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5 Tins appfce-atkm claims the Ixsrft of United States Provisional Himt Application 
No, 61/699,199 filed o.n September 3.0. 2012, the entirety of'which is incorporated tamby 
reference. 

Pursuant to 3~ C.F.R. 1.821 (c), a sequence listing is sidmi.tied herewith as an. ASCII 
compliant text file named "RBATPOO?6l;S_Seqi3enceUsiiag__$T25-iK^\ created on 

10 September 9, 20 D and having, a me of -i. KB. The content of the afbrentemkmed fife b 
hereby incorporated by reference in its entirety. 

BACKGROUND OF THE INVENTION 

1 Fkld of the iirveaiioB 

The present invention rentes generally to the fields ortnology and rnedieme. More 
15 panietslady, It corse-ems. compotmc%5 .expositions and methods for tht- treatment snd 

prevention of diseases such as -those associated v&tk oxidative stress «od mfiaramatKm. 

I.L DmtigJtion of Related Art 

The anti-inflammatory and arni-p.rolifkative activity of the naturally occurring 
iiiterpenoidv oleanoHe acid, has been improved by chemical rmxiificatiOtis. For exmirple, 2-

30 cyano--.^i2-dsoG>seoleana-i.9(n}-dk'ii-2S-ok- acid (CDD0) a&d related compounds have 
been developed {Haada g/ alt 1997: Honda ef nl, 1998;. Honda *r &/,, 19:99; Honda at ai, 
2000a; Honda a; aL 2000b; Hor*d% et. .etL 2002; Sub tt at. 1998; Sufe .(& al, 1999; Place tst 
xiit 2003; tihy e? «/., 2005; Md U.S. Patents 8,129,429; 7,915,402; §,i 24,799; 8,07* ,632; 
8,338,618; and 7,943,778). The methyl ester, bardoxoicme methyl (CDDO-Ms), has been 

25 evaluated ciirncafty for the treatment of c-ancsx and chromic kidney disease {Pergola ef al, 
20.! .1; Hong <a&» 2012). 

Synthetic triierpeiimd analogs of oleam>iie acid have also been shown to be inhibitors 

of cellular inflammatory processes; sueh as the induction by TFN-y of inducible mtrte oxide 
synthase {iJSOS) and of CO.X-2 in mouse macrophages. See Honda et al (2000a); Honda ci 

30 al {2000b), and Honda et aL f2002). Synthetic derivatives of smother' Eriierpenoki feetalmb 
acrid, -'Nave also been shows to inhibit cellular' intlamnrntory processes, although, these 
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compounds have been less extensively characterized (Honda et al, 2006). The 

pharmacology of these synthetic triterpenoid molecules is complex. Compounds derived 

from oleanolic acid have been shown to affect the function 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 (e.g., Dinkova-Kostova et al, 2005; 

Ahmad et al, 2006; Ahmad et al, 2008; Liby et al, 2007a). Derivatives of betulinic acid, 

though they have shown comparable anti-inflammatory properties, also appear to have 

significant differences in their pharmacology compared to OA-derived compounds (Liby et 

al., 2007b). Given that the biological activity profiles of known triterpenoid derivatives vary, 

10 and in view of the wide variety of diseases that may be treated or prevented with compounds 

having potent antioxidant and anti-inflammatory 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 the 

treatment of one or more indications. 

The present disclosure describes novel synthetic triterpenoid derivatives with anti­

inflammatory and/or antioxidant properties, pharmaceutical compositions, and methods for 

their manufacture, and methods for their use. 

20 In one aspect, the present invention refers to a compound of the formula: 

15 

SUMMARY 
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(I), 
wherein: 

n is 0-1; 

2 



Ar is heteroarenediyl(c<8>; and 
Y is: 

hydrogen, hydroxy, halo, amino, or cyano; or 
alkyl(C<8), cyclopropyl, methoxymethyl, acyl(C<i2), alkoxy{C<8), 

acyloxy(c<8), alkylaminO(c<8), or dialkylaminO(c<8)» 
or a pharmaceutically acceptable salt thereof In another aspect, the present invention 
refers to use of a compound according to any one of claims 1 -17 in the manufacture of 
a medicament for treating and/or preventing a disease or a disorder selected from the 
group consisting of cancer, diabetes, rheumatoid arthritis, lupus, psoriasis, multiple 
sclerosis, Alzheimer's disease, Parkinson's disease, cardiovascular disease, chronic 
kidney disease, inflammatory bowel disease, dermatitis, mucositis related to radiation 
therapy and chemotherapy, uveitis, glaucoma, macular degeneration, retinopathy, 
ischemia-reperfusion injury, osteoarthritis, osteoporosis; asthma, cystic fibrosis, 
muscular dystrophy, pancreatitis, chronic obstructive pulmonary disease (COPD), 
idiopathic pulmonary fibrosis, sepsis, amyotrophic lateral sclerosis, Huntington's 
disease, and Crohn's disease. 

In one example, there are disclosed compounds of the formula: 

(I), 

2a 



wherein: 

n is 0-3; 

Ar is heteroarenediyl(c<8) or a substituted version thereof; and 

Y is: 

hydrogen, hydroxy, halo, amino, or cyano or -NCO; or 

alkyl{C£8), alkenyl(C£8), alkynyl(C<8), aryl(C<i2), aralkyl(C<i2), heteroaryl(C<8), 

heterocycloalkyl(C<i2), acyl(C<i2> alkoxy(C<8> aryloxy(C<i2> acyloxy(C^), 

alkylaminO(c<8), dialkylamino{c<8), arylamino(c<8), aralkylamino,c<8), 

alkylthio(c<8), acylthio(c<8), alkylsulfonylamino(c<8), or substituted 

versions of any of these groups; 

or a pharmaceutical^ acceptable salt thereof. 

In some examples, Y is -H. In some examples, Y is alkyl(e<4>, for example, methyl, 

n-propyl, isopropyl or cyclopropyl. In some examples, Y is substituted alkyl(c<4), for 

example, methoxymethyl. 

^ In some examples, Ar is N—N or 

In some examples, n = 0. In other examples, n = 1. 

In some examples, the compound is selected from the group consisting 



In some examples, there are provided pharmaceutical compositions comprising one or 

5 more of the above compounds and an excipient. In other examples there are provided 

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

comprising administering to such patients one or more of the above compounds in an amount 

sufficient to treat and/or prevent the disease or disorder. In one aspect, the present invention 

refers to use of a compound as defined herein in the manufacture of a medicament for treating 

10 and/or preventing a disease or a disorder in a patient in need thereof. 

Other objects, features and advantages of the present disclosure will become apparent 

from the following detailed description. It should be understood, however, that the detailed 

description and the specific examples, while indicating specific embodiments of the 

invention, are given by way of illustration only, since various changes and modifications 

15 within the spirit and scope of the invention will become apparent to those skilled in the art 

from this detailed description. Note that simply because a particular compound is ascribed to 

one particular generic formula doesn't mean that it cannot also belong to another generic 

formula. 

4 
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DESCRIPTION OF IUJJBJMA1WE EMBODIMENTS 

Disclosed herein are new compounds and compositions with antioxidant and/or &ntt-

inft&romsnory properties. methods for their mamitenre, and methods for tm% use, mehKtmg 

fertile treatment aud'or prevention of disease. 

When used in the context of a chemical group; "hydrogen'5 means -4-1; "hydroxy* 

mosjos. -OB; "oxo* was «0; sVcarfxmyl's> means ~C(*6}~; "carboy" 

taiso written as -C."OOH or -COjH); 'It&kr means independently -p. -CI. -Br or -1: 

''ammo''5 means 'Iwdrtvxyamimr means ^mtro''' means mimn means 

](J -NH; "cymo'' m.ea;is -CM:. "Ivocyanaixr means •--•(><); "wMif means -N,?; in a 

ixwmv&lmi context ''phosphate'" means -•-OPCOKOM}: or a deprotonated form thereof; in a 

divalent context "phosphate^ means ••OP({>):()H)(>- of a deprotonated form thereof; 

"mercapto" meaas -SH; and "thfcf means «S; ^suI&nyT means -S(0}>-; and ^suifmyr 

means 

15 in the context of chemical formukts, ihe symbol'mams, a single bond, means 

Q doable bond* and means triple band. The symbol "—" represents as optional hoiKl 

which if prssem is either single or <ksuMe; The syrsboJ " represents a single bond of. a 

•"X /"'N ^ ̂  
double taodL T&*s..for example, tva foitraib.. includes k^5. l.v.J aad 

t sJ. And it is understood that m one such. iing.atom forms mtri of more th m one double 

20 bond. Furthermore, it. is noted that the eov&leni bond symbol when connecting one or 

two stere^gs&ic e.ioms, does v,ul indicate any preferred -Jtersod^rnktry. Instead, it cover aU 

stereoisomers as well as matures thereof. Th« symbol u»*w\ * when dmwn perpendicularly 

across a bo.ad <<?^,*|—CH.S for methyl) indicate a point of ftttftcfcmaoi of the group. It is 

noted, that die point of attachment is 'typically only ide.mi.Sed in. this manner for larger groups 

25 in order to insist the reader in unambiguously ideisniyiag n poi.fi! of jufaohmemt. The symbol 

means a single bond where the. group atiaehed to the thiol: end of the wedge is "out of 

the page/* 'The symbol44 '"<$ w mm® a single bond where the group attached to the thick end 

of the wedge is "into the page'1. The symbol i;vw\ >* means a single bond vfee the 

geometry around a double bond (e.g., eite £ osr I) is imdefmed. Both options, as well as 

30 c-ombmtioiis thereof m therste intended, Use- bond' orders deserik^f sbove are mt 
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limi ting, when one of the atoms connected by the bdad 'is a .metal atom (M), In such eases.; it 
is understood that the actual bonding may comprise sigmfkaair .multiple bonding andfor ionic 
character, Therefore, .unless hsiieated otherwise, the formulas M-C. M-C, M~—C and. M 
~(X each refers to a bond, of any and type and order between a metiii atom mi4 a carbon 

5 atom. Any undefined valency on. an atom of a structure shov.-a in Uiis applkaiioa implicitly 
represents a hydrogen atom bonded to that-atom. A bold dot m a«Bt*>n attorn indicates that 
the hydrogen attached to that carbon is oriented out of the plane of die paper. 

When u .group i;R!> is depicted 3s a "'floating group'* .on a .ring system, lor example, in 
the fonnnk: 

then K may replace any hydrogen atom attached to airy of the ring atoms, memding s 
depicted. Implied, or expressly defined hydn>gete so long as a stable structure is formed 
When a pup "IT is depicted as a group* on a fused ring system, as foe example in 
the formula: 

then R may replace any hydrogen attached to any of the ring atoms of either of the fused 
rings ante specified otherwise, Replaceable hydrogg&s hxiude depicted hydrogens (e.g, 
the hydrogen attached to the nitrogen in the formula above), implkd hydrogens {e.g.s a 
hydrogen of the fdnnuk above that is not shown, but understood to be present], expressly 

.20 defined hydrogen, aad optional hydrogens whose presence depends oa the identity of a ring 
atom (e.g., a hydrogen, attached to group X, when X equals -CH--), so long as a stable 
•structure is formed fir the exaarpk depicted, £. may reside on either the 5-membered or the 6-
tnenvbered ring of ihe fused ring system. In die formula abeve, tfe subscript letter V' 
immediately fhiiowiag die group "R* enclosed is parentheses, represents a mimerfc variable, 

25 Unless specified otherwise, this variable ean be 0. 1, 2.: or arty integer greater than. 2, only 
limited by the maximum number of replaceable hydrogen atoms of the ring or ring system., 

Pea the groups and classes below, the following parenthetical subscripts farther define 
the grottp/d&i-s. as follows: "(p^r ^efuie^ the. exact number (a) of carbon atoms in the 

group/class. "iC<n f defines the. inaximum number (n) of carbon atoms that can be in the 

o 
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grcmp/das.s, wiili the minimum munbe? as smati as possible ffer the group in question, e.g., it 
is understood ihii the: minimum number of carbon atoms m the groop "a&eay^csar or the 

'class is .two. For csampks "^.koxy^ef designates those alkoxy groups having 
from I to 10 carbon atoms.- (Cu-.a') defines both the nunimora (n)<md maximum. number (if) 

5 of carbon atoms in the group. Similarly, designates those alkyi groops having 
from 2 to .10 carbon m\w< 

The term ^saturated* as used herein m&aos ifes compound or groop so.modified.has .no 
c-arboRrcadxsn double mi Q-Q easboii-cm-hm\ triple tmds, as- noted below. 1\\ the case 
of stibstituted- versions of saturated groups one or more carbon oxygen double bond or a 

10 eM'bon nitratgsft do&bkboiid may be present And- when. saeh a bond is present. then Qsrboxt-
cadx>& double bonds thai may occur as part of k.eto-enoi mitfoffiemirs or hriiPe/ei&mirte 
matomensm are not precluded. 

The term ^aliphaiio' whm tised without the ^uhsthsrf modifier signifies that the 
compotfnd/group BO modified is an acyclic or cyclic, but. sKjj^aroraatic hydrocarbon 

! 5 compound or group, h aliphatic compounds-grog's* the carbon atoms can be joined together 
m straight -chasm branched chains. or jjofi-ar&tsattc rirtgs (alicveUc). Aliphatic 
cgmpoimds/^rcmps can be saturated, ihar is joked by single bands (aikane^lkyl), or 
unsaturated, with (mo or more double bonds (a&eaes/aitayi) or with one or more triple 
bonds (aik^es/alkynyl). 

21) The term "alky!"' Svhen used without the '"substituted^ -modifier relets to a moacvodeiu 
saturated aliphatic- group with a carbon atom a* the point of attadimam, a linear or branched, 
cvelo. cyclic or acyclic structure, am! no atoms other th<m v-arbou mi hydrogen. Thus, as 
used be-rdn eyoiodkyi b a subset of alky! with the. carbon atom thai forms (he point of 
attachment also bemg a member of one or more nan-aromatic ring structures wherein, the 

25 uye-Mkyl group coosfets of no atoms other than csrben and hydrogen. As used herein. the 
term does not preclude the presence of one or more alkyl groups {carbon number limitation 
permitting) attached to the .riitg or ring system. The groups "€H;> (Mo), - Crb.QT (Et), 
-CfbC'HvCHs ftf-Pr or propyl). "CH(CHs.h 'Pr or isopropyl), -CHfCH^ 
(cydopropyl). -€^CR;CBCH. (s-Bu), -CH(CHs)CHzCH> (^e-butyi), ~a-l3GH(CH& 

3=') (isobutyl), •-C(CHjk {tert-bulyi, ^hutyU-Bs.or -CH2€{CH?)J (m^-peatyl)., eyclohutyl 
cyciopeolyl eydohexyi, &»<! cyclo.bexylnictliyl are norMhibtiag examples of alkyl groups, 
lire term ^jkanedsyr whets used without the *&ibatiiutetf' modifier refers to a divalem 
saturated aliphatic: group, with one or two saturated carbon aiom{s) >es the point(-s) of 
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attachment, & linear ar torched, cyd<x cyclic or aoyciic structure. -ao cafte-carbc* double 
or triple foottds, and so atoms other than carbon and hydrogen, The groups, -CHr-

.Hmitmg examples of a&anediyl groxsps. The tons ^Ikvlidemf wham used without the 
5 "'rabMtoscT .modifier refe to tk drvaleat group OKR; .b which R and R' are 

independently hydrogen. alkyl or R and IV are taken together to represent ao alkanediyi 
'bavmg at least two ca&oa atoms. Non-iimitisg egampto of aikylideae groups include: 
*CH& K'HCCHsCHiX HXCH^h. AR ^alkase*5 refers to the compound. H-R, wherein R 
is alky) as this term is defined above. When any oflhese verms is used with the "safosttetecT 

! 0 modifier om? or .mors hydrogen atom has been independently replaced by -"OB. -F., -CI -Br. 
•••'I -NH3, --NO,. <Xh% -COiCHh •<% -SH, -OCB3( --OCHiCH^ ~C(0)CH* -NliC4 
-NHCH2CH.V~-N(CHsb>--qOJKHi, -0C(0)CH^ or -S(0)2KH3. The following group* am 
non-limiting examples of substituted alley.I groups: -CHjOH. -CE-jC'l -€f% ~CH;CN, 
•~CHsC{Q)OH» -CtfeC(Q) OCHs, -CI-baONHa, -C^C{0}CH^ -CRJOCHI. 

15 -CH20C(O)CH,; -CfcfcNHs, -CBaKCeH^, and ^HjOfcCL The. terra "hsloslkyf is a 
subset of substitutedalkyl. in which 0ne or more hydragea aionis has been substituted-with a 
halo group and. BO other atoms aside from carbon, hydrogen and halogen are present. The 
group, -CHC1 is a j10.1-limi.d51g example of a haloalkyl.. The term "StioroaikyP is a subset 
of substituted slkyl. in which, one or more hydrogea has been substituted 'with a tluoro group 

20 arid no other atoms aside from carbon, hydrogen and fluorine are present The groups. 
-CBT% "CF3, and -CHjCFs -are iK>n4imjting-examples of tluoroaikyl. groups. 

Tb.fi term "alkeuyr when used without the "''substituted'5 modifier refers to an 
monovalent unsaturated aliphatic group with a caikm atom as the point of aitachmeai, a 
lifiear or branched, cyelo, cyclic or acydle-stoieture, at least. one- -Roaaromatie carboti-carbon 

25 doable bond, 00 earbotK^rbor: triple bonds, and no atoms, other ihu\ carbon aad hydrogen 
Hotvbmtmg. examples of iilkisriyi groups iucl.ude: ••<"hX"tbt2 (vinyl,),. 
-•CHrO^C^CHi, -OhCBCKz (ally!). mid <H<:HClh<Th The 
tsnn "sikeiiadiyr when used without: the "substituted" juodiiler refers to a divalent 
unsaturated aliphatic group with two carbon atoms, as points of attachment., a linear or 

30 branched, cycle, cyclic or acyclic structure, at leas! one mxmm&ic- carbott-earbou double 
bond, ifo caxbojKjajfeon triple bonds* aod -no atoms- other than carijoti ami hydrogen. The 

< are noro 

group^.~CB<ECBZ~, and i , tm noridimibog 
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examples of alkenexiiy; gixjups, It is noted thai while the alkeoediyi group k aliphatic, onee 
eoxmeored at hoSh ends, this group is not preluded from fora-img pari of -an aromatic 
ftruetam The teem* '"altae" orvto1ef5iT are syramymons sad .rem- to. a compomK! having 
the formula H-R.. wherda It b alkenyf as this term is defined shove. A "HermmaJi alkene" 

5 refers to m. alkme having just oae caita-earta double, txrnd, whereio .that Umi forms a 
vinyl group .at one end of the -mdec-uk. 'Wtea any of these terms are used with the 
"substituted'* modifier one or more hydrogen atom has bee?) independently replaced by -011, 
~F, -CL -1 -Nl-b, -NO?., -CO-.Hv '"C02CH:;> ~C:N. ~S'R -<)CHh -OCFI2CB,; 
CCOXTk -NHCHj* --NM€B,C% ~NfCR.)v, -C(OYNM>; -OC(0)C;f-& or -S(Oj3NH^ 

10 The groups, OtfCHP. -CBK'BCl and --€R:::CHBr, are ntm4mxkio.g exaxm-fe .of 
substituted alkeny I groups. 

The term "alkynyl5- when -used without the "suhstita^r modifier refers to an 
monovalent imsatutated aliphatic group with a carbon atom ss the. paint of attachment, a 
linear or branched. eydo, cyclic or acydle structure:, at least one carbon-carbon triple borel 

15 sod no atosste other than carhos and hydrogea, As used herein, the terra aikyay* does not 
preclude the presence of one or marc non-aromatic c&boorc&sboR double bonds; The groups, 
-OCH., -CwCCH* and -CHaC^CCH* are ixoji-ifmitmg e71atTipl.es of aikyj^y] groups. An 
"afkyrur' refers i?> the compound ITdl, wherein It is afkynvh When any of these terms are 
used with the ^substituted* modifier one or more hydregea atom has best:; independendy 

50 replaced fey -OH, ~Ff ~Ci, "Br, ~NH>, -NO., --COTl -•CO;;CH=; -CN. -SB. -OUT, 
-OCHjCH^ -C(0}CH,, -NHCHsv -NHCHsOBj, ~N(CH*k> <CO)NHi> -00(0^ or 
-S(0)SNH3. 

The term "and** when used without the "substituted" modifier refers to a monovalent 
unsaturated aromatic group with an aromatic carbon atom as the point of attachment, said 

25 earbora atom 'forming part of a one or more xix-memhered aromatic- rfeg stricture, wherein 
the ring atoms are at! earbou, tmdwherein' the grmip consists of ao stoats other than carbon 
and hydrogen. If rsore than one-ring is present, the dogs may be feed or uatased. As used 
herein* the term does mi preclude the presence of one or more alley! or ara.lky' groups 
(carbon number limitation permitting) attached to the &st aromatic ring or any additional 

30 aromatic- ring present. Noodirmting examples of aryl groups inchi.de phenyl (Ph), 
niethylphepxvt {di«iethyJ)pheayI, (ethylphonyl), naphthyf and a monovalent 
group derived from h.rpheu.y.1 The torn), "'eteneeiyr' whea used without the "substituted5 

modifier refers to« divalent aromatic group vvith two aroniabc carbon atoms as points of 
attacivment, said carbon atoms forming part of oae or more sk-meaibem! aron^atie rkg 
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structure^} wherein the rtag atoms m all cajfoon, md wherein the nxmova&tt gtoup eo«s?is& 
of ao-atoms otherlhat) carbon arid hydrogen, As mzdhzrm, the t&mx to* m preclude the 
presence of one or more alky], airy! or aralkyi groups (carbon number Ihwtattcjp permitting) 
iii.tac.hed io tlie first; aromatic ring or am- additional aroma lie rkig present. If more than one 

5 ring i» present, the-.tings amy be ted or usfed. U&fts&d m\%% ta&y be s-mmx&d via ojve 
or .more of the fci lowing; » covaiem bend, alkariediyl. or alkerrediyl groups f. carbon number 
limitation peniihdogf Nbn-1 hinting examples; of&'eaediyi groups mdude: 

.10 An "mag? refers so Cut compound H-'R, wherein R is aryl as that term is defined above. 
Benzene sad toluene are iion-Hmiting examples of areues. When. any of the$e terms are used 
with, fte ^txstlimsd* modUfcr om or more hydrogen atom has been iixk^ttdeaily replaced 
by -CM! -Ft -CI -Br, --i -NCK -CXM-l -CO2CH,; -CN, ~SHf -~OCtth 

-OCH2CH3, ~"C(0}CHi, -NKCHs. -ma-hQh -N(CH5^ ~C(0}N% ~CX.-(0)CHj. or 

15 -S(OteNH5,. 
The term ^aralkyP' when used without the ^uhstitut&T modifier refers to the 

monovalent group --aikanediyHtryl in which the terms alteediyl and aryl are each used t.n a 
maaaqr consistent with the defrnmorts provided abov$. examples of aralfcyia 
are; pfenylmethyl ('benzyl Bn) and 2~phe»yl-ethyl. When the term atalkyl is used with the 

20 "s=ii:>-ui'eited" modifier one or more hydrogen. atom from the alkansdiyi &nd/or the aryl group 
has been indepeads«tlvTep3ac.-ed by -OH, ™F, ~€l. -Br, -l. -NH^ -NO^. ~CO?Bf -COsCM^ 
•<X -$B, -OCBj, -OCH^CHt, -C(0)CH3> -KHCi'-U. -NHCfhO-k --NfCH:h 
•<XO)KR>, -OC(C»CH.: or --SfObNfk Non-liffikrag exarnpks of 'substituted araikyls are: 
(3-chk)mpheftyl')-}Tie%ls a.nd.2-o^].o.ro~2~p'heiiyl-et:h-i-yl, 

25 The term ^heterowyT when used without the ^substituted'* modifier refers to a 
monovalent aromatic group with m aromatic earhori tOom or nitrogen atom, as the poht of 
attachment said esrhoR atom or mitogen aioro i'omimg part of r>n.e or more aromatic ring 
structures wherein at least one of the .ring atoms is nim>gen» oxygtm or gu&tr; and wherein 
the hetc.roaryi grwip- consists of no atoms other than careers, hydrogen, aromatic rutrogeir, 

30 aromatic oxygen and- aromatic m\hr. If mors than one ritig is present, the rings may be fused 

HSC 

10 
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10 

15 

20 

25 

or tmfussd. As used herein, ihz iemi dees not preclude the presence of one or mors alky!, 
ml. &ftd/o.r sralkyl groups (carbon number limitation permitting) "attached to the aromatic 
ring or aromatic ring system. Non-limiting examples of heteroyl grosps include faranyl 
imidaxelyi indolyl, iodttsolyi (lm), isamolyl, nRthylpyrklmyi, oxaxofyl, phenylpyiidmyl, 
pyridioyL pyrrolyf, pymnidmyt pyrazinyh qiuoolyL qiiismolyi, qiunox&imyf tri&dmi, 
icteolyi HiiazolyL thienyi. and imzolyL The ierra ^MbefierowyT relets in. a ternary! 
group will) .a nttrogen..suo:m as the point of attachment Tfes term' *lKnero&reae<fiyr when, 
used y&thaat the ^substituted1" modifier reiki? to mi divalent aromatic group, mi\x two 
aromatic carbon. atoms, two aromatic .nitrogen aioms. or one aromatic carixm atom. and one 
aromatic nitrogen mm as. the two points of attachment, said, atoms (wm'mg pari of one- or 
more aromatic ring structures) whereia at least mt of the ring atoms is ni teogen, oxygen, or 
sulfur, and wherein the divalent group consists of no atoms oilier than carbon, hydrogen, 
aromatie nitrogen, aromatic oxygen and aromatic- sulfur. If more itaa. one ring is present, the 
rings am be fused or uafused. imfused rings amy be oo&oeetcd via one or more- of the 
following: a cov&lem: l.x.md, altaediyt. or aikenediyi groups (carbon number limitation 
pernutdng). As used herein, the tern? does not precede the presence of one or mors ailq-1 
aiyi.&odmr aralkyl groups {am\m\ number imitation penaitttng) attached to the aromatic 
ring or aromatic ring system. Non-hmiisog examples of hetero&renediyl groups include: 

A "heteroareiie" refers 8? the compound H-R, wherein R is hcieroaryl. Pyridine md 
quinoline are oon-iiiniting examples of heteroareaes. When these. te.nns are used with the 
"si3hsritated>?-.m<)4iljer one oi\mom..hy<!mgen atom hm been independently replaced by -OH:. 
-F, -Ch -Brt ~U ~NH2, -NOV. -COdi -€02a-k -CR -Sli. -OCBh -OCH?CE3; 

-•<;CO)CH3; ~mCfyCBh -~H(CH^, <(0)^. -OC(amh or-S(0),NI-l;, 
The term 'lieteroeycbalkyr «-1ien used without the '^ubsiiruted^ modifier refers to a 

monovalent non-aromatic group with g carbos atom or nitrogen atens as the point: of 
sitachruerst said carbois Morn or nitrogen a;om forming part of one or more iJOo^sro.niinle sing 
structures wherein at least .oae of (lis ring atoms is nitrogen, oxygen or sulfur, and wherein 
the heierocycloalkyi group consists of no atoms other than carbon, hydrogeik nitrogen, 
oxygen, and sulfur. If more tlian one ring: is present, the rings nmy be fused or urdus-sd, A* 
used IwaifiHe'-teim does .not preclude- 'the presence of one or more aikyl. grhnps (carta 
number limitation peftiaittingj attached io the ring or ring system Also, the term does not 

I 
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preclude the presence ofsme.or more dottbJe bonds in the ring <*r rag system, provided that 
the revoking group Non4miiting exainples ol\hetsrocyck}dky] groups 
include a^rkhnyl azetidinylf pyrrolklmyl piperidmyi pjjmxmyi Morpbolinyl, 
fhlomoxpkdmyl, tetrahydrofuranyi, tmhyafothiofuranyi, 'teimMropyranyf, pyranyh 

5 oomiiyl, and. oxBtonyl The (CJIB 'W-heterocye-laaikyr' refers to a heusroeycloaikyl group 
mih a nitrogen atom as the point of attaohroomt. The torm. ^.heterocyciodkaaediyr when 
used without the ^ubstimti&f modifo refers to divalent .cyclic- group, with two carbon 
Moms, two mim$m aterns, or one oarbon atom aad one- nitrogen atom as the two points of 
tftachmoDt, said atoms forming pan of one or more- ring sixucim^} w.herem at least one of 

10 the ring atoms is njfrogeii, oxygen, or sulfur, a.tid wherem the diva lent group consists af m 
atoms other than ertrbon, hydrogen, -nitrogen, oxygen and. ail far,. If more than one ring is 
present, the rings may be fused or imfnsed. United rings may be connected via one or more 
of the following: a eovalem bond, alhnediyi, ox *#euediyl groups (carbon number 'limitation 
peramtmg). As used teem, the term does not preclude the presence of one or more alky] 

15 groups (carbon number .limitation permitting) attached to the ring or ring system. Also, the 
term does not preclude. the preserve of one or mere double bonds sn the ring or ring system., 
provided that the resulting group .remains non-aromade, Nondimiting examples of 
teerocycMkanedlyl grasps .include: 

r-m o^N HM-\ 

20 When these- terms are used with the. "substituted^ modifier one o.r .more hydrogen atom has 
been independently replaced by -OirL ~F, -CI -Br, ™1 ™NH->. -COSR, -CQjCHk 
"-CN> ~$\\, -octii, -OCH,CH% -ao)c:&; -NHCH* ••-mcHscth 
•I-C{0)N"H2, ~OC(0) CHJ. ---S(().bNfb;, or "<X0}0€(CIi>h Imty 1 ̂ xye^rlx>i> yl ̂ BOC). 

The term *acyr when used without the "substituted" modifier refers to the group 
25 -CtCbR, .in which R is -a hydrogen. alkyf -aryl aralkyl or heteroaryi as those terms are 

defined above. The groups. -CHCX -€(0)CH3 {acetyl, Ac), -C(()}CB::;€B.?, 
-C(G)CB,CB ,CBh -aO)CHCCHj}^ "C(0}CH(CH^ <{0}C^, -C(D) C^CH^ 

•€((>)C!:X>C^: 1;i!5, •••CtOK'ifnfdazolyn are non4imitmg examples of my\ groups. A 'ihioacyF 
;.s defined m m. ajtalogons .maimer, exempt thai the oxygen atom of the group' ™€(0)R has 

30 been replaced wi-ih a sulfur atom, -C(S)R. The tern? "aldehyde" eorresjxmds to an aikaoe, as 
defined above, wlwrein at least ones of the hydrogen atoms has beea replaced with a-~CH0 
group. When my of these terms are used with the ^uhstiratetf .modifkrr one or more 
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hydrogen atom (including a hydrogen ata directly attaehed the e&rtoyl or taearbonyl 
group, if my) has bees ijxtepeadftMiy replaced by -OFL Hp, -€I? -Br. -I. -NM* -NO*, 
-CO2H, CO;CHr:. -CH sil. -OCHs, -NHCBjCH* 
~N(CTi5)s, -CiOmh, <>QO)Gh, or ~$(0}:NH:. The groups, -€(0)CM2CF^ -CCXH 

5 (earboxyl). -CQ2CH3 (r.ne%karfx>xylT -COiCH^CH^ -CJOJNHj (mbmbyi)* and. 
examples of substituted.rtoyj groups. 

The tern? "atay" when used without the ^robstimied* modifier infers to the gronp 
•OR, in which R is an-alky k as that term is defined above. Non.-Hmiti«| exaaipies of atkox? 
groups tocfade: -OCH3 (?n£ihoxy}f ~OCH2CJBb (ettay), --OCHsCHgCHj, <K"H{OH?-h 

10 (isopropo.sy). -I'KC'lh^ UenAiimxy), -(X.NH(Cl-l;j};^ --O-cyclopeiuyl and -<}™cydote:xyt 
The terms "jalkeayJoxy'"* ualkyii\tey"f "fcryloxy^ "aralkoxy", "heteroaryloxy", 
iieie.R>oydofiikoxy'\ and ^aeyloKy" when used withoat the "substituted" modifier, refers to 
groups, deiiaed as -OIL in which R h alkeny'L aSicymi aryi aralkyl heteroaryl 
helerooycloalkyL and'aeyl, respectively. The t'emt ^lkoxy<%r refers to the divaletit group 

15 •••<)-"ttenediyK -OalivsnediyI-•(>-, or -alkiiiiediyl-O-ataedhi"--. The terra ^alkylihio'" 
and V'<icvhhkf; whm used without the usubstHuted'" .m.od.ifser refers to the group ~SR, in 
which R is as alky! andaeyi respectively. The km^ak-ohoF' corresponds to m alkaiie.. as 
defined above, wh&zm least oae of the hydrogen atoms has-been replaced with a hydroxy 
group. The term "ether" corresponds team albvx-c? as defra.ed above, wherein at least (.me of 

20 the hydrogen, atoms has been replaced with *s aitav group. When any of these terms is 
osed with the "substituted" modifier one or .raore hydrogen atom has been independently 
.replaced by -OR ~F, CI -fir. -I -NHj, -NO,, -COM, «-hCHh -Of, -SH, OCHh 

--fXTKTk -C(0)CUh -MICH;S »NHCH:Ci& ~N(CH^ •<<G5NH>> -0C(0)CHis or 
-S(0)^KH2. 

25 The term ^alkylanuncr when used without the "substituted" modifier refers to the 
group -NHR, hi which R is. tin alkyl, as that term h defined above. NonTtmhmg examples of 
aS.kyland.iio groups mclude: -N'HCHs and •••MICIiTCE?.. The term "dmikykmikKr when 
ased without the "gubstfottecT modifier-reiers to the group-~-NR'R'f in which R and ,R: can be 
the same or different alky! groups, or R and R' cart be- taken together to represent an 

3.0 alkanediyl Non-limiting examples of diai.kylamis.50 groups include: -~N(ClTj;>, 
•-•N(CB.5)(CH;CBi),. ami A^pyrrohdmy!. The tetms '"alkoxyamino^, "alksayltoino"". 
"alkvnvlarakxy, 4%ytomof,f iv«nd.kyiamino,vJ "h^eroMylatrnno-. "hetwo'cyoloallcydamino" 
and "iilkybuliboylami.no^ when used without, tbe '"siib^iaite;T modifier, refers to groups, 
defined as ~NWR. m wliieh R. is aUmxy,. alkesyl aikynyk aryl aralkyi, heteroaryl. 
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teeroeydoalkyl aa<I alky&ulfom^ respectively. A m>n-lim$ng example of m\ 
group is --NHCd-k The term ^Middo" facyia;i:ii:<£>), when used without: the "substituted" 
modifier, refers to the group -.NHR, in which R s.v acyl, as that ieoj) is defined above. A non-
ilnii.tmg example. of as amscfo graup is -NHCfOKTk The UiJiTf ^aikyiimino"' when used 

5 without the "sabsusuted* modify refers m the divsttau group ~NR,;i» which R ]» m alky], as 
thai term is defined above. The term "\i!scylamiaqdiyf' refers so the dn-abnt group 
~NR."?Jkanediy!'-\ •"'NH'-aikancdiyi-NH-, or •nilIvaRe:d?y)-"NH--al.k.a3iedlvt"'. When any of 
toe terms is «i with the ''substituted" modi&er one or more hydrogen atom Im htm 
md^Kfently placed by ™QH, -F, -CI, -Br, ~i -N02, -N02, ~CCKR -COsCffe, -ON, 

JO SIL OCTk -OCH,CH.t -C(D)C% ~NffC% -NHCHzCH^ -N(CI^)^ -C{0)NJ:fc( 

-0C(0)CH„X5 C«- The groups •-1^BC(()}OCI-b and --^IC(0}HH.€H;' are afe»-
limiting ex&mptes of substituted mmdo groups, 

The ierrm' i v i? Iky I ili\ jny v and ''alkyisuifinyr when used without the "substituted** 
modifier refers to the groups -S(0)2& and ~S(0)R, respectively', & w.tiicli R is-ha slfcvi as 

15 thai term is defined above,- The terms 4*&1kasyisijlfhHyr\ ^Ikynylsulionylk "arylas1feftyr\ 
*aralkyMfoayr, ".heleroarylsul&nyf; and ^lieteixicyc-ioalkylsuJfonyr5 are defined hi m 
analogous' Mazier, When any of these terms is used with <h$ '•substftutecP modifier one or 
more hydrogen store 1ms been mctependemiy replaced by -Oil -F, -CI -Br, -I, -Nl-fe, 
-NDj, -COTL <(hCUh -€N, -SH, --OCB;: -OCf:feCH3) -C(0}CH^ -NHClk 

20 --mmhCBh -N(€-CfO}N% -OqO)CH^ or ~S{OfcNH> 
The term ^aikylphos^afe5* when. used without the ^ubstimted" modifier refers to the 

group -0P(0 }(Ol;;i)(OR). m which R h m alky I, as that term. is defined a hove. Non-limiting 
examples of a&ylphosphate groups include; -0P(O)(0H){OM$} and ~GP(0){OH){OEt), 
The term ^difil^yip^ospliaie" when used vviikvut the '^substituted" modifier refers to the 

25 group in which R and R' oarj be the same or different, alkyl groups. or R 
and R' caii b& taken together to represent an ajkanedivi, Non-jhnihag example* of 
dialkylphospfeitc groups include; -K>P{O)(0M'e);u •-T)!>(()){X)Ei:)(OMe)' and ~<)!?{0)(0Bth. 
When my of these tens is used with &s *sahstkmed* modifier one or more hydrogen atom 
has bees iodel^i^ieiitly rephteed by--OB, ™F, -~G1, '-Br,-™! -'NH-, -NO?-. -QXhClh, 

30 CK SIL -"'OCH^ 0(:U-Cfb, -C(0}CH^ -NHCB^ •••NHOKTk -N(CH^ 
<{0}m2, ~OCtO)Q-h or "'S(O).^, 

The use of the word *if or "a«r when, used m conjmtctbn with the term 
we©mpnsing,'! in the ekiros artd;or the speculation may:meai. "one," but it h also consisie.ni 
wit!) the meainng of '°one or isore^ "at least nne," ei)d **om or. more thao one." 
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Throughout this application, the term Hbouf is used to indicate that a value mdade* 
the inherent variation of error for tite device,, the.method. being employed i.o determine. the 
vahre, sr the variation thai ousts among the study subjects, 

As used herein, a **ctai auxiliary"' refers to a removable efctral group tki? is. capable 
5 m miiuei'icing the stereoselectivity of a reaction Persons of skill hi the art. are iatmlias: with 

suck compounds, and many are commercially available. 
The terms '^ampriae* 1»ve* .ami "include' are opeii-ended linking verbs. Any 

forms or tenses of OM or more of these %;erbs. such as "comprises." ^xHajHsstBg,"- "haV 
^having," "mehides'' ami "mchidiag.,'1 are. also open-ended. For example, any method that 

U) "comprises/' *has*" or "incladfes* one or mots steps is mi limited to possessing only those 
oiw- otmore steps ami also covers other unlisted steps. 

The term ^effective,*' as that term is used in the speti&eatkm .and/or claims, means 
adequate to aeeomplish a desired expected, or intended result "Effective amount," 
'Therapeutically effective amount** or "pharmi^emacaXfy effective amount" when used is the 

1 $ context of treating a patient or subject with a compound means thai amount of the compound 
wliic-fe, when administered to a subject or patient for treating a disease, is sufficient to effect 
such ^aimeat for the disease. 

As. used herein* the term "K.V refers to an inhibitory dose which is 50% of the 
xnaxkuan response obtained. This quaatitadve measure indicates how.much of » particular 

20 drug or other substance (inhibitor) is needed to inhibit a given biologieai, biochemical or 
ch.emi.val process (or component of a process, i.e, an esssym, cell, ceil receptor or 
micfoorgamsM) by hall 

Aiv "isomer" of a first compoimd is a separate compound in which each molecule 
contains the same constituent atoms as the first eompoutxi but where the eonfigmadon of 

25 those atoms m three dimensions differs. 
As used herein, the terra "patknf or "subjecf refers to a living mammalian 

organism, such, as a kmmn, monkey, cow, sheep, goat, dog, eat, mouse, rat? guinea pig, or 
transgenic species thereof, ivx certain, embochmems, the patient or subject is a primage, &on~ 
limiting examples-of human subjects are adults, juveniles, inlknis and fetuses. 

30 As. generally used hemk "|3hannace«tkmll}i--aeceptabl.eM refers to those compounds, 
materials, compositions* and/or dosage fhnwwkkh 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, allergic response. or other problems 
or complications eonm^ensumtc with a yea.soi'sable be^eiWrisk ratio. 
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;1>h!snriac.e«t;ca0y acceptable salts" means salts of cotnpotmds of the present 

mmxhti which are phara&mitisaily acceptable, as ddm&d abcrvet sad which. possess the 

desired pharmacological activity. Such salts include acid addition, salts formed with, 

iaorgaaie acids such -as hydrochloric acid, faydrobrorak- acid, suifhne acid, nitric acid, 

5 phosphoric arid, and &e like; or with organic acids such. as L2-sthaxiedisulfbiHe acM, 

2-rhydm.xye.t'hane5olio.iiic. acid, 2-aaprstliak^nes'i.ilfoiik acid, 3--phcriytpiXfpiordc acid, 

4,4l-metliy)ej5ebis(3-ljydroxy-2"ene"l-carb.o;xyiic acid), 4xm«t);vyl.bio)!cio|2.2.2|oc|;-2-w~ 

1-carbosylk- aekt acetic acid, aliphatic mmi>~ m& dkarboxylfc? aei&v aliphatic sulfuric ac-ids, 

aromatic swlfbric acids* be^enemlloaie acid, heroic acid, camptatdioale acid, carbonic 

10 acid, cmnamic acid, efcric acid, cyciopeiim^ixipiQnic acid, etlm^uifoivio acid, faarie-

a.cicl giiEcoheptoisic mm, gluconic add, glutamic acid, glycohe.acid, teptanoic add;.hexaaokt 

acid, hydimyoaphthoie acid, lactic acid, lanrvl,sulfuric acid, malsic acid, malic acid, omlonie 

acid, maudeiie acid, methaiiesiilfbttic acid, muconic acid, o-(44^ydroxybeijzoyl)bei;2d5c acid, 

oxalic- acid. /;<..h.ic-rf.^efl^e;ne:stuf'd.n.ic acul phehyl-siibstituted allanoie acids, propionic «ckl 

15 ^doiaenc&iiHbnic; acid, pyruvic acid, salicylic acid, stearic acid, sucdmc acid, tartaric acid, 

iertia.iytmtylac.eiie acid, trmuihylacetie acid, and the like. I1unn.aceutica.Uy acceptable .salts 

also include base addition salts which may be formed when. acidic protons present, are capable 

of reacting-, with iaorgamc m organic bases, Acceptable morgame tees include sodium 

hydroxide, sodium carbonate, potaasiiao hydroxide, akiruirmm hydroxide ap.d calcium 

20 hydroxide. Acceptable organic "bases include ethaooiamioe, dbtbaaoiamine, feictba.uoIaiiii.ne, 

tK?methamim\ .Af-methylglucaraioe aad the like, it should be resogmxed thai the particular 

anion or cation ionium a part of any salt of this invention, is not critical, %o hog as the sa.it as 

a whole, is pharmacologically acceptable. Additional examples of pharmaceutlcaily 

acceptable salts and their methods of preparation and 'use are presented in Handbook of 

25 Pharmaceutical Salts: Properties, and Use (P. H. Stahl & C G. Wermsth g<1s., Ycrfag 

Helvetica'Chimsca Acta, '2092). 

The term "phamiaceadcally acceptable earner,*" as used kre-k means a 

phamiaceutioaliy-aeeeptabk material exposition or vehicle, such as .a liquid or solid filler, 

diktej.it, excipieoi, solvent or eacapmlatitag material, involved m carrying or transporting a 

30 chemical agent. 

"Preveottou" or ''preventing" includes; (1) h&ft&mg the onset of a. disease is a 

subject: or patient which may be at risk, and/or predisposed to the disease but does oat vol 

experience or display airy or all of the pathology of symptomatology oC die.disease, aad-'dr (2) 

slowmg the onset of the paik^oey or .symptomatology of a disease hi a subject or patient 
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which may be at risk aad'br predisposed to the disease hit does not yet experience or display 
my or ali of the [Ethology' or symptomatology of the disease. 

^Prodrug" means & compouad iliar is oommilbk m vivo memholieai'ly imo m 
inhibitor according to the present mv«Gtio&. Tbs prodrug itself mas?' or may not also hove 

5 activity with respect to a given target prose-in. For example, « compound. comprising a 
.hydroxy gronp raayjw-,^ijj&ci©d as m ester thai is .converted, by hydrolysis, ft? m&ia the 
hydroxy compound. $u£u$e esters- te may be corn-dried ft? vh*> imo hydroxy eompcnmds 
include acetates. citrate, lactates, phosphates, tartrates, makmates, omh'm, salicylates,, 

propionates, suoc&tetes, toarates, maleates, :n^ethy1eas4>is«f)-.hydroxyn.aphtfeoate> genlisatas, 

:!0 isethioaatfis, di-zHolt^ylterastes, me%ukirndibnates, efemiesuffontues. benzeacsTiiibnates, 
poolaenesulibiuttes, cyclpiiexyLstdfaniates. qumates, esters of amino adds, and the like. 
Similarly, a compound comprising an -amine group may bo adamustered as m amide that is 
converted by hydrolysis in vivo to the amine compound, 

A Stereoisomer or "optical isomer" is an isomer of a given-compound in which the 
15 mm atoms are bonded to the same other, atoms, but where the configuration of those atoms 

ia three dimensions differs. ^Eaanliomtrs'' are stereoisomers of a giveti compound that are 
mirror images oi each other, like left and right kinds. *;Bictsiefeomei?r are stereoisomers of a 
givej) compound thai are sol enanlioroers. Chhal molecules contain a olnrat oe.ai«.rf also 
referred to as a siereooeoier or stereog&nie center, which is any point; though not necessarily 

.20 an. atom, iti ft molecule Shearing groups such that an imerehanghig of any two groups leads so a 
stereoisomer, fn organic compounds, the chiral center is typically a carbon, phosphorus or 
sulfur atom., though it is also possible for other atoms to be- stereocemcrs in organic and 
inorganic compounds. .A. .molecule can have multiple siereiscenters, giving it many 
stereoisomers- in compoaods whose stereoisomerism, ia dne to iotr&heck&l stereogenic centers 

25 {&$.• teimhedral carbon},. the total number of hypothetical!)' possible stereoisomers will not 
exceed 2a. where n is the number of tetrahedrsi stareocenters. Molecules with symmeuy 
ik*|ne«t!y have fewer than the nia&imuni possible number of aiereaisomars. A 50:50 mixture 
of enatitiomers k referred to as a racea-ic mixaae. Alternatively, a. mixiare of eaaatiomers 
can be eariat.iomeri.caHy enriched so- that one esmotio.raer is present in mi amount greater ihm 

30 50%, Typically, enamiomers and/or diastereomers can be .resolved or separated asing 
k'ehmqu;--s fcaown la the an. h is eomemplated that that far any stefeoeeater or axis of 
chbiliiy for which stea'octaustry has not teen defined, that stereocenter or axis of ehkifity 
cast be present in its R form. 5 form, or as y ndxtury of the R. and £ forms, iriC.1odi.eg race.mic 
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and r.on-raeemk mixtures, As used herein, the phrase "substantially free from other 
st ereo isomers" ®ea.e.s that the oompasitio.a contains < L5%, more prdemhly < 10H, even 
more preitT&biy <' 5%, or most preferably < 1% ofaBOilief srereoisoHieifs)-

"Treatment* or "iresiitig" sodudes (!) inhibhmg a disease m a subject or patient 
5 expenencmg of displaying the pssthohgy or 'symptomatology of the disease (e.g., arresting 

ixntber $&»'tXapwmi of ike pathology and^'or symptwsm.obgy}; \2) ameiior&mg a disease it) a 
subject or padem dial is experiencing or displaying the pathology at symptomatology of the 
disease fee, rcvenattg the pathology and/or symptomatology), and/or (3) effecting <wy 
meMnnible decrease m -a-disease m a subject or patient thai is experiencing or displiiysng fee 

10 pathology , or symptomatology of (he disease, 
Other abbreviations used hamn are m follows; DMS(,l dimethyl sulfoxide; (CXX.Te, 

oxalyl. chloride: EiN,:, or TEA, triedwkmine; DMA?, dimethytemmopyiicline; BhO. diethyl 
ether; /j-PrCONHMi^, butyric acid hydmxme; <;-PrCONHNl:K isobwyrie acid hydmxioe; c~ 
?rC-0NHNHj, cyclopropane carboxylte ac-id hydrazine; p~TsOH» /^tol««aesu[fonk- acid; 

15 QMF, dimethyifomwdde; EDCL l-etiiyi-3-{3-dii5ietliykaiiltLopit!;py[}cai^diimkk;; NO. 
.nitrk oxide: iNOS. inducible nitrie oxide synthase; COX-2, cyckJoxygemise-2; FBS. fetal 

bovine serum; IFNy or I FN-?, iaterfemn-y; TMFa or TNF-a. tomor aeerosb factor-a; IL- l|i 
mtedeukm-1 fr, 140-1> inducible h erne oxygenase 

Ike above defjaKioas-supexsede any conflicting ddkitioii m any of the reference that 
20 is incorporated By refereaee herein. The laci.thai certain imm n& defined, however, should 

not be considered as indicative thai any term thai is imdefined is indefinite. Rather. <>,11 terms 
met! arc believed to describe the invention in term* such that one of ordinary skill can. 
appreciate the scope and practice the present iaventiom 

XL Compounds a»d Synthetic Me&ods 

25 The compoimds provided by the present disclosure are shown, above in the summary 
of ike invention, in the claims, ami m the sections below. They may he made usisg the 
methods outlined in the Examples section, "these methods can be imthev modified a»d 
optiia.iy.ed mm the principles aod techniques of organic dhsmjsiry as applied by 8 person 
skilled, iri the art. Such .principles and techniques are taught, for example, hi March •$• 

30 Aihancm Orgamc Chmitfry: Rmc(ion;<, MeclwnUms, und- Structtirs (2007), whioh is 
incorporated by reference hereiit. 

Compounds of the mvesition. may contain one or more asymmetricall.y-sabstitated 
mhon or nitrogen; atoms, unci may be isolated in optically active m mttmk form. Thus, all 
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chmly 4iasfa:ttOiiit;vk:v mcm\k form, epirastb form, «md all geometric isomeric .forms of a 
chemical formula are intended, unless the specific. stereochemistry or isomeric form -is 
specifically indicated. Compounds may occur as raeemates and raesmte:-mixtures, single 
enasiiiom&s, -diastemmerk mkt«res:and individual. toter^meri in some'embodimente, a 

5 siagle <jjastere&mer is obtained. Tlxf cliiral centers of the compounds of the pmssnt.mvenfa 
can have' the S or ih&R e*m%«ratfcva. 

Chemical formulas used te represent compounds -of the mveratioii will fypie&Uv only 
show ot>e of possibly several different totomea for example, many types of ketone groups 
arc known to exist in equilibrium 'with corresponding snot groups. Similarly, many types of 

10 trams groups exist m equilibrium with etsammd groups. Regardless of which rautamer is 
depicted for a given compound, and. regardless of which one is most prevalent, all tauiomers 
of a given chemical .formula are intended. 

Atoms making up t-he compounds of the present invention are intended to include all 
isofop.ie ferns of such atoms. Compounds of \he presort invention include toe with one or 

15 more atoms that have been isotopicalfy modified or enriched in particular those with, 
pharnasceuttealiy acceptableisotopes or those useful for pharmseeinieal ly research. Isotopes. 
® ivsed km hiehsde those atoms hiwmg the same atomic number but. di&rerit mass 
numbers, By way of general example and without jimitation- isotopes of .hydrogen- include 
deuterium, and tritium, and. isotopes of carbon include ;"'€ and ?"C. Similarly, it is 

20 contemplated that one or more carbon ate.m(a) of a compound of the present mvention may 
be replaced by a silicon atomCs). Fmthesmore,. it is contemplated that one or more oxygen 
ittom(s) of a compound, of the present invedikui may be replaced by a sulfur or selenium 
atom(s). 

Compounds of the prosem invention may also exist in prodrug form. Since prodrugs 
25 are known to enhance numerous desirable qualities of pharmaceuticals (e.g., solsMay, 

bkMivaitehiiity, manofactiumg, etc.), (be conrpounds employed m some methods of the 
invention, may, if desired be delivered m prodrug form. Thus, die invention contemplates 
prodrugs of compounds of the present invention u well as methods or delivering prodrugs. 
ProdiugS; of the compounds employed is:; the invention imy he prepaiod by modilying 

30 functional groups present. in ibe compound in such a way that the modriieatioos are cleaved, 
either in ronline snanipulntton or in vivo, to the parent compound, Accordingly, prodrugs 
include, for example, compounds described herein in which a hydroxy, amino, or carboxy 
grm.jp is bonded to any 'group that, when the prodrug is administered io a subject^ oiesivos to 
form. a hydroxy, amino, or earboxylic acid, respectively. 
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It should be ieeo$3izetfHJjat (he particular-aiwon or easion £mnm%;ii.pm oi any salt of 
this invention. is aof. oruka'L so long as the safe as a whole, i:sp!mtmaeok>gicaliy acceptable-
Additional wamples of phraamstkally acceptable salts ami Cheur -methods of preparation 
atid. use are presented Irs Handbook of Pharmaceutical Sails: Propmie-s, ami Vie (2002), 

3 winch is incorporated hcrmr by reference, 
It should be .further, tecogaized that ttie ^tspauroU of the present iawsaftiofc include 

those dut ijsv& beet* forte modified to- comprise substitoen& that are convertible to 
.hydrogen m vm). This riiclud.es those groups that.may be convertible to -a hydrogca atom by 
etymological or chem&al imams mcludiag, hut sot limited to, hydrolysis and 

10 bydrogenolysk Examples roetnds hyxlroly?ahie groups, such as aoy! groups, groups baviog 
•ar* oxyearboiiys givo«p> amioo add residues.. peptide- residues, onstmph.enyIsuiie.trvi, 
trimctfayisilyl, fetrabydropyiuiiyl dip.frenyiphosphinyL ami (he like. Examples, of aqd groups 
include ibrmyl, acetyl triilaoroacetyl, and the like. Examples of groups having m 
o^ycarbosiyl group include etho.xyeastoml /m-butoxycarboayl {••<"(0)0{}(CH>}j, Boo), 

15 Ixwykxycathouyl fj-metlioxybeiv^yioxycaAojvyl vmytoxycarhouyf 
tolueRssid.&Byl)£ik5xycarlx>«yi; and the like. Suitable ammo acid residues include, but are 
not limited to, residues of Giy (glycine)* Ala-(alanine), Afg (argkme), AMI (aspaftguaa); Asp 
(aspartic acid), Cys (cysteine), Giu (glutamic- acid), Hk (hisfklmek He (isoleudne}, ^eu 

(leaacbic), tys (lysine). Met (methionine), Phe (pheoyiatamne), Pro (prolines Ser (serine), 
20 Thr (threonine)* Trp (tryptophan), Tyr {tyrosiae.}. Vol (valine). Mva (rwrvaline), Bsc 

(homDsenne}, 4-Hyp (4-hydroxyprolitje), 5-Hyi {5-hydroxy)}:si.ne;), Om (ornithine) and p-
Ala. Examples of suitable amino acid residues also include amines acid residues chat are 
protected with a protecting' group. Examples of suitable protecting groups iaeiuie tee 
typically employed m peptide synthesis, including ae-yl. gsxmps (such as. hmyi asd. acetyl), 

25 aryimethoxycadxmyi groups (such as bensyioxycarfcoay! and p-mtrobenxykixycarboflyl), 
fs?r/-bui:oxycarbo«yl groups (-C(0)(X;(CHI.}3, Boc). and the like. Suitable peptide residues 
bict'ade peptide residues comprising two to live- ammo acid residues- The residues of these 
amino aekfe or peptides can be present in stereoehcmieal am%uraiions of the D-fbrm, the L-
form or mixtures thereof h% addition, the amino acid or peptide residue may have an 

3D asymmetric carbon atom, Examples of suitable amino acid residues having an asymmetric 
carbon atom include residues of Ala. Leu, Phe, Trp. .%a. V^L Met, Ser, Lys. Thr and Tyr. 
'Peptide residues km.ng an asymmetric carbon atom include peptide residues having ono or 
move co.nsdmeat amino acid residues haviag an asymmetric easbog atom. Examples of 
suitable amino acid protecting groups include those typically employed in peptide synthesis. 

20 
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mckdiag at$ groups (such as fcmyi Katy& arvinK^boxycarfeoriyl groups (sm-fe ss 
be^yloxyairbpfiyl. -and /^iiitfobe^teycarbpflyl), /e^utoxyomtoyi. groups 
^^P'lCK.XCHs.'h), m& ih& like. Other examples of svihsiitueuts <cewembk- to hy&ogea in 
riw»* iRcksde reductive:^ dimimhte ftstfrogeE&fyzabie groups. Examples of suitable 

5 reduetiveiy eiimir;«bie. hydroge^o!yzabk- groups mdude, but 5ive mi limited to, avyisuifonyt 
groups {stu-h as o-tohicr:esaifcriyl); methyl. groups substituted with pheayl or benzybxy 
(such as benzyl irityi mt benxyhxymeiliyi}; arybuetteyoartayl groups (such as 
Iwybxye&rborwi and a-met3my~bea^loxyc-arbo-n.)^}; aad fciksethc^ycartoyl groups 
{such as li.p.p-tricKloix^'othoxycarbcHisy'! and p-iodoethosycarbDsyi). 

10 Compounds of Use invasion; may also have ths- advantage that ibey may be :mcn*e 
efFicackvus fha&. be less toxic to, he longer acting tav be more'potest than*.produce fewer 
side ejects <hm be more easily absorbed than.. and/or have a better phaniutcokmeiic profile 
(e.g., higher oral hfoavaslabiHty aft&or lower clearance) than, snd'or have other useful 
pharmacological physical,. m chemical properties ovw> oottpwrnds fowwa m the prior ait> 

:15 whether for use ra the iodkatuais stared' herein or otherwise. 

HI. Biolfigfcal Activity 

Assay results for the suppression of IJNy-biclueed NO production are shown, for 
several of the compounds of the present invention m Table- i below. h\ the ng.hi-hnBd 
column of this table under the RAW264? headmg, the results are compared to those of 

20 feardoxolans methyl (RTA 402, CDDO-Me). Details regarding this- assay are provided k\ the 
Examples Sijctioivbelow. 
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IV. Diseases Associated witli laftamafloa and/prOxKlaiive Stress 

Inflammation k a biological process that provides resistance i&Metnknts or parasitic 
Organisms and fee re|:?atr of damaged tissue. hdl animation. is commonly .characterised by 
localized vssodiladoa. ^setaess, swelling; and pain., the r&muiramx of leukocytes to the site oi' 

5 infection or ircj&ty. 'ptottoetkm of h.fkmm;Hory cytokines sack as INF-«• and ILd, and 
production of. reactive oxygen orimrcgeii species sack ss hydrogen peroxide, superoxide and 
pamsymtme. .to. htm- stages of fafammtttta, tissue remoMiag, aagiogsaesis, md scar 
formation (fibrosis) may occur as part of the wou-ad healrag process, Under normal 
circimM'-MOes, the. uiilanunaiory response is regulated and temporary and is resolved hi an 

10 ordiesuated fashion once the mfection or injury has heeu dealt with, adequately. However, 
acute ioftiir5.rniati.on. caa become excessive ami liiVthreMcmftg if regulatory mcehamstus fail. 
Alternatively, inflammati-oa can become chrome and cause cumulative tissue damage or 
fiysieriiio cosiiplications. Based at least ori the evidence presented above. the compounds of 
this kveatbn may be mad m the treatment or prevention of inftamBatscre or diseases 

15 associated with infkmmabon. 
Many serious md intractable human diseases involve dysreguMon of urOammaT.ory 

processes* including diseases such as cancer,, atherosclerosis,, and diabetes, which were mi 
traditionally viewed as jiitasmaioiy conditions. In the case of cancer, the mtlarrarouory 
processes arc associated with tumor formmk'®. progression, .metastasis, and rosfc&mce to 

20 therapy. Atherosclerosis, long viewed as a disorder of lipid metabolism, is now understood 
to be primarily an iuii;mmi;uory condition. wkh activated macrophages pitying m important 
role in Oie formation and eventual rapture of atherosclerotic plaques. Activate of 
inflammatory signaling pathways has also been, shown, to play a role m the development of 
insulin resistance, as well as m. die peripheral tissue damage associated with diabetic 

25 hyperglycemia. Excessive production of reactive oxygen species: and reactive nitrogen 
species such, as superoxide, hydrogen peroxide, nunc oxide, and peroxynitrite is a hallmark 
of Mlammatory conditions. Evidence of dysregulatad peroxyrauite pmduction has been 
repeated m & wide variety of diseases (Szabo-•&ah> 3007;. Schnlx et tf/., 2008; Forstsrroajm, 
2006; MU007], 

30 Autokmume diseases such as rheumatoid arthritis, lupes, psoriasis, md multiple 
sctaas involve ^appropriate and chronic activation, of inflammatory processes in affectcd 
tissues, arising from dysfunction of self vs. non^df recognition and response mechanisms in 
the ir.mmu.ie system. In mnirmiegeaerative dtasgs such as Atahermefs sad ^rkmson's 

25 

SUBSTITUTE SHEET (RULE 26) 



WO 2014/040056 PCT/US2013/059015 

diseases, aew&I riatpage is correlated with aetivuikxa of microglia aad elevated levels of pro-

milennnatOTy proteins such as Inducible nitric oxide synthase (iMOS). Chronic organ failure 

suck as rami Mure, heart Mnre, liver &3ure» and clirosic obstraai"ve pulmonary disease is 

closely associated with the pteseace of clmxtic oxidative stress and leading to 

5 the development of'iibrosis mi eventual toss of orgsmiknciioR. Oxidative stress m vascuflar 

endothelial cdis. which ltr.it1 major and minor blood vessels, can. lead to endothelial 

dy>t\mction .and is believed to be. w important contriving factor in. the development of 

systemic cardiovascular disease, eompliettions of diabetes, chrome kidney disease and other 

foym$ of organ failure, and a number of other'aging-related diseases including degenerative 

10 diseases of the central. nervous system and the mm 

Many other disorders involve oxidative stress and. inflammation in. affected tissues, 

including infkmmatosry bowel disease, intonnniory skin diseases; mucositis related to 

radiation therapy and cheanotherapv; eye diseases such as uveitis, glaucoma, macular 

degeneration md vackm forms of retinopathy; transplant failure ami rejection; isehemia-

15 .repeT.fosion injury; chrome pam; degenerative conditions of die bones and joints including 

osteoarthritis and. osteoporosis; asthma at?d cystic fibrosis: semire disorders; and 

neuropsyeiiiatiie conditions inciadmg schizophrenia, depression, bipolar disorder, post­

traumatic stress disorder, attention deficit disorders, atitism-speceiim disorders, and eating 

disorders such as anorexia nervosa, Dysregnktion of inflammatory signaling pathways is 

20 believed to be a major factor in the -pathology of mn$ete wasting diseases kcMag muscular 

dystrophy and various forms of cachexia. 

A variety of lite-threatening acute disorders also involve deregulates? iaflaramatosy 

signaling, including acute orgaa MKue involving the pancreas, iidney% liver, or lungs, 

myocardial infarction or acute coronary syndrome, stroke, septic shock, trauma, severe bnras, 

25 and. anaphylaxis. 

Many coropiiccnsonis of infections diseases.also invoke dysxefdatkm of foftammatoiy 

responses. Although an. inflammatory response can kill invading paihogem, m. txcwsfoe 

inil&mm&tory response can also be quite destructive and in some cases can be a primary 

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

30 also lead to systemic complications due r.o overproduction of intlaniinatoryeytokinea such as 

TKF-a and II..-1. This is believed to be a factor in 'mortality arising from severe influenza,, 

severe acute respiratory syndrome, and sspsts, 

26 

SUBSTITUTE SHEET (RULE 26) 



WO 2014/040056 PCT/US2013/059015 

The aberrant or excessive expression of either iNOS. or cyelooxygenase^ (COX-2) 
has beers. implicated in the: pathogenesis of .many disease processes. For example, it. is clear 
to NO is a potent finnagen fTamsr And Taimehaam* 1996), and that mine oxide can also 
»eiivate;€OXr2 (Sidvemmi m d/.,. 1994). Furthermore, there is a marked increase © i.NOS in 

5 rat colon, tumors induced by the carcinogc;v a;wxymcthane (Tokahashi ci at, 19^?}. A series 
of synthetic triterpenoid analogs of oleanolic ackl havs bee;i sh.ow.ri to be powerful inhibitors 

of cellular iftQammatrny processes, such as the induction fey IFN-v of indacrbk nitric oxide 
synthase (iNQS) add of COX-2 in mouse macrophages See Honda o! at (20003.): Honda •.?? 
td. (2000b), .ami Honda. (2002), which are all incorporated herein by reference. 

10 It) one aspect compounds disclosed herein arc characterised by their ybilhy to inhibit 
the production of nitric oxide in raaeraphage-djsrived HAW 264.7 ceils induced by exposure 

to ydriterferotx Tliey are further characterized by their ability to induce the expression of 
antioxidant proteins such as NQOJ and reduce the expression of pro-iailaninratory proteins 
such as COX-2 sod inducible nitric oxide synthase (iNOS). These propeni.es are relevant to 

15 the treatment of a wide array of diseases and disorders involving oxidative stress and 
dysregidadon of inflammatory processes iiicluding cancer, complications from localized or 
total-body exposure to ioruzirsg radiation, mucositis resulting from radiation therapy or 
di.emothorapy, autoimmtme; diseases, eanHowagsiar diseases including- athomsdemais, 
ischcrsria -reperfbsioo injury, acute and chronic, organ failure including remsl failure and heart 

20 failure, respiratory dfeessgs, diabetes ami complications of diabetes, severe allergies, 
transplaxtt rejection, grafr-versus-hosi disease, nem"0<legctte.ra.tive diseases, diseases of the eye 
and retina, acme and chronic pain, -degenerative' bone diseases including osteoarthritis and 
osteoporosis, inEain?naio.ry bowel diseases, dermatitis mid other sick diseases, sepsis,, hums, 
seizure disorders, and oeuropsyehunrie disorders. 

25 'W'ithmtt being brand by theory, the activation of. the antioxid^mt/aaii-mXIanimatory 
Keapl/N.rf2/ARB pathway is believed to be implicated in both she amwnOanimstory and 
anti-carcinogenic properties of the compounds disclosed herein, 

}n another aspcct compounds disclosed herein raay be used, tor treating a subject 
having a condition caused by stated levds of oxidative stress in one or more tissues, 

30 Oxidative stress rose its; from ahrioraisliy bigs or ^okmged levels of reactive oxygen species 
such, as superoxide, hydrogen peroxide, nitric oxide, and peroxynitrite (formed by the 
reaction of .niirio o>:ide and superoxide). The oxidative- stress may he accompanied by either 
acute or chronic inflammation, The oxidative stress may be caused by -mitochondrial 
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dysfh&ctiOB, by activation of immune veils such as macrophages and :aatfR)phils. by acute 
exposure to an external ageM such as kaizsng radiation or a cytotoxic chemotherapy agent 
[e.g.. doxorubicin! by trauma or other acme tissue injury, by Lschemki'veperfeio!), by pom 
circulation or anemia*. by localised or systerqic hypoxia or hyperopia, by devoted levels of 

5 milammiiiory cytokines and oilier inilani!»^4tr«)n-reiaied proteins, and/or by other abaonxuU 
phy$blugjp.a] stales such as hyperglycemia or'hypoglycemia. 

hi animal models of tasag such condiuoas, simulating- exprwskm of inducibleheme 
oxygenase (HO-1). a target gens of the NrC2 pathway, has been shown to have a significant 
therapeutic died including medals of myocardial infarction, renal failure, Iranspiant fauure 

10 ami rejection, stroke,.caixiiavascuiar disease* and aotoimimme disease Saoertioti et al, 
2003; Afcsraham & K&ppas.. 2005; Bach, 2000; Araejc ei si., 2003; liu et al, 2006; Isb&awa 
et alf 2001; Krisgvvetul-, 2006; Satah etul^ 2006; Zhou e( at, 2005; Morse and Choi 2005; 
Morse and Choi, 2002). This enzyme breaks free hems down into iron, carbon monoxide 
(CO), and bilivcrdin. (which is subsequently oo.averf.ed to die potent antioxidant niokc'ute, 

15 bilirubin.!'-
1'u another aspect, eojnpoimds of this invention may he used in preventing m treating 

tissue-ctaajge or organ .failure, acute and chrcmie, resulting from .oxidative stress exacerbated 
by inihmnnalion. Ex.am.pks of diseases that tali m this category include: heart failure, liver 
failure, transplant failure md reiecikm, renal failure, pancreatitis, fifc-rotic long diseases 

20 (cystic fibrosis, COPD, md idiopathic pulmonary fibrosis, among others), diabetes (including 
complications). atherosclerosis, ischemia-nsedmhn injury, glaucoma, stroke, autoimmune 
disease, autism, macular degeneration, and museul'ar dystrophy. For example, in. the ease of 
mtkm, studies suggest feat increased oxidative stress m the central nervous system, may 
contribute to the development' of the disease (Qiauhafl and Chauhan. 2006). 

25 Evidence also links oxidative stress and inftammstidft to the devejbprnettf and 
pathology of mmy other disorder of the central nervous system, including psychiatric 
disorders such as psychosis. 'major depression, and bipolar disorder; seizure disorders such as 
qwiepsy; pais, and sensory svTuiuuues such as .migraine, neuropathic pain or tinMus; sruid 
behavioral syndromes siteh as the attention, deficit -disorders. See. e.g., Dickerson et al, 

3:0 2007; Hgnson •&£- uL 2005; Kepda^Taekett. 2007; Leneg et .aL.'IWl: DudhgaoJta $(• &lt 

2006; L&i' &i'&L 2007'; Morris ei &l, 2002; RcMer etal, 2005; M,e!ver et. J;/., 2005; Sarchklh 
et al, 2006; Kawakami ef at., 2006; Ross el *?/.,.2003, which are at! incorporated by rcfeieuc.e 

herein- forexample, elevated Jevds of mSammatory cytokines* including TNF, inierforo«ry, 
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and IL-6: are- associated with. major mental illness (Dickenson at al, 2007). Microglial 
iictiv.atio.il has also been linked, to mgjor mental illness. Therefore,. dowttregnlating 
iaflammatosy cytokines and iiiMbhing .excessive activation of microglia could-be beneficial 
in pmm&with schixoptam, major depression; bipolar disorder, auiisfti-spocimrn'disorders, 

5 and other neumpsyehktrie disorders.. 
Accordingly,. ta ethologies mvoMng. omkiive stress alcays or oxidative sum 

exacerbated by tnflaramatioa, treatment .may sampm* admiiustmng to a subject a 
therapeutically effective amount of -a cosnponsd of this mvajtiaa, mck m those--described 
above or throughout this t;pecificatioJV. Treatment may be admmtstTOl preventively, in 

10 advance of & predictable state of oxidate stress ie.gorgan. transpiration or the 
administration of radiation therapy ® a cancer patient), or it may be administered 
therapeutically in settings involving established oxidative stress and inflammation. 

The compounds disclosed herm may be generally applied to the treatment of 
iofkmmatory conditions, saeh as sepsis, dermatitis, autoimmune disease and. osteoarthritis. 

15 k one aspect, the compounds of this invention may be used to treat inflammatory pain and/or 

seuropsth-ie pin, forexample. by inducing Nrf2 aad/orinMhiting NF-KB. 
In some embodiments, (lie compounds disclosed herein may be used in the treatment 

and prevention of diseases such, as cancer, inll-ammation, Alzheimer's disease, P«s&BKm'& 
disease* multiple Xerosis, autism, amyotrophic lateral sclerosis, Huntington-s disease, 

20 autoimmune diseases stash as rheumatoid arthritis, lupus, Crohn's disuse and psoriasis, 
inflammatory bowel, disease, all other diseases whose pathogenesis is believed to. involve 
excessive production of either nitric oxide w prostaglandins, and pathologies involving 
oxi dative stress alone or oxidative stress exacerbated by inflammatUjn. 

Another aspect of intkmmsiion is the production of inflammatory prostaglandins 
25 soch as prostaglandin £ 'These molecules promote vasodilation, plasma, extravasation,, 

localized pam; elevated temperature, and other symptoms of mftammation.. The inducible 
tot of the enzyme COX-2 is associated mh their production and high levels of CO'X-2 are 
found in inflamed tissues. Consequently, inhibition of COX-2 may relieve many symptoms 
of inflammation and a number of important ami-islianm-uuory drags (e.g., ifesprofesi aad 

30 cetoaub) set- by inhibiting COX-2 activity. Recetn' rwseareh, however, has demontoisd 
that a class of eydopemen.ofte prostaglandins- (cyPCis) (eg.. 15-deoxy prostaglandin ,12, a.k.a. 
PGI2j plays if role in stimulating the orchestrated resolution oi anamination (ae:, Rajiskanar 
e? al., 2007), COX-2 is also associated with, the production of cyelopentenons prostaglandins. 
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Consequently, inhibition, of COX-2 may interfere with the- Ml resototkat of iofkmmaooa, 
[jOWjiiSiaUy promotiag die persistence of activated immurse cells in tissues <n\4 leading to 
chronic ^smoldering* inflammation. This efteei may be. responsible tar the increased 
meidsnce- of emhovaseular disuse- in patients using selective COX-2 ialubiim for long 

5 periods, of time, 
In one aspect, the compounds disclosed herein may he used IO control (he -,production 

of prQ-infiamax?4ojy c^fcaws within the cell by selectively activating- regulate cysteine 
resfcte (RCRs) on proteins that regulate lhe.acii.vity of tedox-^miw& tmnsenpiion factors. 
•Miivatioa of RCRs by oyPtln .has been, shown io initiate a pro-resolution program m which tlic 

JO .activity of the antioxidant, and cytopxoteciiv-e tHuscnptton factor .Nr£2 is potently induced .mi 
the 3ciiviti.es of the pro-oxidtuf aixl pxMnfan^tory transcription factors NF-KB and the 
STATs are suppressed, 1B some embodiments, tfci$ macaws. the production of anuoxi.dant and 

reductive molecules (NQOK HO-1, SODL v-GCS) and decreases oxidative stress and the 

production of pro-oxklani and pro4aflammatoxy motok-s (iNOS, COX-2. TNF-tx). In some 
15 embodiments, the compounds of this invention, may cause fee cells thai k>sl &e inflammatory 

cvc&l to revert to a .non-dnilanimatory state by promoting live resolution of inflammation and 
limiting excessive tissue damage to the host. 

\\ Pharmaeeutlen) Formiil&iions aud Routes of Administration 

Hi® compounds of the present disclosure may be administered by a variety of 
20 methods, e^.s orally or by injection ij: g. sisbcnraaeous, intravenous, inirapenio?ieai eft:.). 

Dependmg ort \hc route of administration, the active compounds m&y be coated m a material 
to protect the compound from the action of acids and other natural conditions which may 
hmctivate the compound, "they may also be administered by commaous pedasio^/inrusion 
of a disease or wound site. 

25 To administer the therapeutic compound by other than parenteral administration, it 
amy be neeessniy to coat the compound with, or co-administer the compound with, a material 
m prevent its inaeiivation, For example, the therapeutic compound may be administered to 5; 
patient m as appropriate carrier,, tor example, liposomes, or a diluent FharamcedtaOy 
acceptable diluents include saline .and aqueous buffer solutions. Liposomes include wator-m-

30 od^n-water CGF emulsions as '.veil as conventional liposomes (Slrejam &u cit, 1 '>84). 
The therapeutic compound, may ako be administered pareinsmlh; umapeniooealiy, 

ifttraspmaHy, or mtiacerebmBy, Dispersions cast be prepared in glycerol liquid polyethylene 
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glycols, and .mixtutxis. thereof and lis oils. Under ordinary c-cmditio«s of storage and use. these 
prorations inav contain a preservative to prevent tiie growth of Microorganisms* 

H^rautceimcal e-qro|tt>s.ukms snilabk for injectable use include: sterile aqueous 
sfttuiio^ (where water soluble), di§pef$i<mf ami nmh p&vtevb for the ei^^aporaj)ew« 

5 prepann.fcm of sterile injectable solutions or dispersion. See for example U.S. Patent 
Appiiestios by J. Zhang, entitledikAmorphous Solid Dispersions of CDDO-Mc .for Delayed 
Refea&e Oml Dosage Compositions^ filed February 13., 2009. whkh is .bsorporated hereto 
by reference, in all cases, the composition must be. sSerik <i«d must be fluid to the extent tbiit 
easy syringability exists. It most be stable under the conditions of ma.mdseusre and storage 

10 .imd must, be preserved against the-eoi>u»BHMi»g actios of microorganisms sut>h -as bacteria 
•and foagi The mm.tr can be a solvent or dispersion medium containing, for example, •evaier. 
ethanol, polyol. (such as. g.lyeemL 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 soclt as fecithm, by the mamteaanee of ihe required particle 

15 s&e m the case of dispersion and by the me of surfactants. Prevention of the action of 
microorganisms can fee achieved by various antibacterial and antifungal agents, for example, 
^arabens. ehk>rob»Umol, phenol ascorbic ack.1 thimerosai, and the like; In rmmy cases, ii 
svili. be preferable to include isotonic agents* for example. sugars* sodium chloride, or 
polyaieohols such as marmitol aad sorbitol, m die-composition. Prolonged absorption of the 

20 injectable e^mposhioM can be-bmught about by including m the composition m agent which 
delays absorption, for example, siommnni monostsarate orgehfda. 

Sterile injectable solutions can be prepared by incorporating the therapeutic 
compound m the required. ammant la m appropriate solvent with .one or a combination of 
ingredients enumerated above, as required, followed by filtered sterilization. Generally. 

25 di$per»o»s are prepared By incorporating the therapeutic compound i.mo a steiils carrier 
winch: contains a basic dispersion medium and the required other ingredients from, those 
enurnmted above, hi the ease of sterile powders for the preparation of sterik. iuject&bk. 
solutions, the preferred methods of proration. are vacuum drying and 'freese~dr>!ing which 
yields- a jxmter of the active ingredient (i.e., tbe vherapeatie -compound) phis-aay -additional 

30 desired ingredient. iron) a previously sterile-filtered sohmcw thereof. 
The therapeutic compound can be cmiliy jftdtainistarad, for emmpie, with m inert 

diluent or an assimilable edible carrier. The therapeutic compound and. ether ingredients may 
also be enclosed m a hard or soft skill gelatin capsule, compressed into tablets, or 
incorporated directly into the subject's diet. For' oral, therapeutic administration, the 
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therapeutic compou&d may be. incorporated with exeipients mid usedin tie form-ofmgmhle 
tablets, buccal tablets, troches, capsules, dbd.rx, siispenskms., syrups, waters, and the like. 
The percentage of the- dierapeutic compound in the compositions and preparations may, of 
coarse, be varied. The amoum ox the therapeutic. ^mipoum! k swell teapatteily \mM 

5 e^m^ositkmsis such that a suitable- dosage will be- obtained, 
It is sxp^ckliy adsaaUgeous to .fbnmdate parenteral ^ampositjte m dosage um.t form 

far eas& of admimstrauoa mid tauforraity of dosage. Dttggg- mix form as used taiii refers 
to physically discrete units suited as umtmy dosagesior the subjects to be treated; each imii 
eosiamirig a pi^ddemimed quantity of therapeutic compound cslouteted io produce the 

1(1 desired therapeutic effect k\ association with.- the required pbanaaoeutfcal carrier. The 
spec-Lfieatkn'L for the do sags uaii forms of the rnvstiilo-ft ate dicmled by mi directly dqxndeut 
on (a) ike unique characteristics of the therapeutic- compound and the particular therapeutic 
effect to be achieved, a«d (b) the limitatb.ns iniiexent in the an of compounding such a. 
therapeutic compound for the ta&ieM of a selected e-ondhioa in a patiem. 

15 The therapeutic com^oim.d. may also be administered topically to the skin, eve, or 
mucosa, A'hmradv'eiy, if bed deliver}-' to theiunp is decked the therapeutic compound may 
be adrmmstersd by inhalation, in a dry-powder or aerosol formulation. 

Active compounds are. administered si a-teapesitisally effective dosage sufftdeat to 
treat a coudi.ticm associated with a eondition Is a paiietn. For example, the efficacy of a 

20 compound can he evaluated in m aaima! model system that may bo predictive of efficacy m 
treating the disease m hamafts, such as the model systems shown in the examples and 
drawings. 

The actual dosage amount of a compound of the present disclosure or composition, 
comprising a compound of the present, disclosure admkisterad to a suhjcct may be 

25 determined by physical and physiological factors such as.age, sex; body weight, severity of 
condition, ihe type of-disease Mag treated, pramm or conctasrcBf therapeutic Imerveoth.os, 
Miopathy of the subject and on the mute of admini&nttton. These factors may be detetmmed 
by a skilled artisasi. The practitioner responsible for admmistration. will typically determine 
the coeceoiratio!! of active ingredient^} m a vompoakhm and appropriate dose(s) for the 

30 mdividuai subject The dosage may he adjusted, by the individual plmkimx m lite event .of 
any eompHoaikm, 

An ciiee-tive:amo«nt typically will vary from about ft .001 mg/kg to about 1000 rag/kg, 
from. about 0,0! utg/kg to about 150 mg%f from about IQOmg/lcg to about .500 m.g/kg. tkmi 
about 1.0 mgftg to about 250 "ai#;kg? from about 10.0 mg% to about 150 mg/kg m one- or 
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.paof« dose admiiustr-atos daily, for <mt or several 4ay& (depending of course the moik oi' 
admrnistfatien and the .factors discussed, above). Other surtabk dose ranges Include ! mg to 
10000 rag, per day, 100 mg to 10000 mg per day, "500 mg to 10000 mgfjer day, and S&0 -fflgU? 
}OT mg per day, hi some jjaxticuJar £mhodiraems, the amount is te tkm. 10.000 .nig per 

5 day with a range of 750 rag 10 9000 rag per day. 
The effective amoum may be less, than 1 mg/kg/day, le^ thaa 500.mg/kg/dsiy> loss 

than 250. ragfegrday, less fat 100 ttvg^'day, ta. tlmtv SO mg/kg/d&y, less than 23 
iiig/feg/day or less thmi 10 tngAcg/d&y. It may alternatively fee in list range of 1 m.g/kg/day to 
200 mg/kg/day. For example. regaling.-mratmei# of diabetic patients, the unit dosage may 

10 be an mom to reduces Mood glucose by m least 40% as compared to as untreated subject. 
In another embodiment, Che unit dosage is au amount that reduces blood glucose to a level 
dial is & 1.0% of the blood glucose level of a uon-diabesic subject 

In other noiMimirkig examples, a dose may also comprise, from about 1 micio-
gram&g/body weight, about 5 imerogram/kg/hody weight, about 10 microgram/kg/body 

15 weight, about 5CS miorogrcan/kg/bodv weight, about 100 iricrognmv'kg/body weight, about 
200 mscrogninr4v1g''b'Ody weight about 350 microgram/kg/body weight, about 500 
niiorograai/k^lKjdy-weight about 1 m£lligr&m%%itdy weight, about S milhgram/kgfbody 
weight, about 10 ^Uj$r»?n&g/body weights about 50 milligram/kg/hody weight, about- 100 
mtlligram/kg/body weight., about 200 milhgram/kg/body weight, about 350 

20 mUHgtm/kg/bodv weight, about 500 milligmvkg^ody weight, to about 1000 tag^kg/body 
v/etght or more per administration, and a:ay range derivable therein. In m">u4imiimg 
examples of a derivable range from the- numbers listed herein, a. range of about 5 rag&g/body 
weight to about i00 mg/kg/'body weight, about 5 mierogM%:%ody weight to about 500 
t$iiIHgram/k.g/hody weight, ere.. Can be administered, based on the numbers described above. 

25 Iis ceitam embodiments, a pharmaceutical composition of the present disclosure may 
comprise, for example, at least about 0.1% of $ compound ofth.e present disclosure, In other 
embodiments. the compoutKi of the preseat disclosure may comprise between about 2% to 
afen.it 15% of the weight of the unit, or between abom. 25H to shout 60%, for example, and 
any range deovablHherdH. 

30 Single or multiple doses of the. a gents are contemplated.. Desired time intervals for 
deliver of multiple doses can be determiaed by one of ordinary skill in the mi employing no 
moie than routine erperhncTitatkm. As anemmple,, subjects eiay be administered two doses 
daily at approximately 12 hour intervals, in some embodiments. tb.e agent i$. administered 
b&ce a day, 

.11 
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The agemts) may foe adimaistered or; a routine schedule. As used herein 5? routine 

schedule refers to a predetermined designated period of time, '1% routine schedule may 

encompass periods of time which m identical or whkh differ hi leagth, as long as the 

.schedule h j^e&mtined. For kstmick, the routine 'sdfcdufe may owoiv* adminisMion 

5 twice a day, every day, every two days, even three days, every four clays, every five days, 

every six days, a weekly basis, a monthly basis or any set number of days or weeks there-

between. -Altemsir/%* the prcdsfermmed roisfitio schedule may Evolve admmistmfa <m a 

twice daily basis for the first week, followed. by a daily basis for several month*. etc. In other 

embodiment. the invention provides dm the sgemf's) txmy be taken. orally and that the. timing 

10 of which is or is not dependent upon food intake. Thus. for example., the agent can. be taken 

every monimg ami/or every evening, regardless of-when the subject has eaten or will eat. 

YL Combination Therapy 

In additkm to beii^g used as a monotherapy, the: compounds. of the pressor inveMion 

may abo imd. use in combination therapies. Effective combination therapy may be achieved 

15 with 8 single- oompositioa or pharmacological fbnmilalkm ti^af includes both agents, or with 

two distinct compositions or fommta.ri.ons, sdn-iinistcred at the same time, wherein one 

composition inelnd.es a compound of this invention., and the other includes the second 

agents), Alternatively the therapy may precede or follow the. other ageat treatment by 

mtemls ranging from, minutes to months. 

20 Non-Hmkiag examples of such combination: therapy include combination of one or 

more compounds of the invention with aooifcer aati-kfknimatary agentf, g daemotherspeutic 

agent. radiation therapy, in antidepressant ait antipsychotic a|enl an anticonvulsant, & mood 

stabiliser, m amUttfec&ve agent, mi antihypertensive. agent, a cholesterol-lowering agent ot 

other trsoduUuor of blood lipids, ax.uige.ot for promodng weight loss, m smti thrombotic agent. 

25 m agent for treating or preventing cardiovascuifir events such as myocardial inikrottan or 

stroke, an antidiabetic agent, an agem tor reducing transplant rejection or graCt-versus-host 

disease, m atsti^rtkit.ic agent, m analgesic agent, as ami^asikftatie -agent or other treatment 

for respiratory diseases, or an agent for treatment en prevention of skin disorders. 

Compounds of the invention may be combined with agents designed to improve a. patient's 

30 tmmuae response to cancer, mc-Msg (Mtt not limited to} cancer vaccines, See I.,u et al. 

(201!), which h incorporated herein by reference. 
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VIL Examples 

The following mmpks are included to taa&stt&te preferred ttsitodsmerite of the 
ifivefttion. It-should be appreciated by those of skill in the- art that the techniques disposed m 
the examples which ibikw represent techniques discovered by she inventor to firnotkm wall 

5' m the practice of the invention, and thus can be considered to constitute preferred modes for 
us practice, However, those of skiilin the an should in light of Hie present disc-tore, 
appreciate that many changes can be made in. the specific eJXihodimenis which are disclosed 
and still obtain a like or similar result without deparii.ng .from the spirit and scope of fee 
invention, 

10 Methods and Materials 

Nltrte Oxife "Prodactloa %n& Cell Viability Assay. RAW264.7 mouse macrophages 
were plated in 9.6-weU platen at 30;:00'0 cells/well m triplicatem RPMI1640 -f 0.5% FBS and 
incubated.at 3'7*C with 5% CCk On the next day; ceiK were pre-treated with DMSO or drag 
(0-200 nM dose range) Tor 2 hows, and then treated mth reeomtriaaffl raouse i'FNy (R&D 

15 Systems) for 24 hours. Nitric Oxide ooac-aatfatkm in .medta was detenaiaed using the Griess 
reagent system (Fromega). Cell viability was determined usmg WST-1 reagent (Roche), IC^ 
values were determined based on (he suppression, of li'Ny induced Kiltie Oxide production 
normalized!;} cell viability. 

NQ01-ARE Luefease Reporter- Assay. This assay allows for qri&rni&tive 
20 assessment of the endogenous ac-dvity of the NrJS tasmptkm factor in cultured mammalimj 

cells. Expression of Finfy luc-ifetsse from NQOl-ARH lucifbotse reporter plasmid is 
eoi.nroll.ed by binding of Nrf2 to & specific enhancer sequence co.n'esp<mdin.g to the 
antioxidant response dement (ARE) that was identified hi. the promoter region of the human 
KABffiqaiuoBe oxkkurcffoci&gc 1 (NQQf) gene (Km et at, 1995). The plasmid was 

25 constructed by kse.ning a sequence; 
5- CAOTCACAOTQACTCAGCAGAATCTO-3f'(SBQ ID NO:Ij 

encompassing the human NQOl-AKE into the pL«c-M€'S- vector nsing Hindlll/Xhol closing 
sires (GeaSciipt Carp., Piscataway.. Ml). The assay is performed in. KuH? cells maintained in 
.DMEM (liivitmgon) supplemented with I0%- FBS and l(ftlU'mMeach) of penicillin end 

30 streptomycin. For the assay, ceils are plated in 96-wcH plates at njjOO ceils per well.. 
Tweniy tour hours later, the cells are eo^omsfeeted vs/hh 50 ng each of NQO I -ARE reporter 
piasmid and pRL-TK plasmid using Lipofectamine 2.000 transtoioa reagent (invmogen). 

35 
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pRL-TK plasmid constiiuttveiy expresses fcmiiiki ludiferase and is- used as.m intersial control 
for BonnaHiuUkm of iransfection levels. Tlisrty feonrs after frartsfecik>n, the c«!Is are tre&t&d 
with impounds (at coiicentratkuss ranging from 0 to 1 yM) for eigbteea hours. firefly and 
Rerttfh luci!ems£v activity ss assays! by Dtsal-Gh Lv^ifersse Assay (Promega. Corp., 

5 Hidmm, Wi), the kuxmie^ceBcy signal is measured, on m I-Max II kmkomcter (Molecular 
Devices). Firefly ludfese activity-js normalized to the Remik adkity, a»d fold iadocticm 
over a. vehicle corral (DMSO) of normalised Firefk activity is calculated. The fold 
mducttan at 62.5 ilM eventration is used .for comparing, relative potencies of compounds to 
induce Nrf2 Iranscriptkroal activity. Sec Xi.e et xi, 1995, which is incorporaied herein by 

10 referees. 
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Synthesis aa,d Cftftracteraaikm of Compounds ai«$ IsteimedistM 

Compound .1: Corupomid RTA 40.1 (.LOO g„ 2iB mmol) was dissolved in CHjCb 

(20 ml.), arid the solution was cooied to 0 XI Oxalyi ehku'kfe (0.55 mL 6.50 .mmol) was 

added, followed by DMF (2 drops), The Action mixture was stod at mom temperature ibr 

3 2h, then" the reaction mixture was eonceotrated, The residue was azieotraped 2- Willi CH-Cl­

io give compound .1 ss a. yellow tan, wMi was used directly h\ thetvext stop, 

Csmpmsad 2; Co.mpou.nd 1 (2,03 mmo!) was dissolved in Mr;?0 (20 ml), and the 

solution was cooled to 0 T7 'To the reaction mixture were added EhN (0.565 ;«L, 

4,05 mmot) and a solution. of &cethy4ra?Me (226 mgf 3,05 ramoi} kCITC,^ (10 mL), The 

10 reacts! mixture was stirred at worn temperature for 30 .rain, mid was then extracted with 

EiOAe and washed with water. I N HCL. and water again. The organic extracts were dried 

over MgSQ*, filtered, add co.ncen.trated. The raidae was purifwd by Hash eMmimo^raphy 

(sUios gel, 0% to 100% EtOAc ;fe bexaties) to gn:t oompomrd 2 (1.08 g, 97% from RTA 463) 

as .an olf-whitefoam solid: mfe 54S3 (M^T). 

15 Compcmisd TX&B84: To a. solution of eon-pound 2 (54$ mgr. LOO mmol) m toluene 

(20 mL) was added p-TsOH\95 .mg* 0.50 mmol). Tbem&oiion was heated at 135 °C svsih: a 

Dean-Stark condenser attached ibr 1.5 K After cooling io moot fc5niperattfref the reaction 

mixture was washed with water, dried over MgSG* filtered, and eoneenira&d, The madue-

was purified by flash, chromatography (silica gel 0% to 1Q% EtOAc vxi hemnes.) lo give 

20 compound TX63384 (390 mg, 74%) as an oif-white loam solid; lR HMR (400 MHz, CDCI3) 

5 S.02 (s, IH), 5.96 (s, ill), 3,13 (m, IH), 2.94 (dv 1R ,/'- 4.5 Hz), 2,53 & 3tt)s 2,19 (m, 

1H); 1.20-2U5 (m, 14H), 1.45 (s, 3H}t US (s, m 1.19 <s, 3% U6(s> % 1.06 & 3H)S 

LOS (ss 3H), 0.95 & 3H): m/v 5303 (Md), 

Compound 3: To a sohuioa of butyric acid hydrazdde (1.56 mg, 1.53 romoi) and EtiN 

25 (0-58 ;ail.< 4,16 mmol) m CH/Ch (5 mL) was added & solution of compound 1 (510 rag. 1>00 

mmol.) m CH.->Cb (5.0 ml,}. The reaction mixture, was stirred at room tentpeffituft for 2.5 h. 

The reaction, mixture was ih.eo extracted witln EtOA.e and washed with 1 N TiCI and brine. 

The. organic extracts were dried over NaaS04, tillered, and concentrated. The residue was 

purified by Hash ehtximatography (silica gel 0% to 100% EtOAc in hesanes) to give 

30 eoffipotmdJ '1566'tng, 98%)asa white solid; m/?/576.4 (M-H). 

Coiiipssiod TX6347S: To 3. solution of compound 3 (197 mg, 0.342 mmol) in 

tolume (12 ml.) was added f>-TsOB (53 mgf Od'74 The- yeas'.timi.was heafed at 1.35 
C'C with a "Dean-Stark eoBdenser aitaolied. for 2.5 h. After cooling to rooir; temperarutiv. the 
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reaction mixture was extracted -with EtOAc ami washed with saturated NaHCOj and brine. 
Hie organic- extracts we dried .over 'N%S04, filtered and co«cei?tmed. The residue--was 
•purified by Sash chromatography (silica get 100% BtOAc m lisxaaes) to give ooinp&ufid 

rxmn (159 m> '83%) as ft while *£& lH KMR (400 MHZ, CDCi,} 6 &Qt (s, m\ 195 
5 {s, 1H). H4 (id Ui 13.4 Hz), 2.94 (d, Oi/«4.7H»fc 2M fi, .211/-7,6 His), 

119 '{m, IB), .!v93' (nv3Hj, 1.50 (m, 13H), 1,45 (s, 3H), 1.25 (% 3H). 1.16 (s, 5H); US fe, 
mi im <«, 3H), 1.04 (s, m 0:99(t 3.B, J - 7.4E4 0.95 (s, 3H};.m/z-55M (M-H), 

CQmpeniMl 4: To a- solution of isobmyriu acid faydrasids (153 .mg, L50 mrad) and 
It$N (0,5&mt, 4Jf>mmol) fo CHaCl* (5 mL) was added awtationaf eoiiipoiisd I (510 trig, 

ID U)0 mmol]! in CH3Q2 (5,0 nil]. The reaction mixture was seined at room temperature for 3 
k The reaction mixture was ihea extracted wills BtOAq and washed with 1 N BCi sad brine. 
'Tlio organic extracts were dried over N%$04. filtered, and co&cenftated. The residue- was 
purified by flash chromatography (sHica gel Q% to 100% EtO.Ac is teaties) t& give 
compound 4 (525 mg, 91 %} as a white sniid: rtv'z 576.4 (M-H). 

15 €©m|x>usd TX&3476; To a .solution of compound 4 (282 mg, 0.490 mniol) )j-
tolusue (12 mL) was added />TsOH (48 rag, 0.253 mrnoQ. The T&iedoo: was heftted at 135 
°C with a Demi-Stark condenser attached for 1 h, Mer cooling to room temperature, the 
reaction mixture was extracted with BtOAe md wael*ed with MturRted NaHC.Ck mid bririe. 
The organic- extracts were dried over NajSQ*. filtered and eoaceatraied, The-residue was 

20 purified by flash ehromafographv (siHea gel 0% to 100% EtOAc in bex.aties) to give 

compound TX63476 (233 mg, 85%) as a whip solid; ' B NMR (400 MHz, CDCld 3 ZM2 fe 
IH), 5,95 fs> IH), 3.17 (m, 2H), 2.99 (d; Hi J - 4.7 Hz), 2.18 (dt; 1H,.J - 42, 14/8 
1.90 (ra> 3B)S 1.45 (m, I1H), L4S(s, 31-1), U? (d 6K/« 7.0'Hz), 1.25 (s, 3HJ, 1.16(8, 3H), 
LIS (s, 3H), L05 & 3H)» UH& 3Hjs 0.95 fc 3H>; Ob 5585 (M-M). 

25 Compound 3: To a -solution of eyejoprapaae carboxvBe acid hydrazkk (155 tag, 
L55 mmol) sod EtjN (038 i»L. 4J6 ainiol) hi CH^Ci:;- (5 mL) was added a soluiioo. of 
compound I ('510 mgf 1.00. mmol) in. CHvCb (5:0 mL), The reaotioa mkim'Q w&s stirred at 
room temjiera;iirc fbr 3,5 h. The reactiori .mkture was ih&n extracted with: BtOAc sad 
washed iohh 1 N HCi &?id hine. The orgatuc cxtrsicls were dried over Na.SOs, filtered, i-ind 

30 (X>ncw«iaL The residue was purified hv: Th.sh ckrot«aiog.raphy (silica gel 0% to 100% 
BtOAe in tames) to give compoaiid 5 (495-mg, 36%) as a. white solid: mix 574.3 (M-H.), 

TX63477: Ta a solalio'D of c.oolpound 5 (2$8- .mg, 0.502 iiuuo]) s.ii 
to.Uicnc (12 mL)' was added f'-TaO.H (55 mg, 0.289 -soiol). The reaoticm was heated at !5t) 

46 

SUBSTITUTE SHEET (RULE 26) 



WO 2014/040056 PCT/US2013/059015 

;>C with a I>ean-$i&rk coiKkoser attached for 2,5 it Aikr cooling to room temperatursx, the 
reaction, mixture was extracted xvitb EtOAc and -washed with saturated NaMCO;; and. brine. 
The organic extracts ware dxied over Nsj.SO,-^ tillered, and. concentrated The residue was 
purified by flash dtroM^aphy (silica gel 0% to 100% BtOAe m bexanes) to give 

5 TX63477 (231 mg, 83%) as a wfc solid: fH NMR (400 MHz, CDCb) S 8.02 (s> 

TO, s.§5 (s, 1H)« 5-TO (tf, TH, J «• 3.6, 1X2 Hz), Z% (4 1H, J - 4.7 >!•& 2.12 (m, 2H), 
1.90 (ms 3M), 1.45 & 3H)> 1.43 & 15H)> 1.25 (s,3H), 1.1S'fo 3Tt), 1J6 (s, 311), UWfc 3H), 
104 (s, 3H}< 0.94 m); 556.3 (MH). 

Compound f>: To a sokmoit of metboxyacetfc 'acid Mrasdde {16$ .mgs L59 mmot) 
10 and Bt;N (0.56. mL, 4 ..02. mmolt ia CH^Oh. (5 mL). was added a xohtkm of compound 1 (510 

nig, LOO imno!) m CHsCk (5.0 mL), The reaction mixture was stirred at room tsjnjperamre 
for 4 h. The reaction xrrmi're was then extracted with EiOAc and washed with 1 N H.C.I and 
brine, The organic- extracts were dried over NajSO-*, filtered and eonmtmted. The residue 
was purified by flmb chromatography (silica gel 0% io 11X5% EtOAc in hexaoes) to give 

15 compound 6 (493 mg, 86%) &s a white foam solid: m# 57$.4 (M-H). 
compound rxmit: To a solution of compound $ (292 rag, 0.505 mmol) in 

toluene (12 Bit) was added /wTsOH (4B nig, 0.253 mmoi). The reaction was heated at 150 
*C with a Deaa-Stark condenser attached for 1 h. Aikr eooiing to room temperature, the 
reaction .mixture was extracted with EiOAc and washed with saturated Na'HCO.? mid brme. 

20 The organic extracts were dried m?sr N^SO*, filtered, and concentrated. The residue was 
purified l>y flash chromatography (silica gel 0% io 100% EtOAc m hexanex) to give 

com.potiMTX&347&(l58 tog, 56%) as a white solid.; !H NMR {4G0MH& CDOj) 5 §.02 (s, 
IHK $M (s, IH), 4,63 & 2B), 3.43 (sf 3H), 3.18 (Si 3 a / - 4,2r 13.7 Hz}} 3.01 (d, ill J » 
4.7 Ife), 2.21 (OL HiX 1.91 (mf 3I-r>? 1.S0 (mf 11H), L4$ & 3H)S 1.24 & 3H), i .16 & 3HI 

25 Ll5{s> 3H), 1.05 (SL 3H), 1.05 &3H), 0.95 & 3H); m/z 560.3 (M4-1}. 
Compound 7: To a soiistion of formic acid hvdrazide (92 mg. 1.53 mmol) and Bt;;N 

(0,56 ml., 4.02 tnrrsol} io Cl-hCh (5 mL) was added a solution of compound 1 (510 mg> 1.00 
mmol) m ChbCk (5:0 ml..-)- The reaction mixture was stirred-at room temperature lor 1.5 ii. 
The reaction mixture was then -extracted with EtOAc and washed with 1 N HC1 and brine. 

30 The orgssmc- extracts were dried over N&.SO,^ liltcred, and coaDsatmted. The residue was 
puniled by fla^h chrojuatagraphy (silica gel. 0% to 100% EtOAc in bewaoes} to give 
^ompou.nd7 (257 mg, 48%) as. a white solid: m/z 534.3 (M-t l). 
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Campomid TX63479; To a soluto of compound 7 (256 mg, 0.480 inmoi) m 
toluene (12 ml.) was added p~Y$QB (4S mgt 0.253 rmnol), The .reaction wa& heated at 1.50 
XI with a Dean-Simi: comksser attached for I k Alter coolmg to mora temperature:, the 
mista taissuse was eKq&etod wi(h EiOAc- mid-washed with, saturated NsHCO? ami briae. 

5 The- organic extracts were dried ove;1 Na>SCl<, Bkered. SBO oorioeutrated, The residue was 
purified by flash cartography- {silica gel, 0% to- 100% EtOAc in hsaaacs) to give 
eompousd TX63479 i'i20' mg. 49%) .as a wfe solid: :H NM& {400 CDCb) 3-8J6 {\ 
m% 8.01 (% 1H), 3.96 (s, 1 H}: 3.29 (Id-, ITU-3.8,13,3 Hz}, 2,91 (4 IE J-4.8H42.B 
(11% m\ L93 (m* 3% M6 (m; 11H), 1.44 (g7 3H)S 1.25 & 3fifc IJSM'M), U4(s, SB), 

10 1.06 (s, 3HK L05(s< 38), 0.96 5s> SH>; jafe 516,3 (M-H), 
Ompoimd 8: To & splutwii ofaceiami.de oxime (113 mg, 1.53 mmoi) and £T(N 

(0,56 ml., 4.02 mrnol) m CTbCh (5 mL) was added a solution of compound 1. (510 mg, 1.00 
mmol} CHjCh (5.0 mL). Thy reaction mixiwe was stirred at room tam.pei.is.tury for .5 h, 
The reaotioH mixture was then sonctwaied. The residue was purified by Hash 

15 chromatography {silica gel, 014 to i00% EiOAc m toxanes) to give compound 8 (510 
#*%) as ?f- white-solid: mfz 548.3 (M-H). 

Ompmmd TX635^I: Compound 8 (27 mg, 0.049 .mtnol) tv?ia dissolved in toiuciie 
(I. mL), and the sofetioa was heated. via microwave beating at 170 *€ for i 0-rnin, followed by 
200 °C for 20. mm. Ate cooling u;> room togBpeotiore, tie reaction troxtuxe was 

20 vo.n.eootr^ted The residue was purified by Hash cliromatogmpby (silica gel 0% to 80% 
EfOAc o'S hesanes) to give compound TX<*35f)l (12' rog, 46%} as a. wlutt- solkt !H NMR. 

(400 Mi-tz. cna$$m & mi 5,95 (a, mi 3.1-4 (m, mi 3.02 (a, IM, j - 4.7 s-14 
Z2H$, 3H), 2.14 (in, IB), J53 (JH, 3H), 1.50 (m: 13H), L45 & 3Hj, 1.25 (s, 3% ITS 
(mMl M« («. 3R), U5 <x, 3H)f 1.04 (s, 3H]} 0.98 (st 3H); 530.3 (M-H). 

23 Compmmd 9: To a sokukm of compound TX631{)9 (32 .rag. 0.103 .mmo!) m CH^CL 
(2 mL) were added acetic hydmide (.'18.6 .mg, 0.251 mmol), Bi;iN'(28 ^1.-. 0.201 minol^ ami 

.DMAPT24.4 mg, 0.200 mmo!>. EDO' 140 mg, 0.209 mmol) was added, and the ruction 
was stirred at roonr teirx^ratmc- for 17 h, The re^ctioa mixtwe was estectcd wTh< EiOAc 
and washed wUhsamtMed 1 N HCI aad forme. The organic extracts were-dried over NajSO.^ 

30 filtered, ml cona^tratecl The was puriM'iw flash chromatography (silica gtl 0% 
io 10% M^JOH m OHIJCTO ts>- give oompoand ^ (33 mg, 57%) as a white solid: m/z 5123 
(M-H). 
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CoftigHntfid TX&3593; Io a solution-of compound 9 (25 nig, 0.045 mx)o\) in toluene 
(1.5 mL) w«s added p-TsGH (41 mg, 11025 rnmol), The reaction mixture was heated' via 
microwave heating at 125 -"C for 1 'h. After coolmg to mmi temperature, the reaction, 
•mixture was extracted with BtOAc ami washed with saturated N'aHCXh md brine. The 

5 organic extracts were, dried over NtbSC)*., filtered^ mid concentrated, The residue was purified 
by flash ekormttography (silica gel, 20% to 100% EtOAc hi he.xanes} to give compound 
rxmn a i 4f>%) as m sff~whiwm& ;H NMR (400 MHz, CDCk) S 8.04 (s, i H), 
6:01 {.% IH), 3.12(4 JB,J~ 5.QH& 3.12 (4 UW« 14.1 Hz), 2.69" (d, J- 14.5Hx), 
2.52 fc JKfc.fctf On, lift. 1.9* (m, 1H), US (m, 3H}S L56 (m, M), IM («, 3H), 1,52 (s¥ 

10 m> 1^27 (s, 3H&, 1.19. (m; 7 H), i,19 (&, 3B)S 1-04 fas 3H), 0;91 {«, 3H)S 0.88 & 3H); 
544.3 (M-H), 

if; Sr i$- * Sr it it A -A £ A -A Sr # A Sr 

A.U of the compounds, compositions and methods disclosed and claimed herein can be 
made- and executed, without andue experimentation in light of the presets* disetaa\ While 

15 the disclosure may have only bees described m teraxs of eeitak it will be 
apparent to those of skill k the ad that variations may be applied to (he compounds, 
compositions ami methods ami m the steps or in the sequence of steps of the method 
described herein without dqsmtmf from the co&cept spirit and scope of the invention. More 
specifically. it wift be apparent that certain agents which are both chemically and 

20 physiologically related rosy foe substituted lor the agents deseribeci herein while the same or 
miml&r results would he achieved All such similar substitutes, and mixiiEeatkma apparent to 
those- skilled in the an are deemed to be within the spirit, scape and concept of the mveiUlcm 
s$ defined by the appended ckim 
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CLAIMS 

1. A compound of the formula: 
H*C CH, 

2. 

3. 

4. 

5. 

(I), 
wherein: 

n is 0-1; 
Ar is heteroarenediyl(c<8); and 
Y is: 

hydrogen, hydroxy, halo, amino, or cyano; or 
alkyl(c<8), cyclopropyl, methoxym ethyl, acyl(c<i2), alkoxy(c<8)? 

acyloxy(c<8), alkylamino(c<8)* or dialkylaminO(c<8}>; 
or a pharm aceutically acceptable salt thereof. 

The compound of claim 1, wherein Y is ~H. 

The compound of claim 1, wherein Y is alkyl(c<4> 

The compound of claim 3, wherein Y is methyl, ;?-propyl, or isopropyl. 

The compound of claim 1, wherein Y is cyclopropyl. 
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6. The compound of claim 1, wherein Y is methoxymethyl. 

7. The compound according to any one of claims 1-6, wherein Ar is 

^ /, 
O—N 

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

9. The compound according to any one of claims 1 -7, wherein n = 1. 

10. The compound of claim 1, further defined as: 

ia or 

or a pharmaceutical^ acceptable salt thereof. 

11. The compound of claim 1, further defined as: 

or a pharmaceutical^ acceptable salt thereof. 

12. The compound of claim 1, further defined as: 

or a pharmaceutical^ acceptable salt thereof. 
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13. The compound of claim 1, further defined as: 

or a pharmaceutical^ acceptable salt thereof. 

14. The compound of claim 1, further defined as: 

or a pharmaceutical^ acceptable salt thereof. 

15. The compound of claim 1, further defined as: 

or a pharmaceutical^ acceptable salt thereof. 

16. The compound of claim 1, further defined as: 

5 

or a pharmaceuticals acceptable salt thereof. 
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17. The compound of claim 1, further defined as: 

NC 

O 

or a pharmaceutical^ acceptable salt thereof. 

18 A pharmaceutical composition comprising: 

a) the compound according to any one of claims 1-17; and 

b) an excipient 

19. Use of a compound according to any one of claims 1-17 in the manufacture of a 
medicament for treating and/or preventing a disease or a disorder selected from the 
group consisting of cancer, diabetes, rheumatoid arthritis, lupus, psoriasis, multiple 
sclerosis, Alzheimer's disease, Parkinson's disease, cardiovascular disease, chronic 
kidney disease, inflammatory bowel disease, dermatitis, mucositis related to radiation 
therapy and chemotherapy, uveitis, glaucoma, macular degeneration, retinopathy, 
ischemia-reperfusion injury, osteoarthritis, osteoporosis; asthma, cystic fibrosis, 
muscular dystrophy, pancreatitis, chronic obstructive pulmonary disease (COPD), 
idiopathic pulmonary fibrosis, sepsis, amyotrophic lateral sclerosis, Huntington's 
disease, and Crohn's disease. 
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