DESCRIPTION SYNTHETIC TRITERPENOIDS AND METHODS OF USE IN THE TREATMENT OF
DISEASE BACKGROUND OF THE INVENTION 5The present application claims the benefit of priority
to U.S. Provisional Application Nos. 61/02%;&%5@%uary 11, 2008, and 61/109,114, filed October
28, 2008, the entire contents of each of which" f rated by reference herein. I. Field of the
Invention The present invention relates generally to the fields of biology and medicine. More 10
particularly, it concern2x¥hBédilionsiddd hidinddiDmAidhivhia Idadidp SH\Jent

(RKD), insulin resistance, diabetes, gig igirdysfeneiipmkaity dwer disease, and cardiovascular
disease (CVD). Il. Description of Related Art Renal failure, resulting in inadequate clearance of
metabolic waste products from {h _ 598 fgiations of electrolytes in the blood,
is a significant medical problem T ) afly T developed countries. Diabetes and
hypertension are among the most.important causes of chronic renal failure, also known as chronic
kidney disease (ERBYHHt W@ﬁ%’&%&%@%W%Bﬂ#eﬂ“&’&%itﬁoﬂésﬁﬁ%‘”ﬁ?ﬂibf}?}?}?c’@@emic
cardiovastldaradiseased.Diistunctorn dfitE& soud @t 8Hddthe|filml canobw iy, 008y shin auich 20
“conditions aqd 'é b@lieyeoq@vqnt%% gﬁp}g@or %%gﬁ%ﬁtirgg}%%gﬁin the development of chronic kidney

. CONICS O TafC'l Crgin. . .
. disease. Acute renal failure may arise from exposure to certain drugs (e.g., acetaminophen) or toxic

chemicals or from ischemia-reperfusion injury associated with shock or surgical procedures such as
transplantatidn, SHEABPEAIERERPresult in CKD. In many patients, CKD advances to end-stage renal

disease (ESRD) ) ?&E&E&l&%ﬁﬂgﬁ‘%ﬁ%@%%%&?ﬂﬁ%’}ﬁé’ Hﬁﬂ:?'.%l?ﬂﬁﬁvgﬁﬂ a%{drﬁ%'d&%‘{ngﬁz}gﬁg% to continue

living. Both of these procedures are highly‘invasive and associate significant si ects and

quahty of Pratiselady, el ererosifeTrRtivethekitinertatios sk peimplsatens/ bidpskal failure,
such as hyperparatapioidismmanadvperriashhaiemineng availakivieatmanithaghegnshown to halt

or reverse the underlying progression of renal failure. Thus, agents that can improve compromised
renal funcﬁ?fﬂ‘WéﬁﬁH@éﬂ)’F@%ﬁ%@&nificant advance in the treatment of renal failure.  Triterpenoids,
biosynthesized in plants by the cyclization of squalene, are used for medicinal purposes in many Asian
countries; anéls®ensripitionefdRelaiied ditanolic acids, are 5 known to be anti-inflammatory and

anti-carcinogenic (Huang et al., 1994; Nishino et al., 1988). However, the biological activity of these
naturally-occurri%ﬁnﬁ%?é fo SR PG ERAUGERRE § eﬁrﬁ?é'?e%%efﬁiogﬁrﬁﬁ%tgig%?%ﬁcéwlgﬁh%gs to
enhafice thieirdpetdntynwaslundertakain (s of ddeetrallyct 98 7tHd didaletiab, $9898raAnoatoing effort for

the improycrent ol ANl A WataD.ad ARy I AlfRiaHNe SGiX OTalsRoln AR HisRligRoid analogs
are among the most important causes of chronic renal failure, also known as chronic kidney
disecase (CKD), but it is also associated with other conditions such as lupus or systemic
cardiovascular disease. Dysfunction of the vascular endotheliom commonly occurs in such
20 conditions and is believed to be a major contributing factor in the development of chronic
kidney disease. Acute renal failure may arise from exposure to certain drugs (e.g.,
acetaminophen) or toxic chemicals or from ischemia-reperfusion injury associated with shock
or surgical procedures such as transplantation, and may ultimately result in CKD. In many
patients, CKD advances to end-stage renal disease (ESRD) in which the patient requires
25 kidney transplantation or regular dialysis to continue living. Both of these procedures are
highly invasive and associated with significant side effects and quality of life issues.
Although there are effective freatments for some complications of renal fatlure, such as

hyperparathyroidism and hyperphosphatemia, no available treatment has been shown to halt

or reverse the underlying progression of renal failure. Thus, agents that can improve



10 discovery of 2-cyano-3,12-dioxooleane-1,9(11)-dien-28-oic acid (CDDO) and related compounds
(Honda et al., 1997, 1998, 1999, 2000a, 2000b, 2002; Sub et al., 1998; 1999; 2003; Place et al., 2003;
Liby et al., 2005). Seyveral potent derivatives of oleanolic. acid were identified, includi

methyl-2-E)RREZ S 4580 gghoa{’-fgggéerﬁl)ﬁﬁ%ﬁlcaa%%l ﬁfﬁ)‘ﬁég e(;:eR]?&th %ﬁﬁﬁﬁn,&(ﬁgﬁn%ppresses
the inductfeiluef. several important inflammatory mediators, 15 such as INOS, COX-2, TNI7a, and IFNy,

in activated mactgehagerRToReRRE BORGRIeRRAIed DA BB eapNIEARE sianaiing

pathway resulting in the production of several anti-inflammatory and antioxidant proteins, such as
heme oxyBEHSEAl PEFFOSE). IT sy o AMSBIHEY P 298 R TIKeA0 0 cavbiriererhsr Wdsr&stment of
‘neoplastigandpieliferative diseasesy swah.as-cavsREAkeEkility of this sempRuURthand kelated
molecules to treat and/or é{)#;event lﬂi%?e ,disggge and cgldiovasculgr diPeafe re itnsluntested.
SUMMARY B THE SKR/ERTIS e 2! TR EATEH PR R & etRodd 6T redting and/or
preventingveekadikddheyfdisahse(iRkeRy, aisuhin sedistanceniiaizetbsy gndatheliak dystataston, fatty liver
25 diseasg, gaigliguasciiar dipsane. (G Dhdnd 1EIAIRH AISUHSESc(; RRRHAR EYLLd Y the generic

or specific formulas w or specifically named are réferred to as "compounds of the invention,"

"compourid§asteopr e rniiRishifioative racsynth ef ¢ ererlre apiyrsilithecsraseiseafgstiéatidn. In one

aspegt of the prgsent pPrevenion; fgthedsae nupvisad-fordraatingi@r admseyenting rgnalkidney
disease (RKD), insulin resistance, diabetes, endothelial ((J]I‘ﬁfunction fatty live di%%%s%% :
Ba >

cardiovasﬁﬁﬁﬁ?oé‘fgg‘a@'@éﬂ/ﬁ)‘ﬁh&%%ijégg%o}ﬁg?i’s%%?aa %’%t&ﬂﬂ%rt “lafl Lub)

pharmacetiizaliaetfectiveratsolitiyof/a: tornpoHLIrkkhayi pgtthe dtivetiveg: of, drarmilidadidviverein R1 is:
g b et i s S b B RS St il e i

heteroatom-unsubstitute a pharmaceutically acceptable sa rate or solvate t_ere(’)f. 5In some
embodimétks, #iethodE afeZpronesaefotitr dadigRIOD sqresd ivepoEpRitvAsRal RK Dadatiabetic

nephsopathyy QNN otsk variation St erRIK Dol e st e s i dnsrit Afan 2 xamine vadierein the
toxic insult results from an imaging agent or a drug. For example, the drug may be a chemotherapeutic

. a (
agent. In &RIREAQHYTR, HrefErRD Woﬁg@%ﬁﬁ%@ﬁeﬁﬂ&%ifﬂuﬁf REPEPRuther variation,
the RKD results finmndialeiesoind Qhpetiensicrink) st iirthercvadatons, tHBGRKD f@ssits from an
autoimmune disease, In othegvarigtions, the RKD is.chronic RKD. In still_ether.variations, the RKD is
acute RKIg?Ope%?%isl%vr%én %rﬁb%@m%nf[g, %ﬁ%(%il%gglf ftlhaes%ﬁg%%to%%ng??zaﬁ}fd%%cﬁﬁ)g H(?Jla )‘/}gis. In some
embodimeiitsistiiessdbjectdsasr uridergohty of ithia eampitadeans! upldefymHRtnEy thatizgdlarton some

embgrimepts. ihe SrDIGELABSR KR s iNBSISIANES. dspme variations on the 15 above
embodiments, the subject has RKD, insulin resistance and endothelial dysfunction. In some
embodiments, the subject has RKD and diabetes. In some embodiments, the subject has insulin
resistance. In some embodimgyugathervigecrHBINMBEERDXhe pharmaceutically effective
amount of the compound may also effectively treat one or more complications associated

The present invention provides new methods for treating and/or preventing

renal/kidney disease (RKD), insulin resistance, diabetes, endothelial dysfunction, fatty liver

25  disease, cardiovascular disease (CVD), and related disorders. Compounds covered by the

generic or specific formulas below or specifically named are referred to as “compounds of the

invention,” “compounds of the present invention,” or “synthetic triterpenoids” in the present
application.

In one aspect of the present prevention, methods are provided for treating or

30 preventing renal/kidney disease (RKD), insulin resistance, .diabetes, endothelial dysfunction,

fatty liver disease, or cardiovascular disease (CVD) in a subject comprising, administering to

said subject a pharmaceutically effective amount of a compound having the structure:



20 with diabetes. For example, the complications can be selected from the group consisting of obesity,
hypertension, atherosclerosis, coronary heart disease, stroke, peripheral vascular disease,
hypertension, nephropathy, neuropathy, myonecrosis, diabetic foot ulcers and other diabetic ulcers,
retinopathy and metabolic syndrome (syndrome X).\lso, for example, the complication can be
metabolic syndrome (syndrome X). In some riat' the diabetes 25results from insulin resistance.

' elial dysfunction. In other embodiments, the

53

subject has RKD and cardiovascylar disepse.jin. efembodiments, the subject has CVD. In some
variations, the CVD results from end¢ dysturiction. In some embodiments, the subject has
endothelial dysfunction and/or insiy jstanice. In some embodiments, the subject has fatty liver

disease. In some variations, the fatty K er disease is non-alﬁghoillil% tty liver disease. In other
variations, the fatty liver disease is alcoholic fatty liver diséaserﬂr} some variations, the subject has
fatty liver dibersse B1 abid-62% orr rhore ofeik following disdrdehsraianeiliiddrdytbibseagenfRIB), insulin

resistance, Jiabeieas aRdemelial dysiuncienn andGarioypsCYlandiRease (¢ P kptabidnsseme

embodiments, the methods further comprise identifying a subject in need of treatment of any of the
diseases, WERiHehisMEFbEENces or disorders listed herein. In some embodiments, the subject has a
familg or patient hisiany emdoyinbine tigtase sredysinelidnsirdine RRBNCaSsomdisardassslisted herein.
In some emb %'Bent , he subject exhibits symptoms of any of the g'ﬁfp\ses dysfunctjons,
resistance{geo% |solrsd§“r3"s{)ﬁs1 et %%P |nﬁlyqﬁwaﬁcﬁﬁé@agﬁg%?%%sfhe%nventi%eﬁ?lésh%fﬁgd{% 1fi‘rovided for
improvingigoihdrulaxdittpétionhratn dhe tesiininaitiearitn dooin ansijeizcapprisirgiagmiistering to

said subjegf,a,BRAMAGGHHCAIY LI ERINE AP OF &LOMPRURHRAVING ABF, SHURIFSafrormula |, or a

15pharmaceutically acceptable salt, hydrate or solvate thereof In some embodiments, the
compoundRIMaHRFIEEEE i N E o e A budhTerRtatrR BisrRER I iaksss By stemically.
In same empedinatis, e:coripauncis ey msteneD ecally mirmadiposatimint agdexally
intraarticulasly, intracranially, intfradermally,, intrales; ly, intramuscul jntranas intraocularally,
intrapericé%%llﬁf,“ﬁ‘a&%?ra%(ﬁ@lésa y,O f}\lfr)é%#%&uréﬂ%ﬁi{r‘\%lé%r‘é%}%%%%ﬁ{?ntrarelcst%?ﬁ}f: i%llilé?thecally,
intratracheally, intratomeratydinmseantiisilichibct isavagigaily oints avdamoshy, datiave siowartly,
intravitreallyipgsemaly. loeally, JIucesatn 0@/ PAERIGIANY JERFHRIL 1 SBe QRineHially

subcutaneously, sublingually, topically, transbuccally, transdennally, vaginally, in cremes, in lipid
compositiép&e\Faeed R rhyi AR Age RItE HRiRTHIs HssRss; via mrgisiiaiam s mislation, via
injegtion, wieblecahBedivents ikl aaabizesh PRSI gt bathingalaroat Celsodicgeatyy guampeombination
thereof. For example, in some variations compaund is administered intravenously, intra-arterially
or orally. PSRBT S B R - OB 1 A SR S & D

embodimensslithesssmpound is formulated as a hard or soft capsule, a tablet, 30 a syrup, a

suspension, a sqlid dispersioniAdReh L AL 1L NS varalions. e aallagpsyle is.a gelatin

capsule. In variations, the compound is formulated as a solid dispersion. In some variations the hard

capsule, SSRO¥AHSEIBct4BIBRBIh Y filfth EHESNpINSER a0 fECIES koAbl a8 AtecyEitions, the

formulatedvaarapewiRs crinprisaslanRoemihallalnym aRsRIpt e fifsemevapatanssipe formulated
compound further comﬁ)ris.es an a?%en that enhances solut%i,li;%/ or dis(%ersibilit . In,.some variations, the

compound RS AREp I ESHTH S TnBEs Se",}%ﬁsgi’l FOTVRREY SRATHIBSFa WatEr RFPERLIGE™  1n some
embodimeiitsastherpharmsicautiqaliyretfectverapatynmsaaailsisl dsbétonfoabolse . intgtterabout 500

mg of the GoMRAUAL N ARG MANAP AR IBE R ABRR '&fHAMme X). Also, for example, the
complication can be metabolic syndrome (syndrome X). In some variations, the diabetes
25 results from insulin resistance.
In some embodiments, the subject has RKD and endothelial dysfunction. In other
embodiments, the subject has RKD and cardiovascular disease. In some embodiments, the

subject has CVD. In some variations, the CVD results from endothelial dysfunction.



5 about 1 mg to about 300 mg of the compound. In some variations, the daily dose is from about 10
mg to about 200 mg of the compound. In some variations, the daily dose is about 25 mg of the
compound. In other variations, the daily dose is about 75 m&ﬁorl_f the compound. In still other variations,

the daily dose is!8b&ta 5onbriBReNE cHif pBiiret Ihserde hatiatichsfundionilgrdide I&HEm about 0.1

mg to abork3RH0e af thpnempaURRNE SRMBEhRIAIORS: IR ldWaily desens Frammbeukd.5 mgto
about 20 of the compound. In some. variations, the daily dose is from about, 1 tqg.about 15 mg of
the compgél%%.fhl‘ﬁe]s§Fﬁ%‘§?aﬁaﬂ%ﬁ§?’ﬂg§&a%t§§§‘ée{s FSATabou T fhg 15458t % Eagwo e compound.
In some vaisatiens afhehdbdlfadpderés disrmabousdmgaatbautite miief thes dettypoumdidsasome

emb%dim%%sbHaeop%ﬁf@@f%i&%iwgegﬂwd@m%ﬂézﬁi&g%ib{sggs%eéia&%ﬁs&% 22mg,0f compound

per kg of body weight. In some variations, the daily dose 1s'0.05 - 20 mg of compound per kg of body

weight. Indabstes, sreeibpialhe anjcaosdisaptiovasguiagdirasmibdifd per kg of body weight. In some
\éarliat(ijons, Fh% (iaﬂémé%ﬁ%&m&m%@m?wmwo@ﬁﬁ@%@lmmm@m ﬁfgﬁ%mﬁ M@é@ér'b;pn& the
aily dose is 0.1 - 2.5 mg of compound, per kg, of body weight. 20In some embodiments, the
e e R A L R A S
pharmacetitiballimefiecthesainouhids &iniipisterecnntisorpofone dobe sipasdadysfundticmeme
embpimeRiRy e IeAISRL L Alhod e UNRLSED fiRRCANDSIARY, Insame.vatiaons, the
second therapy comprises aémmlsterlng to said subject a 25 pharmacedutically efféctive amount of a
second drogann eoheedispaprrdiydinstione sedsmrel 0hdsuadshvlissdsrtswering drug, an
anti-hyperlipidengic o g gaiciimahanmel ileeken, anmaticdyRestenabereriapM-dondedyctase
inhibitor. Non-limiting examples of second drugs are amlodipine, aspirin, ezetimibe, felodipine,
lacidipine, TEFRAMdiHM ﬂﬁ?&’r‘ﬂfﬁﬁlﬁ%ﬁiﬁﬁeﬁ“ﬂ?ﬁﬁ?é&?ﬁﬁ@?ﬁ%’o?&ﬁlﬂét% ﬁ"i’trsé‘H%FB & Further
non-limitinghexaplesly IMesecoatkelmigs! areatpoold  Hautipdindodireanve difol cclonlidiDeyrdoxazosin,

indorarin, Jahetalol, metydops ustopralal fiadalal. gupiggolol. phenoxybenzamine, phentolamine,
plndo ol, prazosin, propranolol, terazosin, timolol and tolazoline. In some variations, the second drug IS

a statin. Non-limitimyresampidinshisiatin saneavehia starinitaaddetalln, flusesaembrevaststin,
mevastatin, pitauastatin.Pravasiaind ogiuasiatin angdsimyastatindmspmenyatiaighsmdhe second
drug is a dipeptidyl peptidase-4 (DPP-4) inhibitor. Non-limiting examples of DPP-4 inhibitors are
sitagliptin, ARIAGHFEA, SYRb322 IBRISIDAHIY G JFEK 83098 IR ESHE VaridhBAT2HE ¥econd drug
is a biguanigiadfrefaxamplRsihebiguanidescalarhe metfasalin, insauerdayiationseibadetand drug is a
thiazglidinedione.(TZD). Non- .5 limiting examples of T.ZDs are.pieglitazong, rosiglitazone and
roarazon TR e D, aE e S  aples of
sulfonyl uregatervetiye snaramdiibiyedimideraaeeishbx aidencoidzantiaessilorbro purendecaglipizide,
glyburide, gg&ggﬂg,g a[}ggﬂglamogg@gjmgrgﬁ&[atigg@ngggl%co%@ﬂgg is;@ Ragalitinidgr,Non-limiting
examples of meglitinides include repaglinide, mitiglinide and nateglinide. In 10 some variations, the
second driRPRISEMY P ineardnBielih S asBE i r g S a §ea L 48 STHRTSIOr
Non-limiting&xamipestizhalphaglitasiast inlikiges tccandnhose imfiightol dadnfoghbose. In some
variglons, the second.drid s 4 dlucagon-tike pepide b analog  Nanimitng examples gfglucagon.- e
pepfide-1 analogs are ex hatide and iraglutide. 1h some variations, the 'second drug is & gastric
inhibitory gaptidie anatey chmbisagomtwnatidies, themdsondsdny VeriiGPRAR agonistnth isome
variations,, {he; Seeendi i Gelw i PRI 2 RAAAISH exégg) ep@riationsthe seeendikithis aGPR30
agonist. In some variations, the second drug is a glucokinase activator. In some variations, the second
drug is a IOERGBAEASHERSFEdGEMISt. In some variations, the second drug is an amylin analog. A
non-limiting example:eé ap@mylithantle gos pram listicexlnsome arbtions thesecandbibug is an
IL-165,20 receplor antagonist. A na-imiting examples of & ILrLLS feceplor, aptagenist s gnakinra In
some varidtions the & con%lndrug IS an endocannabinoid recef)(tlo'r antagonls‘?tn or Inverse agonist. A
non-limitingpesenple s aienepoinnabiroidivesdpeorommagonisfompivad esagotiddisnériionabant. In
some varigljons, Ing,Se6end Gtugds QUiRiaL. 1R.80mB @ IalBNRE JN&SRFORARNG dfpiRurgmine. In

some variations, the second drug is a growth factor. Non-limiting 25 examples of growth factors are
TGF-f31, PEOtHive Teating1. 30 VEusFYaHaimeikes Jromtirfst (TR cERmSCBMPATEN®Y, a GLP-1
analog, a @GiRanalege R PR-Yrishibitara, GRRIALagaNshpGRRdMhaganigiigasting &6,
betacellulin, KGF, NGF, insulin, growth hormone, HGF, an FGF, an FGF homologue, PDGF, Leptin,
prolactin, placental lactogen, PTHrP, activin, inhibin, and INGAP. Further non-limiting examples of
growth factors are 30parathyroid hormone, calcitofiin, interleulcin-6, and interleukin-11. In some
embodiments, the subject is a primate. In some variations, the primate is a human. In other variations,
the subject is a cow, horse, dog, cat, pig, mouse, rat or guinea pig.



In some embodiments, the compound is defined as: , Formula Il wherein Y is: -H, hydroxy, amino,

halo, or Ci-C14-alkoxy, C2-C14-alkenyloxy, C2-C14- alkynyloxy, C1-C14-atYloxY, C2-Cl4-aralkoxy,

Cl-C14-alkylamino, C2-C14-alkenylamino, C2- 5 C14-alkynylamino, Ci-C14-arylamino, C3-C10-aryl, or

C2-C14-afealignaaniss SVHEFET PR AP R HHELY o B 3P @S REM AP SR - SUmRIMHDTEY spersed in a

heteroatomytsh) Stitbies, witer Pharmaceulically acsepkabieosalt, hydrate or solvate thereof  In

some embodiments, Y is a heteroatom-unsubstituted CI-G4alkylamino, such that the compound of the
Pgn rnﬁ% r}h ? e%feoth% Héaeog‘ong)

invention is, for %fﬁ‘fﬂ?e?mbomqﬁ%% él %%&ﬁ%‘leth“t%l& isa etea%%‘i%trﬁ%%g%h?(u
heteroatombwristibstigute dbGR-GH- alkydamhinayrspeindhainthenrcompetmd, shthiailyvdrsian isydor example:
In some epadiments: s felRiegion suhaliied o ele aaiRMUnSNRRVELEL ffsalkoxy. such
as a heteroatom-unsubstituted CI -C2-alkoxy. For example, one non-limiting éxample of such a
compoundbeu{EHpoOateowr FA0 209! e WarpavambBdPRENtaliditaadhadsBrittiior e BDO-Me is
present aga pPIMERPIuLA M. WhereiihenRolMRIRhIe otz erystalingfesmdoaninaman X-ray

diffraction pattern (CuKa) comprijsing significant diffraction peaks at about 8,8, 12.9, 13.4, 14.2 and
17.4 20, IFFHAH ?h‘fﬁﬂ&“@%%&rﬂ%ﬁgéf SR aite é?i(’i’ﬁgp‘) tﬁ%?r?‘(@ﬂ?%‘&?iis & JBEbsh A H shown in
FIG. 12A ah&iiEIA2Be il Htherbandtiong, atdeast3d pertidhotone D Qslvens presentaba 10
polygorphicform, wherein the pol rphig f X r rm hayi -ray gliffraction
patte (D a1 e R, and o

Tg. In sonfeiliadistensothakarnbrie e Bmpepst disdanrruplsdmeparatietensibecdpound is a

glassy solighforgmehCRRP1IME Bavng anXssRowdsiogiffragtionRaliarmmihie kalr peak at about
13.5'20, as shown in FIG. 12C, and a Tg. In 15some, variations, the Tg value falls within a range of

about 1200 18820 RSO MBS AHRESATRAE T g value is from about 125 C to about 130 C.

In some embodiments, the pharmaceutically effective amount is a daily dose is 0.01 —

15 25 mg of compound per kg of body weight. In some variations, the daily dose 18 0.05-20" -
mg of compound per kg of body weight. In some variations, the daily dose is 0.1 — 10 mg of
compound per kg of body weight. In some vanations, the daily dose 1s 0.1 ~ 5 mg of
compound per kg of body weight. In some Véxtiations, the daily dose 1s 0.1 — 2.5 mg of
compound per kg of body weight.

20 In some embodiments, the pharmaceutically effective amount is administered in a
single dose per day. In some embodiments, the pharmaceutically effective amount is
administered in two or more doses per day. |

In some embodiments, the treatment method further comprises a second therapy. In
some variations, the second therapy comprises administering fto said subject a

25  pharmaceutically effective amount of a second drug. In some embodiments, the second drug
is a cholesterol lowering drug, an anti-hyperlipidemic, a calcium channel blocker, an anti-
hypertensive, or an HMG-CoA reductase inhibitor. Non-limiting examples of second drugs
are amlodipine, aspirin, ezetimibe, felodipine, lacidipine, lercanidipine, nicardipine,
nifedipine, nimodipine, nisoldipine and nitrendipine. Further non-limiting examples of

30 second drugs are atenolol, bucindolol, carvedilol, clonidine, doxazosin, indoramin, labetalol,
methyldopa, metoprolol, nadolol, oxprenoclol, phenoxybenzamine, phentolamine, pindolol,
prazosin, propranolol, terazosin, timolol and tolazoline. In some variations, the second drug
is a statin. Non-limiting examples of statins are atorvastatin, cerivastatin, fluvastatin,

lovastatin, mevastatin, pitavastatin, pravastatin, rosuvastatin and simvastatin. In some

5.



In some embodiments, Y is hydroxy, such that the compound of the invention is, for example: -8- In
some embodiments, the compound is defined as: , Formula Ill wherein Y' is a heteroatom-substituted
or heteroatom-unsubstituted C1-CH-aryl or a pharmaceuticallé/)gcceptable salt, hydrate or solvate

thereof 5IN&6RtE oM< HEe e BB S Per s V&t BHEbEPThe BibtlEnthithods, the
compound:issphstanbaityAraritiam epticaldsemersdhgipeh, s sameyaisions ofsthgdbere methods,
the comp%éggfig, in the form .o{.a ht rmace%ftécalw acce tabAe slglt. In othler t\(Iar{';ations of the above
methods, c&h%%%‘éaféar%?a SEIET N I St Mg enibodient? ?ﬁ%mé)o‘?hpguﬁ%uf‘sn%?r%&ﬂated asa
pharmacetitica¢tompositioscosmprisingy)) thetheraypk dtically effectivbdmdiant ¢T#ig).compound and (ii)
an excipiept fs selected fomthe Boun. coRsistingof (AkaieamensiiR.sriasly drate deiivative, or
carbohydrate polymer, (B) a synthetic c%%almc polymer, (C) an org;glic acid salt, (I%) a 15 protein,
polypeptiderigipptite SEABd EVE HighPhorRduer dreigrtvSolysectrifiee sYanspinie{arators, the
excipient ig-g: SYBREHCOraRNIG IBOINMEAE; N-s0Mme-vadaliana:iheiexdR@ptdpsalected fram the group
consisting of a hydroxpropyl met yhcellij%{os , & poly[1- 2_-oxo-éép rroljdjnyflethylene or.copolymer
thereo, aR UG RERREMS APl g e AR EUEAE TESBi P aiiat SRE M Becipion: i
hydroxproyhiettplcetiuipdes plithaldtenRestdndnrsprpbmide]ativizdniie sxtCipieptisdeVRAVA. In some
varigions, fe, excisRt '&@&%ﬂ&a&ﬁ}g@s %94911’3?@ L&%Ey@@a&%?%@‘?erc&%ﬂlbr&g RO %%ﬁ%lat'or‘& the
- excipient is copovidone.  Any embodiment discussed herein with respect to 6ne aspect of the
invention &psheidass stheigspitsdimHBInvemRies £ wWehavntsesidgse diffubitgrnatedgearbose,
miglitol and voglibose. In some variations, the second drug is a glucagon-like peptide-1
analog. Non-limiting examples of glucagon-like peptide-1 analogs are exenatide and
liraglutide. In some variations, the second drug is a gastric inbibitory peptide analog. In
15 some variations, the second drug is'a GPR40 agonist. In some variations, the second drug is a
GPR119 agonist. In some variations the second drug is 2 GPR30 agonist. In some variations,
the second drug is a glucokinase activator. In some variations, the second drug is a glucagon
receptor antagonist. In some variations, the second drug is an amylin analog. A non-limiting
example of an amylin analog is pramlintide. In some variations, the second drug 1s an IL-1p
20 receptor antagonist. A non-limiting examples of a IL-1P receptor antagonist is anakinra. In
some variations, the second drug is an endocannabinoid receptor antagonist or inverse
agonist. A non-limiting example of a endocannabinoid receptor antagonist or inverse agonist
is rimonabant. In some variations, the second drug is Orlistat. In some variations, the second
drug is Sibutramine. In some variations, the second drug is a growth factor. Non-limiting
25  examples of growth factors are TGF-B1, TGF-B2, TGF-B1.2, VEGF, insulin-like growth
factor 1 or 1I, BMP2, BMP4, BMP7, a GLP-1 analog, a GIP analog, a DPP-1V inhibitor, a
GPRI119 agonist, a GPR40 agonist, gastrin, EGF, betacellulin, KGF, NGF, insulin, growth
hormone, HGF, an FGF, an FGF homologue, PDGF, Leptin, prolactin, placental lactogen,
PTHrP, activin, inhibin, and INGAP, Further non-limiting examples of growth factors are
30 parathyroid hormone, calcitonin, interleukin-6, and interleukin-11.
In some embodiments, the subject is a primate. In some variations, the primate is a

human. In other variations, the subject is a cow, horse, dog, cat, pig, mouse, rat or guinea pig.



Other objects, features and advantages of the present invention will become apparent from the
following detailed description and any accompanying drawings. It should be understood, however, that
the detailed description and any specific examples or drawmgs provided, while indicating specific
embodiments of? ﬂt@mé‘ﬁﬁﬁiﬁu’?ﬁ%{;gﬁ?%ﬁ st dstinedasition only, since various changes and
modifications within the spirit and scope of the invegtion will become apparent to those skilled in the
art from this detailed description. BRIEF DESCRI N OF THE DRAWINGS The following drawings

ificati nclu to 10 further demonstrate certain aspects of the
8tG0d by reference to one or more of these

RTA 402 at 2 mg/kg or simply theQ/e "lé‘ (sesame oil) dall (Q%gfghlS gavage beginning on Day 2. On
Day 0, a clamp was placed on the left renal artery for 17 mlnutes and then removed to induce

|schem|a-tel§@?ms%ﬁs (Fid. lfombapninc|bag-wis Coffectdriontatinmalkamdewe e <ubjected to
clamping angnabam ccantialapimals ibatanderwent syraanimitheutclempirsphtiedenal artery.

Blood urea nitrogen (BUN) levels were measured as a surrogate for renal damage. (FIGS, Ib-d)

Sectidns SFKAFERLAPRY 26 Fr AR Bt d G VR leI & 'eated WB@’W@?’%"SWS%W&&O@%I

damage (Bi&S gkbt&sld) lanelonftaumaiationoF 16 . iberodid G id)iBiacledirrows fhahietewiedip) show two

of many severely %r‘ﬂ %,(gattubuleslvgtt@eeﬁ r medulla. Red arrows (RTA 402 group) show two of
medu

many undama?ge in the outer . FIGS. 2a-c - RTA 402 reduces cisplatin-induced renal

toxicity. Rats weke Wacﬁiﬁﬁﬂét@@@@f% @d@f@f%mgﬁ@bﬂﬂ@méI?ﬂ%‘@%ﬂéml{lﬁe%ﬁné}@ﬂ) every day
by oral gaypae.ReAIRMRIGIRNRaMth (QPPaBpibie rats received an intravenous injection of cisplatin at
6 mg/kg. Blood samples were drawn on the mcfcated days and the levels of creatinine (FIG. 2a) and
blood urea nitrogen (BUN) (FIG. 2b) were measysed asstharkers of renal damage. A statistically
significant difference was observed between the eh| ated and 30 RTA 402-treated groups on

Day 3 (creatinine) and Day 5 (creatinine and B g\ 20) Less damage to the proximal tubules is
observed in RTA 402-treated animalsco retl § cle-treated animals. FIGS. 3a-d - RTA 402
reduces serum creatinine levels in monk and H&t‘sdﬁlG 3a) Cynomolgus monkeys were

serurh creatinine on Day 28 in RTA 402- reated monkeys relative to vehlcle treated control monkeys

is shown. (FIG. 3p)sBd A 4R BMéas: a@mmetﬁee%af@ﬁtyst@mtﬁ 6{09&&55&%@6&%@@%@@395 daily for

three monghs, C troI animals recejved vehlc same alil). perce t change in serum creatinine
at the thre&2ifiA e okt ratits 98185%18’[ f‘sﬁlg\fj\}ﬁm(ﬁb gue-Dawley rats were
administered RTA 402 orally at the indidated doses once daily for a pé lOd of one month. The percent
reduction of serum creatinine at stgidy gdmpletion in RTA 402- tr 10 relative to
vehicle-treated control rats is shoy ol Sprague-Dawle 2 aodmlnlstered the
amorphous form of RTA 402 @rg Mdicated ayperiod of three months. The
percent reduction of ser X ompletiw 402-tresited rats relative to
vehicle-treated control rat shown. Note: mé fGS. >-and-3D, "% redfjction” on the vertical axis

indicates percent change.+ "mHexampIe, area |F‘1g,r150f 75-6h this axis indicates a 15% reduction in
serum creatinine. FIGS. 4A-B - RTA 402 reduces serum creatinine levels and increases the
estimated glomerular filtration rate (eGFR) in human patients with cancer. FIG. 4A: Serum creatinine
was measured in RTA 402-treated patients enrolled in a Phase | clinical trial for the treatment of
cancer. The patients were administered RTA 402 (p.o.) once daily for 21 days at 20 doses ranging
from 5 to 1,300 mg/day. The percent reduction of serum creatinine relative to baseline levels is shown
for the indicated study days. Significant decreases in serum creatinine levels were observed on Days
15 and 21. FIG. 4B: The estimated glomerular filtration rate (eGFR) was calculated for the patients in
FIG. 4A. Significant improvements in the eGFR were observed in both groups. All patients: n = 24;
patients with baseline? 1.5: n



25 = 5. For FIGS. 4A and 4B, * indicates p 0.04; t indicates p = 0.01, and * indicates p 0.01. Note: in
FIG. 4A, "% Reduction from Baseline" on the vertical axis indicates percent change. For example, a
reading of -15 on this axis indicates a 15% reduction in serum creatinine. FIG. 5 - RTA 402 increases
GFR in human pRtigHee it edmests ELtith A ST YRImBTR AN o Rs ST e ERY L Btbasured in
RTA 402-reatedipatienis e ko Hetktaraa tonlimmonthuedinicaldrialifertherse attaaptofeanaat. All patients
(n=11) dPSeg through si>%mol[l1ths were iggéuded in the analysis. The dosing information for these
patients is%r}lo’iﬂ%lg i Ex%rﬁf:ﬁe %?%elfg\l/lvl.l "FIG. 6- RTA 402 Activity Correlates with Severity.
Reduction of hemoglobin Alc is presented ass.fraction of the initial baseline value. Groups with higher
baselines, e.g., mean baseline 7.0% Alt] or 7 Al ¢, showed greater reduction. The intent-to-treat
(ITT) group includes all patients (n = 53)xipets gthose starting at a normal Al ¢ value. 5 FIG. 7 -
RTA 402 Activity is Dose Dgpendent. gn ot hemoglobin Alc is presented relative to the initial
baseline value. The bar graph show ban fesuftddor all patients, all patients with baseline Alc values
> 7.0%, individual dose cohgyts-fyenrthe > 7.0% group, and patients with Stage 4 renal disease (GFR

nimber of patients if@olOgvzUBTORIG. 8 - RTA 402 Reduces

15-29 mL/min), wherein n is th
Circujating Endotheligl, Gels (GEGS) and INOS sl CEGs, Theighanas i the mean pumber of
f } E%IT 3 anc} elevated basefine groupsp, oth betore and after

CECs in cells/mL is shown for intent-to-treat _ _ ‘ !
the 28 day"RTAMregimbapRaadiciom forahesdne-forpdutigro ap WasyapPrestiemarelig20%, and the

reduction {@&%ﬁ&%ﬁﬁﬁ@ﬁx@%‘%@%&&o&{%ﬁo@F@ﬁ@b@ Wascapprexioately 33%,Jhe;frastion of INOS-
15positive CECs was reduced a%)(imategﬁg‘? %. FIG. 9 - Reversible Dose Dependent GFR

Increase i8OS SXHRBIGEVIh TR 4659R08 2286 s Friob & gebrianiah s Al ARable patients
were inclugl€d. 1An tnproverie ninaf k304 riwas s atdehin patienisolvitic SN AkenRgkdiseasa FIGS.

104-B - Reduction, of Markers of Diabetic. Nephropathy Severity and 2Q Qutcome. Improvements in
A et B A R B e o Ry (D)
patients adtffostretaretiaitd CeRal didbasks senenlitgt Paipomesety pletiiets subsaniidlyrorshtigpand end
stage rengh diggasednRiNPRlieniSoA Aualable dataREuderishiSan dbhsts TRAA A% mignificantly

Reduces Uremic Solutes. The graphs present 25 mean changes in BUN (FIG. 11A), phosphorus

(FIG. 11BY28AtnficAicrpnesnE e ar@asipstich{@mh a5 Sr s dMsataniessHoving eRevaid baseline
values of gipfticedafasetdteith kikab. JaA-4E absdtay Bowger RDiliractio FIXRRD) Sspectra ahForms A

and1 of %‘(I)’Ae4‘92. EIG. %AngKL\//ﬁg H rsn‘lx%r nizer%nForgF %&)&I(EZ ts@gg\{% Elgi I i%gds Foerm A, FIG.
12C Showd F6ri B 30FIE 18" Moduiated Diftérentia §cann|ng alonme ry 5M SC) Cufve of Form
A RTA 402afHiersedtioh. ohtheic e ghowhn‘the ekpeind@dWiew is consistent with a glass transition
temperature (Tg}, some embodiments, Y is hydroxy, such that the compound of the invention is, for

example:

20 In some embodiments, the compound is:




FIG. 14 - Modulated Differential Scanning Calorimetry (MI/SC) Curve of Form B RTA 402. The section
of the curve shown in the expanded view is consistent with a glass transition temperature (Tg). FIG. 15
- Improved Bioavailability of Form B (Amorphous) in Cynomolgus 5 Monkeys. The figure shows a
representative plBtePtheE R i eoRRRTbI BefRFhENd Form B, following a 4.1 mg/kg oral
administration to cynomolgus monkeys. Each dataapoint represents the mean plasma concentration of

disorders, including diabetes anfica .
15I11.Definitions  As used herein,_th amino” means -NH2; the term "nitro" means -NO2; the
term "halo" designates -F, -Cl, -BFor, ;Hhe term "mercaptp” means,-STI; the term "cyano" means
-CN; the term "silyl" means -SiH3, and the term "hydroxy" means -OH. The term
"heteroatorrgeinstifUtisd @ Visrraioat S8 pHBHMY aiclhssororganiabadicats 20-(esrvAlkgr, aryl, acyl,

etc.), means At ARR B MURINBRANEydYreoehatom-pidhat radical has been replaced by a
heteroatom, or a heteroatom containing group. Examples of heteroatoms and heteroatom containing

groups include: AyaPBKyFeDediBeatidRy copPaed o2, -N(CH3)2, amino, or -SH. Specific
heteroatom-substituted organic radicals are defined nmigre fully below. 25The term.
"heteroatom-unsubstituted,” when used to modify 5,0f organic radicals (e.qg., alkyl, aryl, acyl, etc.)
means that none of the hydrogen atoms of th Y b'eﬁn replaced with a heteroatom or a
heteroatom containing group. Substitution o vt with a carbon atom, or a group
consisting of only carbon and hydro atlonTs, T not-sufticient to make a group
heteroatom-substituted. For example, the group-C6H4C=CH is an 30 example of a -
heteroatom-unsubstituted aryl group,q/v #e FC6HA4F is an example of a heteroatom-substituted aryl
group. Specific heteroatom-unsubstituted organic radicals are defined more fully below. The term
"alkyl" includes éﬂaﬁ@ﬁ?—éﬁ&ﬁﬁi@?ﬁ)ﬁ@ﬂéﬁjﬁ%ﬂﬁéﬁ@ﬁ@‘éﬁcﬁﬁiﬁ%ﬂ?}?ﬁ‘ﬁ?oi&p%}%%ﬁlﬂyﬁféli@%}ic) groups,
alkyl hetergatom:syhstitiadssyclpalivboraunmnang ayclpalybheteroatpm-substitatediaing groups.
The term "heteroatom-unsubstittiptgd Cralk)( "r ferf to radical.haviné]; a qu)ear or bragch d, cyclic or

I
acyclic striftir&! fURHEPASHRG IS S5REH e bbN GotiBRE BHIAETEHONES, 1ariTePiRTy Botal of n
carbidn atemspalhdfivwhichsaite nonaromatic, 3 or more hydrogen atoms, and no heteroatoms. For
example, a heteigaiomunshbaiiied (I CHlal bashind £aEaR HOmSENe ApURT CHS
-CH2CH3, CH2CHZCH3,-CH(CH3j2,CH(CH2)2(cyclopropyl),-CH2CH2CH2CI13, =
CH(CF13YCRIPUHER, (R 2erapeisylly -cifestigyamemb of &r spnrgEis sud (ibydiopsitigntaiid 10
cyclohexybearaaall gxamaleseipeterraiam-wasubstituiad afkyderasipsonlagutilgerivative, or
"heteroatom-substituted C11-alkyl" refers to a radical having a single saturated, carhon atom as the
point of atf’gﬁ}?ﬁh%mt%éj%l%%n-érﬁoﬁ%’% e06$ﬁ‘?~i5|é"§8%8%, ??Ihttg r Fiadihg 3°I1ﬁie5§ Lol Btanched,
cyclicsor apyabimsproighepeidturtheepiidangnd (Giah digh casbonlatoraghathdisubibhreiee dorsanomatic, O, 1,

or more th%@ié’tﬁ‘&&%%éoe%{?ai%ﬁ?%’aastJl%éhé’ %FgQﬁE%S%ESE? ‘Q’A@&%‘Q %%Iﬂons, the excipient is

selected from the group consisting of a hydroxpropyl methyl celiulose, a poly[1-(2-oxo-1-

pyrrolidinyl)ethylene or copolymer thereof, and a methacrylic acid — methylmethacrylate

copolymer. In some variations, the excipient is hydroxpropyl methyl cellulose phthalate

20 ester. In some variations, the excipient is PVP/VA. In some variations, the excipient is a

methacryvlic acid — ethyl acrylate copolymer (1:1). In some vanations, the excipient is
copovidone.

Any embodiment discussed herein with respect to one aspect of the invention applies

to other aspects of the invention as well, unless specifically noted.



15 heteroatom is independently selected from the group consisting of N, O, F, ClI, Br, I, Si, P, and S.
For example, a heteroatom-substituted Ci-Cio-alkyl has 1 to 10 carbon atoms. The following groups
are all examples of heteroatom-substituted alkyl groups: trifluoromethyl, -CH2F, -CH2C1, -CH2Br,
-CH20H, -CH2C%k3 ohivtisp fretze 1nd 3dvaagg OHPE PREHEMEMPO B H(E198) R, aPBFRBCH(CH2)2,
'CHZocm%é%g%QQHﬁié@h@%on%@%%ﬁ%nﬁﬁnymg drawings. It should be
-C112NHCH3,-CH2NHCH2CH3,-CH2N(CH3)CH2CH3, -CH2NHCH2CH2CH3, -CH2NHCH(CH3)2,
-CH2NHCEE92, heEpRi o &p14y91lee |SBRpien- &1 S8 ST L6 1S58 O ¥ EED 1,
-CH2CH2gibkideH 2012 A O4EHS spei2C HEDHd Ry efiH2CH2 N GHE) R, {EHZCH2HEH26HS3,

-CHZ HZM%H?CH@%& vari ¢ odificatio ithin t itit and scope of the

CH2CH2NHC I CH A 3 e R PR Bt e ke e B P

25-C142 CHZEN{CH2 OH8)om=GrRGHIAN oo SdieH 1Be androoHipsieigyslescriphenterm
"heteroatom-unsubstituted Cn-alkenyl" refers to a radical having a linear or branched, cyclic or acyclic
structure, further having at least one nonaromatic carbon-carbon double bond, but no carbon-carbon
triple bonds, a total of n carbBRtEERESLRIPLIQRL AN, LI DIRAMWINGSINd no heteroatoms. For
example, a heteroatom-unsubstituted C2-C10- 30alkenyl has 2 to 10 carbon atoms.
Heteroatom-unsiibstiieitediagkdrayiiges upsinptaidef tBHECER, SCHEGHOHBE- B ST 2CH3,
~CHRCHCHAfH AChbRs b T HGddR) 8 e mGde b (Grlted2 -ald 26k mbol 2nfy HR GElREHCHS,-C
H2CH=CHCH2CH3, CH2CH=CHCH2CH2CH3, -CH2CH=CHCH(CH3)2, -CH2CH=CHCH(CH2)2, and
CH=CH-CEMEstPRe Rerisleras Satsih Subeit b8 ese-dIfcERst rersraRinatipgdratt fsilsidedingle
nonaromagi&ashenAtgn s thepaiatat aitacheienénd at least one nonaromatic carbon-carbon
double bond, but no carbon-carbon triple bonds, further having a linear or branched, cyclic or acyclic

structure, furthgedaying agqal 4N CAPANBIAMErflade RRBIPHE: 1aRARE AYIFGSHAIRMLaNd at least

one heteroatom, wherein each heteroatom is 5 independently selected from the group consisting of N,

0, F, Cl, Braresidminisiersd. REAS03nipié, mefidtetoatonivstsstittitels Cosets-aikefin&¥ 2% 10 carbon

atoms. The.gseepsgntatiz Gl PayCH61HSEY and LahipGHBp A% oxamles ehheiaatpmisubstituted

alkeny! roups, The (G heieloAo e sliuied Oy AR 03 BRI gyng.g fnear or

collected from animals that were subjected to clamping and “sham™ control animals that

O I wipwaw v 3

underwent surgery without clamping of the renal artery. Blood urea nitrdgen (BUN) levels
were measured as a surrogate for renal damage. (FIGS. Ib-d} Sections of kidneys from
20 RTA 402-treated or vehicle-treated mice were scored for histological damage (FIGS. 1b &
1d) and inflammation (FIG. 1c). (FIG. 1d) Black arrows (vehicle group) show two of many
severely damaged tubules in the outer medulla. Red arrows (RTA 402 group) show two of

many undamaged tubules in the outer medulla.
FIGS. 2a-¢c — RTA 462 reduces cisplatin-induced renal toxicity. Rats. were
25 administered RTA 402 at 10 mg/kg or simply the vehicle (sesame o0il) every day by oral
gavage beginning on Day -1. On Day 0, the rats recetved an intravenous mjection of cisplatin
at 6 mg/kg. Blood samples were drawn on the indicated days and the levels of creatinine
(FIG. 2a) and blood urea nitrogen (BUN) (FIG. 2b) were measured as markers of renal
damage. A statistically significant difference was observed between the vehicle-treated and
30 RTA 402-treated groups on Day 3 (creatinine) and Day 5 (creatinine and BUN). (FIG. 2¢)
Less damage to the proximal fubules is observed in RTA 402-treated animals compared to

vehicle-treated animals.

-10-



10 branched, cyclic or acyclic structure, further having at least one carbon-carbon triple bond, a total of
n carbon atoms, at least one hydrogen atom, and no heteroatoms. For example, a
heteroatom-unsubstituted C2-C10-alkynyl has 2 to 10 carbon atoms. The groups, -C----CCH3, and
-C2CC6H5 afdERadffbs Bf'fr%et‘é’?oé‘tsymf-‘éﬁ%@i%?é&%ﬂ?yme&rb‘ba&‘ﬂ‘%%é}ﬁgss and rats.
"heteroatqFSUBslitHadnto! @k ik safersrtonamaditakh aving 4 siagiey nanacomdtadbdeashon atom as
the point of attaghmentand 2Lt legat one. carbon carb Qe%%%l%g{“d 2“55“5%“3%‘%9 ginggs or branched,
cyclic or acycilc S yucture, and hawrPg a total of n carbon a oms, ](?ﬂi or moré than one hydrogen atom,
and at leastaneé hetdathtivehireihickehchiste roatorhnwitidependently JEKEtE0) fRM tHE group
consisting,ofMafbkis kol S Bk FORIRMRIRIARIAIAY AP USR] Esirigralkynyl has
2 to 10 carbon atoms. The %_roup, 20-CF-CSi(CH3)3, is an example of a heteroatom-substituted
alkynyl gréfipials reeRiy ¢l TRMAStEISaRMiUnsUBS REGEER ChaneP ifeferdiostipie PhEF %S single
carbon atemaas aiReiteiaiashmant baherRinshaeamqr@onTtis R0l ARRIGMANC KiRg structure
containing only carb t further having a total. of n carbon.atoms, 5 or moge hydrogen atoms,
and no he?g%% 8treﬁggg{(?r‘%gg%m%FI,yaaﬁé$%rloaf(éaf%%l ﬁg% Ss?ﬁﬁ?e%@é@ig-g?ﬁoé};%%é) ?g W%E carbon
atoms. Exdheptescefithetdroaiomiustsubstiteteubarydigsoup samohideopheniiT métlyiphedytats

(dimgghyDphanyd. (EORAGERGHR. SSRIIGHEGHZEHNA, -FoEIA5d %{rlgﬁ@-ﬁ%ﬁtg‘?éﬁ(%@l
4CH 40ECH, -C6H4C=CCH3,

(
-C6H3(CH3)CH2CH3, -C61-1 =C112, -C6H4CH=CHCHS3, -C6 _
naphthy!, AfRIHETSHILS HerRpeaus dMbRIHERY AThemdine Hedreisidsulosebsttstddi AT cludes

E:arbocglcligeaed qur!:u%%, ﬁ@f&kgr@g@%@@gt r@d@@}i&ﬂfﬂiy@dﬁr@fwaﬁiﬁﬁ&%@ B&qdekmﬂrlgparbons
PAHSs). The term. "heteroatom-substituted 0,-aryl" refers to a radica ing eit ingle aromatic
arbon ata A Y Sl B ECUT B Ao O R Aaotal of 1
carbon at@m_is,’:_ﬁt 8astdredn/dno gernvertir, MMimemmoﬁnxfmm@ﬂwlae@Mach
hetef9at°fz@f§1@9&&?@%9&%&%&&%6@%9@&&&? graueaansising.of N, 0, F, CI, Br, I, Si, P, and S. For.

example, a heteroatom-unsubstituted C1-Cin-heteroaryl has Ito 10 carbon atoms. The term

"heteroatom-SdStittted arlfT hdidessinraeseany grertpung kdsinelibes erssdiyrestpaatedived from
the compQyslerRXH Fifir e r MIORIEINR) NAKIARRIE paesalavigPXasele, tiRzole, isgthigzole, triazole,

pyrazole, pyridine, pyrazine, pyridazine, pyrimidjne,.and the |ike, Further examples of
etoronto BT A AR LR ANHEFHTS BRACPE e e o SR LA R APH s a1
-C6HAOH r{2GiAQCH B G4 QOHRCHS: «G6RAGCORHS 40C 614 0a6Hk] - GO AL N2 at
-COEANHGHS, -COHANH C - [l vz -C6HACH20H. -CoH4 OCOCHS3,
CortacHANR RN s e By DR T s e s S B s
-C6H4CHPERIaNHe e 6 sepadio=tr 2ndesed 1ty BrH4CNM T 6i4aEases - BSIEEHR)3,
-CO6HACOHesGfiHd GOGHRrCEHACAGH2GIB1 SGHI4COCHR GRS, TREHARREBHE MRBIR4CO2H,
-C6H4CO%CH3, -C6RICO}%H2, -C6RICONHCH3, ;CB_H4CON1£E%H§)2,_ uranyl, thienyl, pyridyl, pyrrolyl,
pyrimidyl, PYRSTRVAGGATOY 25 GrSHAShES Hepe R Thetel SRSHELIRRIBEERRY Bn-aralkyr
refers to athadiGERhasiaglacsinglé bothatupte dAdaadmatanyas thetipoinothditactment, Susther having
a totgl of n_carhon s, wherejn at least 6 of the garbon atoms form an aromatic ring structure
con%ning gﬁl&%&r fo%?a%)?lnas%é%gf mg}%ﬁ/ﬁrgggeﬁ% 0 1313(%%& hé herl?é@daat%é)nr}s]wi%crag%apmble, a
heteroatomlhsdstitute d1G7 431 0%a Ryt has oo Besdarbomatems tExaanisleslohtes percent
heteroatongunsubstifuted aralkyls.inclyder phenymgthyli(oenzyl.andighenylathvh, Thedsmn
"heteroatom-substituted 20 Cn-aralkyl" refers to a radical having a single saturated carbon atom as the
point of atfAtHMEAt, further having a total of n carbon atoms, 0, 1, or more than one hydrogen atom,
and at least opg;hetero®Im 401 giRiRALICEINRNE Ohdae: £aPAGBNAOMTHS JREQINOr &g RN aromatic
ring structure, further.wherein ea eroatom is inde ently selected from the grqup consisting of
N O G B S SRR B 3P S PR Ayl has 2
to 10 carbomlatomsth cliffibd teshféhbtersatomiunisabstituted Bneacyli reféisitoed thdicgh Faving a
single carbion AomQf APy haknaR thepalikef Alasmsnt.furher Daving jipeacer branched,
cyclic or acyclic structure, further having a total of n carbon atoms, 1 or more hydrogen atoms, a total
of one oxy gt >ahelith additional heteroatoms. For example, a

-11-



30heteroatom-unsubstituted C1-Clo-acyl has 1 to 10 carbon atoms. The groups, -COH, COCHS3,
-COCH2CH3, -COCH2CH2CH3, -COCH(CH3)2, -COCH(CH2)2, COC6EHS5,
00C6H4a13,-00C6H4CH2CH3,-00C6RICH2CH2C113,-COC6H4CH(CH3)2, COC6H4CH(CH2)2, and
-COC6H3(CH3¥2, arcRska il esctif Hie Eooatiatesunth hstitried ydugroups. FEhegérinm Alc is

“heteroal g sYRSIVIER CiACH e RIRIALAAISA IR0 A SRR SAIBOR. BN a5, e pgint o

attachment, the carbon atom being part of a carbonyl group, further having a linear or branched, cyclic
or acyclic btrgbngre, Tiithex Isating a6t ot shearsbaratmssictonr rhiesrantsantoiedtyidrdgen atom, at

least one ggdanalie eiqalemRaddiandadhic MAOSAAEING SAEAABYAGEURherein each

additional heteroatom is independently 5 selected from the group consisting of N, 0O, F, CI, Br, I, Si, P,

and S. For ex3fpié, a Réte R ohEaRsRUReaeRePrBUBH hEsH R0 HHBAGIBIML It term
heteroatomsuhstdutedtacyld el desatademe wWali o carb iard atepand dhiosridoxyliaatid groups. The

groups, -COCH2CE3, -00211...-CO2CH3, -002C112CH3, -CO2CH2CH2CH3, -CO2CGH(CH3)2,
00D ORI CORITEHIE SR O i framiois et b o
-CONHCH2CHROHS sBONTIGH(THS)2: € BN NG YZ ROGRICH 210N CONOHRBHBICHS,

'CON(CH%QE@%PMEQQMEEQW% are examples of heteroatomsubstituted acyl groups. The
o-alko

term "heteroatom-unsubstituted xy" refers to a group, havingé%he structure -OR, in which R is a

hetetBatom-uiltabdmditdd E62 dhegross fHaptatinssadintheliabbols G BardRSRRmrsibRituted

alkoxy grogpgncitige: hidedis, 1 Gld2Ciisbé& GHREER G H 31T HLGHR)A, fanchedCid&d2)2. The
term "hetergatom-supbstituted Co-alkoxy" refers ta a group,. haying the structure -OR, in which R is a
oteronto T Ee 0 S P D 0 et SR ST o
heteroatomekybstitive dhal losgngrotpatTieue nves haproatoieiynib st atieCedatkemy loxtherefers to a

group, having,thg 2QAHUGHIE, R, ddiieh Rds %}Eﬁ}%ﬂ&@@%%mﬁﬂé%@&?mg-% that term

is defined above. The term "héteroatom-substituted Cn-alkenyloxy" refers to a group, having the
strudture RS Whfchwrsiseduselerpatsimatisitited Co-alkenyl, as that tem is defined above. The

terr]mr']'hetero?]t@m-@nsmmwﬂﬂemﬁdgmmh@éhfefﬁmtﬁnm&unn?;iwgh% ﬂ*@aﬁi{ﬁiﬁtuﬁﬁ}rOR, in
which R i eteroatom-unsypstituted. Co-alicynyl, as that tefin is defined above term
etoront A e AT, s PRRETENS m o SR PR st Ut o R is o
heteroatonmpubystitesed!' @@%(bk\ymyp,o&si tingatefits igidefinegd @Mkd}'ﬁfﬁﬂetgrm "heteroatom-unsu bst_iwted
Co-aryloxy" rgfgeg 10, 3,50UP. RENIRE.I %P MRATREN G Qb NG Yo A PSRRI HipSubstituted

Co-aryl, as that term is defined above. An example of a heteroatom-unsubstituted aryloxy group is
-006H5. TRatame hbrprextBsuptitirerretd-ArifoxPArbresk degareip theiling i striicture -0Ar, in
which Ar igra fietaieatpixseastiting fatn(WiNgpdhatiterma isdefined @bayal disease severity.

Adiponectin predicts all-cause mortality and end stage renal disease in DN patients. All
available data included.
FIGS. 11A-C —~ RTA 402 Significantly Reduces Uremic Solutes. The graphs present
25 mean changes in BUN (FIG. 11A), phosphorus (FIG. 11B), and uric acid (FIG. 11C) for all
patients and for those patients showing elevated baseline values of a particular solute.
FIGS. 12A-C — X-ray Powder Biffraction (XRPD) Spectra of Forms A and B of
RTA 402. FIG. 12A shows unmicronized Form A; FIG. 12B shows micronized Form A;
FIG. 12C shows Form B,
30 FIG. 13 — Modulated Differential Scanning Calorimetry (MDSC) Curve of Form A
RTA 402. The section of the curve shown in the expanded view is consistent with a glass

transition temperature (Ty).
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The term "heteroatom-unsubstituted Cn-aralkyloxy" refers to a group, having the structure -ORA" in
which RA, is a heteroatom-unsubstituted Cn-aralkyl, as that term is defined above. The term
"heteroatom-substituted Cn-aralkyloxy" refers to a group, having the structure -OR, in which RA, is a
heteroatom-sil§stitdte VB pdidy Didfsrtertiab henim Buefinbdinde (MDSHeCerre of Form B
"heteroatqgrANgePSHUIEd SR BEHRVGEGISIR A HOURpHAMNG; IR SEURINE QM IndRich Acis a
heteroatom-unsubstituted Cn-acyl, as that term is defined above. A heteroatom-unsubstituted acyloxy
group inclEASERKRRBHHAGkY and arylcarbonyloxy groups. For example, -000CH3 is an example of
a heteroatomekf) uksubgiiiipies acyivanabRity her teepmh Be(aaiorpidsptintet fonagylexy” refers to
a group, having the structure -0Ac, in which Ac is a heteroatom-sybstituted Cn-acyl that term is
Tt PR o LR T LU TEE SEACNS b ok oLt Corta g 2 408
aryloxycaffromyRXy)lcaibo xytdten siig/tealbdmisatkony tasivoryh amm imotkeivonfihchndialkgithiocarbonyl
groups. 1%?&&%{%1@%}959 QML ISHRSHIES Soplaming Kiersi@ adadical BaYing.A single

nitrogen atom as the point of attachment, further having one Or two saturated carbon atoms attached
to the nitrégjapsaitbive strAsEKaviries wibay Bf traRkdaPEliR or acyclic structure, containing a total
of n carbon atoms, all of which are nonaromatic, 4 or more hydrogen atoms, a total of 1 nitrogen atom,
and no additional heteroatoms, For example, a heteroatom- 20 unsubstityted C1-C10-alkylamino has
1 to 10 carbon atoms. THeterirHetéroatortfrstbsttdted-Crrakyrammno-cludes groups, having the
structure -NHR, in which R is a heteroatom-unsubstituted Cn-alkyl, as that term is defined above. A

heteroatoh-unsdbstEyesepsRapartieny group would include -NHCH3, -NHCH,CH3, -NHCH2CH2CH3,

-NHCH(CH3)2, -NHCH(CH2)2, -NHCH2CH2CH2CH3, -NTCH(CH3)CH2CH3, -NHCH2CH(CH3)2, 25
NHO(CHA)3, NIRRT AR At RS o Bt RESBRIGTS]. The term
"heteroatciisessbstituted «C ristkgtamimiti tafrdsibotes radfi catdendsy arsinglesnimogenatomises the point
of attachnb%%é#{éng{dgaving one or two saturated carbon atoms attached to the nitrogen atom, no
carbon-carbon double or triple bonds, further having a linear or branched, cyclic or acyclic structure,
further having a total of n carbon atoms, all 30 of which are nonaromatic, O, 1, or more than one
hydrogen Jtom, B58UE8Sst one additional heteroatom, that is, in addition to the nitrogen atom at the
point of attachment, whereineach additional betargatomyis. independently-selestediomdhe group

consisting of N, O, F, CI, Br, I, Si, P, and S. For example, a heteroatom-substituted C1-Cin-alkylamino

has 1 to 1s@aratdrsigntise tdim HeeRSatbmls sttt d A aMiAB® multd®€ §Filips, having

the structug@aryHiRsais wlichtit israh Mretieroatems seig;ied G- adky agdioal tensaiis defined above.

The term "heterggtom-unsubstituted C11-alkenylamino” refers ta a radical having.a single nitrogen

atom as the poir?ﬁ%ef tgﬁ%lcihrél%ﬁ?tﬂﬁ?fﬁ%%rsﬁg’ﬁgg cgﬁlee ‘or' %Wot%anrjgoln@a?ocrnass%oat%% écdl?(? %%’nitrogen

atona0furtlieg halkiplg afineas.orbiamehedtheyotie, or avyelibastarsturedreemaiomg athietastivak

nonaromafig, caron-garbon gouplehond. 4 lal PTLCAROR A0S e Rydrqaen gtoms, a total
e

of one nitrogen atom, and no ‘additional heteroatoms. For example, a heteroatom-unsubstituted
C2-Cio-allsHyrafiADb His BRI ORPERASBI B EOPRS TehiiThRYdreatoMams asHned- =5
Cn-alkenylaguno=ieludes graups ohaving thesiidchaterdomikiBsiuwhichgthis aadicals are
heteroatom-ﬁas%bstittﬁgfj %-alkenyl, as that term is defined above. Examples of

heteroator‘fif2 Substiuted (-)éﬁkenylamino groups also include dialkenylamino and
alky&lkenyl)amifie geonfbe Theattennuibhietarded Srmdsurbetidite dnGi ke nidsminegefersdeca yadical
having a %0 .'eamgqu@ A9 45 fheRaintebaliachmentand.atdeast aneRonaLematic gaipon-carbon
double bond; but nd carbon-carbon triple bonds, further having 15 one or two carbon atoms attached
to the nitrdgBACAtorA T thEPRAVNGCA AT SHYParRHBE NS/ &liUSr ARAEERD ¢ YdFI®ER having a
total of n cagheRROMS:EhnlaBiNEra thakh WIaNEKOsE Briambanddt Isdsienerdditiona)kheteroatom,
that is, in addition to the nitro}%en tom at the Egimo tachme}gt, \%herein g%cp[ %}lifga}alnheteroatom
is indepentBHE LRy f SRS TSa ConStG 6 NT 6XET: BF §'8P B aid s Fot 8xample, a
hetetdatoraxa?peubstidutetOC2t@ 1 0nativstiyiathinylhgs2ptotiblearttaH dtomsn Téetenn of a
heteroatospaiiad R Eny BIIRC el e AR NAVIRG R A HiEIHTE I, ipavhich Ris 2
heteroatomsubstituted Cn-alkenyl, as that term is defined above. The térm
"heteroatofsfinsd maat{itby telexikynylamino” refers to a radical having a single nitrogen atom as the
point of attachment, further having one or two carbon atoms 25 attached to the nitrogen atom, further
having a linear or branched, cyclic or acyclic structure, containing at least one carbon-carbon triple
bond, a total of n carbon atoms, at least one hydré&en atoms, a total of one nitrogen atom, and no
additional heteroatoms. For example, a heteroatom-unsubstituted C2-Cio-alkynylamino has 2 to 10
carbon atoms. The term "heteroatom-unsubstituted Cn-alkynylamino" includes groups, having the
structure -NTIR, in




30 which R is a heteroatom-unsubstituted Cn-alkynyl, as that term is defined above. An alkynylamino
group includes dialkynylamino and alkyl(alkynyl)amino groups. The term "heteroatom-substituted
Ciralkynylamino" refers to a radical having a single nitrogen atom as the point of attachment, further
having one or twbedebori‘diohisatabied tizbirehiroden atowms.fintnehdqbving alighgtoons nonaromatic
Cafbo”'Caé?&Ba!ﬂﬁ'%399&%%}55%%“Mﬂ%@t&%ﬁ&h%@&ﬁﬁ!&%&&a@ﬂ?l U ABCUEPUHGIHIR,1and further

having a total of n carbon atoms, 0, 1, or more than one hydrogen atom, and at least one additional
heteroatoHfitFaq8r-fHbsHENS R e tsENRPogels B B sHint sk bttiekthemt!whereltreich additional

heteroatomigindenendently-selactesh i heirrotpsonsistingudd, Nudhdr HetiBraéd Sibbs-and S. For 5
example, a heterpatom-suhbstityted, C,-C, 0-alkynylaming has 2 to 10 carbon atoms, The term

eteront e Oy G oS, FabiFy e uchlr &L REFD Meahich R is a
heteroatomsubstititted GOralioiydrasthatiernrd defiredeabonve. For éRhmplrm heteroatom-
"heteroatqm- E%géit%tg Crhasylaminoy refgrs radical haping a single Rjirogen gtgm as the point
of attachmersn, urther hé\ﬁhog%[?{ieast oneoaroma?tf%%ng structure 1§? gttglghed td'the n'iztrog3’en atom,

wherein thé-BréHatidxing stbrdstentaind-shiytbarbon &isiesrdarther havirgeHdtal6fh:-carbon
atoms,|6 or(jhngljﬁbwmggpa@g@{b _ @ggé@, OFQGQ?QEFQGH%@%Q)ﬁEQcMEQQE@I@&%ﬁfﬁﬂtoms- For
example, a heteroatom-unsubstitut -Clo-arylamino has 6 t carbon atoms, The term
etbloat e oA ARTAIRNG: TG SrEEPL TG IS CufEtire -NER. Ffinch R is a
heteroatofihettbornsuhstitittee] Ch-aiyll asfthatdermdisad éfined abioye: Athetedaatbon-smwsulpstituted
arylamino group includes diarylami d.alkyl j The;t "heter -substituted
Craryiam e e
having a tbteldesh esebopr ol BrieEs Suapybrogen ishel atdeken stenadditdnditletdroatoms, that

is, in additigpa.tethecnirogen Ao diihspainkolattachmantayhsrein et isashore hthe carbon

atoms is incorporated into one or more aromatic ring structures, further wherein each additional

heterbatoRf & SAREh EHdrRAP LIt A mSthing P S EB RN e N o, % fe F BT, 'sPipPand S. For
example, anieterbatetmsplastitited @bt ibatiyiathiDethasalkyichif casbdncatbrnsitdhe &8t
"heteroatams:substituted Cn-arylamino,’ includes aroups. having t tructure.-NHR, .in ichRis a
v et i B Rk SO T S el Rl

group inclutishetéiddrylarhiddPgrodps: O, Théhe¥aitheterb&toithsubstitet¥eicrtardiiylamino”
refers to aadiepti@ving a single ditiggen atom-asitar-poit,of attaphmentfurtherdhaying one or two

saturated carbon atoms attached to the nitrogen atom, further having a total of n_carbon atoms,

whetin af feddt36%of the carbBh &bl form a?pﬁ%};ﬁ%@ﬁﬁ]@’ structu?gléé}ﬂ?gﬂi?@{éﬁ@-*carbon
atoms, 8 orOHgR OV gErHatomsCH IS Bl OHenitrogeH aTH T, no additiphaCiipEigatoms. For

example, a het tom- itute -C10-ar ino | ca t ~The term
"heteroaton@?uﬁssigzgétitu%g%rg-ar‘alkﬁz—a%n ﬁhclggﬁgs ngup?ff"ag\/}lEﬁg e staﬂ?%%ﬁ% “NHR,’in which R is
a heteroatoirfAduibEtituted Brara{E Ee:that-felmé . 4é i Ghove ~Ah:raNdhiR B 4r8up includes
diaralkylam@}%@m}q@@ﬁﬁqﬁ@rm’"heteroa@m@ggsjw;%?ﬁ:ﬁgralkylamgégggqg@{wggggal having a
single nitrogen atom as the point of attachment, further having at least one or two saturated carbon
atoms atta ]t\ﬂg}ﬁ?ﬁ:g@ n"&%ﬁ%gpﬁg%)é mr@%%gfﬁé}%'atoms, 0, 1, or more than one
hydrogen atom, @hdaash ohedadditionabietardatontkthal’ise firagditiagital thengrogasatem at the
point of atiachment, wherein.atjeast one.of e caibon, ajom ncormarated o an aromatic ring, further
wherein each he éroya%om IS |Hd1epencfenﬁy Selected %rgm the group consisting ot ) (i , E:I, Br, I, Si,
P, and S Foreramle bat heterobtoreedubstiipte $@IC in-arallkflantibdnagiomn tecarborwmtoms. The
term "heteroatonmysybstituied Gi-atalkvlaminos ipdudesigraupsichaving he kasitdceye ;NHR, in

which R is a heteroatom-substituted Ccarallcyl, as that term is defined above. The term

"hetdfoatcHfubsittitdd Bradfy b ataiia s iredfammsetargard g mihozours RS m amido
includes N-glikytamidaNv@rytiamidoHNeataliy:amido HRCHRIRITH Akl catIoRyROHOH, ).,

arylcarbonylami eido gr J1he.group, -N )( is an 1f D
heteroatonﬁégir%%ga%&géﬁmidowglrﬁgl?f)g“ e‘term "f%g%%%aﬁﬁSubsti%%g %ﬁ@%%%hfefers to a
radical havidl&BirghChitfddsiHatom dsHbeHrsitt3f @ithehmentCHintherRaVING Hogarbongd group
attached vig:jis SAROM A0 the-AUIISDAQMLHITIEE, ARG & g3 on ARG e gy dlic or acyclic
structure, further having a total of n carbon atoms, 1 or more hydrogen atoms, a total of one oxygen
atom, a total of one nitrogen atom, and no 20 additional heteroatoms. For example, a
heteroatom-unsubstituted Ci -Cin-amido has 1 to# carbon atoms. The term
"heteroatom-unsubstituted Cramide includes groups, having the structure -NTIR, in which R is a
heteroatom-unsubstituted Cn-acyl, as that term is defined above. The term "heteroatom-substituted
Cn-amido" refers to a radical having a single nitrogen atom as the point of attachment, further having a
carbonyl group attached via its



25 carbon atom to the nitrogen atom, further having a linear or branched, cyclic or acyclic structure,
further having a total of n aromatic or nonaromatic carbon atoms, 0, 1, or more than one hydrogen
atom, at least one additional heteroatom in addition to the oxygen of the carbonyl group and the
nitrogen ﬁ%%ﬂﬂ%@%ﬁ?ﬁ&aﬁ%ﬁm@nﬁvWFeF@iW%%‘%ﬁ@@HHF&‘%&I“ﬂe%}Bﬁtoﬂ?‘?s"i?fa’é‘ﬂ@ﬁta:ently
selected frarpdinesgsondaonsisiiny bhiNad cirb6il Bibdn SipR; BhandiGteohexamplénear or
heteroatow-sug(sffitute CI-Cm-lamitd h%§ I o #193 rc%bion gt[%msba h% Jerm ; leter a}orOnr-smuobg,tituted
Cn-amido” eI éé)yﬁrgu%s?%g\}f:nsg Y6 Structure - , INwhic RS 2 heteroatom-unsubstituted
Ciracyl, aghtimatcernhydrdedinedoabovad TielgraupneNHEO2CH3, ihaniexeaviplédfrgatom is

heterpatomsybsiiftied amide GigHRe grodp @&%&QQ&F 3lomsynaKking HR hcampryRdsf the present

invention are intended to include all isotopic forms of such atoms. Isotopes, as used herein, include
those atorffEmalAng HFE©aB-StSRE R Hedn bRlemrb R e stOriieR By wa) R gEREral example
and withoutlifaitation. (3otopeS ehbydreperHBeluge ékiiupreand dewtesiom,sandiisetoprsmyi 5 carbon
include 13C and '4C. Similarly, it is contemplated that one or more carbon atom(s) of a compound of
the preseﬁf?ﬂ%ntion may be replaced by a silicon atom(s). Similarly, it is contemplated that one or
more oxygen atdrh¢syof dhesmpoundmofbyetpresentimefitioriondy bearipibbadnyye disedfur or a

selepium RLOM{Sk cyetic SAANAEANEINAIERGY: A0 AT AIARLTASIHEHIS ARAWRR thisiaprlication

implicitly 10represents a hydiogen atom bonded to the atom.  The use of the word "a" or "an," when

used in cdfjeefiGreariertaiornt &5 PRSI Ry SiRei e i A i S BRI fABRINS ean 'one,”

but it is algeisRasistenbwihthe eaningkohyOnesor More cadbieasihane Iangiene oCamde than one.”
Throughout thgij;(}:
r

tr plicatign, the term "about" is used to jndicate,that a value includes 15the inherent
variation ofer %g’r?ﬂ B%Vé%ﬁﬁél%g}fﬁ%&ﬁseﬁ’?g%gtr‘?{ﬁ%%’fem 518 %‘i‘rtﬁflnglgﬁn r\]/ﬁrﬁ’él?%r fﬁlee variation
t.hat_ existsamofigtthestudyisulojeet C, -alfinelteraiss' domprdeil "havial andlfglﬂzlmmti@pen-_ended
inking verbian AN QL IR0 A0 RLIMALE LSS /DR UG AP HERIIIRE SuriRRMPriSing

"has,” "having," "Iinc including,” are also open-ended. For example, any method that
20"compriseane hizeasorihriaeded: ordiopeyelistecanctirEdEs JiakeseirterIy se one or
more stepg, angrysr.caNeEnOthardslisiehsienst lcathadapkreftostivaicrem hah tesmdswised in the
specification and/or claims, means adequate to accomplish a desired, expected, or jntended result.
The term "ﬁ)}’&‘?ﬁ?@n‘j\ﬁﬁgnsﬁgéﬁ% P HOHIFE R RO ﬁ?}%’mgéaﬁns(&&a Itﬁe%o%paélunrgd 8has less
than one (&xgmhemihydrate)mend(egednibrOhydigite), fos Rare thanabme ¢oors. difiydratepwater

m0|c9]§$|es'_%’8§8§@rﬁr[ﬁd) X’%g a(‘j‘eg%f’éﬁép O@gqlr%g% aggq&}ét%sﬁ&q&%mwé)g@rms of the compound.  As

used herein, the 0 an inhibitory dose which 1s'50% of the maximum response
obtained. 30An "dsrifar GreterapeompiitiisiLsepdraeieesn goatigabanne sage shotule
atom as a point of attachment, wherein the carbon atom is part of an aromatic ring structure
containing only carbon atoms, further having a total of n carbon atoms, -5 or more hydrogen
atoms, and no heteroatoms. For example, a heteroatom-unsubstituted C¢-Cyo-aryl has 6 to 10
25  carbon atoms. Examples of hetero_atom-unsubstituted aryt groups include phenyl,
methylphenyl, (dimethyl)phenyl, ~CsHiCH,CHs, -CsHiCH,CH,CH;, —CoH CH(CHj)s,
~CsH4CH(CH,)y, —CHa(CH3)CH,CH;, —C¢H4CH=CH,, —CsH4CH=CHCH3, —CsH,C=CH,
~CsH4C=CCH;, naphthyl, and the radical derived from biphenyl. The term “heteroatom-
unsubstituted aryl™ includes carbocyclic aryl groups, biaryl groups, and radicals derived from
30 polycyclic fused hydrocarbons (PAHs). The term “heteroatom-substituted Cq-aryl” refers to a
radical having either a single aromatic carbon atom or a single aromatic heteroatom as the
point of attachment, further having a total of n carbon atoms, at least one hydrogen atom, and
at least one heteroatom, further wherein each heteroatom 1s independently selected from the

group consisting of N, O, F, CL, Br, 1, Si, P, and S. For example, a heteroatom-unsubstituted
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contains the same constituent atoms as the first compound, but where the configuration of those
atoms in three dimensions differs.  As used herein, the term "patient” or "subject" refers to a living
mammalian organism, such as a human, monkey, cow, sheep, goat, dog, cat, mouse, rat, guinea pig,
or transgefiieCspgetiesatiichent v dértarhoembvodinidntsthEhpatientorsshbjeotdsaayprimatdeNon-limiting
examples Qété}%%“ui&%lse. ‘iEﬁ@E%?c%ﬁE%at%‘é@ GRS ARG GISE S hpounds FAHRACSHEGAIY
acceptable™ means that which is useful in preparing a phannaceutical composition that is generally
safe, non-teidiehai Heither picrgielalysaurzsbininadls. uribiralsicata oS! habtifih is
acceptablefaruRierinan;Mse RsiNRiras Haneh pharmasaubicahbse of hetBloakmasatiaally acceptable
salts"_means_salts of com oun%\s of the present inventio griCh har eutically acceptable, as
defindd alitve, HRBPR LR HEss88s ﬁ’i‘é“ﬁ%sifgg%#arn?;égfg 1ceﬂ(§‘5§i’§fy. é%aé%“ﬁaltﬂ?y%@gé acid
addition saits otraed, withoganici 1 0-acidsOsieths hyddatdgtic aCidliidrob(omitiECiH;,sulfuric acid,
nitric acid | id, a tke; or wit IC acjd: 1,2 (i ic acid
93&*%&5 » &l 1, Or Wit Qrpagic acds,sugh3s 1.2:ethanediziepic acid,
2-hydroxyét%géanesu gﬁ?ﬁ%ﬁcidt@%‘% it éleneséﬁ‘}or%?:ﬁacid, 36-pf1en§/t%f’opionléc %, ’

4,4'-methyténEbt BdHydroxy-2-6ndXE3tboxylic acid)stpiefiibityclo[2. 2 O16tdEd&L arboxylic
acid, aceticagid-alphade orang- angidisabaylicacidspadpbetic-eufuricagids, 15-aemeatic sulfuric

acids, benzenesulfonic acid, benzoic acid, camphorsulfonic acid, carbonic acid, cinnamic acid, citric
acia by cioe AT o B e THgE A A AT eonapti R b

uconic acid,

glutamic aeithFHytyoaliglacid;-gpiaan i, acie hExa0gitHacid, HydtaxyNaphthoi€ dtidONEICHcid,

laurylsulfuri ' ic acid, malic.acid, malonic acid, mandelic acid, methapesulfanic acid, muconic
acic o-(4-hySac o el R R s ARtk SR s
phenyl-sulsstitobddmdikadelid. acids, propionic acid, p-toluenesulfonic acid, pyruvic acid, salicylic acid,

stearic aC'd’_SUC@'Hécté%d?‘E@(éﬁﬁ%ﬁﬂﬁlgys&%iéaubﬁ%%ﬁ_ e.aq,g;mgr '%%Hﬁlﬁ@ﬁ“ﬁa@ﬁi Aogdhe like. o
Pharmaceutically acceptable salts also include base addition salts which may be formed when acidic
protdhs predites e Bb AT A RAT W ISR B SRy dEsaA AL hL B SUBRY i8R anic bases
include sodiwitidatiyakoxisiehsosaivin srarofate A aiasativnihy craxice, @hisimunoilydrekide and
calcium hyctiroxidg. Accegta Iedor ea}lnig bages igd%d%e th%?&haqmﬂ% g}i(ethalgoIgnﬂé}gmtg{'eéﬂanolamine,
tromethan%r?g?SN-mgltrhi/ITg Gcamin an(ﬁﬂle’lif(m. ItShoutd be rééognizedwﬁ]fat’the partlcuf)ar anion or
cation formirgtateiddt afy ssatiof this TnodAtiorbiv nbrerifearnplsion heicrohtosamsabstitubbdle, is
pharmacolagicaly,ascapiabig1AdaiionalSxpmalea-al REgIMateutisalmadascrpiablesalls and then

methods of preparation and use are presented in Handbook of Pharmaceutical Salts: Properties, and
UseXP. H swRKEIC referivihRutRdids. PR g HERECATENTHICATAMa 298025, the RSIESES herein,
"predominapiiinase enantionaeinoesias dhatcarsomponadcontainsatdeasialiowud 8540 afane
enantiomer, o1, more preferably,atleast abou 8036 of ne.enantiomer, o, exen marg preferably at
least abou&5% of ona enantiomer, or Most pré’lsera?ﬁy at leas aBou?IB@% of one enantiomer.
Similarly, trerphrasegsitystarsti fistire s fasemotbrdr ticaloimoinadepand anidytheledird dumipdsition
contains afmast ahout 1 30 tAROINERENABLeMELY. $ASIRIRAME hIQta BHe i R @h mest about

10% of an6ther enantiomer or diastereomer, 5 even more preferably at most about 5% of another
enartfiomer origigiErdorhiEs il hebpRefePbly at most about 1% of another enantiomer or
diastereomer. ThPraveriwfoabnpeveRingedTludes: dkis mbitag diiehonsetclridisaase in a
subject or gatien%whic may be at risfg and/?r d@re&ii osed oiipe isease hut doesbnot Xeé experience
. 0om o aic ny. gﬁ(q)u]) as the gﬁ)om attachiment %}. aving a 1&1/3ar ﬁanc ed,
or display any or all of the’pathology or syniptomatology 6f the disease, and/or (2) slowing
cyclic or acyclic structure, further having a total of n carbon atoms, I or more hydrogen
atoms, a total of one oxygen atom, and no additional heteroatoms. For example, a
30 heteroatom-unsubstituied C;-Cjg-acyl has 1 to 10 carbon atoms. The groups, —COH,
~COCH;, -COCH,CH;, —COCH;CH,CH;, —COCH(CHs);, —COCH(CHy),, —COC¢Hs,
—COCHsCHs, —COCHCH,CH, —COCsHLCHLCHLCH, —COCHsCH(CH3),,
~COCgHsCH(CHy),, and —COCgH3(CH3),, are examples of heteroatom-unsubstituted acyl

groups. The term “heteroatom-substituted Cy-acyl” refers to a radical having a single carbon
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10 the onset of the pathology or symptomatology of a disease in a subject or patient which may be at
risk and/or predisposed to the disease but does not yet experience or display any or all of the
pathology or symptomatol%%y of the disease. The term "saturated" when referring to an atom

means th&ftFeatdih RO M SERTITSHHEF SA5798 BT RFeAmS oF &ingiaosshae s AWtigieoisomer”
or "opticalisanes"lisan isUnaciaiia givien cosepaiindrirwtichuiiherSamagatomalase Headed to the same

other atoms, but.where the configuration of those atoms in th dimensions differs.,.'Enantiomers" are
oo ot S il s R S S N et TR
"Diasteredhtersyere sfetenisuheart efcmgivéresomprsinelithieealehetsreriamtiomedspactentigrapeutically

effectjve agoupl” g5-PhAPREsUIRRINRIfestie ampupy’ Beansithat amountyhich, when,

administered to a subject or patient for treating a disease, is sufficient to effect such treatment for the

disease. MetorpRiiERt Bfotrdating ameiutes (1JInhibiffig R diease Tha SiBjebFBFEB4ERNt

. experiencingsarsigpiayingdhaepaiiivlagy Drisynptomaielogydofibenfisedse 48d gatesting 25 further
development of the p and/o ptomagolagy), (2) iorating a di ' bject or

patient that is. %Skperig%%%ﬁispla{:/%ﬁ;he p§§)6¢(g® or s(y?rqlp%?ﬁ]a 8Iogyd§$ﬁ%§%é}£@§3(e.g.,

reversing tHeOp@thlbgy. and/dr Qywhfifoatology); @Ndior (3)-¢HEstidiany meGetvdbld:88crease in a

disegse in aspRieSH 2" @tlignt that_ié@ﬁg%rmg or disp&%j@gépﬁ _2tj;,ology Q@@qf@ﬁgﬁatology of
Y

the disease. 30As used herein, the term "water $oiuble” means that thé compound dissolves in water
at least to th@ W&k St 0o TholbftEoH ik dadsifid PR L5LBe de Rl tfitBeigréoBrecedence.
Other abbgepiatiansausedhigkein are as follows: DMSO, dimethyl sulfoxide; NO, nitric oxide; iNOS,

inducible nitric oxide synthase, COX-2, cyclooxygenase-2; NGF, nerve growth factor; IBMX,
isobutyImethy b IREF B AR B LI CDON (SEr SEHBsRARe SERArUEnase; RXR,
retinoid X ré&deptoryHE-R 35 trahgtooating growshifastof18jENy ahdF-Nry istdd@noh-shdvR.S, bacterial

endgtoxic lipppolvsaceharias: JINER L TNBR tHaraecsis. fackyaichl: 113, dnieslewkin-1P;
GAPDH, glyceraldehyde-3-phosphate’s dehydrogenase; MT§E, methyl-tcrt-butylether; I\iﬁ'T,

344,5-dimethytiffiddo. 2094 OGS hany kbt &t e srertesubetititedchicHbasstic At iHO- 1,
inducible hemg axygemasauclhe RV KieintionhsuRatsadameentictirg definiiendn any of the
reference that is incorporated by refere ein. |lIl.Synthetic Triter ids 10Triterpenoids,
biosyntheéﬁi%érfﬁdpqg%% fheé{%?% zé@éﬁé&%{ﬁﬁaﬁ %e,l}{éﬁ;é’rﬂésé‘asfwtrgi%%&ﬁ%%%oses in many Asian
cou_ntries_; and s_d‘mrfe}:diine ﬁus@ﬁoamnﬂmim;ﬁﬁneac@sa&myﬂmwmﬁebetamimMGg_yt_he\d
anti-garcinogenic. (yand ghly &‘%I?%; ﬂﬂﬁé@&8&&ﬁ£uﬂ;%§§9ecf@}0@¥&%1}%§ BJQJ?@J&%%Q%{% of these
naturally-occurring molecules is relatively weak, and therefore the syrithesis of new analogs to
enhance tH&Vpotdieytoias Ustepgiparpubstituted  Cp-alkenyloxy™ refers to a group, having the

structure —OR, in which R is a heteroatom-substituted C,-alkenyl, as that term is defined
above,

The term “heteroatom-unsubstituted Cp-alkynyloxy™ refers to a group, having the

25 structure —OR, in which R is a heteroatom-unsubstituted C,-alkynyl, as that term is defined

above. The term “heteroatom-subsiituted C,-alkynyloxy” refers to a group, having the

structure ~OR, in which R is a heteroatom-substituted Cy~-alkynyl, as that term is defined
above.

The term “hetercatom-unsubstituted Cp-aryloxy™ refers to a group, having the

30 structure —OAr, in which Ar is a heteroatom-unsubstituted C-aryl, as that term is defined

above. An example of a heteroatom-unsubstituted aryloxy group is ~OC¢Hs. The term

“heteroatom-substituted C.-aryioxy™ refers to a group, having the structure —OAr, in which

Ar is a heteroatom-substituted C,-aryl, as that term 1is defined above.
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15 (Honda et al., 1997; Honda et al., 1998). Subsequent research has identified a number of synthetic
compounds that have improved activity as compared to the naturally-occurring triterpenoids. =~ The
ongoing efforts for the improvement of anti-inflammatory and antiproliferative activity of oleanolic and
ursolic acid analb fednto e greBvErubIuisth fo-aralkylopvdidkteietna - o1 NeiEs-2Boic acid
(CDDO, RiAcAQ2)-ang, relatecheanpounds {8ibreddaP@sMgiidiR 223, £RPOMmhiHenda gt al., 1997,
1998, 1999, 2000a, 2000b, 2002; Suh et at, 1998; 1999; 2003; Place et at, 2003; Liby et at, 2005). In
the case &Fﬁﬁﬁﬁ‘cﬁ?@‘@yt&ﬁ%f@%vé‘ﬂ%ﬁ?@@?ﬁ?&ﬁﬂ%aﬁiﬂ ARGOxIGER FRSpEioLR IRkt (ARE)
signaling, thereeaeustiruCibrg, dativitice\Raluatiarhefeldisitespenoicsi nGledathd,imp drianaenofsMichael
25ac ept(r)?{egr%g%%)% both the A and C rings, a nitrile group at C-2 of the A ring, and that substituents
at C-17 affected pharmacodynamic action in vivo (Yates et at, 2007). In general, CDDO is the
prototype for a |dfitfe Fumbéestedmporndstinatamiieploagenefatathaveleen sHonh thseful in a
variety of gontgxts. G/t example, KPR Me-anth MBI MRederRyied BRS3LSs JoaaRility to

modulate transforming growth factor-13 (TGF-13)/Smad 5 signaling in several types of cells (Suh et

al., 2003; Mfs ebal ReRIBAOMRISERWEDH 4P BIGHY ard Rt ¢ patkritarRizelysyor and
heme-oxygenasedvrag NiRIAR B sigraling ¢ ibyOEtGlH2005 hmnd agériest oh sypthetintiiterpenoid
(TP) analogs of oleanalic.acid have alsg been shown to be potent inducers, of the phase 2 response,
that)lié,1 eIe\L}% %ﬁn&w&_ﬂ?ﬁqﬁ%@he ?)ﬁfdg%% utg]t%)%lgzgﬁ ﬁggﬁsé%@g‘g%g‘: éo }%;6£E%V\%Igh IS a major
protector gfcelhragaintdiclOroxidativé mndreldiaiopliils sthetrrq@mkovesiuistbbaetvhl a2Beb). Like

pfeViOUS'%éQﬁ%iE@@;BH%G\%i’i@ﬂ%@a@ﬁ-&@sﬁﬁﬁéﬁ%&iﬁ{}% gsgawﬁm&@eaﬁk&mﬁ&aﬁgmwesponse
X

element-Nrf2- Keap | signaling pathway. RTA 402 ( lone methyl), one of the compounds for
use with tAEIIIFEBRIBIMHRTS PRI Gs ARRRTOKRIANt THFRHFAABH-MEBRNABIEEM) ifPdinical

developmemifaictarbigmmation and cancer-related indications that inhibits immune-mediated

inflapmation by restoring.redox homeostasis in jofl d tissues. It induces the cytoprotective
trans[%ription facti(?)?iel\i?fgl airiat@srﬁ%tﬁlr%sugggb iy %gtil\f/\i‘ti%g]yg? l%opfg?%I;%ié)a%fa aﬁcc?ﬁ pi%ﬁ%rﬁlgrﬁlrﬁgetory
transcriptioitrfigetors i RsiBeandnS TAFBcmenoluRITA MO amdemorsteaededignificantasingle agent

anti-inflampasary AGHYILYIB-RGvEsA], avmalimadels midnflargmanion, yehas 24 (apakgdapage in the

cisplatin model and acute renal injury in the ischemia-reperfusion model. In addition, significant

reduction$ TR {EEHDET PEAHAIR SRR BN By HAeh i ORI A S B AT IRE SRR D A0S, | one

aspect of thetRventionidiecaompauats ab thedplesenidaventon. IFay bemsrd fohtieatingna subject
haviE a renal disease or condjtion caus]«;:fglS b}/ etléav%edl vels f250)§iﬁlative stress in one or more

tissuds. THEBEAHTR S iés‘ﬁ"?niéﬁaoﬂgréoccompanled by &ither SCUtS or ¢ rSAIE inflammAtion. The
oxidative stresstihaydoe.cdkidect iy anutedexgusme teaneaktesratagenNslchimavaelizihgs radiation or a
- Cytotoxic Ghematiarapy, BARMGLE-I-ROXAURICRDY HaHTA00 AR AGHIR HERUSNUNmEY
ischemia/reperfusion injury, by poor circulation or anemia, by localized or systemic hypoxia or
hyperoxia?kgﬂwgtﬁé?%ﬁﬁ?ﬁrglmcmde —NHCH;, -NHCH,CH;, —NHCH,CH,CH3, "‘NHCH&PHS)Q,
~NHCH(CH;);, —-NHCH,CH.CH,CHs;, —~NHCH(CH3)CH,CHs, —~NHCH,CH(CHa3};,

25  ~-NHC(CHai);, -N(CHj);, -~N(CH3;)CH>CHs, —-N(CH.CH:);, N-pyrrolidinyl, and N-
piperidinyl. The term “heteroatom-substituted Cp-alkylamino” refers to a radical having a
single nitrogen atom as the point of attachment, further having one or two saturated carbon
atoms attached to the nitrogen atom, no carbon-carbon double or triple bonds, further having
a linear or branched, cyclic or acyclic structure, further having a total of n carbon atoms, all

30 of which are nonaromatic, 0, 1, or more than one hydrogen atom, and at least one additional
heteroatom, that 1s, in addition to the nitrogen atom at the point of attachment, wherein each
additional heteroatom is independently selected from the group consisting of N, O, F, Cl, B,

I, Si, P, and S. For example, a heteroatom-substituted C;-C,¢-alkylamino has 1 to 10 carbon

atoms. The term “heteroatom-substituted Cy-alkylamino™ includes groups, having the
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5physiological states such as hyperglycemia or hypoglycemia.  Accordingly, in pathologies involving
oxidative stress alone or oxidative stress exacerbated by inflammation, treatment may comprise
administering to a subject a therapeutically effective amount of a compound of this invention, such as
those desemivadrabdiidRorithrighdutithishspetificatiobstifneatOentkyiayhthaderinistedednpdeventively in |
10 advancg qf 2 predictable state of oxidative stress (e.g., organ transplantation or the administration
of therapy to a cancer patient), or it may be administered therapeutically in settings involving
established oxidalivdstresketepinmampibtiBnicd Onalieniamte deroetiies sd Vi@ now also

been foungdabairieisiRgagenis Janespmplademtheinabiitimpass tirewghihablgechbrain barrier.
In addition to the methyl 15 amide of CI%D (CDDQ-MA), as reported in Honda et al (2002), the
inverttion AHBHMALTOI AL BEE R REBTSC5 LRI BRI YSHER YR e

(CDDO-EA)paming lhflisasinate doannichen de rivbtivesdbhCRDE) bush asdiabd, @ @«irifluareethyl amide
derivative of CDDO (CDDQ-TFEA), The pounds of the prasent i i repared
according o TR e S Rk e B By R s 0 2002)
Yates et a¢x(p00%)a disteroarpaiswbsteusEcB o7 apiliedraiso hayRich AfecaibiitsiyBiatte herein by

reference (erm NpAlinitingxammesoldriianangidsthahmardeused inaacorgangawith the
s R Y o 8 2 eromtore unsbatuatd Co-tlkeigl 2o Mt karre 2 At abovh.

Examples of heteroatom-unsubstituted Cy-alkenylamino groups also include dialkenylamino

and alkyl(alkenyDamino groups. The term “heteroatom-substituted C,-alkenylamino™ refers

to a radical having a single nitrogen atom as the point of attachment and at least one

nonaromatic carbon-carbon double bond, but no carbon-carbon triple bonds, further having

15 one or two carbon atoms attached to the nitrogen atom, further having ﬁ linear or branched,

cyclic or acyclic structure, further having a total of n carbon atoms, 0, 1, or more than one

hydrogen atom, and at least one additional heteroatom, that is, in addition to the nitrogen

atom at the point of attachment, wherein each additional heteroatom is independently selected

from the group consisting of N, O, F, Cl, Br, 1, Si, P, and S. For example, a heteroatom-

20 substituted C,-Cjp-alkenylamino has 2 to 10 carbon atoms. The term “heteroatom-substituted

C.-alkenylamino” includes groups, having the structure —NHR, in which R is a heteroatom-
substituted Cy-alkenyl, as that term is defined above.

The term “hetercatom-unsubstituted C,-alkynylamino™ refers to a radical having a

single nitrogen atom as the point of attachment, further having one or two carbon atoms

25  attached to the nitrogen atom, farther having a linear or branched, cyclic or acyclic structure,

containing at least one carbon-carbon triple bond, a total of n carbon atoms, at least one

hydrogen atoms, a total of one nitrogen atom, and no additional heteroatoms. For example, a

heteroatom-unsubstituted C2~Cm-éﬂ<ynyiammo has 2 to 10 carbon atoms. The term

“heteroatom-unsubstituted C-alkynylamino™ includes groups, having the structure ~NHR, in

30 which R is a heteroatom-unsubstituted C-alkynyl, as that term is defined above. An

alkynylamino group includes dialkynylamino and alkyl(alkynyl)amino groups. The term

“heteroatom-substituted Cy-alkynylamino™ refers to a radical having a single nitrogen atom as

the point of attachment, further having one or two carbon atoms attached to the nitrogen

atom, further having at least one nonaromatic carbon-carbon triple bond, further having a
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55 H CDDO-MA (TP-224) 00 0 CH, NC so CDDP-TFEA MO 0 HN,N | HCF3 (TP-500) (RTA 404) NC
do H (RTA

linear or branched, cyclic or acyclic structure, and further having a total of n carbon atoms, 0,
1, or more than one hydrogen atom, and at least one additional heteroatom, that is, in addition
to the nitrogen atom at the point of attachment, wherein each additional heteroatom is
independently selected from the group consisting of N, O, F, Cl, Br, I.'Si, P, and S. For

5 example, a het_erbatom-substituted Co-Cyp-alkynylamino has 2 to 10 carbon atoms. The term
“heteroatom-substituted Cy-alkynylamino™ includes groups, having the structure —NHR, in
which R is a heteroatom-substituted C,-alkynyl, as that term is defined above.

The term “heteroatom-unsubstituted Cy-arvlamino™ refers to a radical having a single
nitrogen atom as the point of attachment, further having at least one aromatic ring structure

10 attached to the nitrogen atom, wherein the aromatic ring structure contains only carbon atoms,
further having a total of n carbon atoms, 6 or more hydrogen atoms, a total of one nitrogen
atom, and no additional heteroatoms. For example, a heteroatom-unsubstituted
Cs-Cip-arylamino has 6 to 10 carbon atoms. The term “heteroatom-unsubstituted C;-
arylamino” includes groups, having the structure —NHR, in which R is a heteroatom-

15  unsubstituted Cy-aryl, as that term is defined above. A hetercatom-unsubstituted arylamino
group includes diarylamino and alkyl(aryl)amino groups. The term “heteroatom-substituted
Cy-arylamino™ refers to a radical having a single nitrogen atom as the point of attachment,
further having a total of n carbon atoms, at least one hydrogen atom, at least one additional
heteroatoms, that is, in addiﬁon to the nitrogen atom at the point of attachment, wherein at

20 least one of the carbon atoms is incorporated into one or more aromatic ring structures,
further wherein each additional heteroatom is independently selected from the group
consisting of N, O, F, Cl, Br, I, Si, P, and S. For example, a heteroatom-substituted
C¢-Cyg-arylamino has 6 to 10 carbon atoms. The term “heteroatom-substituted Cy-arylamino™
includes groups, having the structure —NHR, in which R is a heteroatom-substituted C,-aryl,

25 as that term is defined above. A heteroatom-substituted arylamino group includes
heteroarvlamino groups.

The term ‘“heteroatom-unsubstituted C,-aralkylamino™ refers to a radical having a
single nitrogen atom as the point of attachment, further having one or two saturated carbon
atoms attached to the nitrogen atom, further having a total of n carbon atoms, wherein at least

30 6 of the carbon atoms form an aromatic ring structure containing only carbon atoms, 8 or
more hydrogen atoms, a tofal of one nitrogen atom, and no additional heteroatoms. For
example, a heteroatom-unsubstituted C,-Cyg-aralkylammo has 7 to 10 carbon atoms. The term
“heteroatom-unsubstituted Cy-aralkylamino”™ includes groups, having the structure -NHR, in

which R is a heteroatom-unsubstituted C,-aralkyl, as that term is defined above. An
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CDDO-EA (TP-319) SS 0 HN,, I CH3 405) NC O. CN imo H TP-225 The compounds for use with
the present invention, such as those of the table above, are structurally similar to RTA 402 and in
many cases exhlblt similar biolo cal p gperties, as has been noted above. As additional examples,

Table 1 sGAHMEATR§OHPPE iy B CJ%%&EﬁhélﬁﬁWSHlﬁwﬁt 7Cr’hacrophages
were pre- H%tgmwnh”DM@Q& aoraaiﬁugshatzmgrvouagiam@mgeatmnm (@M darhholirsiatherdreated with

20 ng/ml | 24 ho O concentrati Jnedia was det u Grles reagent
system; ce V|a at‘f/l%a e ermlfe ed Esmga\%fg{% 1 raéqécéne?? O}ﬁs qii%%g (?r%)pr&lesents i ?:%néentratlon
required téuirtichadeansvo ol qﬁ@reaﬁenrﬂmseﬂpiegsmféﬁm@e)&e ardrpgenraiguiatédramgoridant

enzyme, in43LRACItlMAERS MsPAloma falls{RINkOUAK R AR LLA2Am A MiithRze results are

orders of magnitude more active than, for example, the parent oleanolic acid molecule. In part
because iNASEHIBAIFAH B BAMRARRROT SHAFRS HSH NS B ARERGh BB TSRt protective
effects againptrewidative stiespandiniasatidncanpeupisrelaiag dsmﬁm\ 14(12 Bayladso provide

significantbengis Sipias i 41085 RISSROIES.IRGRTA €071 R ARRlsa a1 A1 essigiated

atoms. The term “heteroatom-substituted C,-aralkylamino” includes groups, having the

10 structure —NHR, in which R is a heteroatom-substituted C,-aralicyl, as that term is defined

above. The term  “heteroatom-substituted aralkylamino” includes the term
“heteroaralkylamino.”

The term amido includes N-alkyl-amido, N-aryl-amido, N-aralkyl-amido, acylamino,

alkylcarbonylamino, arylcarbonylamino, and ureido groups. The group, ~NHCOCHS;, 1s an

15 example of a heteroatom-unsubstituted amido group. The term “heteroatom-unsubstituted

C,-amido” refers to a radical having a single nitrogen atom as the poimnt of attachment, further

having a carbonyl group attached via its carbon atom to the nitrogen atom, further having a

linear or branched, cyclic or acyclic structure, further having a total of n carbon atoms, 1 or

more hydrogen atoms, a total of one oxygen atom, a total of one nifrogen atom, and no

20 additional heteroatoms. For example, a heteroatom-unsubstituted C;-Cig-amido has 1 to 10

carbon atoms. The term “hetercatom-unsubstituted Cy-amido™ includes groups, having the

structure —NHR, in which R is a heteroatom-unsubstituted C,-acyl, as that term is defined

above. The term “hetercatom-substituted C,-amido” refers to a radical havihg a single

nitrogen atom as the point of attachment, further having a carbonyl group attached via its

25 carbon atom to the nitrogen atom, further having a linear or branched, cyclic or acyclic

structure, further having a total of n aromatic or nonaromatic carbon atoms, 0, 1, or more than

one hydrogen atom, at least one additional heteroatom in addition to the oxygen of the

carbonyl group and the nitrogen atom at the point of attachment, wherein each additional

heteroatom is independently selected from the group consisting of N, O, F, Cl, Br, I, 51, P,

30 and S. For example, a heteroatom-substituted C;-Cig-amido has 1 to 10 carbon atoms, The

term “‘heteroatom-substituted C,-amido” includes groups, having the structure —NHR, in

which R is a heteroatom-unsubstituted C,-acyl, as that term is defined above. The group,

~NHCO,CHs, is an example of a heteroatom-substituted amido group.
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used for the treatment and/or prevention of diseases, such as: renal/kidney disease (R1CD), insulin
resistance, diabetes, endothelial dysfunction, fatty liver disease, cardiovascular disease (CVD), and
related disorders. Table 1. Suppression of IFN -induced NO production. Working ID RAW264.7 (20

ng/ml 1FNy) Hepalgddin s dsoNOnlEae WSHe Ld@poubl 01 (6DpRIA4MlenliOmie m2eddaib2.3 nM RTA

40222 nl\ﬁlggcfy\élllji's%tgllﬁ\{lc forms of such atoms. Isotopes, as used herein, include those atoms having

the same atomic number but different mass numbers. By way of general example and
without limitation, isotopes of hydrogen include tritium and deuterium, and isotopes of
5 carbon include *C and "C, Similarly, it is contemplated that one or more carbon atom(s) of
a compound of the present invention may be replaced by a silicon atom(s). Similarly, it is
contemplated that one or more oxygen atom(s) of a compound of the present invention may

be replaced by a sulfur or a selenium atom(s).
Any undefined valency on an atom of a structure shown in this application maplicitly

10 represents a hydrogen atom bonded to the atom.

The use of the word “a” or “an,” when used in conjunction with the term
“comprising” in the claims and/or the specification may mean “one,” but it is also consistent

Y L

with the meaning of “one or more,” “at least one,” and “one or more than one.”
Throughout this application, the term “about” is used to indicate that a value includes
15  the inherent variation of error for the device, the method being employed to determine the
value, or the variation that exists among the study subjects.
The terms “comprise,” “have” and “include” are open-ended linking verbs. Any

M ig

forms or tenses of one or more of these verbs, such as “comprises,” “comprising,” “has,”
“having,” “includes” and “including,” are also open-ended. For example, any method that
20 “comprises,” “has” or “includes” one or more steps is not limited to possessing only those
one or more steps and also covers other unlisted steps.
The term “effective,” as that term is used in the specification and/or claims, means
adequate to accomplish a desired, expected, or intended result.
The term “hydrate” when used as a modifier to a compound means that the compound
25 has less than one (e.g, hemihydrate), one {eg. monohydrate), or more than one (eg,
dihydrate) water molecules associated with each compound molecule, such as in sohd forms
of the compound.
As used herein, the term “ICsy” refers to an inhibitory dose which is 50% of the
maximum response obtained.
30 An “isomer” of a first compound is a separate compound in which each molecule
contains the same constituent atoms as the first compound, but where the configuration of
those atoms in three dimensions differs.

As used herein, the term “patient” or “subject” refers to a living mammalian organism,

such as a human, monkey, cow, sheep, goat, dog, cat, mouse, rat, guinea pig, or transgenic
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RTA 403 -0.6 nM 100 nM 3.3 nM RTA 404 5.8 nM 100 nM n/a RTA 405 6 nM -200 nM n/a TP-225 -0.4
nM 75 nM 0.28 n1V1 5The synthesis of CDDO-MA is d'scussed in Honda et-aL (2002), which is

species thereof. In certain embodiments, the patient or subject is a primate. Non-limiting
examples of human subjects are adults, juveniles, infants and fetuses.

“Pharmaceutically acceptable” means that which is useful in preparing a
pharmaceutical composition that is generally safe, non-toxic and neither biologically nor

5  otherwise undesirable and includes that which is acceptable for veterinary use as well as
| human pharmaceutical use. ‘

“Pharmaceutically acceptable salts” means salts of compounds of the present
invention which are pharmaceutically acceptable, as defined above, and which possess the
desired pharmacological activity. Such salts include acid addition salts formed with inorganic

10 acids such as hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid,
and the like; or with organic acids such as 1,2-ethanedisulfonic acid, 2-hydroxyethanesulfonic
acid, 2-naphthalenesulfonic acid, 3-phenylpropionic acid,
4 4“methylenebis(3-hydroxy-2-ene-1-carboxylic  acid), 4-methylbicyclo[2.2.2]oct-2-ene-
1-carboxylic acid, acetic acid, aliphatic mono- and dicarboxylicacids, aliphatic sulfuric acids,

15 aromatic sulfuric acids, benzenesulfonic acid, benzoic acid, camphorsulfonic acid, carbonic
acid, cinnamic acid, citric acid, cyclopentanepropionic acid, ethanesulfonic acid, fumaric
acid, glucoheptonic acid, gluconic acid, glutamic acid, glycolic acid, heptanoic acid, hexanoic
acid, hydroxynaphthoic acid, lactic acid, lauryisulfuric acid, maleic acid, malic acid, malonic
acid, mandelic acid, methanesulfonic acid, muconic acid, o-(4-hydroxybenzoylbenzoic acid,

20 oxalic acid, p-chlorobenzenesulfonic acid, phenyl-substituted alkanoic acids, propionic acid,
p-toluenesulfonic acid, pyruvic acid, salicylic acid, stearic acid, succinic acid, tartaric acid,
tertiarybutylacetic acid, trimethylacetic acid, and the like. Pharmaceuticaﬂy acceptable salts
also include base addition salts which may be formed when acidic protons present are capable
of reacting with inorganic or organic bases. Acceptable inorganic bases include sodium

25 hydroxide, sodium carbonate, potassium hydroxide, aluminum hydroxide and calcium
hydroxide. Acceptable organic bases include ethanolamine, diethanolamine, triethanolamine,
tromethamine, N-methylglucamine and the like. It should be recognized that the particular
anion or cation forming a part of any salt of this invention is not critical, so long as the salt, as
a whole, is pharmacologically acceptable. Additional examples of pharmaceutically

30 acceptable salts and their methods of preparation and use are presented in Handbook of
Pharmaceutical Salts: Properties, and Use (P. H. Stahl & C. G. Wermuth eds., Verlag
Helvetica Chimica Acta, 2002),

As used herein, “predominantly one enantiomer” means that a compound contains at

least about 85% of on¢ enantiomer, or more preferably at least about 90% of one enantiomer,
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incorporated herein by reference. The syntheses of CDDO-EA and CDDO-TFEA are presented in
Yates et al. (2007), which is incorporated herein by reference, and shown in the Scheme 1 below.
(C0012)2 OH 2012 room temp. CDDO (TP-151) Scheme 1CDDO-EA: R = Et CDDO-TFEA: R =
CF3CH2 ¢V cRalymorphiddednim stotSDDOHMEY% o ohgneoaphicrforms obthpereemplyuridsast the present

invention, g.q, 5&%“&%@”&%8&%2992&4&%1 ,@{ebgﬂ\%és%{?b@&%ﬁ&ﬂ?%&"YJ&W%&‘%EBI%‘QF of this
inventions. Form B displays a bioavailability that is surprisingly bettef than that of Form A (FIG. 15).

Specificallymerbidasifathiy6f OEmAsEioPacopigHE PIHAPStHRPB Fome e eBDcM ipMsiotikeys when
the monkeysstacsivad sariviaiaetdnsagasaf thatwodounsaialy dmeeialin crRseR S, Application

No. 12/191,176, filed August 13, 2008).  "Form A" of CDDQ-Me (RTA 402) is unso)vated
(non-hydr6t& ﬁlr?aec’é‘i‘?%’é‘k&lﬁaar%ﬁ%ﬁz%’a%)ﬁ g’a‘?gﬁﬁl@fﬁf’é Eﬂ?ﬂéﬁ’gffu%‘fd%?f\?\’iﬁﬂnémépaé’é{e’@%tu_p of P43

212 (no. 9@ fembbedk HQdirtensithodimthet 41 miomer 24 Raftamarer= 81.6 A, and by a packing
structure, wherehy three molecul packed in helical fashion down the.crystallo hic 1) axis. In
some embodimeanxirse,vlgno}(r)r}ll1 Aoégér%ﬁg%{%‘é cﬁaragtia'g}?e(%%yi X-tay poevdgr d?f%:ac?t%?}rl] %(%%%)g pattern

(CuKa) covhprisent sigiffeanbelitragtieni e akalgpatsdo ghg disege byt4lops imigrid PLAiOPS. In some

variations othgsXe@ RN der @fifﬁﬁ@g&%@ﬁfQf%&?%ﬁiﬁ@c%?gﬁii@i“ﬂl@%@@&@ﬂﬁﬁlﬁ@)]smiﬁgor FIG. 12B.
Unlike Form A, "Form B" of CDDO-Me is In a single phase but lacks such a defined crystal structure.

Samiples PSR BISHE RATSIRRGF SN GE RIBTEIORT UdhERgash!n L SUBISELY RAGRIy 2 A Rloreover,

thermal analysisbifbonpRdigropé soréveidsaseglasdotramsitioncigapacatoréi{lgy imamaddpelfrom about
120Cto atgg %Mig%g% Qrzls%h%i@mé?ofo%gt@%b Aisease.
The term “saturated” when referring to an atom means that the atom is connected to
other atoms only by means of single bonds.

15 A “sterecisomer” or “optical isomer” is an isomer of a given compound in which the
same atoms are bonded to the same other atoms, but where the configuration of those atoms
in three dimensions differs. “Enantiomers™ are stereoisomers of a given compound that are
mirror images of each other, like left and right hands. “Diastereomers” are stereoisomers of a
given compound that are not enantiomers.

20 “Therapeutically effective amount” or “pharmaceutically effective amount” means
that amount which, when administered to a subject or patient for treating a disease, is
sufficient to effect such treatment for the disease.

“Treatment™ or “treating” includes (1) inhibiting a disease in a subject or patient
experiencing or displaying the pathology or symptomatology of the disease (e.g., arresting

25  further development of the pathology and/or symptomatology), (2) ameliorating a disease in a
subject or patient that is experiencing or displaying the pathology or symptomﬁology of the
disease (e.g., reversing the pathology and/or symptomatology), and/or (3) effecting any
measurable decrease in a disease in a subject or patient that is experiencing or displaying the
pathology or symptomatology of the disease.

30 As used herein, the term “water soluble” means that the compound dissolves in water
at least to the extent of 0.010 mole/liter or is classified as soluble according to literature
precedence.

Other abbreviations used herein are as follows: DMSO, dimethyl sulfoxide; NO, nitric

oxide; INOS, inducible nitric oxide synthase; COX-2, cyclooxygenase-2; NGF, nerve growth
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20 disordered nanocrystalline material does not display a Tg but instead only a melting temperature
(Tm), above which crystalline structure becomes a liquid. Form B is typified by an XRPD spectrum
(FIG 12C) differing from that of Form A (FIG. 12A or FIG. 12B). Since it does not have a defined
crystal striigtiore, IBMX, BidikenyibecthgkemdistinctEBRP B:ipkdks/isuctemsith 6@ thatadypéfip Férm A, and
instead is gharacterized.b en "h 91" . tern 4o n&gﬁj&gﬂ e NANCryst lline Form B
falls into tr@éoggtél%o%fﬁgg{%%%%r%r(:)ﬁr%hg%sgfséo |dxg %%gléahsg%sltsd XRPD pattegr exhibi?s thrﬁe%e or fewer
primary difffdgtionfgnsntittimthid E8tdgoryidt ondoBris dipgladssicoharaidall NFoFeriNk @hd Form B of
CDDO-Me are read|Ia/sgreﬁgtr&gaf;ro[g]_%\{ar'.lugt%glhég_lijlgl;or}§ bt compey 91}%8%%%?1 » Form B can

I [REeCT
be prepareénby fast evaporation or slow 30 evaporation in MTBE, THF, to uene, o yl acetate. Form
A carf be grbpdretinssevilABiaymeheivdinguiidethet eVapbratiolt, Sibweheivratiohytrsfow cooling of
a CDDO-Mgsalution jmgthapghal-methanglhRrenarrtipns pieDR@dseinaraiengcar produce either

Form A, using fast evaporation, or Form B, using slow evaporation.. Various means of -
characterization EaheBev G E Rt es ee iy G EEEME S ERHE EIRATE S EMERB M ach other
and from ethefiprmeobCRREMGMustrative of the techniques suitable for this purpose are solid
state Nuclear Magnetic Resonance (NMR), X-ray powder diffraction (compare FIGS. 12A & B with
FIG. 12C)ﬂ>§_-rays§%@m%me&i@iﬁerential Scanning Calorimetry (DSC) (compare FIG. 13 with
FIG. 14), dynamic vapor sorption/desorption (DVS), Karl Fischer analysis (I(F), hot stage microscopy,
modujated differgrtiapseseRnisigseaibsiinatnis pEaR bantRaclzniEpeciragedpme, rpastidutar, analysis of
the XRPD and DSC data can distinguish Form. A, Form B, and a hemibenzenate forr CDDO-Me
(U5, AppCRER NG T T LR A o e S hte S e L s U orphic
- forms of CDDO: Mebaranteistribeehinry) Hd RProiisisimacappliciims Kosb0l98Ss, dGshififed’ Algust 15,
2007, and the: COiERRANARINORRIAVISIONR! b SrchPRIGAHIBNJNQAERELALIdL fusfil e doftigust 13, 2008,

which are both incorporated herein by reference in their entireties. V.Use of Triterpenoids for the

Treatment'tPEHShRRIEE S iSERRE I LR 1238818 TEbTBrAHBRESPAIA R ntfbtraigTtaken
Dysfunctiqézaediovasauker; Disease: /. THegonposngsnndmeathods dtthisethventitiemay be used
for treating various aspects,of renal/kidney disease, including both, acute and chyonic indications. In
general, t%@n?nhg%ﬁo%fl\}v%f“é%?ﬁ ptﬁ%{;%aaﬁﬁr:mlﬁégt’%\rfier% at%%m% U ng%%gaﬁ%a%{r)ngige Bt.cé‘% eftectivé amounts of
a compouhdeapthisdinvention. 20Inflammation contributes significantly to the pathology of chronic

kidney disease (KD}, Bﬂ?é%fﬁgﬁ&s%ﬁtﬁg%grm@ﬁf&ﬁﬂ@F&Mﬂﬁ;ﬁ%@f%ﬁéﬁ%ﬁﬁﬁéﬁw renal
dysfunction. The NF-xf’S signaling pathway plays an important role in the pgtgressmn of CKD as
f

NF-KB regtites te thsHsdiiptish oriokspatida {idtadilrtt tRathe HSHRISBIORY o7 & vetiditment of
mongeytesinaciephageg reaulting nandiflampnnrespopseatidatelidatelymbmibjuceg.the kidney
(Wardle, 2 e I way contrals.t nscripkion o ergl genes encoding
antioxidanegﬁ?frwgsfﬁ%%%\iﬁg erhrélﬁz) y(i;né%);eég?l %??éga}aﬁ%f?@@ﬁ’egﬁﬁ ’g?edr(%e’ ir%}uge%ale mice
results in tile dé98loivanefiupimsdike glondédtak-ibephrits, (Yt di, POOEsMeafl crziuciB06).
Furthermore, seyeral studies daveit gmpnstasedh Rl L SYRIE SRS (AdGe dg%rﬁapgnse to renal

damage and inflammation and that this 30 enz;/m‘e and its products - bilirubin and carbon monoxide -
play a proféetRieSFBIEN &R & ENEiAT P hIL S2tiBap enoidh ardnthr Ut A e & & AstaRing
Bowpan's;ganssdeeapstihtesinehasichdnctional unikefdheddsney:-Glamier Warfiftrationtzate (GFR) is

h ndar r nal function. . )
the sta d%ﬂ)gﬂu&%ﬁg gt 81—[ a%lecl‘clecf %)}?annacodynamlc action in vivo (Yates ef al., 2007).
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Creatinine clearance is commonly used to measure GFR. However, the level of serum creatinine is
commonly used as a surrogate measure of creatinine clearance. For instance, excessive levels of
serum creatinine are generally accepted to indicate inadequate renal function and reductions in serum
creatinine over time are accepted as an indication of 5 impro§edrenal function. Normal levels of
creatinine in the blood are approximately 0.6 to 1.2 milligrams¥ing) per deciliter (dl) in adult males and
0.5 to 1.1 milligrams per deciliter in adult females. ¢ Acute’kidney injury (AKI) can occur following
ischemia-reperfusion, treatment with certain pharmgcologigal agents such as cisplatin and rapamycin,

and intravenous injection of 10 radiocontrast megiaas meghtal imaging. As in CKD, inflammation

radiocontrastinduced nephropathy(R ¢ nat.well u god; however, it is likely that a
combination of events including prolefiged v4 Stric mpaired kidney autoregulation, and direct
toxicity of the contrast media all contgbute tg ilure (Tumlin et at, 2006). 15 Vasoconstriction
results in decreased renal blood ue‘v/ g-Cabises-ischemia-reperfusion and the production of reactive
oxygen species. HO-1 is strongly inducg d"’gnder these conditions and has been demonstrated to
prevent ischemia-reperfusion injury in several different organs, including the kidney (Nath et al., 2006).
Specifically, induction of HO-1 has been shown to be protective in a rat model of RCN (Goodman et at,
2007). Repeghusioh Gl3B0hd teepraiet2peiffiantarestovybes pbemapirmpiarinth dunityadtagatioritef NF-KB

signaling (ichols, 2004 L IABSININEE Das-REeTHORARAE *RDHBIRIRRRKIDHHIRIRIY,LO prevent
organ damage (Zingarelli et at, 2003). =~ Without beln% bound by theory, the potency of the

compound8RsFigse (pragesstintentioh e 1. nretlaip Seapsfarging eerved fre-the TSdaR
a§3-wsaég})@@hﬁg:@im%wda%@%&?eiﬁ isvifre a&e&m;m&% activity Q@@h,eggm@imndamn lzg st
abrogated by the introduction of dithigthreitol (DTT), N-acetyl cysteine (NAC), or glutathione H);
thiol contaftifg GRS that ﬂ%&%&%&m?flfﬁgaﬁﬁea’%&%afbaa@ﬁg?% WG éﬁ%@o; lkeda et
at, 2003; 20020@Shishddiacatab 20063 Biocheenicdl{ A8 ays davd ektablishedi thatREABOR directly

interacts with a critical %il resi 7900 IKKP (see. . (ROibits | vity
(ShishodiaShe"t“é‘%?%%Sé};&AXﬁ%na@‘é?%l%%%%%%??%(ﬁ?%%éﬁ%b%?‘&%%5?%@%@&@@%%%&% "classical”
pathway véidiriieioesapH dupro AREEShA UK be grtidhation srada<Briesioring dalkefeasstof NF-KB
dimags to thespurlens. dRMeRAPRRBRSDHRRAIRWAW IS/ 88 pansihleriat thenradyctioniatmany
pro-inflammatory molecules in response to TNFa and other pro-inflammatory stimuli. = RTA 402 also

inhibits th@ YRR /SRRF<LigHSIiRG TRINF Y AL MARDIS KGLRE RAIBIL TP IPEc gemniaNg >

transmemErape seeeigisa(e:gy.|L-6R) upon activation by ligands 5 such as interferons and
interleukins. JAKs.the sphorylate the intracellylar porti the rece ing.recrpitment of
STAT transcript%r?%aé?gzgﬁ%x Kﬂ%’?%@éﬂhgﬁgp lﬂo%%ﬁ%?ﬁél“ﬁé qufflﬁ s%i%{h&ll%ﬁn%%%ﬁaé% translocate
to the nucléissinyheiienhie waéthisredeah b ppaoatonSdodviiteeddihvoilme-#h defielammanolr RTA 402
inhibits copgiithtivaianahi-Grnduere S HAtaRho aph erlatio tanchdimer fRmatianand disectly binds to
cysteine 10 resjdues in STAT3 (C259) and in the kinase domain of JAK1 (C1077). Biochemical assays
have also B8BTS AP TR ESTARE Db OB ey il rRAGREH s EQPES SEL e SRR BN Keapl
(Dinkova-Kastovaiet amnd06a)piceapl ihamnactindethérdd protednithat keepspiherfiansesiption factor
Nrf2 sequesteredin the eytoplasm undernopmaliconditions, (Sgbayasti &Y amamato,£00p). Oxidative
stress results In bxidation of the regu!}atory cysteine residues on 15 Keapl an cauges the release of
Nrf2. Nrl2sihgn agehslodatedamméonekiiatane fsivds! tensnaloriddns eispdlasuneleamentd (RRES)

resuiing inranseripianahactivaion.Qlanany antoxdantandiauk REARMaAERL S fBother target
of the KeaﬁlllNrf_ZlA E pathway is heme oxygenase 1 (HO-1). HO-1 breaks down heme into bilirubin

and carboHASHEXdE EHH ARy e PP S Sk A AT AR A e ST RS SO B P TR S %6 ibbs, 2005).
HO-1 has z@r@gentydeen shown to be potently induced by the triterpenoids (Liby et al., 2005),
including RTA 4(}12l IIR;‘;I'@S 40ﬁ0§n[g r@g@ét%ru urg(l) lgnalo S e eggs%{gee%ggﬁ/vlg El\tobbee Ec:)ient inducers
of the expression of Other Phase 2 pro eing (Yates g?%“[ 3t R A IS a pyotent inhibitor of
NF-KB activatisatifuchewimstehRpA 40eadtidiatesetios KabipNrmRE hatiovaediavirleudes
expression ghHQ: LuAS desaiRedRAloNs23. RTAARZMASHemonsiaied RGN fwe;agimal models
of AKI. Furthermore, reduced serum creatinine levels and improvement of glomerular filtration have
been observed in the majority of human patients that have been treated with RTA 402 (see Examples
below). Significant improvements have now been observed in a Phase Il study of patients with diabetic

nephropathy. The findings indicate that RTA 402-Atay be used to improve renal



30 function in patients with diabetic nephropathy through suppression of renal inflammation and
improvement of glomerular filtration.  As noted above, both diabetes and essential hypertension are
major risk factors f; rthe veIo menér f chr rHc klgrn ey di dis ase an(a uItlmateI renal fallure Both of
these conﬁ‘fﬁﬁen%r gb a%r gys Bmic cardiovascu glrlsﬁlse ES pOSUhypera\lpldemla are
freq uentlyeptemehtageﬂnessahneqoaummm@spdmatly itthat patidortiis cheivalhgobesezeaitheugh the
uniiving faglessgisifolarele s Hodataioad. xafliactionsef ds.rancHiRNHRIelypps been
implicated as a significant pathological factor in systemic cardiovascular disease, chronic kidney
 disease, sntpdiiontesqxmaiachy. lozakzedi 02@%ﬁ%meewo%hm?ﬁe%aatvwétﬁés&nwakcu|ar
endoghellaj |lsdashness |mﬁ{|ga;@gdfg@&1ggv&lgﬂm§@tﬁﬁgndothellal dysfunction, and is strongly
associated W|th chronl%ﬁ?flalgrnﬁinn}%%% process s, Therefore, an a capable [gvellevm oxidative

q

stress and concotfifedh AR VA Yjﬁ%ll’oéh 8tf$eh°’ﬁf 11 ST ST §ﬁ1r§gﬁ%ﬁt and
restore ermjmméimédtdmeeﬁtmaﬁ\mhmﬁaheﬂmg lmmmatdmptimorgdmnmmmgdmohtmbmenmn by
stimulating 10 Nil2feqnlated (25%‘?'39%5 |deny mechianisnls. Jaye.shown fhe ighly unusual

ability to impr e parameters related to rena nctlo e.g., serum creatinine and estimated glomerular

filtration rafedvylycdiredbentréharfidpdichivesisteatect. Q’ahétﬁc?éll@mﬁtﬁﬁé) PEES)SIEniC

cardigvasgglandisepse feGiciahieulating andetheiial eelis) i patiepishaving shrgsmal:clinical values
for these parameters. Currently, combination therapy is typically required in such 15 Fr;i)atlents to

achieve .ﬁﬁ?&t}&%ﬁ&?ﬁ mt@&&@@&@mﬁ@oﬁﬁéﬁ BHY BarBvRSITRS: BeaReiiBidBing the use
of angiotesgiihgonvelting «nibyishednividitors greamgtdtmﬂsmﬂﬂate@eptor blockers to aIIeV|ate
hypertension an%slow thedg rogre s];&%r(l) f)& Bqlg 99%‘3&%&%% aﬁgq) Vlrl’cl) %tmu%‘tgaB ous and

clinically meanlngwa Improvements in all ese parameters especially m asures ofrenal function,

compounderoieepinverition rbitede mas glpgwﬂbam bpothhprovearient svedditipeinipavsiaBle therapies.
In sqgge a%%%@eﬁerr@ﬁmm;tae REBSRALINMEAIICN MmayheisediiRdiphdeemkingtion of the

above conditions as a single therapy, or in combination with fewer additional therapies than would
currently BBeusEQT 2ddyipuabGiRBR gide slsRuraEs (iAo iR it RPRL02 &S BEtlised to
protect paﬂeaﬁslaftmmdaayrdam&gemm fiemexpod e 1o fladioabpirasidgrnisias bf the case of
25 radioc (g?)tffﬁ;]tﬁ hropathy (RCN), as well as in other contexts. In one aspect, the
compounds S |nve ay be used to treat ischemia-reperfusion- and/or chemotherapy-induced
acute renal |nJur;ThF@pemaméFeOEHberewnstéhmﬁ% BrapapieyFahe @ siravdtmomsestke that RTA
40235 profeciine,{nRinal moaeegpfft%ﬁhs@}@rr@%Mnmeﬁbpm@rwetww@myte renal

injury. 30Serum creatinine has been measured in several animal models treated with RTA 402.
SignificantPedUctBHEBt SSAdmOdrandifine BV & hiah At b PR IR PSS B R e control animals
have been obsemeﬂtﬁmmwgomeigpﬂsmﬁnkey@ebm@éﬂogﬁyam SpiaglecDaddeye ratsh(f6&S. 3A-D).
This effect has Qsegptﬁglsnevre\ﬁed in rat% Wlﬂ} both foons of RTA 402 (crystalline and amorphous).

RTA 402 r8duces Sertim creatnine i Bmtlen?s For example, improvements were observed in cancer
patients feceiving RTA 402. In hulans, nephratoxicity is a dose-limiting'side-effect of treatment with
cisplatin.|Cisplatin-induced df » the proximal tubules is thoug mediated by increased
inflammation, oxidative str sS, ard. g oBtosis (Yao etal., 5 2007 320t gtini as also been
measured in patj _ idy flabel Phase Il clinical trial
of RTA 402 (Examp study Wés designed with mi ies of insulin
resistance, endo --‘ 3l gy nctlon/CVD and CKD, inclyding ylobin Ale (Ale),
a widely psed phas endpoint for glycemic cantrol. 10AI isa mlnor component of hemoglobin to
which glucose is bound. o is referred to as glycosylate ARy ted hemoglobin. Ale may
be separated by charge ?‘ from the other hemoglob AR %t’s in blood using high
performance I|qU|d chro ogr hy (HPLC) Because Ale IS ng ~ted by short-term fluctuations in
blood gluesse-—concen , Atetesting 15
without regard to when food Was eaten In healthy non- dlabetlc patlents the Ale level is less than 7%
of total hemoglobin. The normal range is 4-5.9%. In poorly controlled diabetes, it can be 8.0% or
above. It has been demonstrated that the complications of diabetes can be delayed or prevented if the
Ale level can be kept close to 7%.

8] nem
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Recently approved agents typically only reduce Ale levels an amount of 0.4 to 0.80 20 over Six
months of treatment, with 28 day improvements typically smaller. The table below shows six-month
Hemoglobin Ale Reductions by two approved agents, sitagliptin and pramlintide acetate (Aschner et

al., 2006

10

- Goldstein et al., 2007; Pyltiman et al.,|2006). Drug Duration &

DM (years) Study Design

acebo wiJh Ale >7.08.0-0.8

" H - H

CDDO-Im 'CDDO-MA
(TP-235) (TP-224)
(RTA 403)

“H CFy
CDDP-TFEA CDDO-EA
(TP-500) (TP-319)
(RTA 404) (RTA 405)

TP-225

The compounds for use with the present invention, such as those of the table above,
are structurally similar to RTA 402 and in many cases exhibit similar biological properties, as
has been noted above. As additional examples, Table 1 summarizes in vitro results for
several of these compounds in which RAW264.7 macrophages were pre-treated with DMSO
or drugs at various concentrations (nM) for 2 hours, then treated with 20 ng/ml IFNy for 24
hours.. NO concentration in media was determined using a Griess reagent system; cell
viability was determined using WST-1 reagent. NQOT CD represents the concentration
required to induce a two-fold increase in the expression of NQOI, an Nrf2-regulated
antioxidant enzyme, in Hepalclc7 murine hepatoma cells (Dinkova-Kostova et al., 2005).
All these results are orders of magnitude more active than, for example, the parent oleanolic
acid molecule. In part because induction of antioxidant pathways resulting from Nrf2
activation provides important protective effects against oxidative stress and inflammation,
compounds related to RTA 402 may also provide significant benefits similar to those

presented for RTA 402 in this application, and these related compounds may, therefore, be

8-

metfonnin with Ale



>7.58.9-0.7 6.1 pioglitazone +/- sitagliptin; Ale? 7.0 8.1 -0.7 Pramlintide acetate 13 +/- insulin 9.1
-04 In comparison, RTA 402 reduces Ale in 28 days in refractory diabetics on top of standard of
care. The tregat ent sthO\{ved ni tent-to-trteat r (Hggia%nsog 1%1%%5(“-:11% . Ci:md an ele\wrﬁ)aseline >
7.0 at bas%ﬁ?neﬁ%e Gction oo f’rli grfivg)r? ‘Pheseredufts aré pre’sleen edin’ aeé &r detan in’the
Examplesisadtionsiidove. Sebcrisordi@slid dpsfinctim.dnttHeradpest. thredompolmdssefsthis invention

may also RRMUSLYHP AR UR orders.

Table 1. Suppression of IFNy-induced NO production.
RAW2264.7 (20 ng/ml IFNYy) Hepalcele7 cells
Working ID

NG ICs WST-1.1ICs NGO1 CD
RTA 401 ~10 nM > 200 nM 23 oM
RTA 402 2.2 oM 80 oM 1.6 nsM
RTA 403 ~0.6 nM 100 nM 3.3 M
RTA 404 5.8aM 100 nM /a
RTA 405 6 nM ~200 nM n/a

TP-225 ~0.4 nM 75 nM 0.28 nM'
5 The synthesis of CDDO-MA is discussed in Honda er «l (2002), which is

© incorporated herein by reference. The syntheses of CDDO-EA and CDDO-TFEA are
presented in Yates ef al (2007), which is incorporated herein by reference, and shown in the

Scheme | below,

NG COM  (coc, Ne
D

likiee

CH,Cl

= H room temp.

CDDO (TP-151)

EtNH,-HC! or CF ;CH,NH,-HC

¥

agueous NaHCOj; solution and PhH

H

reflux %

CDDO-EA: R = Et
CDDO-TFEA: R = CF3CH,

Scheme 1
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insulin sensitivity and/or glycemic control. For example, hyperinsulinemic euglycemic clamp test
results in the study detailed in Example 6 showed that treatment with RTA 402 improved glycemic
control. The hyperinsulinemic euglycemic clamp test is a standard method for investigating and
guantifyinfvnsulFeoBensiiity FiirmeaS (BB @hRIamount of glucose necessary 10 to compensate for an
increased insulin level without causing hypoglycemia (DeFronzo et al., 1979).  The typical
procedure is as folowerhisr&ugh of gesrisraatidsint the Brersat iftesl are- Foomm e B per minute.
In order tacgsmapensakefor thednsulinviniusionigusesan@oisinfuseddenmainiaiminpdsugar levels

between 5 and 5. ol/liter. The rate of glucose 15infusion is de [ by checking the blood
sugar Iev&é’é’%?ﬁa“g@% Fhiliut .mmg',gf/ KTy RS z%r?’ in IEE@IQI’?S ar%’(é’ ‘Fﬁ%!r%eal?gé il for
aSs_e§singbﬁlpevaé]apibiﬂ§ef‘cﬁ’¢hn Maswma@hiwﬁammiﬂmm%muwa Mberaigessing
peripheral{fi.MIurels 28k AN ek b action el areplsally. Sxalusied ag(gllawe; fhe rate of

glucose infusiori during the last 20 30 minutes of the test determines insulin sensitivity. If high levels

(7.5 mg/mikphidsigeioatd/ idduiredilse petieintis2Mtlin-sensitive. Very low levels (4.0 mg/min or
Ié)wgr)f indicate ghggme h@dyﬂsggg@taﬁg tqﬂmg@@yFQOQHWQ@bml mlq,}gpmgld?gamgfgnin ma%/ not
e definitive and may suggest "impaired glucose tolerance," an early sig insulin resistance. The
methods GRS TRACHS OB BSBA 1 THHBFBe Vel TUHERUAL Lo oS LRSI 6,
treatment ysipg R A2 has been-showritedmproye siX rmgasyresLidenatfivnstionpne,status,
including serum creatjnine based eGFR, creatinjne clearance, BUN, C@:ﬁ\ti C, Adjponectin, and

AngiotensifiF RYRCHSS WaLEHSGIG THERL L BIE AP Mo S5/ &fler BhdWih high
response eatbo(BHi%n1s) B )\ Asnalso shdwredneRia] By e d dage GRR-4mipropSRREN tsaniere reversible

after the drugoyas ilhdian, 3N SO STAORIMEIS, igaanent melads of g invgasion resultin

improved levels’o Iponec or Angiotensin Il. Adiponectin and Angiotensin Il are typically
elevated ifnBMMsatisatandiecrraiarowiy fetieiciigeakBosaArissundmsabe aif (188 tafEled to as
Acrp30, apMil)issshesmone known to modulate a number of metabolic processes, including glucose
regulation and fatty acid catabolism. Adiponectin is secreted from adipose tissue into the bloodstream

and is abundant P HSSAE T etV T En 26 { BIREFE imBrengls Riiese P e eha Srbtrtersely
correlatedayyistalbady dat peeepitage Foad dtshavhile thegassgeiaiibiritsinfanttiang yauagoehildren is
more unclear..Th rmqne plays a role,in the suppression of the metabholi nts that may
result in tfgggﬁl-{‘d/igg]e%e’sﬁ{g %%i‘{%’a%ﬁg%éc Ié%egfé 3?1(]5@ nor%—aS co (%ﬁc‘13 g%%ﬁglég?%i%snégagsﬁgl AFLD).

Adiponectiermeebeeuchd o pravict tncgbeet rhdttalitjoarhentP 8tdgdiénal tisdaswnir®N patients.
The gompgyRdsand,me afthisdayantion nay Rapsedfor treatingvaios,aspactsiaf

cardiovascular disease (CVD). The treatment methods of this invention have been found to reduce

circulating BRI RTET A e SR¥ B ERICThoR RS sifarivee Eeeenesi iiutkef OB B ot dmibietal
dysfunctiomarRIPrasssdatidn]EnG FRajolittkialeoyshdetien Fsansysiahid Inflaniidatoz préeess that is

nked to carsiovascular angend-organ damage. Elevaiad CEGs acally coslpte pit e

r
Y :
developmen ?Srg(ére%‘éﬁgn, and death from ey also typically correlate wi rfonic kidney

disease ansl HessekasarpGF Rorplistoricdlitbudds dvveistareed Byceltsienal 15Tppi&d TPapatiesof
e“d%e"%qya?{%ﬁl?ﬂmw%%ﬂ%hﬂw of atenias ﬁﬁ@@ategory of “X-ray amorphous” solids
because its XRPD pattern exhibits three or fewer primary diffraction halos. Within this
category, Form B is a “glassy” material.
Form A and Form B of CDDO-Me are readily prepared from a variety of solutions of
the compound. For example, Form B can be prepared by fast evaporation or slow
30 evaporation in MTBE, THF, toluene, or ethyl acetate, Form A can be prepared in several
ways, including via fast evaporation, slow evaporation, or slow cooling of a CDDO-Me
solution in ethanol or methanol. Preparations of CDDO-Me in acetone can produce either

Form A, using fast evaporation, or Form B, using slow evaporation.
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arterioles to dilate fully in response to an appropriate stimulus. This creates a detectable difference in
subjects with endothelial dysfunction versus a normal, healthy endothelium. Such a difference can be
tested by a variety of methods including iontophoresis of acetylcholine, intra-arterial administration of
various vasoactiVeragents;aiccafiskarieatmgonf 20 taeiskinayetben pordisyimmiatiaf ooeldsiod by inflating
a blood prgsgyiie U NOR RIS BR] B3RS EANRAISR Ak PASHAELNE enranAnvCaltarles

themselves. These techniques are thought to stimulate the endothelium to release nitric oxide (NO)
and possibighaistirs sthabladentsispriensgiffgse s eNbir st et adtarirernddiMustele causing
vasodilatiquf%%ee&;mm%ﬁ@@&qe@m%&@ ttmﬁ’.h@seﬁs §tudmrlml.tﬁz(@)g<amﬂge @)ys%at&%m}g,e?ted W:fh
25 RTA 402 for 28 days showed a reduction in cardiova in tory markers in the form of a
reduction Wﬁéﬂﬁ%ﬁhﬁ&%ﬁﬁ%ﬁﬁﬂ&‘@ﬁé@%&%ﬂ%ﬁﬁ@ r au‘ﬁﬁgﬁgdécrg%%% YAt&ht-to-treat
group (n=2&pwwasi2¥¥prithe (@8 GLtiEarfoFtibeelevaied HESSinetgsagp (mchbdfopns MO086i4pd0.02) and
nine of thosg. patjents showe rmaljgve) f {5 n JLesylis. are gonsistent
with a revg?gfgfeg#%?]s%%ﬁ%ﬁglg&%ﬁﬁﬁﬁﬁS%T%%%?n@%ﬁggt%%ﬁd% (EP k%%&&%ﬁ%r?%v% been found

to reduce thraifkiRetafl dpeiptitisean (AR Sombie. drBsRnitorebendbeamnatiisrreefosis factor

(TNFa) in mosbpatieots. M@m&gg@&g{ thess typicalbs cargekate withgpor cardiovascular outcomes.
VI.Pharmaceutical Formulations and Routei of Administration Administr&tion of theﬁ%mpounds of

the Albsont invertiiiiisal AERURE GRITIET R SEHAPAI ORRSTh FPos e i A oF

pharmacepiicadtyria kg liobo@ctou st s [epdcififedf amyysof the @il ibexpecteddiiat tie-treatment
cycles would be fepeated 23 RCESSAN. 1IHsﬁ9%,p9ﬁ9quA%fgﬂ1§ RsesapkinysRionmay, ke
administeféd Ey a variety o Pnet%oals, e.g., orally or'by Injection (e.g. subcutaneous, intravenous,
intraperitoeeiperaied Depahdliricomeharbarecsfisgdatinistration, the active compounds may be coated
by a material to protect the compound from the action of acids and other natural conditions which may
inactivate the comyeound ritagyeivaysalep ke alirainiataredfby antioudida e hisies/rifuaitin of a
disease or 10 wRnittakee/ Bixdaific end fpieshefiid Mysfatioien iahddingsenpolyivensbased dispersion of
CDDO-Me that showed improved oral bioavailability, are provided in U.S. Application No. 12/191,176,
filed August 13, ZbogoWRRNdS ifrbrpeiindd Helsim Byretetened PritsehdretyeRiRgI F&it8Eognized by
those skillgghip:ihg artdhatihermethads.ofmpaulasiy enhayhedisar 400p50dbgedispaisions of the
present invention with equivalent properties and utility (see 15 Re et.aL, 2002 and references cited
therein). S‘Bg?}?oéﬂgllﬁact?\%p Wgtﬁ%&g‘? el t%%fea?lééhe(‘)}%sliﬂsl‘%ga ché%%f? f %%%%r% |8%?t3x%§sion, such
as hot mekcexrusionf hirdotheiotechniques.  To administer the therapeutic compound by other than
parepjeral adminigiialiaf/hMaX RE.ALCEIRANAIN LABLINe CATROYNTE WHknR! ERAJTHALGIEY the

compound with, a material to prevent its inactivation. For example, the therapeutic’compound may be

administelé&®)a 2bhsetient dhart agiptepriatehenisisr, Bk Seirfste, fiptdbinesiest fuliusar!
Pharmace&gtL@@UMiaﬁ.ce@t@Q@dibl%ﬁgﬁaimgtﬁgﬁm@nﬁ@@daﬁqg@@%bm@riﬁqhgi%@@%wes include
water-inoil-in-water CGF emulsions as well as conventional liposomes (Strejan et al., 1984).  The
therapeuti&€BrpolntEhisg ks te Hemirrieret pHrBntetalyrinkiap dhton sy rmbiadpinasy, or
i?]tracefrebfgébﬁ@i@ﬁ%ﬁ@aﬁ)a W/ﬁﬁd@égd@@mém}aa@ ixgbfpﬁﬁqunﬁﬁmﬁ}zﬁs@ﬁly@tha&l@nﬁxﬂwmls, mixtures
thereqf, and.in oils. Under grdinary, itiQn S use, these preparations may contain a
pres%?vati%‘?i?sppéev‘éﬁf’ﬁxgé%%%n %@8%”@6%@@%@%?&%@‘2 rartn%’ré1 u%?géﬁ)ocl?’otr%%ggl SRR itable for
injectable ubednahidedsiarimanipussotitionsiaers _\A/{atmd's@umga)epowgwsidnﬁ_éﬂdl)sterile
powders Iy 1he RSP MPRFRSONSiRRARIAHAL GLaleLls ieriahis sokipnn ol isnsiaiondn al cases

the composition mus terile and must be fluid to the extent that easisyrlngability exists. It must

be stable aaplEitthEEhrlitoridF:MiifabtaPean & wibragerang Hus M prBsE Jeruyimet the
contaminafingractingxpfNicIPRr FRNISN :SeGh A% haetasiaiandlingi. iheearied smayHae @isolvent or
dispgsion mediun Goptaining, for gxaniple, waler, sthanol, pRvol (ueh a5 NGk iy
kidney (Nath et al., 2006).
The glomerulus and the surrounding Bowman’s capsule constitute the basic functional

unit of the kidney. Glomerular filtration rate (GFR) is the standard measure of renal function.
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propylene glycol, and liquid polyethylene glycol, and the like), suitable mixtures thereof, and vegetable
oils. The proper fluidity can be maintained, for example, by the use of a coating such as lecithin, by the
maintenance of the required patrticle size in the case of dispersion and by the use of surfactants.
Preventiof chtiménacticmaotenisroongambmschir beasiieeidRby Bearicus hntibedtediadcand antifungal
agents, fog,example, pArARSASwShloroRutangl. RhENRLBRRIGAGIY. dpimaresak.aad dhedike. In many
cases, it will be preferable to include isotonic agents, for example, sugars, sodium chloride, or
polyalcoh8IS&SER devphanhifsSTHRCESBIeE, MetespositricPiolshletcabsdrstivh 6¢the injectable

compositigngGan Ael ramehtabalkEyANCREIRGIN the campasitignaeacanhwiighArlayss absorption,
for example, 10aluminum monostearate or gelatin. . Sterile injectable solutions can repared by
incorSor TR G PSR Eor LD A TSGR T th S BPEFATE CONE it one of a
combinatiorn? efiligredidnts)grudrerhted dbovaidisnelgs medl D owa dibil fittere destériliiatiam. Generally,

dispersionas &ﬁéﬂéﬁggred by incorporating the therapeutic compound into a sterile carrier 15 which
contains a %asm Ispersion medium and the required other ingredients from those enumerated above.

In the case of stérildeposrsarafenthélepration B1He ffberitersiutonsrabnspéeifed methods
Or]: prﬁpaw&@' E_iﬁ%&%?éé@[g)gwlédi@geﬁﬁ%g?%%ﬁ%ﬂﬂﬁ é/féh?ﬁdpa.ﬁ%l@fn'd_ ? ,iaﬁ@m@{r@i‘qmqllg@éty&_:agfrlediegt (i.e.,
the t erapeufuc compouna) plus.any af tjona) desjred Ingredient from a previou sterile-filtere
solution tHARSP I B AL RO BEn o Bt N ERERSD) ot BHSERe it an mert
diluent or esmagsimiable edibdégarsier KheThenapeutiercameybaniathancdethyérg ngdedientssmay also be

enclosed Q&@@@%@@@%@n gRAEnGANRIESERAANE tAR Rl CHRGOUBAIER directl Into

the subject’s . : utic administration, the therapeutic cornpound may be incorporated
with excipidriscaridiisdeding meldagss orivgesHbIEIOE wprated hideey raltmsuigduhandcdingtiles, elixirs,

suspensiopg;$yrups tuateisrAndibedika ThaReicentageef thetheransutic cpmpounddn the
compositions and {)_reparations ma}é of course, be varied. The amount of the therapeutic compound in

such therafASORay SRS SRS SR IR Sife S A BRI ATBE is especially
advantagebe grtaliorioiitdieparenierabcoprpesititis indesagey indiferhul@foiesaserditaministration
and uniformity of dosage, Dosage, ULl ag isedherein elers o pvsicpllidisgrete units suited as
unitary dosages for the su Jects to He treate ; each unit containing a pre&etermlned q%antlty of

therapeutiv:dofmbidisarsu(dial e grotfiiée thecddsiply tndrsperin Bffethis hegpthanoriaith the

re_quired pﬁ@ﬁ%@e@%@%'&@i{ h%dlh@fis@ﬁifd@%@méarem,dmge R@Be‘i@ﬁ%%é@%ﬂ&l)@%@%ﬂ are
dictated by and directly dependent on (a) the unigue characteristics of the therapeutic compound and

the ParticUlRBFAFEUTRSRISE 18 hehchrWEEd2HHE D) the TThitRicHEierdNishotie 2P bf
compounding sieh arhes apeUbiFOmRRyad forthrlrgaime si-aba selepiadopdiiondmapatient.

The therapeutic compound may also be administered topically to the skin, eye, or mucosa.
Alternativeéf P Ea5EAL o o the lungs is desired the therapeutic compound may be administered by
inhalation in a dry-plawdertizabsoso| ternhatationhe poitreacifiahd osageamniourt tkapesapound of the
present invention or co iflon comprising a ¢ ound of, the present invention, administered to a
Cbject m DA oy B e B B T A o,
sev@fty ofzeomditiol theviotypeaps.disesisecheinigatethite dopiovieiss Gmncbpaikaatahdrajbetic

interventiong,idiqratily efiharssbiecbany endheiauigHA0ministrtign.kgRe aeirsimay be
determined by a skilled artisan. The practitioner responsible for administration will typically determine

the conceREFAHIMBIARGIESi T EHERITE NiiNaCobSBRERH LA ABDEHE HE88(E) for ti€ndividual
subject. The:glosage oiay; e Gsickbby the:indinvidualFibysicianlinsthescsent-ohhbdiay damplication.

In some e iments, the pharmaceutically effective amount i ail from about 0.1 mg to
ot 500 T B e L A B e R 500 mg
of th¥)comipibitelithrreovite (drididrsethe, dails; dduveb drom 20t 18k oEbsattiebamgiof the

compoundyin, SOme VAN alcaEs e i ARs SIS ADAW9Ss phosphorylation-induced degradation

of IxB resulting in release of NF-xB dimers to the nucleus. In macrophages, this pathway is
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20 mg of the compound. In other variations, the daily dose is about 75 mg of the compound. In still
other variations, the daily dose is about 150 mg of the compound. In further variations, the daily dose
is from about O.]%m%to bo_utd3(%.mg ?f the c?rr}l%ﬁgl%% n.som e(\@gaﬂloré% gﬁg Qg% ose is from about
0.5 mg to 'adout é)err?é of the é}‘gﬁ]()f)looun%{fum K0me Vanations, the aﬁy dros% IS from about mg to
about 15 wtheopthenflempetendstimsbme variations, the daily 25 dose is from about 1 mg to about 10
mg of the compaufdl 43 Semevasiatiansy e sialy dpsaiRdTpaLaRo U LimeiiR abast 5 Mg of the

compound. In some embodiments, the pharmacedutically effective amount is a daily dose is 0.01 -
25 mg of CENTBUAE FErKEOIDEIYTEIGHIaR SSAE aliations; Ahe Ty HHE&H0DH5 83y of
compound,Rarkenef-esh wrighbrsureevaliationshtiphdaiyeaseitdinko pogiaf sOigompound per
kg of body weight. In some variations, ily dose is 0.1 - 5 mg of camp er kg of body weight.
In some v]éeﬁ‘é?%ﬁsf%sénéaﬁ?f&gtsnée%t Oo%heséiigq{r;rllgtr BE8 uﬁgur%: {ﬁgsr' kg gg%)o%%%d\ggigﬁf tger}n some
em bodim@ht&pﬂoqb}m?r’vnadémmdbyne_ﬁﬁieoﬁm ardqm]s:awacblylmoseclswﬁ@htw 1090aniya¢ compound
per kg of RAAN:WRIAN {158 YA HODR I JRiARaRIR Ot 460 MALALCOMARKAE ARY ko of body

weight. In some Variations, the daily dose is 0.20 - 10 mg of compound per kg of body weight. In some
variations ! He aaused oseN 0 hosrBoivip et sitb 8 UM SeFei ot BRaVRSTINDIRS dPne/Vaistions, the
daily glose-5i:80in 1A 0 CovOpannchnst kihakhnehaweighikn sornenarsitionsaihae daily dose is 0.60
- 8 mg of 5 compound per kg of body weight, In some variations, the daijly dose is 0.70 - 7 mg of

com poun(ﬁwﬁ’grﬂ%’ Sfﬁgwée%t%éf?@gWé faﬁB {Ly tﬂgeaaéﬂywd%lsc Fcé.gﬁsfegl f§ 61 €8 Mbound per kg
of body wiigipt! (iDsdmekariatiang, the HAIB).ddsapd @90 -abtmgetfecnhpoiend ther kgof thedy weight. In

some vari i%. ily. ' X ka.pf hody weight.
L0A oo R s e e B e e e iom About

0.01 mg/kYasanrio: 250 mEKEatNs RSO D 1 neridiieraiotit Sonigk gy sioRT e P mg/kg to

aboyt 250xagl Ko QAR A R R0 AONeraboytl 5Q Mmerkd ofiarn abowet Mol taabayt 100 mg/kg,
from about 0.4 mg/kg to about 75 i%gf‘/k(g' rom about 0.5 m %f_g to abon.ift 50 .r:?g/kg,é‘{om about 0.6
% oot

mg/kg to ABEEF S MY orf 4B SingTRY TogaBb JF B RRRE o kY :8"Mib7kg to about
15 mg/kg,alraosiadnaund shithgigrimaboud@angohdraneabdubhd KeggNoHb®E pathrgAygsfrom about
100 ma/kg 1o ag%yﬁt]eggs% mﬁﬁlﬁ% F%ffbﬂb&'ésxés-ﬁo%ﬁ/ KOO Iiﬁﬁa@n@%k&x&{nfﬁﬂd@o% E%“&n%o'o mg/kg to

about 150 m%?kg, one or more dose administrations dally, for one or several days (depending, of

course, oftlaEsmiwas enaekidmsmatomieflmmetaonrsodsdhivaes b vdboiiep suitiBié ddse 20 ranges

incluge 1 pagiR1y BN NS HERKHIY MOLIRILO,AR0 ierRe AL AR0MY. todk3,00R nmsnper day, and
500 mg to 1,000 mg per day. In some particular embodiments, the amount is less thap 10,000 mg per
day with alﬁ:gtﬁg‘@,zf %%ﬂ%%{d&lﬁbsm&%%,@ﬁ%)ﬁgﬁgﬂfgﬁeen ﬁgﬁ’g}éffééﬁ\?gtg?ﬁ tfay be less
than 1 mgdgidayplessothaivBR0 rhgikd/playilasy thar280 20¢7kg/day, less than 100 mg/kg/day, less
than 50 mg/kg/day, less than 25 25 mg/ka/d ess than 10 mg/kg/day, or n /kg/day. It
may alternatively;ﬁ %eA in'the f; (6%1%0 lj?rﬁtg(%ka?c}%l_%?fﬁ&vﬁ%)&g ﬂ&?ﬁ?&éﬁ%é@eﬁg{%‘}% treatment
of diabeticlpatienatd, W& (ARl pstigemaydésdncamoumtshian reddted blodd ghscobedbieatteast 40% as

comparedye annireaed sRigch JBRANQIRELEMANAINGNatie ¥ ULEOSRARHS-ARAMOHILENAL reduces

blood glucose to a level that is within 10% of the blood glucose level of a non- 30diabetic subject.

In other nEAMMRTRY BRSNS 2adBRr e asof &b ORRENLIRVE SfePoREsHiAG Sy weight,

about 5 migrpgramy/kalkedy pyeight, hordE0bxieregramgrbada e ealmRuhbRmieregram/kg/body
weight, about 100 micro ram/k%/ ody weight, abth(t 20 micrqg}zam/ g/body eiﬁhtﬁ abo% 350

microgram &GOS W&Y?Igﬁ%ut R SgFAMREIBO Y Welght “abotit T miilli§Famikg/body weight,
about 5 milligrain gploogdsthyeidhite dbdurtgkOmiitligr ahatkBHodgAvsighbealyedt 6 0mpithigranmig/body

weighyt, abaut. 100, milligramike/Redyvelght- Aoaytad0miligramied/ bedy wsiahi. AR 400
milligram/kg/body weight, about 500 milligram/kg/body weight, to about 1000 mg/kg/body

improvement of glomerular filtration.
As noted above, both diabetes and essential hypertension are major risk factors for the
development of chronic kidney disease and, ultimately, renal failure. Both of these

conditions, along with indicators of systemic cardiovascular disease such as hyperlipidemia,
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5 weight or more per administration, and any range derivable therein. In non-limiting examples of a
derivable range from the numbers listed herein, a range of about 1 mg/kg/body weight to about 5
mg/kg/body weight, a range of about 5 mg/kg/body weight to about 100 mg/kg/body weight, about 5
microgranafisgthodynteighistatatoti-5Q0nmipigiam/kefbadlyweidght, pidsntain bemdinnidiered, based on
the numb%[ﬁh%esgntggd a?ove. Oln certain emboglgtaégnts a h%rn&ag&lﬂtl al c 05|t|onlacgf the present

. . J1} UNI1LVEEL actors are not co € Crstoo CHO the vascl .
invention May comprise. fof example, at I6ast about 0.196 of a compound of the present invention. In

other embodietetisnthergohspoumdpdttics! prssent Sitveition pridegmstisé@detwarrsaionic2% to about
75% of the WRIgHL Qg WAl ARRGIVERRARANLZS YniciaBeut A .for examileognd agytange

derivable therein._lSSmE%e or multiple doses of the agents are contemplated. Desired time intervals for

|
delivéry oPmGHBRCo8EEEE Beetfet@rmnied By BB arels, Bril hrtRe BRIER Boyihd"o more than

routine expersmemtalion AR aslaKamwplectEDeSsmMay: 16 adninisiersd tvosloseSadaiyat
approximately 12 houfﬂntgfrvals. In some emgh@dirPen the %ggintis agrminist%red oncetgngay. 20The

agent(s) nlijgi/ BESdmimeterds o S Fottinerschedule }fgnﬁ%eo &reih A Touting schadule Tefers to a
predeterminfsondesignateticperiod wfamdmheivaroatindlschiedhldmarrnodmpbiss pehiveididf time which

are identigg) oruhich difter i 'engin amdong @sdhe sHhedls ismirdaicimined, Raripgtance, the

routine schedule may involve administration twice a day, every day, every two days, every three days,
everPfouridseaaisd frodogayas OB ey B RRRIF B RS b gBRHRP S AP EaRY set

- number ofidaus.obayaakstheiedaaivess. ilarnativelysdhe pregeipnainbefadintesehedule may
involve administration on a twice daily basis fqr the fi{gt W?ek, fﬁ)IIOW?dbb dai!{l\{lt asEi;%fog several
months, efU T BRHAISr DGR L TOh BB B ST st TR AR S o R eBRSlly and tha
the timing @fdidnetridaodisast(dependeltiop endfobelinaie) Bnasiefts exangplendteahgémtalan be taken
30every moiping:anglar %\m&x@'waagrdk%ﬁ%ﬂfaw&emé%;%ggﬁﬁg&eg&nwé@@-

Non-limiting specific formulations include C DO-Me polymer dispersions (see U.S. Application No.
12/1191 1 7821l REGHEY e SPOUS AR TRCHUEIHOT SRS RIS IR PeftailiarSYATdistatfe

formulatiogg nepested therein sxhihiteshhigharbigavailakilinnihas:eithesthietepigronizegfarm A or
nanocrystalline Form A formulations. Additionally, the polymer djspersio ase%.formul lons
demonstr a%&ﬁ%%%%%ﬁ&%ﬁ%%%mﬁni O?Xr}ll%]lga%gl)%rg%ﬂ%}lfit %]Ilé‘f%é e ficionized Form B

formulatioa&aiEﬁnggmpm.adme méth@ﬁnﬂ]bz anéadxﬁmgfulyimme@ iandl HPM@@H}é@ﬂrﬂmt_aﬁions shqwed
(he greategllamP AR IIP R AUPIGELIENKGBo mil o AROINANARREIARY, o J1Afiien o Deing

used as a monotherapy, the compounds of the present invention may also find usein combination

theraPies. EHfECHRCED ASInaisIn theraplaiayIseaichi e JB dbith #RSpig R opusets g the

pharmacojngical fareuiationingt incldesbAth aaRBis LVt HWendisli0ehGATHQRIONS D¢

formulations, administered at the same time, wherein one. 10 composijtion ingludes a compound of this
invention, S RHebISPIERRESY FHE 8@85@&%@%3%3%&%%&}3%}‘? 8%%?@1% M precede or follow
the other agent tidata éntlingdrdssvialbcanghag fdormisimauie S{RMAAIS may ba/addus portebinations may

be employe oSHCh § Jo t ion is CA B a
secondar)P géé%,%ﬁ-%%%%ga é}i&%ﬁgg% 1\t/rvz)rrll‘l}?:h rES{%ﬂﬁi@é@%ﬁﬁ%&/éﬁ%ﬁ%@% A/A/B

A/B/B B/ AIAIRMBIBHS BIAVEIE RIBBrALS/ BRAMD AT BB 98 /BY AT TAIBHSHAS BB/ ARA aspect, the

compounds of this invention may be used to treat ischemia-reperfusion- and/or
chemotherapy-induced acute renal injury. For example, the results shown in Examples 2 and
3 below demonstrate that RTA 402 is protective in animal models of ischemia-reperfusion-
and chemotherapy-induced acute renal injury,

30 Serum creatinine has been measured in several animal models treated with RTA 402,
Significant reductions of serum creatinine levels relative to baseline levels or levels in control
amimals have been observed in cynomolgus monkeys, beagle dogs, and Sprague-Dawley rats
(FIGS. 3A-D). This effect has been observed in rats with both forms of RTA 402 (crystalline

and amorphous).
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B/AJB/A B/A/A/B A/IAJIA/IB B/IA/A/A AIB/AJA AIA/BIA 20 It is contemplated that other

anti-inflammatory agents may be used in conjunction with the treatments of the current invention. For

example, other COX inhibitors may be used, including arylcarboxylic acids (salicylic acid,

acetylsalicylic add@ Adif{inisdlicehotinentagtiesiamtpsaticlat€psakeyiate, banorglateisflufenamic acid,

mefenamig36ide s BRLo(gABHIGACId AR TATuAIC Asichh Al allanglcianids (diglalaag, fenclofenac,
0 0

alclofenac, fentiazac, ibuprofen, flurbiprofen, ketoprofen, naproxen, fenoprofen, fenbufen, suprofen,
indoprofesidgagiferealcrsaiaeperihaitonsh, dirnsrbtarritensretifinern dpifcPudmh&tmddmethacin and

sulindac) apg@nelicasidsehenvbriazansaxrisnuiazanesPaaRpassesifgRtmzane, piroxicam,
and isoxicam. See also U.S, Pat?‘%G 025,395, Which('és. 30incoggoraltéer%{r;er.eirgdg%ri| reﬁ:rence.
Dietaty artt hikrit thspieHe ViR 550 e B e s B e AR B e VERTo N B Parkinson's,

A_Izheimed@@ﬂl&@dlsd_lﬁresispmymﬂrehhﬂe Ihtéim‘b_sk:_ta’nbs_i&Rﬂfmam_a(tﬁidmpthrﬁﬁs,’ﬁhﬂmdyator_y bowel

disease, apd, ﬁge%tg'{g Al GRASERIY 85§n é%ﬂx?@eHle%&égo?ﬁﬁe}é?‘?knEHHHVPJA/i@t&%&%?S&M&ﬂ?@fﬁeﬁU‘?t'on of

either nitric oxi e. Od) or prosta an_ In ,_such as acety L-carnitine, o_ctacosanol, evening primrose 0I|,
vitamin B&lYEfrasite/ QHBayiidnide, nekdinecncagepacss alchimsriaibnoicselbral afigkitdants may

be used irhmﬂgégipgn%mr@%ggmmﬁhe current invention 50ther particular secondary
therapies include immunosuppressants (for transplants and autoimmune-related RKD),

antidy pertensivé* 4§ FUPHigRBRISEPH LIPS gd’[’eg’ b YOS i REW- v%?rst?nié enzyme
inhibitors agferasdgiote pbinostentor bloakstskdisulvelfoindiabieticalk K Hipatdd helestegokddwering
agents (e.q. G-CoA reductase.inhibi ors. ator: ;01 si i a ts for
hyperphos% eg%%gn{ﬂa%er ﬁg%ér}g%r?gﬁ%%&d%rﬁ iﬁgj%g%%cgtgg %ﬁ%{gﬁég{{(%ﬁ’;% ?é\%?agﬁ%eé clgtate,
cinacalcetjhuiaiyisianing @By r8sgivtors! telynghreffeiiedshlt, haid tasestissiahrosipdpestus). VIIL.
Examplesgpy,Jhedalloningsxamplesamdnglides iedemansirale peefesied amnbodimants of the

invention. 1t should be appreciated by those of skill in the art that the techniques disclpsed in 15 the

examples WHIER f5ET 1 pratdne ferimntatias Mdealare BBy iR SR IALAR Hél fithe practice
of the invahiionyasfldinliheandeeonEdaiachtd canstiiuie prefemagoorigdestfotids gebetiseit However,
those of skill in t t should, in light,of the present disclosure, appreciate that many changes can be
made in thé ¢ s%%%???"r em ﬁ%&‘l’r%e?ltté% v?/r“ﬁ% nagr% di %Sffgggg(?%ﬁ gtﬁFg’E’%Ql%gg ?k%Poar}as@fr% a?%gle%s)alt without
departing fidaneathergpineaind iEdopbloflehel eoirvdrpdaloBxEMipte 1 - Materials and Methods

Chemicals. Trite@p&e&h?%gﬁs%gayxga%ig@@cawﬁwm@lxedﬁmmﬁg i HeRdaekra).4(4988) Honda et

al. (2000b), Honda et al. (2002) and Yates et al, (2007), which are all incorparated herejn by reference.

ZSE%%mpI%VEY-SM&@gﬁ%@ﬁgﬁﬁ%%p‘@%gﬁ)ﬂaﬁé@ﬂf&vemeﬂts typically smaller. The table below

shows six-month Hemoglobin Alc Reductions by two approved agents, sitaghiptin and

pramlintide acetate (Aschner et al,, 2006; Goldstein ef al., 2007; Pullman et af., 2006).

Drug Dura(t;;);lr:)f DM Study Design Mean Alc Change
43 +- plac«;b;gfith Alc 3.0 0.8
Sitagliptin 44 - mﬁtﬁ’g‘?’; with Ale | ¢ 0.7
61 stngiptin: Aloo 70 | 81 07
Pramlintide 13 +/- insulin 9.1 0.4
acetate
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In a mouse model of ischemic acute renal failure, the renal artery is clamped for approximately twenty
minutes. After this time, the clamp is removed and the kidney is reperfused with blood.
Ischemia-reperfusion results in renal damage and decreased renal function which can be assessed by
blood urea nitroderdBpsdey &AWL heleosnid elevateda8Ofollmiimgers nhklokiissage s ghown in

FIGS. la-d, strgiealivindused ischemiadiepertision incieased- R ievelsyarpieximatgly 2-fold.
However, in animals treated with 2 mg/kg RTA 402 oral%1 once daily beginning two days prior to the

surgery, tsteRtIN Hesrie (e relsihbifidaityerbgtien #1(P<0.01) Iéhatileects Tremisatrastet hiftnals and

were similgeiethedevealsinrapimals abynerivestsiianrrssgerss {FIGS. la-c). Histological
measures of kidney damage and i flamma‘%ig Wg@;lso significantly improved, by treatment with 5
TR'4

RTA 202 (FIG. 1), LS Asfscin e 1emha iSOSFBESR e SRR ﬂ.s%ﬁ%nfﬁal%gfeor‘fasion
induced tissugdsmdagdtyExdnpigy8eniRatobihembiherampindypednfdinernRenghirgory Resalts In

another medal.ahRGHIESNR A AtSp IR DIealed dptiayeRasiX Il toe eaineapiane agent

cisplatin. Inshumans, nephrotoxicity Is a dose-limiting side effect of 10 treatment with cisplatin.
Cisplatin-iglioeait daniede (BhthBypeoiirbnetmuRlscmpid gt Heshis dateadsidines r
inflammatig. @xidalive SUessiRng HROMQSIRINAQ. el foadBeY IhRats reatatnith resingl dose of
cisplatin at 6 mg/kg developed renal insufficiency as measured by increase?gbl od levels, of creatinine
and BUN.  FERABHIES 30 RS RR A S) BHAoUSSAGE BESHAG BHE DAy BAET  Yeatment with
cisplatin angirgpntinuing every day 15 significantly reduced blood levels of creatinine and BUN (FIGS.
2a-b). Histological evaluation of the kid m rate i ent.i proximal
tubule damage ifi1 151\{%5’%%6&2%‘%5{% eall(rsli"rﬂ%':lf}ésﬁ é!frsh%]}lsé%%% %ﬁé&c{{g%ggt%e% é%@ggg(@%g%g Example 4
- Reductiol) dR8etlimems armiminiisvBlotAesuvembapats dy derinmlrdafinioe Bassedh’igasured in
several anypaksneGiesieatnd Wit BT R A% 20 dantheasow senghivnicplogy stidigs. cRigniicant

reductions of serum creatinine levels relative to baseline levels or levels in control animals have been
obsérved IRTESABAGRIELREHRE L HERg B Ry S Spry GEBaMel FRIBYEIGS. 3a-d). This effect
has been observeghicaratsomitboseyistaliineantaner phoe ssdimbofRAnd 02 fexamplefShcReduced

serum Creagnine a0d inarepsed, Sqb RALGANESN RalleRieLasaIMAIgatne has dlsoeen
measured in pa\ﬁ'lenfs with cancer enrolled in a Phase I clinical tria TA 402. These patients

received RATAZORmt@Riaily at doses from 5 to 1,300 mg/day for a total of twenty-one days every 28

days. A reductiog o, s HIRAINING IBY G Satelidhan FhYswas ghestyadas fatasight days
following treatment initiation and persisted through the end of the cycle (FIG. 4A). This reduction was

. rsist gh tt : 4A).
mairtaineddmERBEs 20hs fet RS avEE SOSHNS Qg R ST Rith RFK2GZ, A subset of
patients witlhpredesistagaenaidamagaghisscling seruryekeatining/ teivels oiatleatitdidbtng/di) also

the body is resistant to insulin action. Levels between 4.0 and 7.5 mg/min may not be
definitive and may suggest “impaired glucose tolerance,” an early sign of msulin resistance.
The methods of this invention may be used to improve renal function. As shown in

25  Example 6, treatment using RTA 402 has been shown to improve six measures of renal
function and status, including serum creatinine based ¢GFR, creatinine clearance, BUN,
Cystatin C, Adiponectin, and Angiotensin II. RTA 402 was shown to increase GFR in a
dose-dependent manner and with high response rate (86%; n = 22). As also shown in FIG. 9,
the 28 day GFR improvements were reversible after the drug was withdrawn.

30 In some embodiments, treatment methods of this invention result in improved levels
of Adiponectin and/or Angiotensin II. Adiponectin and Angiotensin II are typically elevated
in DN patients and correlate with renal disease severity. Adiponectin (also referred to as
Acrp30, apM1) is a hormone known to modulate a number of metabolic processes, including

glucose regulation and fatty acid catabolism. Adiponectin is secreted from adipose tissue mto

«36-



had significant reductions in serum creatinine levels following treatment with RTA 402. In these
patients, serum creatinine levels decreased progressively throughout the cycle such that the Day 21
levels were approximately 25% lower than baseline levels (FIG. 4A). These results can be
summarized asoshawmnintide taiebalow. phlnpatdnis Subaselywithcelevatedddssiheddem creatinine

vl b S R D A R e el pecces o
versus Daif2nis and young children is more unclear. The hormone plays a role in the suppression of
the metabolic derangements that may result in type 2 diabetes, obesity, atherosclerosis and
5 non-alcoholic fatty liver disease (NAFLD). Adiponectin can be used fo predict all-cause
mortality and end stage renal disease in DN patients.

The compounds and methods of this invention may be used for treating various
aspects of cardiovascular disease (CVD). The treatment methods of this invention have been
found to reduce circulating endothelial cells (CECs) in human patients. CECs are markers of

10 endothelial dysfunction and vascular injury. Endothelial dysfunction is a systemic
mflammatory process that is linked to cardiovascular and end-organ damage. Elevated CECs
typically correlate with the development, progression, and death from CVD. They also
typically correlate with chronic kidney disease and decreased GFR. Historical normal levels
are < 5 cells/mL.

15 Typical features of endothelial dysfunction include the inability of arteries and
arterioles to dilate fully in response to an appropriate stimulus. This creates a detectable
difference in subjects with endothelial dysfunction versus a normal, healthy endothelium.
Such a difference can be tested by a variety of methods including iontophoresis of
acetylcholine, intra-arterial administration of various vasoactive agents, localised heating of

20 the skin or temporary arterial occlusion by inflating a blood pressure cuff to high pressures.
Testing can also take place in the coronary arteries themselves. These techniques are thought
to stimulate the endothelium to release nitric oxide (NO) and possibly some other agents,
which diffuse into the surrounding vascular smooth muscle causing vasodilation.

For example, according to the Phase I study results (Example 6), patients treated with

25  RTA 402 for 28 days showed a reduction in cardiovascular inflammatory markers in the form
of a reduction in the number of circulating endothelial cells. The reduction in CECs for the
intent-to-treat group (n=20) was 27%; the reduction for the elevated baseline group (n=14)
was 40% (p=0.02) and nine of those patients showed a normal level for CECs post-treatment.
These results are consistent with a reversal of endothelial dysfunction.

30 The treatment methods of this mvention have been found to reduce matrix
metallopeptidase 9 (MMP-9), soluble adhesion molecules and tumor necrosis factor (INFa)

in most patients. High levels of these typically correlate with poor cardiovascular outcomes.
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0.001 0.0007 5The estimated glomerular filtration rate (eGFR) significantly improved in the patients
treated with RTA 402 (FIG. 4B).  FIG. 5 shows the results following at least six months of RTA 402
treatment in eleven cancer patients, showing that eGFR improved in an approximately continuous
manner. SeIne atihnsaedgatiesity wvargatonllefd RiweePbpsahatisdbativhereas others were enrolled in a
10study of RTA 402 (in combination with gemcitabine) in patients with pancreatic cancer. The results
can be summariZeindsgabon ah hasienrobadsve! harirsericiSieiipn0e 12 (Fatiyroeslddaligol [901 Z-I11 r

11 general protocols for the administration of pharmaceuticals, taking into account the toxicity,
| if any, of the drug. It is expected that the treatment cycles would be repeated as necessary.

5 The compounds of the present invention may be administered by a variety of methods,
e.g., orally or by injection {e.g. subcutaneous, intravenous, mtraperitoneal, efc.). Depending
on the route of administration, the active compounds may be coated by a material to protect
the compound from the action of acids and other natural conditions which may inactivate the
compound. They may also be administered by continuous perfusion/infusion of a disease or

10 wound site. Specific examples of formulations, including a polymer-based dispersion of
CDDO-Me that showed improved oral bioavailability, are provided in U.S. Application No.
12/191,176, filed Angust 13, 2008, which is incorporated herein by reference in its entirety.
It will be recognized by those skilled in the art that other methods of manufacture may be
used to produce dispersions of the present invention with equivalent properties and utility (see

15  Repka et al., 2002 and references cited therein). Such alternative methods inciude but are not
himited to solvent evaporation, extrusion, such as hot melt extrusion, and other techniques.

To administer the therapeutic compound by other than parenteral admunistration, it
may be necessary to coat the compound with, or co-administer the compound with, a material
to prevent its inactivation. For example, the therapeutic compound may be admimstered to a

20 patient in an appropriate carrier, for example, liposomes, or a diluent. Pharmaceutically
acceptable diluents include saline and aqueous buffer solutions. Liposomes include water-in-
oil-in-water CGF emulsions as well as conventional liposomes (Strejan ef al., 1984).

The therapeutic compound may also be administered parenterally, intraperitoneally,
intraspinally, or intracerebrally. Dispersions may be prepared in, e.g., glycerol, liquid

25 polyethylene glycols, mixtures thereof, and in oils. Under ordinary conditions of storage and
use, these preparations may contain a preservative to prevent the growth of microorganisms.

Pharmaceutical compositions suitable for injectable use include sterile aqueous
solutions {where water soluble) or dispersions and sterile powders for the extemporaneous
preparation of sterile injectable solutions or dispersion. In all cases, the composition must be

30 sterile an(i must be fluid to the extent that easy syringability exists. It must be stable under the
conditions of manufacture and storage and must be preserved against the contaminating
action of microorganisms such as bacteria and fungi. The carrier may be a solvent or

dispersion medium containing, for example, water, ethanol, polyol (such as, glycerol,
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propylene glycol, and liquid polyethylene glycol, and the like), suitable mixtures thereof, and
vegetable oils. The xproper fluidity can be maintained, for example, by the use of a coating
such as lecithin, by the maintenance of the required particle size in the case of dispersion and
by the use of surfactants. Prevention of the action of microorganisms can be achieved by
various antibacterial and antifungal agents, for example, parabens, chlorobutanol, phenol,
ascorbic acid; thimerosal, and the like. In many cases, it will be preferable to include isotonic
agents, for example, sugars, sodium chloride, or polyalcohols such as mannitol and sorbitol,
in the composition. Prolonged absorption of the injectable compositions can be brought
about by including in the composition an agent which delays absorption, for example,
aluminum monostearate or gelatin.

Sterile injectable solutions can be prepared by incorporating the therapeutic
compound in the required amount in an appropriate solvent with one or a combination of
ingredients enumerated above, as required, followed by filtered sterilization. Generally,
dispersions are prepared by incorporating the therapeutic compound into a sterile carrier
which contains a basic dispersion medium and the required other ingredients from those
enumerated above. In the case of sterile powders for the preparation of sterile imjectable
solutions, the preferred methods of preparation are vacuum drying and freeze-drying which
yields a powder of the active ingredient (i.e., the therapeutic compound) plus any additional
desired ingredient from a previously sterile-filtered solution thereof.

The therapeutic compound can be orally administered, for example, with an inert
diluent or an assimilable edible carrier. The therapeutic compound and other ingredients may
also be enclosed in a hard or soft shell gelatin capsule, compressed into tablets, or
incorporated directly into the subject’s diet. For oral therapeutic administration, the
therapeutic compound may be incorporated with excipients and used in the form of ingestible
tablets, buccal tablets, troches, capsules, elixirs, suspensions, syrups, wafers, and the like.
The percentage of the therapeutic compound in the compositions and preparations may, of
course, be varied. The amount of the therapeutic compound in such therapeutically useful
compositions is such that a suitable dosage will be obtained.

It is especially advantageous to formulate parenteral compositions in dosage unit form
for ease of administration and uniformity of dosage. Dosage unit form as used herein refers
fo physically discrete units suited as unitary dosages for the subjects to be treated; each unit
containing a predetermined quantity of therapeutic compound calculated to produce the
desired therapeutic effect in association with the required pharmaceutical carrier. The

specification for the dosage unit forms of the invention are dictated by and directly dependent
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on (a) the unique characteristics of the therapeutic compound and the particular therapeutic
effect to be achieved, and (b) the limitations inherent in the art of compounding such a
therapeutic compound for the treatment of a selected condition in a patient,

The therapeutic compound may also be administered topically to the skin, eye, or

5 mucosa. Alternatively, if local delivery to the lungs is desired the therapeutic compound may
be administered by inhalation in a dry-powder or acrosol formulation.

The actual dosage amount of a compound of the present invention or composition
comprising a compound of the present invention administered to a subject may be determined
by physical and physiological factors such as age, sex, body weight, severity of condition, the

10 type of disease being treated, previous or concurrent therapeutic interventions, idiopathy of
the subject and on the route of administration. These factors may be determined by a skilled
artisan, The practitioner responsible for administration will typically determine the
concentration of active ingredient(s) in a composition and appropriate dose(s) for the
individual subject. The dosage may be adjusted by the individual physician in the event of

I3 any complication.

In some embodiments, the pharmaceutically effective amount is a daily dose from
about 0.1 mg to about 500 mg of the compound. In some variations, the daily dose is from
about 1 mg to about 300 mg of the compound. In some variations, the daily dose is from
about 10 mg to about 200 mg of the compound. In some variations, the daily dose is about 25

20 mg of the compound. In other variations, the daily dose is about 75 mg of the compound. In
still other variations, the daily dose is about 150 mg of the compound. In further variations,
the daily dose is from about 0.1 mg to about 30 mg of the compound. In some variations, the
daily dose is from about 0.5 mg to about 20 mg of the compound. In some variations, the
daily dose is from about I mg to about 15 mg of the compound. In some variations, the daily

25 dose is from about | mg to about 10 mg of the compound. In some variations, the daily dose
1s from about I mg to about 5 mg of the compound.

In some embodiments, the pharmaceutically effective amount is a daily dose is 0.01 ~
25 mg of compound per kg of body weight. In some variations, the daily dose 1s 0.05 — 20
mg of compound per kg of body weight. In some variations, the daily dose is 0.1 — 10 mg of

30 compound per kg of body weight. In some variations, the daily dose is 0.1 — 5 mg of
compound per kg of body weight. In some variations, the daily dose is 0.1 — 2.5 mg of
compound per kg of body weight.

In some embodiments, the pharmaceutically effective amount is a daily dose is of 0.1

~ 1000 mg of compound per kg of body weight. In some variations, the daily dose is 0.15 -

-40-



[WIESL 1188 101 .101 1Z17 1300/900 575 9'85 Z.99 8.51, VIM 1188 8.5L OH'

10

15

20

25

30

20 mg of compound per kg of body weight. In some variations, the daily dose s 0.20 - 10
mg of compound per kg of body weight. In some vartations, the daily dose is .40 — 3 mg of
compound per kg of body weight. In some variations, the daily dose is 0.50 — 9 mg of
compound per kg of body weight. In some variations, the daily dose is 0.60 — 8 mg of
compound per kg of body weight. In some variations, the daily dose is 0.70 — 7 mg of
compound per kg of body weight. In some variations, the daily dose is 0.80 — 6 mg of
compound per kg of body weight. In some variations, the daily dose is 0.90 — 5 mg of
compound per kg of body weight. In some variations, the daily dose is from about 1 mg to
about 5 mg of compound per kg of body weight.

An effective amount typically will vary from about 0.001 mg/kg to about 1,000
mg/kg, from about 0.01 mg/kg to about 750 mg/kg, from about 0.1 mgkg to about 500
mg/ke, from about 0.2 mg/kg to about 250 mg/kg, from about 0.3 mg/kg to about 150 mg/kg,
from about 0.3 mg/kg to about 100 mg/kg, from about 0.4 mg/kg to about 75 mg/kg, from
about 0.5 mg/kg to about 50 mg/kg, from about 0.6 mg/kg to about 30 mg/kg, from about 0.7
mg/kg to about 25 mg/kg, from about 0.8 mg/kg to about 15 mg/kg, from about 0.9 mg/kg to
about 10 mg/kg, from about I mg/kg to about 5 mg/kg, from about 100 mg/kg to about 500
mg/kg, from about 1.0 mg/kg to about 250 mg/kg, or from about 10.0 mg/kg to about 150
mg/kg, in one or more dose administrations daily, for one or several days (depending, of
coﬁrse, of the mode of administration and the factors discussed above). Other suitable dose
ranges include 1 mg to 10,000 mg per day, 100 mg to 10,000 mg per day, 500 mg to 10,000
mg per day, and 500 mg to 1,000 mg per day. In some particular embodiments, the amount is
less than 10,000 mg per day with a range, for example, of 750 mg to 9,000 mg per day.

The effective amount may be less than 1 mg/kg/day, less than 500 mg/kg/day, less
than 250 mg/kg/day, less than 100 mg/kg/day, less than 50 mg/kg/day, less than 25
mg/kg/day, less than 10 mg/kg/day, or less than 5 mg/kg/day. It may alternatively be in the
range of 1 mg/kg/day to 200 mg/kg/day. For example, regarding treatment of diabetic
patients, the unit dosage may be an amount that reduces blood glucose by at least 40% as
compared to an untreated subject. In another embodiment, the unit dosage is an amount that
reduces blood glucose to a level that is within & 10% of the blood glucose Ievel of a non-
diabetic subject.

In other non-limiting examples, a dose may also comprise from about 1 micro-
gram/kg/body weight, about 5 microgram/kg/body weight, about 10 microgram/kg/body
weight, about 50 microgram/kg/body weight, about 100 microgram/kg/body weight, about
200 microgram/kg/body weight, about 350 microgram/kg/body weight, about 500
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microgram/kg/body weight, about 1 milligram/kg/body weight, about 5 milligram/kg/body
weight, about 10 milligram/kg/body weight, about 50 milhigranm/kg/body weight, about 100
milligram/kg/body  weight, about 200 milligram/kg/body weight, about 350
milligram/kg/body weight, about 500 milligram/kg/body weight, to about 1000 mg/kg/body
weight or more per administration, and any range derivable therein. In non-limiting examples
of a derivable range from the numbers listed herein, a range of about 1 mg/kg/body weight to
about 5 mg/kg/body weight, a range of about 5 mg/kg/body weight to about 100 mg/kg/body
weight, about 5 microgram/kg/body weight to about 500 milligram/kg/body weight, efc., can
be admimistered, based on the numbers described above,

In certain embodiments, a pharmaceutical composition of the present mvention may
compriée, for example, at least about 0.1% of a compound of the present invention. In other
embodiments, the compound of the present invention may comprise between about 2% to
about 75% of the weight of the unit, or between about 25% to about 60%, for example, and
any range derivable therein.

Single or multiple doses of the agents are contemplated. Desired time intervals for
delivery of mmuitiple doses can be determined by one of ordinary skill in the art employing no
more than routine experimentation. As an example, subjects may be administered two doses
daily at approximately 12 hour intervals. In some embodiments, the agent is administered
once a day.

The agent(s) may be administered on a routine schedule. As used herein a routine
schedule refers to a predetermined designated period of time. The routine schedule may
encompass periods of time which are identical or which differ in length, as long as the
schedule is predetermined. For instance, the routine schedule may involve administration
twice a day, every day, every two days, every three days, every four days, every five days,
every six days, a weekly basis, a monthly basis or any set number of days or weeks there-
between. Alternatively, the predetermined routine schedule may involve administration on a
twice daily basis for the first week, followed by a daily basis for several months, efc. In other
embodiments, the invention provides that the agent(s) may taken orally and that the timing of
which is or is not dependent upon food intake. Thus, for example, the agent can be taken
every morming and/or every evening, regardless of when the subject has eaten or will eat.

Non-limiting specific formulations include CDDO-Me polymer dispersions {see U.S.
Application No. 12/191,176, filed August 13, 2008, which is incorporated herein by
reference). Some of the formulations reported therein exhibited higher bioavailability than

either the micronized Form A or nanocrystalline Form A formulations. Additionally, the
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polymer dispersion based formulations demonstrated further surprising improvements in oral
bioavailability relative to the micronized Form B formulations. For example, the methacrylic
acid copolymer, Type C and HPMC-P formulations showed the greatest bioavailability in the
subject monkeys. |

VII. Cembination Therapy

In addition to being used as a monotherapy, the compounds of the present invention
may also find use in combination therapies. Effective combination therapy may be achieved
with a single composition or pharmacological formulation that includes both agents, or with
two distinct compositions or formulations, administered at the same time, wherein one
composition includes a compound of this invention, and the other includes the second
agent(s). Alternatively, the therapy may precede or follow the other agent treatment by
intervals ranging from minutes to months.

Various combinations may be employed, such as when a compound of the present
invention is *“A” and “B” represents a secondary agent, non-limiting examples of which are

described below:

A/B/A B/IA/B B/B/A A/A/B A/B/B B/A/A A/B/B/B B/A/B/B
B/B/B/A B/B/A/B  A/A/B/B A/B/A/B A/B/B/A  B/B/A/A
B/A/B/A B/A/A/B A/A/A/B B/A/A/JA A/B/IA/A A/A/B/A

It is contemplated that other anti-inflammatory agents may be used in conjunction
with the treatments of the current invention. For example, other COX inhibitors may be used,
including arylcarboxylic acids (salicylic acid, acetylsalicylic acid, diflunisal, choline
magnesium trisalicylate, salicylate, benorylate, flufenamic acid, mefenamic acid,
meclofenamic acid and triflumic acid), arylalkanoic acids (diclofenac, fenclofenac,
alclofenac, fentiazac, ibuprofen, flurbiprofen, ketoprofen, naproxen, fenoprofen, fenbufen,
suprofen, indoprofen, tiaprofenic acid, benoxaprofen, pirprofen, tolmetin, zomepirac,
clopinac, indomethacin and sulindac) and enolic acids (phenylbutazone, oxyphenbutazone,
azapropazone, feprazone, piroxicam, and isoxicam. See also U.S. Patent 6,025,395, which is
incorporated herein by reference.

Dietary and nutritional supplements with reported benefits for treatment or prevention
of Parkinson’s, Alzheimer’s, multiple sclerosis, amyotrophic lateral sclerosis, rheumatoid

arthritis, inflammatory bowel disease, and all other discases whose pathogenesis is believed
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to involve excessive production of either nitric oxide (NO) or prostaglandins, such as acetyl-
L-carnitine, octacosanol, evening primrose oil, vitamin B6, tyrosine, phenylalanine, vitamin
C, L-dopa, or a combination of several antioxidants may be used in conjunction with the
compounds of the current invention.

Other particular secondary therapies include immunosuppressants (for transplants and
autoimmune-related RKD), anti-hypertensive drugs (for high blood pressﬁre—related RKD,
e.g., angiotensin-converting enzyfne inhibitors and angiotensin receptor biockers), insulin (for
diabetic RKD), lipid/cholesterol-lowering agents (e.g., HMG-CoA reductase inhibitors such
as atorvastatin or simvastatin), treatments for hyperphosphatemia or hyperparathyroidism
associated with CKD (e.g., sevelamer acetate, cinacalcet), dialysis, and dietary restrictions

{e.g., protein, salt, fluid, postassium, phosphorus).

VIII. Examples

The following examples are included to demonstrate preferred embodiments of the
invention. It should be appreciated by those of skill in the art that the techniques disclosed in
the examples which follow represent techniques discovered by the inventor to function well
in the practice of the invention, and thus can be considered to constitute preferred modes for
its practice. However, those of skill in the art should, in light of the present disclosure,
appreciate that many changes can be made in the specific embodiments which are disclosed
and still obtain a like or similar result without departing from the spirit and scope of the

invention,

Example 1 - Materials and Methods

Chemicals. Triterpenoids were synthesized as previously described in Honda ef al.
(1998), Honda et al. (2000b), Honda ef ol (2002} and Yates ef al. (2007), which are all

incorporated herein by reference.

Example 2 — Mouse Ischemia-Reperfusion Results

In a mouse model of ischemic acute renal failure, the renal artery is clamped for
approximately twenty minutes. After this time, the clamp is removed and the kidney 1s
reperfused with blood. Ischemia-reperfusion resulis in renal damage and decreased renal
function which can be assessed by blood urea nitrogen (BUN) levels, which become elevated
following renal damage. As shown in FIGS. la-d, surgically-induced ischemia-reperfusion

increased BUN levels by approximately 2-fold. However, in animals treated with 2 mg/kg
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940>, cli, ct"Ciat, ,-4,-00 ..."0 cv 73 atn Example 6- Phase 2 Study in Patients with Diabetic
Nephropathy  Serum creatinine has also been measured in patients with chronic kidney disease
(CKD) enrolled in an open label Phase Il clinical trial of RTA 402. These patients received RTA 402
once dailyRatAhek cake develdaiRb g 7S grigradeyl 50imdo fireatotahoftR8 g levels were

significantly reduced (p<0.01) relative to vehicle-treated ammals and were similar to the
levels in animals that underwent sham surgeries (FIGS. la-c). Histological measures of
kidney damage and inflammation were also significantly improved by treatment with
5 RTA 402 (FIG. 1d). These data indicate that RTA 402 1s protective against ischemia-

reperfusion induced tissue damage.

Exampie 3 — Rat Chemotherapy-Induced Acute Renal Injury Results

In another model of acute renal injury, rats were injected intravenously with the
antineoplastic agent cisplatin. In humans, nephrotoxicity is a dose-limiting side effect of

10 treatment with cisplatin. Cisplatin-induced damage to the proximal tubules is thought to be
mediated by increased inflammation, oxidative stress, and apoptosis (Yao ef al., 2007). Rats
treated with a single dose of cisplatin at 6 mg/kg developed renal insufficiency as measured

by increased blood levels of creatinine and BUN. Treatment with 10 mg/kg RTA 402 by oral
gavage beginning one day prior to treatment with cisplatin and continuing every day

15 significantly reduced blood levels of creatinine and BUN (FIGS. 2a-b). Histological
evaluation of the kidneys demonstrated an improvement in the extent of proximal tubule

damage in RTA 402-treated animals compared to vehicle-treated animals (FI1G. 2c¢).

Example 4 — Reduction of Serum Creatinine Levels in Several Species

Serum creatinine has been measured in several animal species treated with RTA 402
20 in the course of toxicology studies. Significant reductions of serum creatinine levels relative
to baseline levels or levels in control animals have been observed in cynomolgus monkeys,
beagle dogs, and Sprague-Dawley rats (FIGS. 3a-d). This effect has been observed in rats

with crystalline and amorphous forms of RTA 402.

Example 5 — Reduced Serum Creatinine and Increased eGFR in Cancer Patients

25 Serum creatinine has also been measured in patients with cancer enrolled in a Phase 1
clinical trial of RTA 402. These patients received RTA 402 once daily at doses from 5 to
1,300 mg/day for a total of twenty-one days every 28 days. A reduction in serum creatinine
by greater than 15% was observed as early as eight days following treatment initiation and
persisted through the end of the cycle (FIG. 4A). This reduction was maintained in those
30  patients that received six or more cycles of treatment with RTA 402, A subset of patients

with pre-existing renal damage (baseline serum creatinine levels of at least 1.5 mg/dl) also
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5The study was designed with multiple endpoints, in categories of insulin resistance, endothelial
dysfunction/CVD, and CKD. These can be summarized as follows: Insulin Resistance/ Diabetes
Endothelial Dysfunction/ Cardiovascular Chronic Kidney Disease Hgb Ale CECs GFR GDR/Euglycem
¢ Clamp (hRedgtifiedRrotdin(GRR) SernneEndatinikeds|idhseit: Gelaatin @idaRina@ledtiance VCAM

these patients, serum creatinine levels decreased progressively throughout the cycle such that
the Day 21 levels were approximately 25% lower than baseline levels (FIG. 4A). These

results can be summarized as shown m the table below.

Sub-set with
Al patients elevated bas‘ei‘me
serum creatinine
levels
Number of patients who received drug for at least 3 weeks 45 &
% of Patients with Decrease on Day 21 87% 100%
% Serum Creatinine Decrease from Baseline ~18.3% -24.5%
p-value (Baseline versus Day 21) 0.001 0.0007
5 The estimated glomerular filiration rate (¢GFR) significantly improved in the patients

treated with RTA 402 (FIG. 4B). -
FIG. 5 shows the results following at [east six months of RTA 402 treatment in
eleven cancer patients, showing that eGFR improved in an approximately continnous manner.
Some of these patients were enrolled in the Phase I study, whereas others were enrolled in a
i0 study of RTA 402 (in combination with gemcitabine) in patients with pancreatic cancer. The

results can be summarized as shown in Table 2, below.
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Cystatin C Cytokines Adiponectin Angiotensin Il
determining the effects of RTA 402 administered orally at the three dose strengths on the glomerular
filtration rate (as estimated by the MDRD formula) in patients with diabetic nephropathy. 10Secondary
outcome measures include: (1) an evaluation of the safety and tolerability of oral RTA 402
administered orally at the three different doses, in this patient population; (2) an evaluation of the
effects of RTA 402 administered orally at the three dose strengths on the serum creatinine level,
creatinine clearance, and urine albuminicreatinine ratio in patients with diabetic neplu-opathy; (3) an

evaluation of the e
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Diabetes Duration (yrs) 15.4 Diabetic Nephropathy 100% Non-renal Diabetic Complications' 100%
Hypertensive 100% Hgb Alc(%) 7.9% Failed Oral Antihyperglycemics 90% ACEI/ARB Use 80% Statin
Use 50% 'Includes neuropathy and retinopathy

Example 6 — Phase 2 Study in Patients with Diabetic Nephropathy

Serum creatinine has also been measured in patients with chronic kidney disease

(CKD) enrolled in an open label Phase II chinical trial of RTA 402. These patients received
RTA 402 once daily at three dose levels, 25 mg, 75 mg and 150 mg, for a total of 28 days.

5 The study was designed with multiple endpoints, in categories of insulin resistance,

endothelial dysfunction/CVD, and CKD. These can be summarized as follows:

Insulin Resistance/ Diabetes Endoé[;il(il?;‘gﬁﬁi::tion/ Chrt;;;iiizldney
Hgb Alc CECs GFR
GDR/Euglycemic Clamp C-Reactive Protein (CRP) Serum Creatinine
Glucose E-Selectin Creatinine Clearance
VCAM | Cystatin C
Cytokines Adiponectin
Angiotensin IT

A ﬁrimary outcome measure for this study is determining the effects of RTA 402
administered orally at the three dose strengths on the glomerular filtration rate (as estimated
by the MDRD formula) in patients with diabetic nephropathy.

10 Secondary outcome measures mclude: (1) an evaluation of the safety and tolerability
of oral RTA 402 administered orally at the three different doses, in this patient population; (2)
an evaluation of the effects of RTA 402 administered orally at the three dose strengths on the
serum creatinine level, creatinine clearance, and urine albumin/creatinine ratio in patients
with diabetic nephropathy; (3) an evaluation of the effects of RTA 402 administered orally at

15 the three dose strengths on hemoglobin Alc in all patients enrolied and on insulin response by
the hyperinsulinemic euglycemic clamp test in patients enrolled at only one of the study
centers; (4) an evaluation of the effects of RTA 402 at the three different doses on a panel of
markers of inflammation, renal injury, oxidative stress, and endothelial cell dysfunction.

The patient population selected for this study all had type 2 diabetes with CKD, Most

20 had been diagnosed with poor glycemic control for two decades. CKD was established
through elevated serum creatinine (SCr) levels. Most of the patients had been diagnosed with

cardiovascular disease (CVD} and most were receiving standard of care (SOC) treatment for
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All values represent the mean; n = 10; | 10 patients to complete study 5The patient inclusion criteria
were as follows: (1) diagnosis of type 2 diabetes; (2) serum creatinine in women 1.3 -3.0 mg/dL
(115-265 union), inclusive, and in men 1.5 -3.0 mg/dL (133-265 umol/L), inclusive; (3) patient must
agree to prasties, effeotivelconmageptionx(d), patenArestharelaneatie uideptagnariey test within
72 hours prior to the first dose of study medi ati?rl'l 5) patient is willing and able to cooperate with all
aspects oP P SEERGTERNS SA S SBIE B CSMAIRICANY effectively: (6) patient is willing and able to
provide \Airitten infonned consent t0£%rticipate in this clinical study.  The %tient exclusion criteria
were the following: (1) patients having type 1 (insulin-dependent; juvenile onset) diabetes:|(2) patients
with knowin non-diabetic repaldisease.(Rgriygsclerosis superimposed on djghetic nephropathy
acceptab i | ; i j } i VS: unstable
angina pgctoris within 3 mobthiscaé steshropaity, myocardial infar¢tion, coronsi§artery bypalss graft
surgery, Grperedtanestus-transtuminal-coronary-angtoptastyfstent-with 0 of-sttray| entry;
transient ischemic attaGlowithinBanontGsnaflswigpentry; cerebrgvascular abééient within 3 months of
study entry;obstroctive vatvutar heartdisease or nypertrophic cardiomyopathny; 20~ second or third
degree atrioventncular block ndﬁﬁﬁ?&"é‘é%lly treated with a pacgmaker; (4)1 flents with reed for
chronic (32 weeks) immunosup r%sgv 0};herapy, including cortigosteroids ( >ég)uding inhaled or nasal
steroids) within 3 months of stu%e ]ri’? (“?S) patients with eviderce of hepati¢ dysfunction ncluding
total bilirupin > 1.5 mg/ﬁh&%?@rm%%m@/@(%&w?r transaminage (aspartatgy@minotransferase [AST]
or alanine transferase [ALT]) > 1.5 times upper limit of normal; (B) if female patient is pregnant,
nursing of planning a pregnangy:€i ) Ratiesds with any concurret clinical caditions that in the 5
judgment jof-the-investigator-could-either-potentialy-pose-a-heatth+ o-the-patient-whilednvolved in
the study jor could potentially infl§enied ive study outcome; (8) patients havidg’known hypersensitivity
to any component-of-the-study-drug; {9) patents-havimg krmowrattergy tofodime; (10) patients having
undergone diagn{i’fllf":df}? ’?ﬁi@?\?@?‘i’ﬁ%ﬂ%’r’%&?&’ﬂ reqyiring a contrast agent within the last 30 days prior
to entry into the Stud§ e IFPEHER LT With o ghqge érp OL G tERER T Eny of the following
medigations: ACE, Inbiptars, Angiotensin! Plockers pansieyaidahantipfammaianydiugs (NSAIDS),
or COX-2 inhibitors \}\:;It In 3 months; other anti-hypertensive, and other anti-diabetic medications within

6 weeks pHERTCEatEingt tertndy (22 patnts! AR Ga R sl rbPit gty BIBGAdI Abd<k or having

positive teshresyltssiop amnerug af-ahuse (esitive mine guigdesiand@rtlvaleahatdpeaihalyzer test);
(13) patients having participated in another clinical sttudty |E%/u%\§|gg investigati nal or ark%ted products
within 30 GAVRABFEMTESEAERF IS SRR SIS SFeRBiRE oot Any PAFHEIREER T SUh 'S Sdly: (14)
patients usabiertediomenti (it ateian coepidratendishithe nvestigatertidek teptanguiabe pradieins, poor
menjgl deyeloRment arimpaiied.serapialuncien, A34® AR AN AEPEPRRIEDGRhere were 32
of 60 patients enrolled in this study All'but ohe pattljent was receiving insulin and standard-of-care oral
antihyperghfesnsitsonsent e agrieipaiits REAlM2FE¥bbserved to reduce hemoglobin % Al ¢ in 28
days in refractoryglighgtics.QaiieR ot slandambaheasaokig tiegimeatshougdan intemilartreat
reduction of approximately 0.25 (cn = 56) and ?n elevated, l$a eline g%?%%gﬁ baselinRﬁS reduction of

0.50 (n = S8 RERTO RSB VP RIEN HARTIGH 48 PRIISEHOR 57 BT Rifs SHBWA TG, 6, and
reduction agghfurdtios Ofdesags isdhndiatnk |Gphdpatfientscwitibovanest (Stagdldimdnal disease
(GFR.from15-29 mlimin) showed a 1ean 26 Al c ' ' I / | tions were
Sttty e e e A e T e 28 day
treatment eietBOOT BN gy cayiieacd o) arE Ins TRFPBER ST iR PR &fdhtsEds edsured by
glucose dispesaheals (FRRI-Raiesisaxhibitad.inrrovementsin GDRalRr theadigantrgatment, with
more severely impaired patients (GDR < 4) showing statistically significa timgéovem.?nts p < 0.02).
The hyperfRESIFERTELRIGIIEARSI & Ui ‘E‘é@i%a@g 5%#&?%3’ é:te%% Oéi‘i’ﬁ%“%ﬁﬁ P9 G B e end of the
study on Daynd8. dihaevd@sthigasikesithiecraiérofar heart disease or hypertrophic cardiomyopathy;

20 second or third degree atrioventricular block not successfully treated with a pacemaker; (4)

OTUOUTTAT YV Arifyiuopiasly

patients with need for chronic (>2 weeks) immunosuppressive therapy, including

corticosteroids (excluding inhaled or nasal steroids) within 3 months of study eniry; (5)
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glucose infusion (GINE) necessary to compensate for an increased insulin level without causing
hypoglycemia; this value is used to derive the GDR. In short, the hyperinsulinemic euglycemic
clamp test takes about 2 hours. Through a peripheral vein, insulin is infused at 10-120 mU per m2 per
minute. InpaideisteeRreRensatedhiphibearirsulin dafusinmigiucaserdbis infuseskienmaintin blood
sugar levels betwle?lg 5 alnd 5,5 mmol/L. The&r%%a gmglu ose.infus, qQ deteimined by.checking the

f
blood sug Al IEVEEaVery 55 T HMUES ARe At SF IaadE TR Goh HorAeThs RS S5 inutes of the
test is usddid Hetelrhinemsupires dmsitivifynasdbtéoimih dehipyjethpagine os eprewtaiolismingter(M) in

mokoimin:AQThe foluiag arolerauloss afe i plage gy RSTBRIDemC gugycomic damp

. bject To fast 8-10 hours prior to the clamp procedure. 2) The morning of the clamp
measure WEHBIhS TG nargHgator couldayites pofEiryyrBRRs MkeaiAiskhiantsiaisrawhils-20 gauge
catheter fgfdioming hosanmples 4R ranaieall bingdyithe2sthueanw@nsion coakaaniilgop extension
tubing. Spike tubing to a liter bag of 0.9% NaCl tog%r) at I%lvgd%(ee vein_ol%erh aboufmlo cc/hr) until
the start oFtREHIBESHGPE VU5 A BYy S THBAIAY PadfecVaidd e [E%ﬂoe\?'%%sse witha pad Separating
the heatinglpag 20frotinthe($0bjpetfisbsahavifg nablegsdhe delipction of shimtediantgriatizdddlood from

venous caihaerleation). 8l Malqli i R Reraie RRIPKIAIM AT 4 ét@%%gfpﬁﬁa&%d by the

heating pad before and during the clamp, to maintdin arterialization. art another line
opp&site theltreliwngil@inders-akivainsrs amanitiP 1 the- feldepingspadigatioametérolneiftifusion line.
Prepare 1 {ubiggwith 2:0ERevar-sloBr6@6KSanti inflafnhiaRg ard@0 (Nisaef 20%cdextrose and

attach to Qort on the infusion side E)})‘P epare the insuéin infusion xemove, 53 cc (50 cc of
overfl) of SRS 500 BEThEY OF s od EFIRIFdiecl 5615 PG 8 RE 1 BB 10 subject
using sterilétt&xchmvigeles andrinjestiy dntigthe study; (12) patients having a history of drug or alcohol
abuse or having positive test results for any drug of abuse (positive urine drug test and/or
15 alcohol breathalvzer test); (13) patients having participated in another clinical study involving
investigational or marketed products within 30 days prior to entry into the stady or would
concomitantly participate in such a study; (14) patients unable to communicate or cooperate
with the Investigator due to language problems, poor mental development or impaired
cerebral function.
20 As of the end of September 2008, there were 32 of 60 patients enrolled in this study.
All but one patient was receiving insulin and standard-of-care oral antihyperglycemics.
Treatment with RTA 402 was observed to reduce hemoglobin % Alc in 28 days in
refractory diabetics on top of standard of care. The treatment showed an intent-to-treat
reduction of approximately 0.25 (n = 56) and an elevated baseline (= 7.0 at baseline)
25 reduction of 0.50 (n = 35). Hemoglobin % Alc reduction as a function of baseline sevenity is
shown in FIG. 6, and reduction as a .function of dosage is shown in FIG. 7. Patients with
advanced (Stage 4) renal disease (GFR from 15-29 ml/min) showed a mean % Alc reduction
of approximately 0.77. All reductions were statistically significant.
Hyperinsulinemic euglycemic clamp test results showed that the 28 day treatment also
30 improved glycemic control and insulin sensitivity in the patients, as measured by glucose
disposal rate (GDR). Patients exhibited improvements in GDR after the 28 day treatment,
with more severely impaired patients (GDR < 4) showing statistically significant
improvements (p < 0.02). The hyperinsulinemic euglycemic clamp test was performed at

Baseline (Day —1) and at the end of the study on Day 28. The test measures the rate of
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top tube c. Centrifuge the tiger top tube. Withdraw 2 cc of serum and inject into the 500 cc bag of 0.9%
NaCl d. Add 100 units of insulin to the bag with the serum and mix well (0.2 U insulin/m1) e. Connect
IV tubing with duo-vent spike into the 0.9% NaCl bag f. Place on Baxter pump 510) Time and draw all
basal bloggusasapleasBaseliNg fastingdalood glugeseralieswihbessbtamedpiiortiovbagirning the
@nsuli_n primgg. %]ﬁ%ggr{oc%n ;raw_s%%isnsjﬂfl%siigp@séatg S%erélﬁ;[éc@ﬁ}@r a pr!ming dose and 60_ mU/m2 insulin
infusion. TAIS background msulin is to suppress endogenous hepatic glucose production. Lean
subjects can be Buppresbed withnalinroyn S reseicitlgnimtes e sl Sulbsjaests FaELigk 80 mU/m2.

60 mU/m2, shatld bgsufficientitosuppieed dhe suogesied sted. nRRuIatisiwith sBMLefi27-40 kg/m2.

The suggested 60 mU/m2 insulin infusion may need to be adjusted if the BMIJ)S amended, 12) 0.5 mL

samples Wil B iR Bl aPRaRiLAS A s TAaBing L pdie sl eal IBISE BT EBseRhalyzer wil
be used t3 datenpline/ad)uskthe glidcaseniinfision datenidfe(nbg/kbénkimy Alny tddditionat labdsatory tests
required by the protgeal il berin additon (o e bloed velume, The ciamp will st d20 miputes which
is believed 16 bé & sUffitieht duration for aeterminlng insulin %ensitlwty. fi% abel and save all YS1
printouts foredourdetdudemiantin sa)sithdty exdseimfosioby rite hrorctheclatBo iUl & the
euglycem;g%gmlyvill 20 be adjusted using space correction. This will be used to determine the
glucose metabolism rate (M mg/kg/min), which represents the subject's sensitivity to insulin. As

showh in FIG. 8,TiRT folurpine diies Lisilsting et dtridied S tcRpsinsrhacmiarr #rifiBeT of CECs in
cells/mL igjghgwador intent-to-treat (ITT) and elevated baseline groups, 25 both before and after the

28 day RTA tre nt. T?)e e? iction for the Intent-to-treat group was approximately 20%, and the
reduction in theaé?ésf}}% e Oaféé i%gt%olﬁgﬁlbs F>n'§) ré]%%gftnﬁaﬁpvggg%%uﬁrﬂbximately 33%. The fraction of

iINOS-positive CECEwvasmeniicedappruxinsasety Yodside ambizagisn of CEC values 5 cells/mL) was

observed in 11 ot gﬂzwg Khpalstis it slevales DaRane. AOSFGR RHBRIR0AIRM, Y ole blood
by using CD 146 Ab (an antibody to the CD 146
15 _ _

samples.

4) Prepare IV tubing with 2 three-way stop cocks and j-loop extension tubing. Spike
tubing to a liter bag of 0.9% NaCl to ran at KVO (keep vein open, about 10 cc/hr)
until the start of the procedure.

5) Apply a heating pad covered in a pillow case with a pad separating the heating pad

20 from the subject’s hand. (Enables the collection of shunted arterialized blood from
venous catheterization)

6) Monitor the temperature (approximately 150 °F / 65 °C) generated by the heating
pad before and during the clamp, to maintain arterialization.

7) Start another line opposite the draw side in the distal forearm with 14", 18-20

25 gauge catheter for the infusion line. Prepare IV tubing with 2 three-way stop cocks.

8) Hang a 500 ml bag of 20% dextrose and attach to port on the infusion side

9) Prepare the insulin infusion

a. Remove 53 ¢c (50 ce of overfill) of saline from a 500 cc bag of 0.9% NaCl
and discard
30 b. Draw 8 cc of blood from subject using sterile technique and inject into a tiger
top fube
¢. Cenfrifuge the tiger top tube. Withdraw 2 cc of serum and inject into the 500
ce bag of 0.9% NaCl
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antigen that is expressed on endothelial cells and leukocytes). After CEC isolation, a FITC (fluorescein
isothiocyanate) conjugated CD 105 Ab (a specific antibody for endothelial cells) is used to identify
CECs using the CellSearchTM system. A fluorescent conjugate of CD45 Ab was added to stain the
leukocytes, and thesedvergithet gaited dutsdfor @ geneialwoiknliew:afithisdneathoteisee Blann et al.,
(2005), which is mcorporategnpe in by reference in its entirety. CEC samples were also assessed for
the presence of INOS by Immunostaining. Treatment with RTA 402 reduced iNOS-positive CECs by
approximately 29%, furthensindivatibigghatRIna-4oR seileiods thfletimbkiGhiagendothelial cells.  RTA
402 was shown to imprayg.signiicantly,gight measures of renal function and status, including serum
creatinine based eGFR (FIG. 9), creatinine clearance, BUN (FIG. 11A), serum phosphorus (FIG. 11B),
serum uric acid (}ﬂbT“Pf@?déVéYét hb akﬂﬁ?&n%ameeﬁﬁgsei@&f&%wh ﬁfb@ﬁéﬁ? NelEsE&svibB).
Adiponectin predicts: allerids @rvptbaityiardend 11;@151ﬁ;gﬁﬂeynal disease in DN patients. Adiponectin
and Angiotensm V%}I{(fh are eI vated in DN atl §t orrelate with rena% |sea§ ev&r (FIGS.
10A-B). Effects on)B ms 5nrulg and ufic adid are Shown InFE82 atients treated
with higher doses (ﬁs@m@@lm@} of RY A%@Qf@hwmmd@smlmwse@b}gmm&eﬂwm to 25%) in
proteinuria. This is gﬂ@@@5913aﬂxﬁﬁéty&ﬁaﬂo%w%gﬁtﬂag&};pfe&%g%ﬁ ERREHIRACS fQfplates with

increased proteinuria. For'example, in a long-term clinical study of more than 25,000 patients,

treatent with ramfsHs T RBIEStHh Fﬁﬁ%ﬁ’)gglé%gﬂ‘ 0 ﬁ&fg%f s fcRifhisipbie %‘ﬁé’@ﬁ\“fél?ﬁ than either

telmisartan (an angs@ggmdﬂ E&Q@m@@m@ﬁmyém@mm@&g@? rmm&%@ﬁa&rﬁaﬁ (Mann et
alL, 2008). Converse 8%5 |nur|a|ncre ?E qre mt% r|I rou an in the other two 20
groups. Major renal’t ]tl B R Y i eg er rug al h with combination therapy,
although protelnuﬁhﬁdméawbleaﬁtilhhhérwmbmastlﬁnemempay gndupe @ﬂdargstﬁdmgfhaﬁ(?&lshown that

drugs that reduce G, ¥460,35 ALFNNIUS AT AUUASREAIG IR 5&@%‘?&5@&11 £001; Sengul

et al., 2006). Other studies have shown that drugs that acutely increase GFR, such as certain calcium

charlfiel blockers, ifeEdsEE o bIURRI e é%@gﬁuﬁﬁﬁ Epirad i H%fsm@t%@o‘ﬂ’élab@tlél 2001;

Viberti et al, 2002),dditibh fo' e B1d08 VolihReE, Avﬁeoém@Gmmmsmmlaﬁr@éaxzmtml@égl@sed and
claimed herein can be made and 30.ex cu ed without uwe experimentation in light of the present

disclosure. While th8 2SHA3EN SHE UMY BHEBPHE U SREBI Have been described in terms of
preferred embodifidnts;libwiildye zabﬁaiemntom&sesoﬁssklﬂqnuthmart that variations may be applied to

the compositions, anlior,MeonmANs 4SRRI R.SRANSNGR.SL sisesg tigpethipd described

herein without departi om the concept, spirit and scope of the invention. More specmcally, it will be

n
appafent that certalt$ égaﬁtgdmma SPACB IR EATCANN awéi prysietoll cdgty ratatedientaCp¥ substituted

for the agents descgibadonereimwhilg the Ramempr siiakdprulavalldbgeachieveastivid sych similar
substitutes and modifications apparent to those skilled in the art are deemed to be within the spirit,

scope and concept'd invention 5as defined by the appended claims.
As shown in FIG. 8, RTA 402 reduces circulating endothelial cells (CECs). The mean

number of CECs in cells/mL is shown for intent-to-treat {ITT) and elevated baseline groups,

25 both before and after the 28 day RTA treatment. The reduction for the Intent-to-treat group
was approximately 20%, and the reduction in the elevated baseline group (>5 CECs/ml) was
approximately 33%. The fraction of iINOS-positive CECs was reduced approximately 29%.
Normalization of CEC values (< 5 cells/ml} was observed in 11 out of the 19 patients with
elevated baseline.

30 CECs were isolated from whole blood by using CD146 Ab (an antibody to the CD146
antigen that is expressed on endothelial cells and leukocytes). After CEC isolation, a FITC
(fluorescein isothiocyanate) conjugated CD105 Ab (a specific antibody for endothelial cells)
is used to identify CECs using the CeliSearch™ system. A fluorescent conjugate of CD45
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patients, correlate with renal disease severity (FIGS. 10A-B). Effects on BUN, phosphorus,
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Patients treated with higher doses (75 or 150 mg) of RTA 402 showed modest
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a long-term clinical study of more than 25,000 patients, treatment with ramipril {(an ACE
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increase GFR, such as certain calcium channel blockers, increase proteinuria up to 60%

25 during short-term dosing (Agodoa ef al., 2001; Vibert ef al., 2002).
T E T E L a TR R F AR RN

All of the compositions and/or methods disclosed and claimed herein can be made and

30  executed without undue experimentation in light of the present disclosure. While the
compositions and methods of this invention have been described in terms of preferred
embodiments, it will be apparent to those of skill in the art that variations may be applied to

the compositions and/or methods and in the steps or in the sequence of steps of the method

described herein without departing from the concept, spirit and scope of the invention. More
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endothelial dysfunction, fatty liver disease, or cardiovascular disease (CVD) in a subject comprising,
administering to said subject a pharmaceutically effective amount 50f a compound having the
structure: wherein R is: or ClI-Cis-acyl or C1-C15-alkyl, wherein either of these groups is
eteroatom¥Bsubstitned SrireferdatdAdunSthSMifted; or a pharmaceutically acceptable salt, hydrate or

solvate thereof gra-yh?h@ﬂﬁ?g ofslajm %5gv%6%|n the subject has RKD. 3. The method of claim 2,
wherein the RKD is diabetic nephropathy’%ﬁ; %:4 The method of claim 2, wherein the RICD results
4

from a tox)d4inss K YIBST R RTer dt wrEta aiarEinXHE Y% haMesults from an imaging agent

or a drug. ﬁ&@(—gmﬁtm@@@gj@, Body, wbﬁrﬁmghegdm_g is a chemotherapeutic. 7. The method of claim
2, wherein the RIO r tfﬂ?ﬁrom sch%méaé éeél?%on injury. S.The method of cla 2, wherein the RICD

result? froM At Oér BAEHsiON ethod of cla 2, wherein the RKD results from an
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12. The method of claim 1, wherein the subject has undergone or is undergoing dialysis. 13. The
method of claim 1, wherein the subject has undergone or is a candidate to undergo kidney transplant.
14. The method of claim 1, wherein the subject has RKD and insulin resistance. 515.The method of
claim 14, wherein the subject has RKD, insuliCiesiatsnce and endothelial dysfunction. 16. The method
of claim 1, wherein the subject has RKD and diabetes. 17. The method of claim 1, wherein the subject

has insulin resistange 18- Fhe paihodofelaimd, whersin ersubless has.dighetes; 1048, The method

of claim 18, wherein the pharmaceutically effective amount of the compound also effectively treats one

or more complic&hepiackielsritmgtionn Bisn&iss. Jereihemetrbersfeiantitersinendh e

complications areuseiadaddierinthiagravpraansistig ojehesiharhvparrasiosiaiieraselenosis,
corongry heart disease, stroke, peripheral vascular disease, hypertension, nephropathy, neuropathy,
myongcrosis, 15?%?%85%’3%? %%%eir%%fg Sﬁgcs%/xﬁdrome (syndrome X). 21. The method of claim 20,
wherein the complication is metabolic syndrome (syndrdxae X). 22. The method of claim 18, wherein
the diabetes results from insulin resistance. 23. Thie method of claim 1, wherein the subject has RKD
and endothel al dysfunction. 20 24.The method of¢laj wherein the subject has RKD and
cardiovascular disease. 25. The methlc\l)g of claym1;

claim 25, wherein the CVD results from enrd Fdysfanction.

wherein Ry is;
—CN, or
Cy-Cs-acyl or C;-Cys-alkyl, wherein either of these groups is heteroatom-
10 substituted or heteroatom-unsubstituted; or

a pharmaceutically acceptable salt, hydrate or solvate thereof.
2 The method of claim 1, wherein the subject has RKD.

3. The method of claim 2, wherein the RKD is diabetic nephropathy (DN}).

4, The method of claim 2, wherein the RKD results from a toxic insult.
15 5. The method of claim 4, wherein the toxic insult results from an imaging agent or a
drug.
6. The method of claim 3, wherein the drug is a chemotherapeutic.
7. The method of claim 2, wherein the RKD results from ischemia/reperfusion injury.
8. The method of claim 2, wherein the RKD results from diabetes or hypertension.
20 .9. The method of claim 2, wherein the RKD results from an autoimmune disease.

10, The method of claim 2, wherein the RKD is chronic RKD,

11. The method of claim 2, wherein the RKD is acute RKD.
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27. The method of claim 1, wherein the subject has endothelial dysfunction. 28. The method of claim
27, wherein the subject has endothelial dysfunction and insulin resistance. 29. The method of claim 1,
wherein the subject has fatty liver disease. 30. The method of claim 29, wherein the fatty liver disease
is non-alcaholic festynisiaodaisedasel, Jlheldie irethigecofialam2naheteimdos:datpydisesidisease is
alcoholic fatty liver disease. 32. The method of claim 29, wherein the subject has fatty liver disease

and one oy foregf.thedpliawingdisordersirarallkjdneydisaassdRK R, sulimiegistance, diabetes,

endothelial dysfunction, and cardiovascular disease (CVD). 10 33.The method according to any of
claims 1-32, furth8Ae8mBRRIJTIENARIng a subject in need of treatment of any of the listed diseases,
dysfunctions, resistances or disorders. 34.The method according to any of claims 1-32, wherein the
subject hasda faritily wepatiefithistonywdisny e thbjlistbas dikdhsed idybfursstitiseresistances or
disorders. 1535.The method according to any of claims 1-32, wherein the subject exhibits symptoms of

any ofsthe listed digeasgpddyrziungtianshesistansas et HisRKIBsnibiAresrthad fagimproving _
glomerular filtration rat .olrcfr%%'gir%ine clearance in a subject comprising, administering to said subject a
pharmaceuticalIyelé?faecffl\l/ae nount of a compound having the structure: 20

16. The method of claim 1, wherein the subject has RKD and diabetes.
17.  The method of claim 1, wherein the subject has insulin resistance.

18. The method of claim 1, wherein the subject has diabetes.

1019, The method of claim 18, wherein the pharmaceutically effective amount of the

compound also effectively treats one or moreacomplicatidns associated with diabetes.

20.  The method of claim 19, wherein the complications are selected from the group
consisting of obesity, hypertension, atherosclerosis, coronary heart disease, stroke,
peripheral vascular disease, hypertension, nephropathy, neuropathy, myonecrosis,

15 retinopathy and metabolic syndrome (syndrome X).

21.  The method of claim 20, wherein the complication is metabolic syndrome {syndrome
X).

22. The method of claim 18, wherein the diabetes results from insulin resistance.

23. The method of claim 1, wherein the subject has RKD and endothelial dysfunction.
20 24, The method of claim 1, wherein the subject has RKD and cardiovascular disease.

25.  The method of claim 1, wherein the subject has CVD.

26.  The method of claim 25, wherein the CVD results from endothelial dysfunction.

27.  The method of claim I, wherein the subject has endothelial dysfunction.

-58-



wherein R1 is: -CN, or C1 -C15-acyl or C1-C15-alkyl, wherein either of these groups is heteroatom-
substituted or heteroatom-unsubstituted; or a pharmaceutically acceptable salt, hydrate or solvate
thereof 37. The method according to any of claims 1-36, wherein the compound is administered
locally. 3828 he riibthodtacodidiig ity anlyeoficidinsiled86iaybedein:the befnpoiundid adaiinistered
5systemically. BQeS'l'q%ggethod according to any of claims 1-36, wherein the compound is administered
orally, intraadiposaffy, intraarterially, intraarticularly, intracranially, intradermally, intralesionally,
intramuscularly, intranasally, intraocularally, intrapericardially, intraperitoneally, intrapleurally,
intraprostgt?calIy?ﬁﬁfﬁ?&&g\ﬁ)g,cimihgéﬁfﬁ}?i]@zi?ﬂpéff?éé?ﬁe%ﬁé', lfﬁf’?a%ﬁ%?ally, intraumbilically,
intravaginally, intravenously, intravesicularlly, intravitreally, liposomally, locally, mucosally, orally,
parenteralbf: rectbliy mstissor] olisthag, shemabrebtsiveubipgaalpotopheamictimsbikcally,
transdgnnally, vagipally, in cremes, in lipid compositions, via a catheter, via a lavage, via continuous
infusion, via infusion, via inhalation, via injection, via local delivery, 15via localized perfusion, bathing
target cells irectiy, or A sombinaon ineigef 4. Lhgneliod of slaimidshgteln ie,compound is
administered intravenously, ntraarterféﬁy or oraﬁy.%l. e method of claim , Wherein thie compound
is administered orally. 42. The method of claim 41, wherein the compound is formulated as a hard or
soft 20cap¥tile, abahahadsghelsin ShsHureR Hie Uit BrsfRIiONC L NeRs2ut 2F 8HXHC™83. The method
of claim 42, whergithételcempalintdsformallatec-agis-saliReiBparsidin #disthhe:ndefhaek of claim 42,

wherein the soft gr?' ostgéﬁgfd?rs%ﬂgggn?gi?cﬁ {lzjallediox?ascular disease (CVD).

10 33.  The method according t6 any of claims 1-32, further comprising identifying a subject

in need of treatment of any of the listed diseases, dysfunctions, resistances or

disorders.

34,  The method according to any of claims 1-32, wherein the subject has a family or

patient history of any of the listed diseases, dysfunctions, resistances or disorders.

15 35,  The method according to any of claims 1-32, wherein the subject exhibits symptoms

of any of the listed diseases, dysfunctions, resistances or disorders.

36. A method for improving glomerular filtration rate or creatinine clearance in a subject
comprising, administering to said subject a pharmaceutically effective amount of a

compound having the structure:

20 ' :
wherein R; is:
—-CN, or
Cy-Cys-acyl or C;-C;s-alkyl, wherein either of these groups is heteroatom-

substituted or Heteroatom-unsubstitated; or
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45. The method of claim 44, further comprising a protective coating. 46. The method of claim 44,
further comprising an agent that delays absorption. 25 47.The method of claim 42, further comprising
an agent that enhances solubility or dispersibility. 48. The method of claim 39, wherein the compound
is dispersed in adipeseimecampil ibcsaielemy isidmerc whitas Mdatbemulsion. 49. The method
according to any of claims 1-36, wherein the pharmaceutically effective amount is a daily dose from
about 0.1 mg to about 500 mg of the compound. 550.The method of claim 49, wherein the daily dose
is from abdlt 1 myaeshedtesoudig & #E eotkptsnd’ & 1Y hrehibtHoeprEldith BiRstEdn the daily
dose is from abogt4f, mg to about 200 mg of the compound. 52. The method of claim 51, wherein the
daily dose is about 25 mg of the compound. 10 53.The method of claim 51, wherein the daily dose is

about 75 g of the campoUIE e methed afe'aim Stauts aindlis dally dosgisbou 150 mg of

the compound. 55. The method of Claim 49, wherein the daily dose is from about 0.1 mg to about 30
mg ofthe compoiyi§ 86! Fhe method of claim 55, wherein the daily dose is from about 0.5 mg to
about 20 mg 150f the compound. 57. The method of claim 56, wherein the daily dose is from about 1
mg to aboB®.15 rifgeohthiscdaimpedinglto any of claims 1-36, wherein the compound is administered

orally, intraadiposally, intraarterially, intraarticularly, intracranially, intradermally,
intralesionally, intramuscularly, intranasally, intraocularally, intrapericardially,
intraperitoneally, intrapleurally, intraprostatically, intrarectally, intrathecally,
10 intratracheally, intratumorally, intraumbilically, intravaginally, intravenously,
intravesicularlly, intravitreally, liposomally, locally, mucosally, orally, parenterally,
rectally, subconjunctival, subcutaneously, sublingually, topically, transbuccally,
transdermally, vaginally, in crémes, in lipid compositions, via a catheter, via a lavage,
via continuous infusion, via infusion, via inhalation, via injection, via local delivery,

15 via localized perfusion, bathing target cells directly, or any combination thereof.

40, The method of claim 39, wherein the compound is administered intravenously, intra-

arterially or orally.

41. The method of claim 40, wherein the compound 1s administered orally.

42.  The method of claim 41, wherein the compound is formulated as a hard or soft
20 capsule, a tablet, a syrup, a suspension, a solid dispersion, a wafer, or an ehixir,

43, The method of claim 42, wherein the compound is formulated as a solid dispersion.

44,  The method of claim 42, wherein the soft capsule is a gelatin capsule.

435, The method of claim 44, further comprising a protective coating.
46.  The method of claim 44, further comprising an agent that delays absorption.

25 47 The method of claim 42, further comprising an agent that enhances solubility or
dispersibility.
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58. The method of claim 57, wherein the daily dose is from about 1 mg to about 10 mg of the
compound. 2059.The method of claim 58, wherein the daily dose is from about 1 mg to about 5 mg of
the compound. 60. The method according to any of claims 1-36, wherein the pharmaceutically
effective atpountliscardaiihydddseaisnB O Ivha2eimagotaappadnd fgrekgdibodyoaeightnbdil The method of
claim 60, wherein tpe cggill)éiglose is 0.05 - 20 mg of compound per kg 250f body weight. 62. The

or a Wﬂter note

method of claim Véfi,e{/ﬁwet%eln he daily dose is 10 mg of compound per kg of body weight. 63. The
method of claim 62, wherein the daily dose is 0.1 - 5 mg of compound per kg of body weight. 5 64.The
method offGlaim B WHEAGiAGHRELREIPBEIetiams 3-85mphsrap s RbatBer kg dr By Weight. 65. The
method accordingdeuany 9tslgimsdadn mwberein theiphisraceuicallyheti@avenamount is
administered in a single dose per day. 66. The method according to any of claims 1-36, wherein the

phamsace%ica"w&éfﬁfetéﬂ@dmﬁgﬂmbjmgmmﬁée&gﬁyia&,@qs%mpasqu%%%@rag@% £ e method

according to any of claims 1-36, further comprising a second therapy. 68. The method of claim 67,
wherein the secShaEPEPSEEmprises administering to said subject a pharmaceutically effective
amount of a second drug. 69. The method of claim 68, wherein the second drug is a cholesterol
lowering ditg, afikSanthdlpielipinéMicharaaltieduithdoseekflookeroani Bme hyperte 38Vergor an HMG-
of the compound.
52.  The method of claim 51, wherein the daily dose is about 25 mg of the compound.
10 53.  The method of claim 51, wherein the daily dose is about 75 mg of the compound.

54,  The method of claim 51, wherein the daily dose is about 150 mg of the compound.

55. ° The method of claim 49, wherein the daily dose is from about 0.1 mg to about 30 mg

of the compound.

56.  The method of claim 55, wherein the daily dose is from about 0.5 mg to about 20 mg

15 of the compound.

57.  The method of claim 56, wherein the daily dose is from about 1 mg to about 15 mg of

the compound.

58.  The method of claim 57, wherein the daily dose is from about 1 mg to about 10 mg of

the compound.

20 59,  The method of claim 58, wherein the daily dose is from about 1 mg to about 5 mg of

the compound.

60.  The method according to any of claims 1-36, wherein the pharmaceutically effective

amount is a daily dose is 0.01 ~ 25 mg of compound per kg of body weight,

61.  The method of claim 60, wherein the daily dose is 0.05 — 20 mg of compound per kg
25 of body weight.
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CoA reductase inhibitor. 70. The method of claim 69, wherein the second drug is amlodipine, aspirin,
ezetimibe, felodipine, lacidipine, lercanidipine, nicardipine, nifedipine, nimodipine, nisoldipine or
nitrendipine. 2071.The method of claim 69, wherein the second drug is atenolol, bucindolol, carvedilol,
clonidine, @bxazdsmmitidat afihjtabbtalwirandtedddpdo wmet6proldf, maddlsimprprdmoldig of
phenoxybenzanwagf, %ﬂolamme pindolol, prazosin, propranolol, terazosin, timolol or tolazoline.
72.The method of claim 68, wherein the seconds a stalin. 2573.The method of claim 72, wherein the

statin is at rvas in, fluvastatin, lovastati mey tatin, vastatln pravast tin,
rosuvasta |31 ors L?r% ia”fh tﬁ” %rgdl oﬁ % ? g (gjelnétﬁlegsegglﬁgoﬂd 15 agdQ %ept dyl
peptidase-4 (DPBRd) wmﬂntor. 75. The method of claim 74, wherein the DPP-4 inhibitor is sitagliptin,

vildagliptin, SYR322, BMS 477118 or GSK 823093. 576.The method of claim 68, wherein the second
drug is a hjguanigg, Hénbhe Method0halaian 16 whereitheobiguanide; israatiesminpdBigl he method
of claim 68, wherein the second drug is a thiazolidinedione (TZD). 79. The method of claim 78,
wherein the TZU)?sbBﬁié’dff ne, rosiglitazone or troglitazone. 1080.The method of claim 68, wherein
the second drug is a sulfonylurea derivative. 81. The method of claim 80, wherein the sulfonyl urea

derivative 4§-selcBredofidnat thrs Qe te omsisfis st B btarhfaendbe filiexasitis2 iy sEastite,

chlorpropamide, glipizide . &ivbiides glimepirideandaliglazide. 82. The method of claim 68, wherein
the second drug is a meglitinide. 1583.The method of claim 82, wherein the meglitinide is selected

from the 9EQUP CPfiS II%téﬁ%d according to any of claims 1-36, wherein the pharmaceutically effective

10 amount is administered in two or more doses per day.

67.  The method according to any of claims 1-36, further comprising a second therapy.

68.  The method of claim 67, wherein the second therapy comprises administering to said

subject a pharmaceutically effective amount of a second drug.

69.  The method of claim 68, wherein the second drug is a cholesterol lowering drug, an
15 anti-hyperlipidemic, a calcium channel blocker, an anti-hypertensive, or an HMG-

CoA reductase inhibitor.

70. The method of claim 69, wherein the second drug is amlodipine, aspirin, ezetimibe,
felodipine, lacidipine, lercanidipine, nicardipine, nifedipine, nimodipine, nisoldipine

or nitrendipine.

20 71, The method of claim 69, wherein the second drug is atenolol, bucindolol, carvedilol,
clonidine, doxazosin, indoramin, labetalol, methyldopa, metoprolol, nadolol,
oxprenolol, phenoxybenzamine, phentolamine, pindolol, prazosin, propranolol,

terazosin, timolol or tolazoline.
72.  The method of claim 68, wherein the second drug is a statin.

25 73, The method of claim 72, wherein the statin is atorvastatin, cerivastatin, fluvastatin,

lovastatin, mevastatin, pitavastatin, pravastatin, rosuvastatin or simvastatin.
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of repaglinide, mitiglinide and nateglinide. 84. The method of claim 68, wherein the second drug is
insulin. 85. The method of claim 68, wherein the second drug is an alpha-glucosidase inhibitor. 86.
The method of claim 85, wherein the alpha-glucosidase inhibitor is selected from the 20group
consisting7df acafbosetmigitclamdboglibese 87T AretHod dibchiidylagpiidreretilaRE decond drug is
a glucagon-like pgptide-1 analog. 88. The method of claim 87, wherein the glucagon-like peptide- 1
analog is selected from the group consisting of exenatide and liraglutide. 89. The method of claim 68,

wherein the second drug i astri m?\bltory e m 68, wherein
the second] dru Q{n %Eéfff? 6‘?%.22 © %ﬂrggﬁlf 6?15] a|Da|m 8%%i Ig’rerllh\itllﬁaé(-Jpct%)nr‘i§I%'ir£lrj’|g isa
GPR119 agonist3Zx2 BMie4Tidthbdr §¥$#a#2d 683.wherein the second drug is a GPR30 agonist. 93. The
method of claim 68, wherein the second drug is a glucokinase activator. 594.The method of claim 68,

wherejn thes secand gikahisot SHEAGOR FeReRiaE antaganist iObvikagnmethod of claim 68, wherein the
second drug an amylin analog 96. The method of claim 95, wherein the amylin analog is pramlintide.

97. The method of claim B8, URGHEY NESEEIRG ISR iR ARGEPtor antagonist
78.  The method of claim 68, wherein the second drug is a thiazolidinedione (TZD).

79.  The method of claim 78, wherein the TZD is pioglitazone, rosiglitazone or

troglitazone.
10 80.  The method of claim 68, wherein the second drug is a sulfonylurea derivative.

81.  The méthod of claim 80, wherein the sulfonyl urea derivative is selected from the
group consisting of tolbutamide, acetohexamide, tolazamide, chlorpropamide,

glipizide, glyburide, glimepiride and gliclazide.
82.  The method of claim 68, wherein the second drug is a meglitinide.

15 83,  The method of claim 82, wherein the meglitinide is selected from the group consisting

of repaglinide, mitiglinide and nateglinide.
84.  The method of claim 68, wherein the second drug is insulin.
85.  The method of claim 68, wherein the second drug is an alpha-glucosidase inhibitor.

86.  The method of claim 85, wherein the alpha-glucosidase inhibitor is selected from the

20 group consisting of acarbose, miglitol and voglibose.
87.  The method of claim 68, wherein the second drug is a ghucagon-like peptide-1 analog.

88.  The method of claim 87, wherein the glucagon-like peptide-1 analog is selected from

the group consisting of exenatide and liraghutide.

89.  The method of claim 68, wherein the second drug is a gastric inhibitory peptide
25 analog.
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98. The method of claim 97, wherein the IL-I3 receptor antagonist is anakinra. 10 99.The method of
claim 68, wherein the second drug is an endocannabinoid receptor antagonist or inverse agomst. 100.
The method of claim 99, wherein the endocannabinoid receptor antagonist o verse agonist is

rimonabanty. Ik nlhiBometbRe:06 g aine6, heiinthe secoadrifugdstlistat. 15102. The method
of claim 68, wherein the second drug is Sibutramine. 103. The method of claim 68, wherein the second

drug is a grpwih factaea A, e MRtnoRk A e 1AM 0% wtgfgwdhﬁﬂ@ factor is TGF-P1, TGF-132,
TGF-431.2, VEGF, insulin-like growth factor | or I, BIV BMP4, BMP7, GLP-1 analog, a GIP

analog, a DPP-1V. inhibitor. onlst a GPR4 agoni trin, EGF 20betacellulin, KGF,
NGF, insu%\ c\J/(/bﬁFh(S{?ﬂﬁ{o%\§ &thgns?f omol6 %Pﬂ éﬂfl SI_eptln prolactin, placental
lactogen, PTHrP activin, inhibin, or INGAP 105. The method of claim 103, wherein the growth factor
is parathyfSid hoFhfoRethed Sl GhtarhstatmUs: semekiRainR ErcobBaT s iNeTod according to any
of claims 1-36, wherein the subject is a primate. 107. The method of claim 106, wherein the primate is

a human. $08. Thikemethatlodctond 8y shanin diciatmst §r36jsedueigdhessebjecthisg@dew, horse, dog,
cat, pig, mouse, rat or guinea pig.  109. The method according to any of claims 1-108, wherein the

compoundbis furthes peefined asm\dReteiBrYiShelfedana Y -AMNGiIhAIR e
96.  The method of claim 95, wherein the amylin analog is pramlintide.
97.  The method of claim 68, wherein the second drug is an IL-10 receptor antagonist.

98.  The method of claim 97, wherein the IL-1B receptor antagonist is anakinra.

10 99.  The method of claim 68, wherein the second drug 1s an endocannabinoid receptor

antagonist or inverse agonist.

100.  The method of claim 99, wherein the endocannabinoid receptor antagonist or inverse

agonist is rimonabant.
101.  The method of claim 68, wherein the second drug is Orlistat.
15  102. The method of claim 68, wherein the second drug is Sibuframine.
103.  The method of claim 68, wherein the second drug is a growth factor.

104. The method of claim 103, wherein the growth factor 1s TGF-B1, TGF-2, TGF-[31.2,
VEGEF, insulin-like growth factor I or II, BMP2, BMP4, BMP7, GLP-1 analog, a GIP
analog, a DPP-IV inhibitor, a GPR119 agomist, a GPR40 agonist, gastrin, EGF,

20 betacellulin, KGF, NGF, insulin, growth hormone, HGF, an FGF, an FGF homologue,
PDGF, Leptin, prolactin, placental lactogen, PTHrP, activin, inhibin, or INGAP.

105. The method of claim 103, wherein the growth factor is parathyroid hormone,

calcitonin, interleukin-6, or interleukin-11.

106.  The method according to any of claims 1-36, wherein the subject is a primate.
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C1-C14-alkoxy, C2-C14-alkenyloxy, C2-C14-alkynyloxy, C1-C14-aryloxy, C2- 10C14-aralkoxy,
C1-C14-alkylamino, C2-C14-alkenylamino, Ct-C14- alkynylamino, Ci-C14-arylamino, C3-Cio-aryl, or
C2-C14-aralkylamino, wherein any of these groups is heteroatom-substituted or
heteroatorfiihsubbtitesendorisiphadtifacerien fraptaptaiie Bamamydrate or solvate thereof. 15110.
The method of claim 109, wherein Y is a heteroatom-unsubstituted C1-C4-alkylamino. 111. The
method ofigigim THOmethedeir shitmpompounttisifivr thee, ddfined ts:sullat Thecovethadeofiggaim 110,
wherein Y is a heteroatom- subs |tuted ar heteroatomunsubstituted C2-C4-allcylamino. 113. The
method of claim T(f’f Whereir th g?npo&’n% is further defined as: 114. The method of claim 112,
wherein the compound is further defined as: 5115. The method of claim 109, wherein Y is a
heteroator&ubsthttifBetkadistarddein amnelplatitived G- vhaiked)e 18P R EWRBE of claim 115,
whergin Y is a hgeghgatesn-unsubstituted C1-C4alkoxy. 117. The method of claim 116, wherein Y is a
heteroatom-unsubstituted. Ci-C2-alkoxy. 118. The methpd. of claim 115, wherein the compound is
further defined as: 3

wherein Y is:
~H, hydroxy, amino, halo, or
C;-Cys-alkoxy, Cr-Cis-alkenyloxy, C-Crs-alkynyloxy, Ci-Cis-aryloxy, Co-
10 Cy4-aralkoxy, C;-Cyy-alkylamino, C-Cis-alkenylamino, C5-Ciy-
alkynylamino, C;-C;s-arylamino, Cs-Cjg-aryi, or C;-Cy4-aralkylamino,
wherein any of these groups is heteroatom-substituted or heteroatom-
unsubstituted; or

a pharmaceutically acceptable salt, hydrate or solvate thereof.
15 110. The method of claim 109, wherein Y is a heteroatom-unsubstituted C;-Cy-alkylamino.

111.  The method of claim 110, wherein the compound is further defined as:

112,  The method of claim 110, wherein Y is a heteroatom-substituted or heteroatom-

unsubstituted Cy-Cy-alkylamino.
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10 119. The method of claim 118, wherein at least a portion of the compound of claim 118 is present
as a polymorphic form, wherein the polymorphic form is a crystalline form having an X-ray diffraction
pattern (CuKa) comprising significant diffraction peaks at about 8.8, 12.9, 13.4, 14.2 and 17.4 020.
15120. The method alalaifdgmuheraindtbn X aymifcadtiofuphtiedariied 4¢a) is substantially as
shown in FIG. 12A or FIG. 12B. 121. The method of claim 118, wherein at least a portion of the
compound of claim 118 is present as a polymorphic form, wherein the polymorphic form is an
) with a halo peak at approximately 13.5
Jhe method of claim 121, wherein the Tg
he method of claim 122, wherein the Tg
*  124.CFae method of claim 109, wherein Y is
hydroxy. 10125. The method of claim @24 /wherein the comgdind is further defined as: 126. The
method according to any of claims 1-108, wherein the compound is further defined as: 15127. The

method agggrdingto,any of clajms 1308, Whe(ein (e, ComROHDR s Jurhey gefined as

5
™

5 115, The method of claim 109, wherein Y is a heteroatom-substituted or heferoatom-

unsubstituted C;-Cy-alkoxy.
116. The method of claim 115, wherein Y is a heteroatom-unsubstituted C;-C,-alkoxy.
117. The method of claim 116, wherein Y 1s a heteroatom-unsubstituted C;-Cs-alkoxy.

118.  The method of claim 115, wherein the compound is further defined as:

10

119. The method of claim 118, wherein at least a portion of the compound of claim 118 is
present as a polymorphic form, wherein the polymorphic form is a crystalline form
having an X-ray diffraction pattern (CuKea) comprising significant diffraction peaks at
about 8.8, 12.9, 13.4, 14.2 and 17.4 °26.

15 120,  The method of claim 119, wherein the X-ray diffraction pattern (CuKa) is
substantially as shown in FIG. 12A or FIG. 12B.
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wherein Y' is a heteroatom-substituted or heteroatom-unsubstituted Ci-C14-aryl; or a pharmaceutically
acceptable salt, hydrate or solvate thereof 128. The method of claim 127, wherein the compound is
further defined as: 5129. The method according to any of claims 1, 36, 109-128, wherein the
compound ig subgtamntiallydiae ke oplivatisamers she el d36r hbedngthad acgarslingseany of
claims 1, 36, 109, 110, 112, ]115 ang.l 7, wh%rein ttghe com%our}]cii ig}in the form of%PTrmaceutically
acceptable salt. P31 S RN BRSG S LG IS AR SPaReRe K95 9 gn FRSTRNOS 1950, 127,

wherein the 10chavpaurd iXmey aifhict 3 pitemEthBd)asctrdinbato aaykohclgmsxim3ds]y109, 110,
112, 115 and 12%Fy\§ébf%egﬁbggﬁlﬁawggmim@%q A5 @ pharmaceutical composition comprising

(i) a therapeutica ctive amount of the compound and (i) an excipient is (A) a carbohydrate,
carbohydrate deriyative, or. carbohydrate polymer, (B) a synthetic 15organic polymer, (C) an organic
acid Salt, (07 pRRETON SbSHHB. bt peti opEya High MBS AP DAL BBl SlcihAFide. 133.
The method of clinatl32,°@herein the excipient is a synthetic organic polymer. 134. The method of
claim 133, wherein the excipient is selected from the group consisting of a hydroxpropyl methyl
cellulose, gopolyHn@raxRsktRyralidinyilethylens Gk 20cenalyer therapt. ardsmathaetylic acid -
methylmethacrylate co%olymer. 135. The method of claim 134, wherein the excipient is hydroxpropyl

methyl cellulose mﬁzﬁ {e Gster. 136. The method of claim 134, wherein the excipient is PVP/VA. 137.

The method of claim 134, wherein the excipient is a methacrylic acid - ethyl acrylate copolymer (1:1).
138. The r&thod b slaihed 8Bcleitereinwherardpiehydsoaspovidone. '

10 125. The method of claim 124, wherein the compound is further defined as:

126. The method according to any of claims 1-108, wherein the compound is further

defined as:

15 127. The method according to any of claims 1-108, wherein the compound is forther

defined as
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139. A compound having the structure: 5 wherein R1 is: -CN, or Ci-Cis-acyl or Cl-Qs-alkyl, wherein
either of these groups is heteroatom- substituted or heteroatom-unsubstituted; or 10a pharmaceutically
acceptable salt, hydrate or solvate thereof for use in a method for improving the glomerular filtration
rate or the creatiwheectiddrandekratonbjebsitdo! FHeteuripouweibstined Se-6fciait A39, wherein the
subject is in neegfglfa%g@gmg@ g@g&ﬂ@tﬂg@rﬂ%ﬂ@mgm&mm resistance, diabetes, a

complication associated with diabetes, endothelial dysfunction, fatty liver disease, or cardiovascular
disease 1 VD’# 141. Tgﬁ Eolmpo#%d for the e of claim 140 t\{vh rein éhe‘RKD (a) is diabetic
nephropathy (D }fe(Bl)ef Chronic R E%Gfglgcu E?WBITIEIO? regﬂﬁg }f?gma%chemia/reperfusion injury,
(e) results from diabetes or hypertension, (1) results an autoimmune disease, or

~

NC

5 129. The method according to any of claims 1, 36, 109-128, wherein the compound 1s

substantially free from optical isomers thereof.

130.  The method according to any of claims 1, 36, 109, 110, 112, 115 and 127, wherein the

compound is in the form of a pharmaceutically acceptable salt.

131. The method according to any of claims 1, 36, 109, 110, 112, 115 and 127, wherein the

10 compound 1s not a saft.

132.  The method according to any of claims 1, 36, 109, 110, 112, 115 and 127, wherein the
compound is formulated as a pharmaceutical composition comprising (i) a
therapeutically effective amount of the compound and (i) an excipient is (A)a
carbohydrate, carbohydrate derivative, or carbohydrate polymer, (B)a synthetic

15 organic polymer, (C) an organic acid salt, (D) a protein, polypeptide, or peptide, or
(E) a high molecular weight polysaccharide.

133. The method of claim 132, wherein the excipient is a synthetic organic polymer.

134. The method of claim 133, wherein the excipient is selected from the group consisting
of a hydroxpropyl methyl cellulose, a poly{1-(2-oxo-1-pyrrolidmylethylene or
20 copolymer thereof, and a methacrylic acid — methylmethacrylate copolymer.

135. The method of claim 134, wherein the excipient is hydroxpropyl methyl cellulose
phthalate ester.

136. The method of claim 134, wherein the excipient is PVP/VA.
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(9) results from a toxic insult, in particular from a toxic insult resulting from an imaging agent or a drug
such as a chemotherapeutic. 25142. The compound for the use of any of claims 139 to 141, wherein
the subject has undergone or is undergoing dialysis, or wherein the subject has undergone or is a
candidate 17undegmkiblnbyf ttamnsplant wiédSinThecoippouind torthevBe aiclamhi40rwererein the
complication is ocl%egit err@elcr?tension, atherosclerosis, coronary heart disease, stroke, peripheral
vascular disease, ﬁyﬁénrte sion, nephropathy, neuropathy, myonecrosis, retinopathy, or metabolic
syndromeS ndrome X). 5144. The compound for the use of claim 140, wherein the diabetes results
from insuli gesi&%ﬁ?,t hefcliind Vi renerEHPERISHRRIRI S unction, and/or wherein the fatty
liver disea:f?gis a,non- %Ilclzo(pgalhi‘% or.an S@}&gtﬁloeljc fatty liver disease. 145. The compound for the use of
any of cIaims'lSé—iiﬂ?wﬁereln%ﬁe compound is administered locally or systemically, in particular

~ wherein the compound is 10administered orally, intraadigosally, intraarterially, intraarticularly,
intracranially, intradermally, intralesionally, intram
intrapericardially, intraperitoneally, intrapleurally, iftrg
intratracheally, intrammorally, intraum}ggicall infrava IR+ intravenously, intravesicularlly,
intravitreally, liposomally, locally, mucosa '
subcutaneously, sublingually, topically, feans i ally, transdermally, vaginally, in cremes, in lipid
compasitions, via a catheter, via a lavage, #ia continuous infusion, via infusion, via inhalation, via
injectign, via local delivery, via localized perfusion, bathing target cells directly, or any combination
thereof 20146. ThieecamPoisnd for the use of claim 145, wherein the compound is administered orally
and is formulated as a hatd or soft capsule such as a gelatin capsule, said gelatin capsule optionally
further comprising a protective coating or an agent that delays absorption; is formulated as a tablet, a
syrup, a suspension, aGoffdsdispersiorts a-tharbrvbrein eifher. J3hore TP TEHRPSEAE T the use of
claim 146, the formulation furthsécempsisieg 3Ragentibatierbagees solubility or dispersibility. 148.
The compound for the use of claim 145, wherei H}%comp und js dispersed in a liposqme, an oil in
wate mulsion YIRS SN EHGBBRL 1y A0 ARSI oS e B4R B cldims 139-148,
wherein the dailyirdaeeiis: 2 Fig3Eid=b Ghmyofteechngonndnd ddrdbaigaofuiieccompound per kg of

body weight, in particular 0.05 - 20 mg, 0.10- 10 mg, or 0.1 -5 mg of the compound per kg of body
weight.  140.  The compound for the use of claim 139, wherein the subject is m need of a treatment

of renal/kidney disease (RKD), insulin resistance, diabetes, a complication associated
with diabetes, endothelial dysfunction, fatty liver disease, or cardiovascular disease

15 (CVD).

141.  The compound for the use of claim 140, wherein the RKD

{a) is diabetic nephropathy (DN),
(b) is chronic RKD,
(¢) is acute RKD,

20 (d) results from ischemia/reperfusion injury,
{e) results from diabetes or hypertension,
(f) results from an autoimmune disease, or
(g) results from a toxic insult, in particular from a toxic insult resulting from an

imaging agent or a drug such as a chemotherapeutic.

25 142, The compound for the use of any of claims 139 to 141, wherein the subject has
wndergone or is undergoing dialysis, or wherein the subject has undergone or is a

candidate to undergo kidney transplant.
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150. The compound for the use of any of claims 139-149, wherein the compound is administered in a
single dose per day or in two or more doses per day. 5151. The compound for the use of any of claims
139-150, wherein treatment with the compound is in combination with a second therapy, in particular
wherein theisecansd themppyndompriiesuyeatmeainvitiia sacead dhdgesughiasiencholastgrgl lowering
drug, an anti-hyperlipidemic, a_.calcium channel blocker anti-hypertensive,.or an HMGCoA
reduetase OISR A e, AR, St a R e R ipine,
nicardipine, nifedijsines. ninvodigireomisotgipimemitrarndiphénatensisicdsosindstohoapaipditsl, clonidine,
doxazosin, indoramip, {ahetalelmethddepaximetoprolol, nadolol, oxprenolol, phenoxybenzamine,
phentolamine, pindolol, prazosin, propranolol, terazosin, timolol, tolazoline, or a statin including
atorvastatin, ceriyastatin, fluvastatin, lovastatin astatin, 15pitgvastatin, pravastatin, rosuvastatin,
2 smvabtdtm T R R SE A 5 Tl L S7 Gy BT AT 30 B0 S S et it the
compound is in cembinatiomewth theE00n dethdiraipyntondplising dedtnventuvitd/or dipepiidflepeptidase-4
(DPP-4) inhibitorgsuchas RUagliptin WildagliRtR. & %Ra82he BMs{ fil&L R QG SK 823093; with a

biguanide such as metformim or with a 20 thiazolidinedione (TZD) such as pioglitazone, rosiglitazone,

and troglitazone; with a sulfonylurea derivative su S tol ide, acetohexamide, tolazamide,
chlorpropaiie, SR R bAE=Gap . S R abidar i B O oG repaginice.
mitiglinide and nadegtinidedwitizdiguln; witleandlphaglusosidése inlkbitor Seclvaspagadbase, miglitol,

and ygglibose; wiij g glucaogpiike i&éaﬁ’c%]g%?r& anRleN.SHe ag exenatide.and dizaglitge: with a

gastric inhibitory peptide analog; with a GPR40 “agonist; with 2 GPR119 agonist; with a GPR30

agonist; with a glieakiFaseYactivialesirA-gluBREsHYetEtor atEgambY: withEPatiiyanalog such
as pramlintide; withpertalSBEertahpeiagRRis suthmaanakinpidianandoganapakingid receptor
antagonist or inverse agqnist such as rimonabant; with 30 Orlistat; wi ibutramine; with a growth
factor such as TEE i?%%pi@f‘ﬁaéﬁ l.2,Wﬁ&lﬁoﬁﬁﬁ%in-f%a&%%ﬂ?ﬁaé’ctor‘?%arvﬁ%ﬁaﬁﬁz BMP4,

BMP7, GLP-1 ariaﬂmgmm@l?, @mialm-immnby, arGRRANY dgelistmaGRR4Gabpnist, gastrin,
EGFisttace"U"Bar&%'?a1 G df) ,'”1396%5%8%"%%{9&&&/&56Euﬁ%g&ﬁyhomﬁ&%&e’ PDGF,
, yroid hormon

Leptin, prolactin, placental lactogen, PTHrP; activin, inbibin, INGAP, parathyroid oné€, calcitonin,
interleukin-6, or iFBHBGRHL 1trasgemifd BorAsstHY, foR tREse JPalpiof «18IRNsitiEY.152, therein the

subject is a primajgneain RaticulalagehURaR-a RV HASEn 2 E9UnfGdh, A RIdnBaRGMSEv:a rat, or a
guinea pig. 154. The compound for the use of any of claims 139-153, wherein Rl js -C(----0)-Y and Y
is: -H, hydroxy, dHFEOHall BFYOEEYETa Uk ET-BIRAReAFIORE EEC T AR
C1-Cl4-aryloxyafy2o@hbémialkbxypC1-Cl4-alkylamino, C2-Cl14-alkenylamino, C2-C14-
alkynylamino, C1-C14-arylamino, C3-Cio-aryl, or C2-C14-aralkylamino, wherein any of these groups is

hetergatomagubsHIB6RIgHo IO RIURSHIULEH w RRARIGE S MARRRIR YdiSihR(A orally

heteroatom-unsubstituted C|-C4-alkylamino such as . . .
and 15 formulated as a hard or soft capsule such as a gelatin capsule, said gelatin
capsule optionally further comprising a protective coating or an agent that delays
absorption; is formulated as a tablet, a syrup, a suspension, a solid dispersion, a wafer,

or an elixir.

25 147, The compound for the use of claim 146, the formulation further comprising an agent

that enhances solubility or dispersibility.

148. The compound for the use of claim 145, wherein the compound is dispersed in a

liposome, an oil in water emulsion or a water in oil emulsion.

149, The compound for the use of any of claims 139-148, wherein the daily dose i1s 25 mg
30 to 506-mg of the compound, 0.01 — 25 mg of the compound per kg of body weight,
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-NHCH3, (b)a heteroatom-substituted or heteroatom-unsubstituted C2-C4- alkylamino such as
-NHCR2CH3 or -NHCH2CF3, (9)a heteroatom-unsubstituted C1-C4-alkoxy such as -OCH3, or
20(d)hydroxy. 155. The compound for the use of any of claims 139-153, wherein Rl is -CN. 156. The
compound for theauseutat &riy ef28iaum <) 189-16 Jngyhedein R nis olhe cOhyowrdd ' kg af body
heteroatom-subs‘;ji%gg or heteroatom-unsubstituted CI-C14-aryl, in particular wherein the compound
Is: 25 157 The compound for the use of any of claims 139-156, wherein the compound is a

substantiallgl pure optical isomer. , . .
150.  The compound for the use of any of claims 139-149, wherein the compound is

administered in a single dose per day or in two or more doses per day. -

5 151. The compound for the use of any of claims 139-150, wherein treatment with the
compound is in combination with a second therapy, 1 particular wherein the second
therapy comprises treatment with a second drug such as a cholesterol lowering drug,
an anti-hyperlipidemic, a calcium channel blocker, an anti-hypertensive, or an HMG-
CoA reductase inhibitor, in particular amlodipine, aspirin, ezetimibe, felodipine,

10 lacidipine, lercanidipine, mnicardipine, nifedipine, nimodipine, nisoldipine,
nitrendipine, atenolol, bucindolol, carvedilol, clonidine, doxazosin, indoramin,
Eabetalol, methyldopa, metoprolol, nadolol, dxprenoloi, phenoxybenzamine,
phentolamine, pindolol, prazosin, propranolol, terazosin, timolol, tolazoline, or a
statin including atorvastatin, cerivastatin, fluvastatin, lovastatin, mevastatin,

15 pitavastatin, pravastatin, rosuvastatin, and simvastatin.

152.  The compound for the use of any of claims 139-150, wherein treatment with the
compound is in combimation with a second therapy comprising treatment with a
dipeptidyl peptidase-4 (DPP-4) inhibitor such as sitagliptin, vildagliptin, SYR-322,
BMS 477118, or GSK 823093; with a biguanide such as _metformin, or with a

20 thiazolidinedione (TZD) such as pioglitazone, rosiglitazone, and troglitazone; with a
sulfonylurea derivative such as tolbutamide, acetohexamide, tolazamide,
chlorpropamide, glipizide, glyburide, ghimepiride, and gliclazide; with a meglitinide
such as repaglinide, mitiglinide and nateglinide; with insulin; with an alpha-
glucosidase inhibitor such as acarbose, miglitol, and voglibose; with a glucagon-like

25 peptide-1 analog such as exenatide and liraglutide; with a gastric inhibitory peptide
analog; with a GPR40 agonist; with a GPR119 agonist; with a GPR30 agonist; with a
glucokinase activator; with a glucagon receptor antagonist; with an amylin analog
such as pramlintide; with an IL-1B receptor antagonist such as anakinra; with an
endocannabinoid receptor antagonist or inverse agomist such as rimonabant; with

30 Orlistat; with Sibutramine; with a growth factor such as TGF-1, TGF-82, TGF-p1.2,
VEGF, insulin-like growth factor I or I, BMP2, BMP4, BMP7, GLP-1 analog, a GIP
analog, a DPP-IV inhibitor, a GPR119 agonist, a GPR40 agonist, gastrin, EGF,
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betacellulin, KGF, NGF, insulin, growth hormone, HGF, an FGF, an FGF homologlie,
PDGF, Leptin, prolactin, placental lactogen, PTHrP, activin, inhibin, INGAP,

parathyroid hormone, calcitonin, interleukin-6, or interleukin-11.

The compound for the use of any of claims 139-152, wherein the subject is a primate,

in particular a human a cow, a borse, a dog, a cat, a pig, a mouse, a rat, or a guinea

pig.

The compound for the use of any of claims 139-153, wherein R; 1s ~C(=0)-Y and Y
is: _
—H, hydroxy, amino, halo, or
C1-Cya-alkoxy, Co-Cis-alkenyloxy, Cp-Cis-alkynyloxy, C;-Cis-aryloxy, Co-
Cys-aralkoxy, C,-Cy-alkylamino, Co-Cis-alkenylamino, Co-Cis-
alkynylamino, C,-C;4-arylamino, Cs-Cig-arvl, or C;-Cs-aralkylamino,
wherein any of these groups is heteroatom-substituted or heteroatom-
unsubstituted, in particular wherein Y is '
{(a) a heteroatom-unsubstituted C,-Cy-alkylamino such as
~NHCH;,
(b}  a heteroatom-substituted or heteroatom-unsubstituted Cp-Ca-
alkylamino such as “NHCH2CH: or -NHCH,CF3,
() a heteroatom-unsubstituted C,;-C,-alkoxy such as —OCHs, or
(d)  hydroxy.

The compound for the use of any of claims 139-153, wherein R; is —CN.
The compound for the use of any of claims 139-153, wherein R is ~C(=0)~Y" and Y’

is a hetercatom-substituted or heteroatom-unsubstituted C;-Cjg-aryl, in particular

wherein the compound is:
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157. The compound for the use of any of claims 139-156, wherein the compound is a

substantially pure optical isomer.
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