented with 10%-. FBS and KSOU/ml (each) of peoiedJin, and 

30 streptomycin. Far the assay, cells are plated in 98-weli plates at 17,000 cells per well. 

Twenty four hours later, the ceils are eo-mtnsfected with 50 tig each of NQOl-ARE reporter 

plasmirl and pRI/FK. plasmid using Lipotectarnine 2000 transection reagent (fevitrogea). 
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pRL-TK, plasroid eonstUutiveiy expresses Rem I la ledterase and. is used as SB internal contrpl 

for BQimaiizatWm of iransfeetbn levels, Thirty hours after tmasfection, iJie cells are treated 

with compounds (at concentrates ranging fom 0'» I |iM) for eighteen ho'«.rs. firefly and 

Rwitla fud&mse activity is assayed by I)oa)-Gh Lueitese Assay (Pi'omega Corp., 

5 Madis&n, WI), the luminescence signal is measured on m L-Mffi II Ittminamete'r (Mokcalar 
Devices). Firefly kdfbrass activity is normalized to the Rsniik activity, -and fold induction 

over a. vehicle control (DMSO) of noeraalised. Firefly activity is ealeulated. The told 

induction at 62,5 sM coucentimtion is used .for comparing relative potencies: of compounds to 
induce Nrf2 ifinxseriptiotsai activity, See Xie et al, 1995, which is incorporated herelo by 

10 referee. 
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Sy»tfe«sl$ aad Cfearacteraalioa- of Compounds aad latenaediates 

€ompoua<l I: Compound &TA 401 (LOO g, 2,03 mraol) was-'dissoived in Q-LCL 

(20 ml), aad tiie solution was cooled. to' 0 -°C\ Oxalyl oMtokte (0.55 mi, 6,50 ntsiot) was 

addod, followed by DMP (2 drops), The jeScfioa mixture -was stirred at room temperature lor 

5 ,2 h, then She reaction mixture was eonceiUiaisd,. The reside was azeotroped 2>" with. ClfcCb 

8? give conipottad 1 as a. yellow fern, which was used directly in the next step. 
Csaipsuiid 2; Compound 1 (2.03 aimol) was dissolved in Ei20 (20 ml...), aad the 

solution was cooled to 0 ^C. To the teactioii tsktwr® were added EON (0.565 «tL, 

4.05 mmaL) and a solution, of acethydraiside 1226 mg. 3,05 ramol) in. GLCb (10 ml). The 

10 reactioft mixture was stirred at m>m temperature .for 30 mia, and was then extracted with 
BOAe and washed with water, } N HQ, and water again, The organic extracts were dried 

over MgSO.i, filtered, and conceateted. The residue wag puriled by flash chromatography 

(silica gel, 0% to 100% EtOAe hi hexaBcs) to give compotusd 2 (1.08 g, 97%-firora RTA 401} 

as .art off-white foam solid: m/2 548,3 (M-H), 

15 Coaipoaad TX<si3384: To a ;solatio.i) of cprnpotmd 2 (548 mg, LOO wad) in toluene 
(20 mi} was added /i-TsOH (95 -mg, 0.50 ramol). The reaction was heated at 135 °C with a 

Deaa-Stadc condenser attached fm. .1.5 h. Alter eoolkg to room temperature, the reaction 

mixture was washed with water, dried over MgSO-j, filtered, and concentrated. The residue 

was purified by flash chromatography (silica gel 0% to 70% EtOAe m hexaues) to give 
20 compound TX63384 (390 mg, 74%) as aa off-white foam solid: NMR (400 MHz, CDClj) 

S 8.02 ($, !H), 5,96 (s, 1H), 3.13 (m, 1H), 2.94 (d, Hi J « 4.5 Hz), 2,53 (s? BH), 2.19 (ra, 

1H), 1.20-2.05 (ra, HE), 1.45 (s, 3H), 1.25 (s, 3H}, 1.19 (% SH), 1.16 (s, 3H), 1.06 (s, 311), 

L05 (sr'3H), 0.95 (s. 3:H); at/?,- 530,3 (MM), 

Compound 3; To a solution of butyric acid hydraxide (156 .mg, 1.53 maol) and EfcN 
25 (0,58 mL, 4J6 mmol) m CFbCi- (5 m'L) was added a solution of compound 1 (510 mg, LOO 

mmol) in CHsClj (5.0 mL). The reaction mixture.was stirred at room tmperature lor 2.5 h. 
The reaction mixture was then extracted with EtQAe and washed with 1 N HO and terke. 

The organic, extracts were, dried, over Na;S04, filtered, and cowceirtmted, The residue was 
purified by Hash chromalography (silica gel, 0% to 100% EtOAc in h&tanes) to give 

30 compound 3 (566 Big. 98%) as a white solid: mix- 5744 (M+1). 
Compoimd TX63475: To a solution of compound 3 .(197 mg, 0.342 mmol) ia 

toluene (12 m.L) was added />T$OH (33 mg, 0.174 *»molj. The reaction was heated at 13:5 

°C with a Deatt-Stark coademar attached for 2.5 h. After cooling to room temperature, the 
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reaction mixture was extmcted wife EtOAc mid washed wife saturated Nal-KXk and brine. 
The organic extracts were dried over MssSQ*,. filtered, and wncentated. Tfce residm wa.s 

purified by Sash, chromatography (silica gel 106% BtOAe in .hex&nes) to give Dompsttad 

TXffi475. (159 mg, S3%;s as a white solid; lH NMR (400 MHz, CDCU) 5 8.01 (s, IH), 5.95 

5 (s,. ill), 3.14 (id. 1H, / « 4.3, 13.4 Hz), 2 J4 (d, Hi 4.7 Hz), 2J1 ft, 2R / - 7.6 BK), 

2.1:9 im, !M}. .1.93 (in, JH), 1,50 (tru 13H), 1,45 is. 31 n. 1,25 (% 3H), 116 & 3H}? 1.15 (s, 

3H), 1:05 (s,,3H), 1-04 (s. 3HL 0.99 (t 311J - 7.4 Jfe), 0.95 (s, 3H);, m/z 551.4 <\M). 
Cosapoend 4: To a soktlion of jsobiuyrie acid hydraxids {153 mg, 1,50 mmol) and 

EtjN (0,58 mL, 4,..16 mmoi) Is C%CL (3 mL) was added a: solution of eoffipoysid i (510 j»g, 

10 1,00 tmol). m CH3Q2 (5.0 mL). The reaction mixture was sts-red at room ternpenttare for 3 
h, The reaction mixture was then extracted with EtOAc aad washed with I N HQ and brine. 

The organic extracts were dried over N^SO*. filtered, and concentrated The residue was 

purified by flash chromatography {silica gel, 0% to 100% EtQAe m hexaaes) to give 

compound 4 (525 mg. 91%) as a white solid: tnlz 576.4 fM*H). 

13 CostjKnsad 'TX63476: Tc a solution of compound 4 (2B2 iitg, 0.490 mrsiol) in 

txdueoe (12 mi) was added ?>-TsOH (48 mg, 0,253 mmoi). The reaction was heated at 135 
°C with a Deaa-Stark condenser attached for 1 h. Alter cooliag to room temperature, the 

reaction mixture was extracted with BiQAc and washed with MtTOted N&MCOs and brine. 

The organic extracts were dried over Na3S(.V filtered, and coaeeatMed, The residue was 

20 purified by .flash okomatography (silica gel, 0% to 100% EtQAe in hexanes). to give 

compound T.X63476 (233 mg, 85%) as a while solid:5 H NMR (400 MHz, CPCh) 0 S,02 (s} 

1H)< 5.95 (s, J.H), 3.17 <m, 2H), 2.99 (d, III, J •••• 4.7 Hz), 118 (dt, ILL J - 4:2,14.8 

1.90 (m, 3MS, 1.45 (ffi}! Ill), 1.45 (st 3R), 1,3? (d 6M, J~ ?.0Hz); 1:25 (s, 3H), 1.16 (S> 314), 
1.15 (s, 3.H), 1,05 (s5 3H), 1.04 (s, 3H), 0.95 & 3H); a/z 558,3 (MM), 

25 Compound 5; To a -solution of cyelopropaae earboxylie acid hycteide (155 mg, 

1,55 mraol) and EhN (0.58 mL, 4,16 mraol} in. GTCij (5 mL) was added a solution, of 

compound 1 (510 rag, 1.00 IBIHO!) in C1LCL (5.0 m£). The reaction mixture was stilted at 

room temperaftire for 3,5 h, The inaction .mixture was iters extracted with: EtQAe and 
washed with. 1 N HCi sad brine. The ofgaaie extracts were dried over NajSO*, filtered, and 

30 concentrated, The residue was -purifi.ed by flash chromatography (silica gel, 0% to 100% 

EtOAe hi hsxaoes) to give compound 5 (495 Rig, 8.6%j as a white solid: m/z 574,3 |M4 j.). 

Compound TX63477: To a solution of cpBipouftd. 5 (2S8 sig, 0,502 mmoi) its. 

toluene (12 oil.) was added /?-TsOH (55 mg, 0,289 ixrffiol), The ruction was heated at 150 
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"C with a Deaw-Stas'lc condenser attached for 2.5 h. After cooling to room temperafam, the 

.reaction; .mixture was extracted wife EtOAc and "washed with saturated NaHCOj and brine. 

The organic, extracts were dried over Na^SQ^ filtered, and eonceatrated, The residue was 
purified by flash eimmfography (silica gel, 0% to 100% BtOAc ia hexaaes) to give 

5 compound T8&3477 (231 mg, 85%) m a white solid: 'M NMR. (400 MHz, CDClj) B 8.02 (s; 

1H), 5.95 is. IB), 3.10 (Ul IK. J 3.6, 13.2 !ki. 2,98 (<I, 1H. J - 4.7 H/h 2T2 

1.90 (ra, 311), 1.45 <v 310. 1.43 & 15H). 1,25 (s^H), l,18 (s, 3.H), 1.1.6 (s, 3B};, 1,04(8, 3H), 

1,04 (sJE), 0,94 (s, M), m/z, 556.3 (MH), 
Compottiid (>: To a sokttioa of metboxyac«tic • acid hydrazide (166 mg. 1,59 romo!) 

10 and EtiN (0.56 mL, 4,02 ramo.0 (a CHjCfc. (5 mL) was added a solution of compound 1 (510 
tag, 1.00 aimo!) m CHjC!;?, (5,0 mL), The reaction mixture was stined at room terpperatare 
for 4 h. The reaction mix toe was then extracted with EtOAc and washed with 1 N HQ and 

brae. The organic extract were dried over Na-SOi. filtered, and concentrated. The residue 

was purified by flash chromatography (silica gel 0% to 100%: EtOAc in hexaaes) to give 
15 compound 6 (493 mg, 86%) as a white foam solid: ni/2 57S.4 (Mvi), 

Compound TX&M78:- To a. solution of compound ^ (292 mg. 0.505 mmol) in 
foiusae (12 mL) was added />~T$OH (48 mgf 0,253 xacaol). The reaction was heated at 150 

'!C with a Delo-Stark condenser attached lor 1 h. Ailsr cooling to -IOOTB temperature, the 

teactioa .mixture was extracted with EtOAc and washed with saturated. NaHCO* aad brme. 

20 The organic extracts were dried over Na^SO^ filtered, aad concentrated. The residue was 
purified by flash chromatography (silica gel 0% to 100% EtOAc in hexanes) to give 

compound. TX6347S (158 mg, 56%) as a white solid: 'H-NMR (4Q0 Mf-fe, CDClj) 5 8.02 (s, 

1H), SM (% 1H), 4,63 (s, 2H). 3.43 is, 3H), 3,18 (fej, 1H, J - 4.2,13.7 Ife), 3,01 (d, ill J « 

4,7 Hz), 2,21 (m. III), 1,91 (rm 3H), 1.50 (m, 11H), i,45 is, 3H)S 1.24 (s, 3H), 1.16 (s, 3H), 
25 1,15 (s, 3H)( 1,05 (s, 3ifs. 1, 05 (sf 5Hs. 0.95 (a, 3H); m/z 560.3 (Mr 1). 

Compound 7: To a solution of formic acid Irydrasdde (92 mg, 1.53 mmol) and HtjN 
(0,56 «iL; 4.02 ismol) in CH^CI; (S mL) was added a solation of compound I (510 mg, 1,00 

mmol) ia CITCL (5.0 mL), The reaction misters was siirredat room temperature for 1.5 h. 
The reactiotytaixtatrwas then extracted with ItOAe and. washed with 1 N BCi and brme, 

30 The organic extracts wens dried over NajSO^, ftfered, aad concentrated. The residue was 

purified by dash chromatography (silica gei, 0% to 100% EtOAc in. hesafla) to give 

compound ? (257 tng, 48%) as a white solid: svz 534,3 (M4-1), 

«•/ 
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Cajnpouad TX3M7& To a solution of compound 7 (256 mg, 0.480 roniol) in 

toluene (12 ml.) was added ^-TsOR (4S rag, 0.253 ion;®!}. The reaction ym heated as 150 

*C with a Dean-Stark con<teu$cr attached for I h. Alter cooliug to room teraperatorc, the 

.reaction mixture was extracted with EsOAc and washed with saturated NaHCO? aad brine. 

5 The organic ex&acts were dried over NavSC**, llifered, and. c-orteenteted. The residae was 
purified by flash dironimography (silica gel, 0% to 100% EtOAc ia: hgxanes): to give 

compound TX63479 (120 rag. 49%} as a white solid: 'H NMR (400 Mlfe, CDCb) -S 8,36 (s. 

1H), 8.01 (s, His. $.96 (s, 1H). 3,20 iul IE, J ® 3.8,13,3 Hz),.2,91 (4 ill J - 4.8Hz), 2,23 
im, ni). 133 (m, 3H), 1,46 (ni 11HV 1.44 (s, 3H), 1.2.5 (s, ."Ms. 1,15 (s, 3Hj. Li4(s, 3Mj, 

10 IM- (s, 3H), 1.05 (s, 3H).0,96 is, 3H); mtz 5163 (M4-.1), 

Compound 8: To & solution of ac-etamide oxiroe (113 .tag, 1.53 mino!) and EriN 
(0,56 inL 4,02 oirnoi) in CH2CI2 (5 mL) was added a solution of compound 1 (510 mg, i.00 

mmol) ;a 'CBzCh (3.0 mi), The reaction- mixture was stirred at room temperature for 5 h. 

The taction mixture was then concentrated. The- residue was purified by flash 
15 chromatography (silica- gel 0% to 100% EtOAc in hexanes) to give compound 8 TSlOmg, 

93%) as a while solid: m/z 548.3 (M-H). 

Coropmiftd TM3SW: Compound 8 {27 mg, 0,049 mml} was dissolved in tolueae 

(i mi), aad the solution was heated via microwave heating at 1 ?Q *C for 10 Mi, followed by 

200 CC for 20. rain. After w1i«g to room temperature, the reaction mixture was 

20 concentrated. The residue was purified by flash chromatography (silica gel 0% to 80% 
EtOAc in hexanes) to give compound TX63501 (12 nigs 46%) as-a white solid: !H NMR 

(400 MHz, CDCK) d 8.01 {&, 1R), 5.95 (s5 .1 H), 3.14 («, 1H), 3,02 <d, Hi J -4.7 H4 

2.21 (s, 3H), 2.14 (m, 1H), .1.93 (is, 3M), 1.50 (m, BR), 1,45 ($, 3H), 1.25 (s, 3H), i,18 
(aUH), 1,16 (s, 311), 1.15 (s, 3H)f L04 («, 3H), 0.98 (s, 3H);mfc 530.3 (Sd-H). 

25 Compound 9: To a solmion of compound TX68I99 (52 .tag, 0.103 mmo!) in CTbCIj 

(2 mL) were added acetic hydrazkie (18.6 rag, 0.251 mauol), IriN (28 fiL, 0.201 simioi), and 

DMAP (24.4 mg, 0.200 jamol}, EDO (40 mg, 0,209 minol) was then added, aad the reaction 

was stirred at room leinpcrature for 17 h. The reaction mixture was extracted with EtOAc 

and washed with saturated 1 N BCl aad brine. The organic extracts were dried over Ha^SO.^ 
30 filtered, and concentrated, The residue was purified by flash chromatography (silica gel, 0% 

to 10% MeQH is CHsCl-j) to give compound 9 (33 .mg, 57%) as a white solid: m/2 512,3 
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Cnjgipmnd TX63593: To a solution of compound 9 (-35 mg, 0.045 mraoi) in .tol»ene 
(1.5 mL) was actde4 />TsOH (4,8 .rag, 9,025 ismol}, The reaction mixture was heated via 

microwave heatkg at 125 T for I It After cooling to room temperature, the reaction 

mixture was extracted with EtOAc and washed with'saturated NitHCQj and bfisM;. The 
5 orgit-itfo extracts were dried over NajSO^ ilhsred, sad GOSKejUniied, Th6 residtie was purified 

by flash ehrorimtograptjy (silica get 20% to 1-00% EtOAc m hexanes) to give compound 

1X63593 (11 stng, 46%) as an otl'-vchiie sobd: :H NMiR (400 MH*., CDCfe) S 8.04 <;>. ill;. 

6:01 is, if I), 3., 12 (d, IE,/- 5.0 11/.;. U2ul. iH../ - 14.3 If/}. 2.69 (d, Hi/- 14.5 

2.52l>, 3B); 2.27 (ms l.H), 1.9$ (m, SH), 3H), L56 (m, 3H), 1,56 & 3.1:1), 1,52 (s, 

10 3H)f 1,27 (s, m% UP im, 7 Hj, 1,19 (s, 3H), 1.04 (a, 3H)f 0,9! (s, 3H), 0.88 («, 3H); m/z 
344.3 (M-H). 

Ail of the compounds, compositions and •methods disclosed and claimed herein, can be 

made and executed without undue experimentation in light of the present disclosure. While 
15 the disclosure may have only bees described is terms of certain, embodiments, it will be 

apparent to those of skill ia the art that variations may be applied to fee compounds, 

compositions' and methods and in the steps or is the sequence of steps of the method 

described herein, without departing from the concept, spirit and scope of the invention. More 
specifically, it will be apparent that certain agents which are both chemically and 

20 physiologically related tmy bo substituted for the agests described herem 'ivhik the same or 

similar results would be achieved. Ail sneh similar substitutes arid modifications apparent to 
those skilled in the art are-deemed to be within tbe spirit, scope and concept of the iavemios 

as Mined by the appended claims. 
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A comoouad of tils fhraiute; 

10 

HX .CH-, 

HJC CHJ 

13 

wherem; 
s i$ 0-3; 

At :is be:ierotifes^ediyif&:«5 (>r a substituted. version hereof; aad 

Y is: 

hydrogen, hydroxy, halo, amiao, or oyaoo or-NCO; or 

:#>'*€«& *&yqytaffe iarylfcisish aralky^n),. 

Iwteroarylc<«). lTeterocycioaikyi;c:iO> acykss;;,, dkoxy^ 

aryloxy(C<i2!; acylo-xy^j, aikyki»ino^>, ds.alkykminO;Cs8j> 

arylapim^), aralkylamlno^j^ aikyl 

idkylsiiifbiiy!3mi.so;c;;sj, or substituted versions of mw of these 

grosrps; 

or a pharmaceuticslly acceptable salt thereof 

The eonipoiind of claim L wherein Y is -H. 

The compound of claim I, wherein Y is alky!^.^ 

4. The.compouM of claim 3, whereit* Y is methyl, ^propyl, isopwpyl or cyciopropVi. 

The .compound of claim .1, u-kma Y is substituted alky}^. 
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6. The'wrapoiind of claim 5, wherein Y k siethoxymethyl. 

?VVv " '< (r. The compoffiKi aecordiM. to my otto of claims 1-6. wherein AT h i\ •' or N'wN 

I ,N, <> -ff tfr 
C-N 

8. The compound according to aay one of claims 1-7, wherein n~0. 

i y. His compound according to my. one of claims 1-7, wherein :::: I, 

10 

10, The compound of claim L further defined as; 
\ •' 

O 

NC., ittVW ' ^• N 
AA 

°"Xft 
- -+GX-11 • 
\£"-v 

AA 
\/ 
.Ax 

NCv. 

O'"" 

^Av-/ ' N-N ' 

,x i X J 
X NC-s^- NQ 

^ // 

/\H Gr" ' A iT 
V 

NC 

! n s n 
(Avt^ 

/ \ H 
0'"" V t~ 

/ \ H 

0 X AA, AAA 
NC • I P f I JYV NC - f I f i ^ ^ 
rj'jr- ̂  yAA' 

v**; -..-' 
AH cr'' v'r 

/ \ H , or 
or a phemraceotscaliy acceptable salt, thereof 
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II• A phanm^eutical composition comprising: 

a) tbe compound 'according to any one of claims 1-10; aad 

b) as excipknt, 

12, A method of tteatiag and/or preventing s disease or 3 disorder m a pattern in need 
thereof, eomprishig administermg to the patient a eo.mpmmd according to my one of 

-claims 1-10 ia an amount .sufficient to trear aad/or prevent tii« disease or disorder, 
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