WD 2012/ 050623PCT/ US2011/ 001890 NOVEL PHENYOXYI SOBUTYRI C ACI D COVPOUNDS AND
METHODS FOR SYNTHESI S 5BACKGROUND OF THE | NVENTI ON The present

i nvent i orwoebmtmsas2general ly to the synthesis and producPCorusedi1norsed
substituted aryl urei dophenoxymnet hyl propi oni ¢ acids that are useful in
pharmaceutical applications. One use of the disclosed conpounds is as anti
ACGE (Advanced dycation Products) conpound for the treatnent 10of diabetes.
It is known in the art that el evated concentration of reducing sugars in
the blood and in the intracellular environment results in the nonenzymatic
formati on of glycation and dehydrati on condensation conpl exes known as
advanced cation end-products or am na cation end roducts AGE
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sugars and am no 15 groups of proteins, lipids, and DNA These conpl ex
products formon free am no groups on proteins, on |lipids and on DNA
(Bucala and Ceram , 1992; Bucala et al., 1993; Bucala et al., 1984). This

onenon is called "bro on and was di scovered
ear?y in the | ast centuryW@ﬁ%%D%Ebﬁﬁvﬁ?ﬁg 1916). The
reaction is initiated with the reversible formati on of Schiff s base which

under goes rearrangenent to forma stable Amadori product. Both Schiffs base
and 20 Amadori product further undergo a series of reactions through

di carbonyl ThY gesepdindtgsort xelai@,rgam%%sso thE Syrth @R dnld GROMIRLIBA oﬁn@x’eﬂ“sﬁt@ﬁtuted
process |n bi ol ogy becane evident only aft'er the discovery of the
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ani mal rmdel s of diabetes, these nonenzymatic reactions 1 SUBSTI TUTE SHEET
(RULE mﬂlscm@mmmdsma@@fm 6820 (A1dva0daig6l yeatnatrodiats) aveyoand for dhestecatment

i ncreased ACE formation and increased glycation of long-lived proteins such
as ol hp@stetesf | bronectin, tubulin, lens crystallin, nmyelin, Iamnin and
actin, in addition to hermgl obi n and al bum n, and al so of LDL associ ated

i pids and oprotein eover r own ts, with spect and ..
{1 Gor escent 1 By Bisairinate &F e sevites SoRoauon PRIvEPEguSRaM PAPIGIDE R e
have al so been 5found in vi vo in association with several long-Ilived

pr ot ei m¢rasaliwtar @sviconysena kdsilteinl theysonenatreativsformationaifighypation andrdelydhtion
i ndi viduals, An age-related linear increase in pignments was observed in

human G'd{{d@ns‘éﬂbﬂ @&ﬁﬂe?ﬁ%tléfﬁ% as Qﬁvaﬁlg@@%llzgat%g eh@- %H RrSimiff gy dRidh kh@froducts

proteins increase slowy wth aging are t ougt to conttibute to normal
tissue lin Their | evel increases r kedl di abeti.c atl ents as a
ooul't AEES, Soaiomat ghrciogaia SOGRE: peTksInt renon ey Tontd e Sikaread arftno
t hrough a variety of ‘

15 groups of proteins, lipids, and DNA. These complex products form on free amino groups on proteins,

on lipids and on DNA (Bucala and Cerami, 1992; Bucala et al., 1993; Bucala et al., 1984). This
phenomenon is called "browning" or a "Maillard" reactioﬁ and was discovered early in the last century
by the food industry (Maillard, 1916). The reaction is initiated with the reversible formation of Schiff's
base which undergoes rearrangement to form a stable Amadori product. Both Schiff's base and

20 Amadori product further undergo a series of reactions through dicarbony! intermediates to form AGEs.
The significance of a similar process in biology became evident only after the discovery of the
glycosylated hemoglobins and their increased presence in diabetic patients (Rahbar, 1968; Rahbar et

al., 1969). In human diabetic patients and in animal models of diabetes, these nonenzymatic reactions

1
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10 nmechani sns including alteration of tissue protein structure and
function, stimulation of cellular responses through AGE specific receptors
or the gewOraty/wBM2df reacti ve oxygen species (ROS) (for PATASZEHA00I88Y | ew Ssee
Boel et al., 1995). The structural and functional integrity of the affected
nol ecul es, which often have major roles in cellular functions, becone

di st urbed BY2higelsd 3pdipause inetened AGR fermatien enddnaromeiegiymticesf lomg-tifefl potedu such
organs such as kidney, eye, nerve, and mcro-vascular functions 15(Si| bi ger
et al., 1983ollagenibrasecti, tuhblin, lenoitallin, myelifGtlamiainuahé betinh) Bnudaision ® hemoglobin
macr onol ecul es by AGEs are known to accumnul ate under normal circunstances
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and is strongly associated with hype gI yce rexanp tion of
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changes.in tei n/ rotein and protein/ce interaction in the vascul ar
val | (P ¢ BERAID Visp i gssociangs sat waai&na@meﬁrotams such gogystalline logspraieeend

for matl on and accumul ation of advanced glycation end products (AGEs) have
been i npl i @ilegsa fram agedriajdiiduplst Awagerreletied lipavinersaselirepiginents tas obselved indiuman
conplications, normal aging, 2 SUBSTI TUTE SHEET (RULE 26) WO

2012/ 05062@@0%&82@%%6@&89@%&& et gl ars. (GBS madited prafetis iidréaSe SlowHas agihBi S
process is accel erated by di abetes and has been postulated to contribute to

t he devel oprertthafhtao camgButofo Mdtad @bdu6 rerBing Chle l%ﬁlnbféﬁiegmaﬂ&dlﬁﬁpﬁlﬁ&ﬂ@t hy
(Nicholls and Mandel, 1989), retinopathy (Hamres et al 91)

neur opat hYpaﬁlgiﬁiTﬁraQE)suﬁTof Sstained A8A)biool’ @ﬁgtai' Y1 Yeadhd ﬁ%gfdﬂﬁi@%oﬁg‘ﬂ ylaﬁ’ety of

ki dney by AGEs | eads to progressive dec |ne I'n rena uncti on stage

oo ol ciefatifmi Rl St Akt o o Sruco 3RS AGHUIN SMicl becatniae
ol okl ar bRt “%b\ﬁ% iﬁ%@%ﬂ?fﬁ@e $%f=rﬁv%qaﬂr§§6€%?’ﬁmfwe%m@Sﬁ@% or

tissue co onents ensity |lipoprotein é (Bucal a et al
1994) or P%’&é‘ﬁwéf«ﬂg%‘at tl%ﬂS) The grygtura) rd fectien r"a@@ltr abthe ateptedgnaleshlen f

ti ssue damage and norbidit }/
which often have major roles in cellular functions, become disturbed by these modifications, with

severe consequences on affected organs such as kidney, eye, nerve, and micro-vascular functions
5  (Silbiger et al., 1993; Brownlee et al., 1985).

Structural changes on macromolecules by AGEs are known to accumulate under normal
circumstances with increasing age. This accumulation is severely accelerated by diabetes and is
strongly associated with hyperglycemia, For example, formation of AGE on protein in the
subendothelial basement membrane causes extensive cross-link formation which leads to severe

20 structural and functional changes in protein/protein and protein/cell interaction in the vascular wall
(Haitoglou et al., 1992; Airaksinen et al., 1993).
Enhanced formation and accumulation of advanced glycation end products (AGEs) have been

implicated as a major pathogenesis process leading to diabetic complications, normal aging,
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10di abeti cs. Direct evidence indicating the contribution of ACGES in
the progression of diabetic conplications in different |esions of the

ki dneys, wbeorztsod2ens and i n at heroscl erosi s has been r eporusead1(Msassar a et
al ., 1994; Vlassara et al., 1995; Horie et al., 1997, Matsunoto et al.,
1997; Soulis-Liparota et al., 1991; Bucala and Vl assara, 1997; Bucala and
Rahbar, 19mrosglerpsis and Alzheimersalisease) Thisqogess ib acceBratedby<iiabatep andhagbaenr med
AGEs into healthy rats induces gl onerul ar hypertrophy and nmesangi al

scl er osi s, pogfulated éxqontrbuteda thefdevaidpmient qfia edngé ofdiabieelc mrmﬂwaﬁ(im nchfdingmepttrdpathy
factors (Brownlee et al., 1991; M assara et al., 1995). Several |ines of

evi dence i[bheiataad Mialel! 1989), RGinORES (H 1 Al (CarBdh 8l s
(et hyl gl y('(;[xal , glycol ?’;ﬂ deh)yde, gl yéxwggﬁgégggﬁgg%h%,wng ondi al dehyde
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reveal ed that am noguani dine (AG, an inhibitor of AGE formation, ‘
anel i or at e¥cight W) aptidest(glydotayirshiosthinsknet al. ot pim the terumd alpatientd with
i nduced diabetic rats (Soulis-Liparota et al., 1991; Itakura et al., 1991).

| n humans, ESRDSWBKITA didl £l BHEEhese Rk moRG)lar wifgh? A W) A BRRE Tl otk h©0 1890
decreased | evel s of henogl obin (Hb)-ACGE (Makita et al., 1992) conconitant

wi th anmel i wesslinkowith plakhsloegssdelbdmpbihts a6, 1@ deR&Y lipopbteANLDLY (Budhld bk, 1994)
therapy in diabetic patients, provides nore evidence for the inportance of

AGEs in_t hg caREAO@AYAE bisal 0199d) AaQkdefer OB biog AL T tifidcRmAg A mbragisana,

1997). The gl obal preval ence of diabetes nmellitus, 1n particular in the
Uni ted |t afissecsdf flicting milions 5 of individuals with significant
increases of norbidity and nortality, together with the great financi al

burden for the treatment .of diapetic.c lications in this uptry, are

maj or incent i nge‘EEESVIgE@%?Pé 13248 @ﬁ@%ﬁ%&g%@% H’ﬂgrsss}ﬁ‘}toiﬁ‘[ap%ﬂc f or
preventing or treating conplications of the disease. So far the mechani sns
of hyper gl SpEglisations gy d%@épngreggnﬁ@f@s@wyss the eat dgne prcsin geheraselerogie has wﬁa@meﬁod,
However, four pathogenic mechani sms have been proposed, including increased
pol yol pat (Visasaraeet 0i. 1994, Viagaraet dly 895 piiorafet slpd 897 iMatpmuteétral. k1 393 s¥oulls-Lipre)e

i sofornms, formation and accunul ati on of advanced gl ycati on endproducts, and
i ncreased galdp2l; Bocalodndr Classhiiay 990 81geln asiahbas | YR Frk et hgas). Iadedd,ltheons,

1997), Mbst recent i mmunohi stochem cal studies on different tissues from

ki dney$s obhAakiBeef pre-formed AGEs into healthy rats induces glomerular hypertrophy and mesangial
sclerosis, gene expression of matrix proteins and production of growth factors (Browﬁlee et al, 1991;
Vlassara et al., 1995). Several lines of evidence indicate that the increase in reactive carbonyl
intermediates (methylglyoxal, glycolaldehyde, glyoxal, 3-deoxyglucosone, malondialdehyde and
hydroxynonenal) is the consequence of hyperglycemia in diabetes. "Carbonyl stress" leads to increased

20  modification of proteins and lipids, followed by oxidant stress and tissue damage (Baynes and Thorpe,

1999; Onorato et al., 1998; McLellan et al., 1994). Further studies have revealed that aminoguanidine

(AG), an inhibitor of AGE formation, ameliorates tissue impairment of glomeruli and reduces

albuminuria in induced diabetic rats (Soulis-Liparota et al., 1991; Itakura et al., 1991). In humans,
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from ESRD patients (Horie et al., 1997) and diabetic rat |enses (Matsunoto
et al., 1997), by using specific antibodi es agai nst carboxynet hyl|ysine
(CW), pewmbasidisme3 t he two known gl ycoxi dation 15 prodectaSand/opisps al i ne,
have | ocalized these AGE conponents in different |esions of the kidneys and
the rat lens, and have provi ded nore evidence in favor of protein-AGE

f or mat i on 4esreassbigvelsefdsmogiobig (HO)-AGE Qpkitast 3o H993) coresmitant yethpsjelieraien i or s

i n causi ngl(l ermanent and irreversible nodification of tissue proteins.

Ther ef or e kidnayfubetionras thefresaiEdf sroinnguanidine sherhppint digbeticipatieatsprbidgsrmore evidease
effective nmeans of prevention and treatnent of diabetic conplications.

20The Di alfettheinponincobf AGHs mw?dtmbﬁe@i@&:ﬁaﬂeaé cdni¥iedtions ((Bcaiadad Midsdaggl 1997).
hypergl ycemi a as the main risk factor for the devel opnent of diabetic
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conplications of diabetes (Makita et al., 1994; Koschinsky et al., 1997,
Maki t a et barden for dpdreatmentofaliabeticadompligations in Bas doaptryg areahajor iho@gyes tqbparch for
reacti ons between reduci ng sugars and am no groups of proteins, |ipids and
DNA under gad develap Seigs withafpotentad forprevertting ottgdating empbioatidns ofithe divedde.sSoda theo
generate advanced gl ycati on endproducts 5(Bucala and Ceram, 1992; Bucal a
et al., 19A3hanBusal Bypetglgdemia-th@dedd tissue danage fhtidbdtesl hrdot well pwderstootd sSH@wedteri n
ani mal nodel s of diabetes, AGE formation and accumul ation of |ong-1lived

struct ur al fofp@h6icAt ntdHarliérROPLOb&h a&ﬁ&&%&m%rgtiﬁ@m_@a élyol dmﬁﬁa{ sl

reports indicate that glycation inactivates netabolic enzynes (Yan and

Har di " : : : : 1 -
20(r)0|) .ng)Thtjaa% g 9%@%%@% u%:eg]cﬁlga %ggé%ﬁgﬁg#m;%g{‘%ﬁ] ﬁgcggﬁcggggﬁ%%ﬁa?gﬁ?g

interest. 10 Reports,o | y.cation of the Fab.fragnent of } i iC
pat | ent s SAERT e Sls, HeiEnsrd esbernlch oS HERNGLaTHRR Sbrat RER) [CPkBR b
expl ai ned by this phenonengon (Lapolla et al., 2000). Furthernore, an.
associ at i oroBet iR M9sg RacertdmmHacnisieshemies] andiayediHpreny tissugs iQ@H1 lﬁﬂllfyﬁg@@’é@e
activity in rheumatoid arthritis has been reported (Lucey et al., 2000). -
Al so, i npafrfamBSRD patientsqHordestal.t 1997) and diabatisirat IdnaesdMatsumigio &lalcl07)oby ¥E been
described (Hedrick et al., 2000). 15Methyl gl yoxal (M5 has recently

recei ved cegesfickntibdlias aghihgnamboxynethylysher(GhL), pedositiae, theitvo known glycoxidation

15 products and pyrraline, have localized these AGE components in different lesions of the kidneys and
the rat lens, and have provided more evidence in favor of protein-AGE formation in close association
with generation of ROS to be major factors in causing permanent and irreversible modification of
tissue proteins. Therefore, inhibitors of AGE formation and antioxidants hold promise as effective
means of prevention and treatment of diabetic complications,

20 The Diabetic Control and Complications Trial (DCCT), has identified hyperglycemia as the
main risk factor for the development of diabetic complications (The Diabetes Control and
Complic'ations Trial Research Group, 1993). Compelling evidence identifies the formation of advanced

glycation endproducts as the major pathogenic lirk between hyperglycemia and the long-term
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the nost reactive dicarbonyl to formAGEs (Phillips and Thomal | ey, 1993;

Bei sswenger et al., 1998). It is also a source of reactive oxygen species
(RCS) (frwe wmdise@Bs) generation in the course of gl ycarcoruse@amdisons (Yim
et al., 1995). Nature has devised several hunoral and cellul ar defense

mechani snms_ta. protegt. tissuyes fromthe 20 del eterious effects of "carbonyl
Stross"  aREMBSBUATPLYiRbsFsIMaKiaES 3l d9U: Kopphersit g ayIodgeMakiiee o 1993 BHEAA )
and al dose reductase catal yze the detoxification of McGto D-lactate
(McLel I-an abt19%4; Baileyoy 4)., 1988kdor i ases are al so a novel class of enzynes
found in Aspergillus which catalyze the deglycation of Amadori products

(Takahashi et HiereactiO®betwden urddhangm%as m@éfﬁﬂ@%o&‘}%f}aﬁﬁﬁﬂé, Opids avVBN A afdergo
SUBSTI TUTE SHEET (RULE 26) WO 2012/ 050623PCT/ US2011/ 001890 char acteri zed on
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various natural defense nechani sns agai nst glycation and AGE formation ,
suggests an ifﬂﬁépmarhfilamcwa@n&anﬂkwmai models pbdishsips AGE forgratiomand acenmudatign
peri pheral nerve danage in diabetes. MG binds to and irreversibly nodifies
ar gi ni ne @hlgng-livddrsauctars] prateinsiand lipoptotdinsshavd\iBemegbitéde Mot tant reportsaivdicatetbat
shown to be ligands for the AGE receptor (Westwood et al., 1997) indicating
t hat MG mgticdtion chaptivatesimesabalicerapabs(Yan and(IGediag, | 1999; Kateét ah] 200019&48eke ewalf hose
found in AGEs. Furthernore, glycol al dehyde, a reactive internediate in AGE
f or mat i on,20@e 0afaxe eSalgnoagr.tTh\e%wcamnﬂhum chAmeo? R G gRobY € 16 paftREIBPhRFest.
(Nagai 10 et al., 2000). The effects of M5 on LDL have been characterized
in vive amdpdd of pivEdioh PR FRy gﬁﬂg\é)m of 188 diabetic patichts Bl gboBIhA thfithd RiiciBfcy
s ( , suc gchléon I ds

pol yunsat ur at ed ?atty aci d as ar e, also yie

carbon AN BONECRA USRI MR TES SR D e

i pids, such as mal ondi hyde ( and 4- 15 hydroxynonenal,. (HNE .
(Rogquena’ dt Rspoation S IERE Ve o0 Teiae b greas i il MO A DU ehmatod
| i poxi dation products (Al -Abed et al., 1996; Requena et al., 1997). A
recent repBhitisdapess repesed (hacqyrgpak. R800 eAled, impainmentiefihighedensibylipagrot i function
cross-linking of nodified collagen and in diabetes nellitus (S latter et
al ., 2000)by gicationmhesbeen désclibedHpdrick dsal., Be0h f | uor ophores and

nonfl uorescent, are involved in crosslinicing proteins and have been

characteri zed @@%xﬂﬂl&l@*&@{ REentl} A3GVed dofisi@éilwlé atRAtiDast odmiHapRliatieahd ed

AGE-protein cr i nks, crossfinking al so occurs between tissue

proteins aGRe HRADL A (PIRGIRE ¢ f%% £k 81,1998).
di gesti o_nqan cﬁtﬁlljeﬁover wT eé@%éﬁs&%ﬁ%@ﬁ%ﬁ&oﬁxg@1%%‘;\73\/@861. eng l% )
tgL)éggt OX1 NP5 alf £ so'ﬁ?cre%?lrela&iv%lo?(?grc%%pe% es E%&%)‘ihgenr%?ﬁ%éls)Ivgréngrla lObneiEl ife Rt §F él?dation

reactions (Yim et al., 1995),
Nature has devised several humoral and cellular defense mechanisms to protect tissues from the
20 deleterious effects of "carbonyl stress" and accumulation of AGEs, e.g., the glyoxylase systems (I and
II) and aldose reductase catalyze the detoxification of MG to D-lactate (McLellan et al., 1994).
Amadoriases are also a novel class ot: enzymes found in Aspergillus which catalyze the deglycation of

Amadori products (Takahashi et al., 1997). Furthermore, several AGE-receptors have been
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6 SUBSTI TUTE SHEET (RULE 26) WD 2012/ 050623PCT/ US2011/ 001890 gl ycot oxi ns
react with the serumproteins and are a source for w despread ti ssue damage
(He et alwp 0298)623However, detailed informati on on theprcharse@aloorsas ur e of
the crosslink structures remai n unknown. The crosslinlcing structures
characterized to date, on the basis of chem cal and spectroscopic 5

anal yses, CE%W?M@h%ﬁF@Camgnmes pf monocyses and on ecrapiige eodasheliakgsangidl epd
occur in vivo, with the major crosslinking structure(s) still unknown. Most
recently, hepatio cabls. Qresi of Headuet eptofRAGES amembes of e immERg bl superfamilyshag beenne
(CMA), has been identified by enzymatic hydrolysis of collagen. Its

concent r atfund totage h aidedisiue digibhith (StIRS: D5SaO%S; Y'aﬁ‘@trhl t hmy he a@éoway bon of

pentosidine (lijima et al., 2000) and it i S as$uned be" a nmmj or

crossl i nki add| t.l d d abet es, the for on
of A RS e diise o B aeaf iR h R B el Sl ap.%%‘m"@kn
anti -I ?g gg&eﬁgrs to be associated with clini caI measur enment s of
rheunat < Rathogenesis of vaseulas agd pepipheral nerypday)age m dghetes I\Aﬁbaﬁs Bepdeen
AGEs and rheunatoid arthritis was also nmade in North Anerican |ndi ans

( Newki r k amevaisibly metifis. arghtimsandrlgsinsresiiaes in protdirsaMiG podifiedeysrotieins hdve hednishowrns

di sease and the presence of AGEs may hel p pronote the devel opnent of

Al zhei mer 'tsbelligdndsdarsbe ADEreseytoe(Waitwood #A0199NMLiRditatiak tiat MG hodifed frbteiaharet
al., 1997). Uremi c patients have el evated | evels of serum AGEs conpared to

age- nmat chedalegond (SohatkwifRcia al., 1098)ad those ¥R in ASPE F¥rtivnd o] él&@laldeﬁ?@é roadiGES
have al so been correl ated wi t h neur ot oxi city (Kikuchi et al ., 199 ). AGE

proteins hgymeNaRh AGEIGinat b )
1999) and Wltﬁ at her oscl erd?gégﬂcnd&ggl?g@ﬁgﬁ hggfr?g%?rng 59“3."‘2 yS| s ( kgglyarra

et al .y 1998) 2006 gtifec'tﬂ%f%SFLﬁﬂlhm%E@ﬂhgr'a%g]?zm@?n \]éuce n'irﬁl%gbﬁcgla%PaIShO"‘Bd

t hat increas’ ng am noguani pI agque tornation

in the aorggagt hus suggestl ng that advanced glycation may participate in

at her ogene1 and raising the possibility that inhibitors of advanced

glycation may retard the process (Panagiotopoulos et al., 1998

Significant debigisineraziiatien Mpelyansewried datyisoidy (RAAY, surly as %@h{dem_ﬁ alsgields

advanced gl ycation endproduct, is seen in 7 SUBSTI TUTE SHEET ( RULE 26g
carbonyl compounds; some are 1dentlcal to those formed from carbohydrates (Al-Abed et al., 1996),

such as MG and GO, and others are characteristic of lipids, such as malondialdehyde (MDA) and 4-
15 hydroxynonenal (HNE) (Requena et al., 1997). The latter two carbonyl compounds produce
lipoxidation products (Al-Abed et al., 1996; Requena et al., 1997), A recent report emphasizes the
importance of lipid-derived MDA in the cross-linking of modified collagen and in diabetes mellitus
(Slatter et al., 2000). A number of AGE compounds, both fluorophores and nonfluorescent, are
involved in crosslinking proteins and have been characterized (Baynes and Thorpe, 1999). In addition
20  to glucose derived AGE-protein crosslinks, A‘GE crosslinking also occurs between tissue proteins and
AGE-containing peptide fragments formed from AGE-protein digestion and turnover. These reactive

AGE-peptides, now called glycotoxins, are normally cleared by the kidneys. In diabetic patients, these
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WO 2012/ 050623PCT/ US2011/ 001890 astrocytic hyaline inclusions in persons
with famlial anyotrophic lateral sclerosis but is not seen in nornal
control swopbexsidato et al., 1999; Shibata et al., 1999CT/US2ganetsve

snmoki ng has al so been linked to increased accunul ati on of ACGEs on plasma

| ow density |ipoprotein, structural proteins in the vascular wall, and the
| ens pr ot e§l¥f8togins faaet vafhthe ggram peateins apd atenseuscefor widespreaddisiusl damage@ierstels o
5pat hogenesi s of atherosclerosis and ot her di seases associated with tobacco
usage (N cH89)] and Bucala, 1998), Finally, a study in which am noguani di ne
was fed to rats showed that the treatnent protected agai nst progressive

car di ovascul ar Hawever,aietliled BifdrindGor dnl thdhemical na&ﬁ@@f)t}le crgssliglg Q&c%%'s}y digm of

the inhibitory effects of am noguanidine In the cascade ation

events ha .\ i ed. To date, th xact chani.sm af 'AG nedi at ed

i nhi bi t i of\““g‘?&&iﬁi‘%g#sg% &ES‘H‘“FC& °ﬁ"6‘i°‘%‘6ﬁ€‘f’§f"81 3n R BARR of é@%f’%ha% ?Pﬁg’s“%’?“’i n
vitro experinments resulted in contrasting conclusions. Briefly, elevated
concentt at NS EPnsiBHc e0iH § small Factiop aﬁ%A%@msslaﬂfg whishweas it wvddrilhdhemgor
carbonyl and protein am no groups |leading to: 1. Reversible formation of
Schiff s kaeselikinglstraniird(shstil unknova dkdist recentle asiatél acid-dablily dGE-storctype, dboroegs-
such as 3-deoxyglucason (3-DG, a highly reactive dicarbonyl conpound (Kato
et al., 19@dpxynRthylargieine (EMHN)chaabetnlideptified byeagymatie hadtsBsic efcqlayaniy! ati on
15 endproducts. Exanples of early Amadori products are ket oam nes which
under go f wohdeatrationmde st kbt 1003igiel Pragter tRan(tRE EOnkekiBtioNFipentDsiaine 01 ma0dt alACE
products have been purified and characterized recently, each one

consti t ut izngo)Qahd i ivds@hed tb 86 h hid A@ﬁ;c}(ﬁgf-,{kp \é'trh(&ur?.enerat ed AGEs. Exanples
are pyrraline, pentosidine, carboxynethyl - 3§S| ne (CM.), carboxyethyl -1ysine

g Ly MG oo5L ifadafigh RO bl Wbt Tine TR LA ot Ko rud B ik dthr

Arg-Lys i mdaz A um cype pi per i di nedi none

enol and al . fornyl. . dj osyl -pyrrole (M assarag, .1994). Anal ysi s
of ol yeat 1 ibigpisHSR%bons: Ieh el A biskec oh i roatied vl sl mgpsureftts 3
denonstr at gd tha& am noguani di ne does not inhibit formation of early »
Amador i priogiRetodd gt aetivity (byeqy eirabudf0Rle A coneation befwien ACRsqind rheymateld apbritis
reached by anal ysis of glycation products formed on BSA (Requena et al., 8
SUBSTI TUTENSHEEmaQﬂUII’EI’SGKmeﬁm holins Q&0&EEPGE, 293D KGR pesenddidrain plaqusstrh
experinments ACE formation was strongly inhibited by AG as anal yzed by

f 1 uor escenkleheirma's disease ahdtha peesdnge SHSCGEsRACHepPromoithesdevelofinent weAkehsimery r al
anal ysis did not detect peptide conplexes with nolecular mass correspondi ng

to an incopaeabify Qfal AGYNMURG £AMPORX] oS aiai.,el%@?@kléﬂib gkﬁ&nﬁfaw«é@med
usi ng NVR, mass spectroscopy and X-ray diffraction nave shown t hat
levels of serum AGEs compared to age-matched controls (Odani et al., 1999; Dawnay and Millar,
1998). AGEs have also been correlated with neurotoxicity (Kikuchi et al., 1999). AGE proteins have
been associated with atherosclerosis in mice (Sano et al., 1999) and with atherosclerosis in persons
undergoing hemodialysis (Takayama et al., 1998). A study in which aminoguanidine was fed to rabbits
20 showed that increasing amounts of aminoguanidine led to reduced plaque formation in the aorta thus
suggesting that advanced glycation may participate in atherogenesis and raising the possibility that

inhibitors of advanced glycation may retard the process (Panagiotopoulos et al., 1998). Significant '

deposition of N(epsilon)-carboxymethyl lysine (CML), an advanced glycation endproduct, is seen in
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5 am noguani di ne reacts wth AGE precursor 3-DG to form 3-am no-5- and
3-am no-6-substituted triazines (Hirsch et al., 1992). In contrast, other
ekperi menwe 20e/03g62Babel ed . sup. 14C-AG with | ens prot ei neCIagg@snotshat AG
beconmes bound to the proteins and also reacts with the active al dose form
of free sugars (Harding, 1990). Several other potential drug candi dates as
AGE i nhi bi BEcstinbyptingiselysiprs v peraens with daneilialtamybeephicdaterah salerosigibut fsnobggemin' s
ability to inhibit AGE formation and AGE-protein crosslinlcing conpared to
that of aniorma) sentiod santpl¢sAhtotehalqueds; Shibath btrad, EI9G), Cilzavetré@meliak Hatalsobsen linked
(Nakamura et al., 1997, Kochaldan et al., 1996). A recent breakthrough in
this fiel dogi ' : Lt b L um:hromt. de
do irferehde asbusfPiGion ¥r RGE@O&%@@‘JW dergitg p@{b‘?&&h, Jﬁh@éﬁl ht&ggu? rllrp%t >

(PTB), which selectively cleaves AGE-derive el n cros

and in viv | 4. 1996; rich and Zha 1997). Th .

phar nmacol O\}gﬁ?cig l\aéfalgiglaﬁé % lgns pbq?eégﬁ(&fl:ﬂ?ere&/é’f‘ i SBNg oﬁ&ier?g‘g?tgf’%sdlb%ﬁard&gé? n

crossl ié]ki ng offers potential therapeutic use. It is well docunent egs
that e |>Pa%H%PPH%%:%f egosrlerosis and ther idiseasegpssosistedwith tolaser veasHiNighed ard B

of hyper gle/cerri.a-i nduced crosslinking prevent the devel opment of severe

| at e conpl 1988 Fiaglly, »study mbetichsamifivguanddineivayfiod ot rats shaveadtthat ithe teeatinent pybtegied
effective drugs that conpletely stop glucose-nedi ated crosslinking in the
ti ssues arngaibe gdsogfessivedmrdisvascutdr ghd naldedlinalili et §9a996).The 20 prototype of the
phar maceuti cal conpounds investigated both in vitro and in vivo to

i ntervene w t hThéwaedhanismiof & iftibif¥sFerfee oPAihSduaRidIng iRfHe CRQMRIUIGI BGsylata . a
smal | hydrazine-like conpound (Brownlee et al-., 1986). However, a nunber of

ot her conpauidies \seernqueewgé?dt. 9o Bﬁé’,‘ﬁze?é&ﬁ' nﬁ&makﬁ{iﬁi_ &i%gégﬁ{cggrgﬁbi%h A9GE

formati on. Exanples are ySI ne. nsi et a errioxam ne

012 obboz 3Bt A3 Ersta s e lyefobin idiaRBo Bt e in copypte
St ot af ORI B AT g 3 RS REAP A £t PHeGieairboty SRePR e gt

first drug candidate intended to inhibit ACE formation are in proqresg
(Corbet t erbanyl and protein aming, grenps leasingg'dr Reversihle formationpfiSshiffhases follqwed by 2.
conpounds have been 5 investigated. So far AG has been found to be the nost
useful w tAméderieondensition/i¢hydtation praductstshelrastakedeglwaesongd+E), ohighlyacaptiveor

art. AGis also a well known selective inhibitor of nitric oxide (NO and
can al so haskebonftcompbiRKasfet f1Gt1990). B, [edtrsiBle aall highfI8Yive advanced ghysosybion |

ot her potential drug candidates to be used as AGE i'nhibitors have been

d. | . sed : hi b "
i scoves edenlifiodiets! Exﬁibﬁ'«;s,%\f%g%@?d\?@@?&gupﬁgr\é'k%s&nﬁ@sdwhl@h \ihdePed Ak T Rnstion

al., 1997, Soulis et a
reactions to form late AGEs. A number of AGE products have been purified and characterized

recently, each one constituting only minor fractions of the in vivo generated AGEs. Examples are
pyrraline, pentosidine, carboxymethyl-lysine (CML), carboxyethyl-lysine (CEL), crossline,
pyrrolopyridinium, methylglyoxal lysine dimer (MOLD), Arg-Lys imidazole, arginine pyridinium,
20  cypentodine, piperidinedinone enol and alkyl, formyl, diglycosyl-pyrrole (Vlassara, 1994).
Analysis of glycation products formed in vitro on a synthetic peptide has demonstrated that
aminoguanidine does not inhibit formation of early Amadori pfoducts (Edelstein and Brownlee, 1992).

Similar conclusions were reached by analysis of glycation products formed on BSA (Requena et al.,
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10 success in studies with am noguani dine and simlar conpounds is

prom sing, the need to devel op additional inhibitors of AGEsS continues to
exi st i n woder2ases2br oaden the availability and t he scopecofustéisometi vity
and therapeutic utility. SUMVARY OF THE | NVENTI ON 15The conpounds of the

present invention have the follow ng fornulas: 10 SUBSTI TUTE SHEET ( RULE

26) WO 204%).dwbeib sxremments AGE fonnasion was strpagly ihibjted byCAS asianalysed by Gmmescence

measurements and by mass spectral analysis. The mass spectral analysis did not detect peptide
complexes with molecular mass corresponding to an incorporation of AG in the complex. Detailed
mechanistic studies using NMR, mass spectroscopy and X-ray diffraction have shown that

5 aminoguanidine reacts with AGE precursor 3-DG to form 3-amino-5- and 3-amino-6-substituted
triazines (Hirsch et al., i992). In contrast, other experiments using labeled .sup.14C-AG with lens

proteins suggest that AG becomes bound to the proteins and also reacts with the active aldose form of

free sugars (Harding, 1990).
Several other potential drug candidates as AGE inhibitors have been reported. These studies
10 evaluated the agent's ability to inhibit AGE formation and AGE-protein crosslinking compared to that
of aminogﬁanidine (AG) through in vitro and in vivo evaluations (Nakamura et al., 1997; Kochakian et
al,, 1996). A recent breakthrough in this field is the discovery of a compound, N-phenacylthiazolium
bromide (PTB), which selectively cleaves AGE-derived protein crosslinks in vitro and in vivo (Vasan
et al., 1996; Ulrich and Zhang, 1997). The pharmacological ability to break irreversible AGE-mediated
1S protein crosslinking offers potential therapeutic use.

It.is well documented that early pharmaceutical intervention against the long-term
consequences of hyperglycemia-induced crosslinking prevent the development of severe late
complications of diabetes. The development of nontoxic and highly effective drugs that completely
stop glucose-mediated crosslinking in the tissues and body fluids is a highly desirable goal. The

20  prototype of the pharmaceutical compounds investigated both in vitro and in vivo to intervene with the
formation of AGEs on proteins is aminoguanidine (AG), a small hydrazine-like compound (Brownlee
et al,, 1986). However, a number of other compounds were found to have such an inhibitory effect on

AGE formation, Examples are D-lysine. (Sensi et al., 1993), desferrioxamine (Takagi et al., 1995), D-
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1 CH3 25 11 SUBSTI TUTE SHEET (RULE 26) Il (5) HOOC-(CH2)3 - C-NH CH3
1 OCCOOH 1 CH3

WO 2012/050623 PCT/US2011/001890

penicillamine (McPherson et al., 1988), thiamine pyrophosphate and pyridoxamine (Booth et al., 1997)
which have no structural similarities to aminoguanidme.
Clinical trials of AG as the first drug candidate intended to inhibit AGE formation are in
progress (Corbett et al., 1992). A number of hydrazine-like and non-hydrazine compounds have been
5 investigated. So far AG has been found to be the most useful with fewer side effects than other tested

compounds of the prior art. AG is also a well known selective inhibitor of nitric oxide (NO) and can

also have antioxidant effects (Tilton et al., 1993).
A number of other potential drug candidates to be used as AGE inhibitors have been discovgred
recently and evaluated both in vitro and in vivo (Nakamura et al., 1997; Soulis et al., 1997). While the
10 success in studies with aminoguanidine and similar compounds is promising, the need to develop
additional inhibitors of AGBs continues to exist in order to broaden the availability and the scope of

this activity and therapeutic utility.

SUMMARY OF THE INVENTION

15 The compounds of the present invention have the following formulas:

10

SUBSTITUTE SHEET (RULE 26)



20 25CH3. 1 (9)HOWG 0. NH-C-CH2 .014.140 CH2-CGNH 11 O

WO 2012/050623 PCT/US2011/001890
5
| CH;
10
M HOOCCO-@—NH Q— NH- -NH—@—-OCCOOH
CH;
15
CH,
o) B |
20 ) Hz-NH—Q- 0-C-COOH
N |
CH;
25
T
()  CH CH;NH —@—O-C-COOH
\
CH;
30
cn
@ NH—— 0- c COOH
35

SUBSTITUTE SHEET (RULE 26)



CH3 1 .0-GCOOH CH3 12 WD 2012/050623PCT/ US2011/001890 00 Il (10)
OHCCHCH2 C-NH 0-C-COCH CH : 3
WO 2012/050623 PCT/US2011/001890

b
() HOOC-(CHp); - C-NH—Q_O-C‘J-COOH
CH,

6) CH3 CH,
HOOC-C.0 — NH- (lzl NH-(CHy)s -NH- 2 NH o-lc.COOH
10 CIJH3 CH,
H; CH3
15 () HOOC-C- o-@— -NH—O-NH c-NH_@ 0- c COOH
i

20

o 0 ?H3
I
(8) d C-NH -0-C-COOH
i

CH,

25 ?Hia' : CH;

' I
®)  HOOG-C-O—{/ \)-NH-C-CH, Ot C-NE——(]_)— 0-C:COOH

= ||~”| =/ |

SUBSTITUTE SHEET (RULE 26)



15 CH3 (13) HOOC-C-0 CH3 CH3 0- G- COCH NH-C CH3

15

20

WO 2012/050623 PCT/US2011/001890
0 0] CH,
I It |
(10) OH-C-CH,CH,C -NH 0-C-COOH
|
CH;
C|3H3 0 0 (|3H3
I <:> \
(11) HOOC-C-O HN-C.NH— HN-C-NH O-C|3-COOH
|
CH, CH;
CH, 0 0 CH;
| I i |
(12) HOOC-C-O @»W-C@O - CNH@O-CI-COOH
| ,
CH, CH,
CH,
|
CH, C-NH 0-C-COOH
| | \]/ | <:> |
(13) HOOC-C-0 NH-C 7 0] CH;3
|
CH;

13

SUBSTITUTE SHEET (RULE 26)



20 13 SUBSTI TUTE SHEET (RULE 26) 10(15)

WO 2012/050623

CH;

\
CO-NH -©_ o-c\:-(:OOH
CH;
(1
-
W

v
CO-NH-—@—O-C-COOH
[
10 (15) CH,
96
<
s
CH, 0 0
l | \
15 (16) HOOC-C-0 NHC —- CNH
I
CH;

0=

20

14

SUBSTITUTE SHEET (RULE 26)

CH3 O G COOH CH3

-

20 0=C

PCT/US2011/001890

CH;

O-lC-CODH
o,
CHj
CO-C-COOH

l
CH,



NH CLH3 CO-C-COOH 1 CH3 14 SUBSTI TUTE SHEET (RULE 26) 15 SUBSTI TUTE
SHEET (RULE 26)

WO 2012/050623 PCT/US2011/001890
5 i T
|
(17) C-NH O-(\Z-COOH
CH;

10

CH,
\
=(" — / > -( -
0=C NH—<; OCiCOOH

(18) CH;

2
.

15
CH;,

l
(19) O=CNH—©—-O-(|)-COOH

CH,

20 0

15

SUBSTITUTE SHEET (RULE 26)



WO 2012/ 050623PCT/ US2011/ 001890 DETAI LED DESCRI PTI ON OF THE | NVENTI ON

The present inventor has previously reported new cl asses of conpounds which
are aryl wendidmsb@socyclic) ureido and aryl (and het er oegeluse)i1marsboxam do
phenoxyi sobutyric aci ds and also benzoi c 5acid derivatives and rel ated
conpounds as inhibitors of cation and AGE formati on (Rahbar et al.

1999; Rahbar et al ., 2000DE DRSCRIPTIONOBFHE INVENAION Unit ed St at es

Pat ent Nos. Nos. 5,093,367; 6,072,072; 6,337,350; 6,605642 and 7,030133

whi ch are incorporated herei n by reference. An el evated concentration of
reduci ng sugars (i.e., glucose) in the blood and in the intracellul ar

envi ronment  Of Tigfpy é&&lt"ﬁﬂ)entof‘%?‘ré(mﬁsl? d rleWRIaSRY bﬁ’co&xg)‘é%dsswhdh ddyl (and

nonenzymatic for t| on of tion dehydratl on condensati on

o oduct o PORMBIONFS i <§w§ﬁ%§"°?cc”we°%?°8?ﬁ ﬁiﬁﬁ%ﬂ%@%ggﬁﬁeﬂ&w& ~

(Bucal a and Ceram Adv Phar macol 23:1-34, 1992; Bu al ., P&oc @lat!
Acad Sci 90 deryativea ged relatpsipomponds gs ipibilgrs of g GROHNQ b PrnisniRash ity 2109,
1984). This phenonmenon is called "browning" or a "Mai | | ard” reactl o nd
was di scovg9%Ralibar étlab, 20881 Rahbartetiely 2002).t $ne afso itechSiaies Patergt Rigs Nag 8093 chi m

5:258-317, 1916). The 15significance of a simlar process in biology becane

evi dent ordm af2; 61331,850; icosen2any 7,0§018h @high yre axptpatatdd Hoesimby whirerse. Amclevied r
i ncreased presence in di abeti ¢ patients (Rahbar, Cin Chim Acta 20: 381-5,

1968; Rahhbgfcefitatioh of re&lcﬂfg"kﬁ?ﬁr@(x @D BMSosEIe S theBIHOH Bnd3if 13 Btr4b311uld::m9ronment of an
di abetic patient's AGE | evel increases markedly as a result of sustained

i gh b 00y B AkmuF Y Blaf AEbQH 1§:%au1{s 61 nbRnd g’nﬁ?&'?orﬂ@ﬁ@gﬁ'glﬁﬁﬁw&hd dchyaraiict y

of mechani sns ‘i nc |ng alteration o tlssu otein structure and

IEQSp't 89?3 Cgmﬁsgboq W%pl&@s DowhiSis ) R%H%ﬁ? %Lt%@a‘}Gﬁle%@RGEfcbxﬁplex

e ‘gener atl on O IV€ 0X gen ecl es ( or a
recent review s

et es Co | i,ca ) .
These AGE Medyess g’é’@ 2‘?‘?8\9\%‘?"10&’%"&%’8 pE"E‘WFP prelipi d'Wg ot hﬁ\%é{% ?’11% cé)mdség? et |gng from
vari ous pat hol ogi cal conditions, including, but not @g # Bfigﬁb t e
mel litus, 2311cB4al 993 Bugala ct b, PrasiNadrAcad Byi SR 4434- 6413@ Sppep
(RULE 26) V\D 2012/ 050623PCT/ US2011/ 001890 urem a and in at heroscl er osi s in
per sons unN®l geddrigi Slehasdi0P| 28435 This phenomenon is called "browning" or a "Maillard" reaction and
was discovered in the last century by the food industry (Maillard, Ann Chim 5:258-317, 1916). The
15 significance of a similar process in biology became evident only after the discovery of the glycosylated
hemoglobins and their increased presence in diabetic patients (Rahbar, Clin Chim Acta 20:381-5,
1968; Rahbar et al., Biochem Biophys Res Commun 36:838-43, 1969). A diabetic patient's AGE level:
increases markedly as a result of sustained high blood sugar levels and often leads to tissue damage
through a variety of mechanisms including alteration of tissue protein structure and function,
20  stimulation of cellular responses through AGE specific receptors and/or the generation of reactive
oxygen species (ROS) (for a recent review see Boel et al., J Diabetes Complications 9:104-29, 1995).

These AGE have been shown to cause complications in patients suffering from various pathological

conditions, including, but not limited to, diabetes mellitus, rheumatoid arthritis, Alzheimer's Disease,

16
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Advanced gl ycation end-products bind to cell surface receptors on a variety
of cells including, but not limted to, endothelial cells of the

m cr ovasowbabiwepe2aonocyt es and macr ophages, snoot h nusece/B2aalohs90
nmesengi al cells and neurons through a specific receptor for AGEs, terned
RAGE, RAGE is a nenber of the inmmunoglobulin super famly of cell surface
mol ecul eswemia@ndiagthgrosel¢rois ingfersemGmdergeinghemodislyeld. i n a nunber of tissues
including, but not limted to, aging tissues, diabetic tissues, the

vascul ature and the kidney. Activation of RAGE has been inplicated in a
variety of conditions including, but not limted to, acute and chronic

i nfl ammat iAQGancéd gl feafidriénd-prédiBls bindtd QNSu@ice tcaliets 69 a vaibipeivRIOnetdiyg, but not
at heroscl erosi s and retinopathy, Al zheiner's disease, erectile dysfunction

and in tupp:s Jnvasi e i cati i gt h
each of tﬁ@éeg tgfﬁioé@ﬁ@gﬁggﬁﬁi[cﬁ%?sg%l?{cga? m§rg({r§gt:e% i&?nﬂ%&p gg%g,%giogghg:ﬂﬁsegl? cant
burden on afflicted patients. reover,.these co Lcation vel .

det ri mént sals.arepedgieboda antacyging qghaa&ﬁlélpaqqepmsfoglg@b%}%{w&ii BA@E‘ASPA%%
preval ence of diabetes nellitus afflicts mllions of individuals resulting
in signi f meraber of the marasreglobflimaiptr familyofzellisurzes moleeujesr cwased Tavels of Mé &%sed
norbidity and nortality rates, together with the great financial burden of
treating elipedset irca mmitel bitaibies NRJudigchutmgt timitedioeagingnissuds pdishetie tigsudsothe and
devel op nedi cati ons having the potential of preventing or treating

conpl i cat vRaatet ahdBe Rida@2 At vaBion JITEAGCE AR GUdIAMmplidatddrin a pakegof conditienst i on
i nhibit the nonenzymatic formation of glycation and dehydration

condensat Brfafﬂdiﬁggpé ﬁﬁﬁxitk&‘&muﬁn@%&ﬂ@ﬁ@mﬂw@@t inQBrtAR dorRplRdtiaisof (id6skes. | n

one enbodi nment e presént invention, a nethod is provided for

2012/ dRos 2Bt REB Rl bR RN A R A G R

dehydrati on condensation conpl exes known as advanced gl ycati on end- products
(AGE) to é‘véﬁlﬂﬁaégfne}aﬁaﬁé'ed t hereof, conprising providing at | east one
medi cation that inhibits the nonenzymatic formati on of AGE conpl exes; and
adm ni stering the nedication to an patient wherein the nonenzymatic
formati on of AGE conplexes is inhibited. 5 .

The complications associated with each of these aforementioned pathological conditions places a

significant burden on afflicted patients. Moreover, these complications have detrimental effects on
15  society in general. As one example, the global prevalence of diabetes mellitus afflicts millions of
individuals resulting in significant increases of morbidity and mortality rates. These increased
morbidity and mortality rates, together with the great financial burden of treating diabetic
complications, are major incentives to search for and develop medications having the potential of
preventing or treating complications of the disease.
20
The compounds of the present invention inhibit the nonenzymatic formation of glycation and
dehydration condensation complexes known as advanced glycation end-products (AGE). In one

embodiment of the present invention, a method is provided for administering a medication that inhibits

17
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I n anot her enbodi nent of the nethod, the adm nistering step conprises a
route of adm nistration selected fromthe group consisting of oral,

subl i nguaWvQ 201tases2enous, i ntracardi ac, intraspinal, intPavdseaus)1890
intraarticular, intrasynovial, intracutaneous, subcutaneous, intranuscular,
epi cut aneous, transdermal, conjunctival, intraocular, intranasal, a

ral,
i nt r ar es piteapesngymatis frmation efgl yrationand dehydretiongondansation CompIEXRS Kn@WAS AR YRRFRY.
the adm ni stering step conprises providing the nmedication on an inplantable
medi cal delycation eMivprbductsAGE) mealsubgtti inneed dheecof, gpinpriding prpvdiaget lesst @geci fi c
medi cations, they are efficacious in wound healing, in scar reduction and

in the tremiiRidh el inRIHIE themdfe IfGtmation@? W@%gldﬂ@é; ahditinkihis@ridgthe 15
formati on of AGE conpl exes may be directly applied to in a conventional

atvi ob. (i eabhugR ERAIM @il NE el Blryd 3 BE ROEROAGRE By, TE o

skin to aid the wound healing process. MW9 has been identified in the
wound Real i ng process and has al so been linked to the inhibitors of AGE
20Any net hod of adm nistering the nmedication(s) discussed herein is,

cont enpl at lacinotMhieinbodimeritof the dethot dbaladminigermgsieplcbmprisen a rouée efradminisiiatiqhh e

nmet hod of adm nistration may depend on patient specific factors, the

met hods ofseleti froinsthe gtoup norisisthgicfaral sublingna, intedvehdus; inteatatdine, igwaspinall | y
parenteral and nonparenteral adm nistration. Mre specifically, the routes
of admi ni Shtfaadstdus, ihtattiedRr, iRtisyrRvial, ifacutingdus Stbdutnd s SiEMbsTUIEE etdERFoSRUL E
26) WO 2012/ 050623PCT/ US2011/ 001890 oral, sublingual, intravenous,

i ntracar di ggsdelfal, CHFRARAL intrfchBO RHGRHA, ;1u&dntiﬁt?ﬁ§sbirﬁwy9fectan, RAgiRes MifQiétirdl, In

i ntracut aneous, subcutaneous, I ntranuscul ar, epicutaneous, transdennal,
conjunctival, i I I I |4 SR ; le,
Vool naft e RpSARE, Bk auhbnEag cogHiprov| MR SERLLEh oh ke niREIE
preferred. 5, ﬁ course, it is understood that the nedication will be

admi ni st er®§iHV 6 appropri ate phar maceutical dosage, depending on the
route of adm nistration. For exanple, an oral dosage form may be

adm nistered in at | east one of the follow ng pharnmaceuti cal dosage forns:
tabl et; capsule; solution; syrup; elixir; suspension; nagm; _gel; .and/o
powder. A $hié thesgumidicatiensaretypioallyrpatpmiter speificinedieations, they 25 efficarignssip WOHY! of
the follow ng pharmaceutical dosage forms: tablet; troche; and/or |ozenge.
A par ent er hlindOia 36 rddactionnmy irhiRe Bebvhént ot iRROFdr Bxatplé, aasmpaud thet inhtbés the

foll owi ng pharmaceuti cal dosage forms: solution and/ or suspension. An

epi cut @Fe%%a&m@@ﬁ&@ B8thplERS &GS bE AT ERIIBE0AE BdtvehtRaithydidphilic bedadphiline  of
the foll ow ng pharnmaceutical dbsage fornms: ointnment; creanm infusion punp;

paste; pl aani%t%gﬁt bgﬁgﬁﬁééoﬁo%géﬁgﬁin,l QhddRr deb ik ARRIE WERAd BrRdsHY, P& £iE Phridtapplied A

conj unctival dosag
to a patient's skin to aid the wound healing process. MMP9 has been identified in the wound healing

process and has also been linked to the inhibitors of AGE
20  Any method of administering the medication(s) discussed herein is contemplated, While it is
understood by one skilled in the art that the method of administration may depend on patient specific

factors, the methods of administration include, but are not limited to, generally parenteral and non-

parenteral administration. More specifically, the routes of administration include, bpt are not limited to

18

SUBSTITUTE SHEET (RULE 26)



15adm ni stered in at |east one of the foll ow ng pharmaceutical dosage
forms: contact lens insert and/or ointnent. An intraocular/intraaural
dosage fowonomyoshe@3adm nistered in at | east one of the Polriusesingoi189o
pharmaceuti cal dosage forns: solution and/ or suspension. An intranasal
dosage for any be adm nistered in at | east one of the foll ow ng

phar maceu Pt SYolipghek fuirayefions, inteagardias, g}t,raSpgr}g} anfraogspia iptseartigyiay, d‘i*traé}"ﬁi“ﬁ’e nt. An
intrarespiratory dosage formnay be admnistered in at |east one of the

f ol | owi ng inracuiAReQUYERYbetancells, bamuseulroepimitaneons, dmasdeand/ njupdivdk infraculagct al
dosage formmay be adm nistered in at |east one of the follow ng

phar mac e uintiardsal Casad dftrdrespiTRioryS bl Vainal, QethrdTRAC, THIEIRT arSoBIRO@AE OT Y. A

vagi nal dosage form may be a mnistered in at | east one of the fol |l owi ng
phar maceu solution; ointment; enulsion foam tablet;
insert/su%%@ ¥ﬂ§ﬁﬁ§§d%g&ﬁsA uret hral dosage forn119 SUBSTI TUTE SHEET (RULE
26) MQ 2012/ 050623PCT/ US2011/ 001890 may be adm nistered in at | east one of
t he fol’l owi ng pharnaceutlcal dosage forns: solution and/or suppository. The
above- not ed dosa%e forn(s) include at |east one nedication disclose
herein, eiQfite¥rsaiténandgistogd fhet pmsdieriion wil b adminigterpdindhe MPEOPHAK PhamagIicat | on
di scl osed herein or wwth a nedication not disclosed herein and/or in

conbi nat i desags, déperding @uibe rauteeofiadreintstrativar Fon exantple; an orekddspgedotm mInks e

medi cati ons may have any rel ease profile including, but not limted to, an
i medi at e aimihisesed in & lesrdne of the dolloeirgaaamacficul deagiefonye thbiet] capsale; iutibn; e.

I f desired, the conpounds of the invention may be applied as nanoparticl es.

10 The ”E@thﬂﬁ‘éhs%@:%xdnnﬁlhglﬂ@ ’gelbbﬂd/o@b&vdéPtA iubml%:%bréﬂratioﬁﬂ{a@lb& abmhigisterdircal
devi ces such as, but not Iimted to, stents (both vascul ar and urethral),

deposi fg Oy g 42k fhe A AR RelRE S n% b . S RASId, URYOBJeng@ AR A

medi cati on I very purrps cont enpl at ed er'ein are topically applied

2Pl féhei%%%e %ﬁl‘ﬁ%l% e ya " anl b o ﬁﬁ‘ﬂ%?ceu%? SR ce, a

| east one rredl cation may be rel easabl pI ied ei er t L east , .a ion
of the syt Yo HEPEINgR c PR ADQUrHaIDTR dosagp frmapes s KRSt Bl o
device. Alternatively, at |east one nedication nay be absorbed and/ or

adsor bed ione o thsrfolbewing phasmarsuticabdasegedorms) oinfmentoergaragnfupien FEAP:PAE PHSHRY be
rel eased fromthe material at a later tinme. 20 The nedi cati on may be

rel easabl yowes dersols lotior) eransdelimzhpatehédisciselutiona Aoyjunciivaldosagel foyn mexkept abl e
met hod, including, but not limted to, spray coating, a waterfall nethod,

heat afyeathiGierdlis at lcdPNRE the fSlRwag hemdatdicdl %oiaF@f&@hﬂ cpntpetaéns inserdand/or
Alternatively, the nedical device may include at [east one nedication,

wherei n t he fedli Gabi:QuhSinRBReN BodsABH Aly BASRTRGSkel T & 195t BRbLOME hlowRg cal

device. This

pharmaceutical dosage forms: solution and/or suspension. An intranasal dqsage form may be
administered in at least one of the following pharmaceutical dosage forms: solution; spray; inhalant
and/or ointment. An intrarespiratory dosage form may be administered in at least one of the following
20  pharmaceutical dosage forms: aerosol and/or powder. A rectal dosage form may be administered in at
least one of the following pharmaceutical dosage forms: solution; ointment and/or suppository. A
vaginal dosage form may be administered in at least one of the following pharmaceutical dosage

forms: solution; ointment; emulsion foam; tablet; insert/suppository/sponge. A urethral dosage form
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20 SUBSTI TUTE SHEET (RULE 26) WD 2012/ 050623PCT/ US2011/ 001890 nay be done
by any industrially acceptable nethod. Also, it is contenplated herein that
a nedi calwdevi2osoéray i ncl ude both at | east one nedi cati enTrshe@asaisby
applied to the nedical device itself ancUor a coating applied to the
device and at | east one nedi cation absorbed and/or adsorbed into or onto

t he ' medi dedy bgadmiisteraddm pi leasgomeamf thie i lowingpharmacdutical dhsage fomes:isokition andges and
paranmeters setting forth the broad scope of the invention are

appr oxi matsugpositort. he nunerical val ues set forth in the specific exanples are
reported as precisely as possible, Any nunerical value, however, inherently
contains certain errors necessarily resulting fromthe standard devi ati on
found in their respective testing neasurenents. 10 In the course of

screeni ng di.ffer Ses organt ¢ . conpounds f.or investigati.on eir
possi bl e iﬁ‘ﬁ F@?f"ﬁ%‘i @S?é%@“@ﬂm%@@ﬂi"ea&&'ﬁﬁqg%ea{{‘?@%{%%‘aafsﬁi‘?’gﬁ( %\%Es%?éneito{]
has been found,that post. of the phenylureido substituted phenoxy E‘iioﬁ)i o(pi C
acid deti vhtqmbinatippwith at lpast enejothsr medicatign disglesed Berain @r with @ medicationynqbdiselose
conpounds were potent inhibitors of AGE-formation at concentrations nuch

| ower t harhemin ahd/eqginabinpinatd viklt it hegstooninen phaamaceutical exaiprinh dhesemiadicateons MRk
mechani sm by which this class of conpounds inhibits glycation,

AGE- f or mathagdany sedchsCprofilelindhiding) Butingt litited t6) a Rnrkidtigadireleasd, b bontrolledreleageand/or
mechani sns, transient-netal -chel ati on such as copper and iron, and

scavengi NG delaydd'ralBike PEOFNE. If RFFdd] HE cGRIoRRNRY the ﬁﬁ%ﬁfeﬂﬁﬁﬁﬁe@%ﬁlm\@ niM@pdtticles.
proposed to be responsible for AGE-inhibitory function of known

AGE-i nhi bitors. 20The nmechani sm of the inhibitory activities of guanidino
conpound i nhi bitors such as two

10
The medical devices include, but are not limited to, implantable medical devices such as, but not
limited to, stents (both vascular and urethral), deposition implants (implantable medication releasing
device), and/or a medication delivery pumps. Also, contemplated herein are topically applied medical
devices including, but not limited to, patches, gauze, wraps, appliques, dressings, coverings, etc. In the

15  case of a medical device, at least one medication may be releasably applied either to at least a portion
of the surface of the device, or to a material applied to the surface of a device. Alternatively, at least
one medication may be absorbed and/or adsorbed into or onto the device material so long as the

medication may be released from the material at a later time.
20 The medication may be releasably applied to the medical device via any industrially acceptable
method, including, but not limited to, spray coating, a waterfall method, heat annealing, etc., however,

spray coating is typically preferred. Alternatively, the medical device may include at least one

medication, wherein the medication is absorbed and/or adsorbed into or onto the medical device. This

20
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known i nhibitors of glycation (am noguanidine and metformn) is that they
are postulated to trap M5 and ot her al pha. -di carbonyl i nternedi ates of

gl ycat i onwoAormsbe28ecent study has docunented the 21 SUBETIUBRNEGHEET ( RULE
26) WD 2012/ 050623PCT/ US2011/ 001890 reaction of metformn with MG and

gl yoxal (GO, form ng guanidi no-dicarbonyl adducts further supporting this
i dea ( Rugghdybedensy2nyindastrially roepipble method.Udson g iskavotemplated dgreinshit o diedistleci f i ¢
for the early (Amadori) and | ate (post-Amadori) stages of glycation

reveal ed sivies maphindidechoth at dealtame mgdicaion felassbBabpliddno theenedial devist AEH andict a
sone in the |ate stage 5 of glycation. However, nost of the inhibitor

conpounds gRin@asied MRS déviR R4 ateléda?t die He{ii%&ti%ﬁ Gbshoftd Bid/ @ adsortlddntb 8AHid @8 Of

reduci ng sugars with .al pha.- an epsilon.-amno groups of proteins is not
a random pr SS.RU; ther a site specific reaction which depends on the
nat ur e an&ne@ﬁ@@yx@%’he[@ of these chem cal groups. The future task is to
specifically define the site and/or sites of interaction of an inhibitor
compou in the conplex series of reactions and internedi ate substrates,

| eading to ACGE 10formation and cross-|Iinking. The devel opnent of the
novel i nhiNstwithstandifig btytbeaninmanical Adiges and patmeters setting faEEtherbodadiseopefids | i nki ng
expands the existing arsenals of inhibitors of glycation reaction that can
find ther apentionGreapploxitwdtions) thefnameridabyafiice st folrth dmthe fpedifidleeimslescadmppired s ons,
as well as the prevention of other diseases associated with increased

gl ycati on pgadcisglly @¢ §9ssibleOAny hubrefiSal vEIUE, hORERP i erchtfcontadis lcarbiin értots Acessdipe 15
conpounds nmay prove useful as tools to study the cascade of reactions and

| nt er medi Bt RSh 1R farktira BRuRNAGHE Alir AGSshRTRAL ARaBAoARE” Protein
cross-1inking. The conpounds of the invention and their useful
conposijions utilized in the present invention contain agents capable of
reacting with the highly active Carbonyl internediate of an early glycation
product t hose, ear|

eb reventi ng,, y products fromlater,.formng t!

vanced. R JEAtHE P SGoRRIcH BHR CLSEh ot R Eompeumns G Iy Eiion e R S
"breaki ng", or reversing the AGE conplexes after t he}é) formprotein
crossl i nkeghibitoppetenia sn atvassed hisationsadnredupts GAGRY). it Dedeen fopnaithstaeashyf Ber day
may be used to prevent the formation of AGE conplexes or to break AGE
conpl exes mepbnadingbsitutedphedes) premonid doioterivatides thsteditase mhibitoryeffoctnand severa
patient. The formation of AGE has been linked to several 22

of these compounds were potent inhibitors of AGE-formation at concentrations much lower than an

15 equally inhibiting concentration of aminoguanidine,

The mechanism by which this class of compounds inhibits glycation, AGE-formation, and
crosslinking is yet to be known in full. Two major mechanisms, transient-metal-chelation such as
copper and iron, and scavenging or trapping of reactive carboynyl intermediates have been proposed to
be responsible for AGE-inhibitory function of known AGE-inhibitors.

20 The mechanism of the inhibitory activities of guanidino compound inhibitors such as two

known inhibitors of glycation (aminoguanidine and metformin) is that they are postulated to trap MG

and other alpha.-dicarbony! intermediates of glycation. A most recent study has documented the
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SUBSTI TUTE SHEET (RULE 26) WD 2012/ 050623PCT/ US2011/ 001890 pat hol ogi es

whi ch may be treated according to the invention including chronic

i nf | ammatwonpizmswepat hy, at heroscl erosi s, retinopat hy, PArAised1menisso

di sease, erectile dysfunction and di abetes. The conpounds of the invention
are useful for the treatnment of pre-diabetes, Type | and Type || diabetes
as wel | ageagtion opmetfarmin with Mcddindrglyoxad 460% furming gdaradine-disabpmd addvets Sirtheli abet i ¢
conplications such as 5elevated lipid | evels, elevated chol esterol,

reti nopat lyporknglthizyded dRaggtero Lopez et 41t 0999).di sorders, neuropathy and the like.
The conpounds of the invention may be used as gl ycation breakers

systemical |y qys_iﬂg?_ﬁb@ﬁhésxy ﬁ)@t(}j)fs)@s\éﬁécflﬁc fgﬂt}{&é’a}lw@rﬁ%ﬁ‘ﬁg igﬁ(ﬁla?ef(f)&?-%aﬁﬁlﬁ@tage%.of

facial winkles e conmpoun e 1 nven ave activity agai nst
rheumatoid, arthritis, WIsan s djsease heroscl erosi s, nheuraod nerative
(i seases. SUEHOREEveslREsome JRTtogs 10 v gl Ices iy O 4731 TALE AP LR 1 e 4l Sdde
neur ot oxi nem a, 10 neurotoxins and netabolic syndrome, An oral dose for
these Sondfglycetien. Hewpyesiraost efthainhibisersempounds wahaye invastigated ereamyléstagpuubyers.
utilized. An effective anmount of an oral dose will be from 1-2000ng daily

pr ef er abl &hgieaction bfredliciigbagarsiwitie alphd. anidsepgitons eminb graupnd Bprpteimt schot dvavdom dose
of 250-500ng daily would be preferred. G her utilities envisioned for the

present | pioedst b fatRer@ sE SPECIE keattioaMehichidenesH thOhat@d iafdtheicidityohthesski n by
exerting an anti-aging effect that reduces winkles and nakes the skin

snoot her . cidifical SOMRBUTIKLSFutIRY taklels tSsPehiffsall PRI theRe Rid/d SRR Ht@ision bf dvat er or
a creamat a concentration of 0.1 to 10% by wei ght and used as a cosnetic

on the skigfihiBr do Bﬂ'}efieirslﬁﬂ'éecoﬁlgﬂf?%?ﬂ?éﬁfac{i%ta}ﬂ ﬁtcﬁﬁ&éﬁ@%@d@ﬁﬁe@}’ea&ﬁfﬁ%ﬂ ng or

treating aging of 't In. particular use 1s t appl-ication 0

conpounds o skin.for &he purpose of increasing the collagen content which
w | irhi 6?F§1atbqnapg$}§$ssléﬂ§}é;i ronnental aging effects. 20 The conpounds of

the invention reduce the appunt of MVW9 in the skin which is Linked to
wound heal i ng Hidewatonmentpidhe T.‘°"?*HG‘§‘,"t°E%€381)Vﬁ%{SPnb§GE E@H‘ag%tagﬁfrﬁggrﬂ@e%r
topically for sclerodernma, acne, psoriasis, inflammtion, antioxidant
ef fects orcropinkingrenpandsdhe existing arsgnals offinbipiteragf glycatiohisagtiondhab ean findghegapeutic
cosnmetic treatment for skin rejuvenation to enhance skin healing and repair
post 23 SLpESitatibuE for Siepel eftiduloE didBetic complications, as well as the prevention of other diseases

associated with increased glycation of proteins or lipids. Furthermore, the availability of these

15 compounds may prove useful as tools to study the cascade of reactions and intermediate substrate in

the process of AGE-formation and AGE-protein cross-linking.

The compounds of the invention and their useful compositions utilized in the present invention
contain agents capable of reacting with the highly active carbony! intermediate of an early glycation
product thereby preventing those early products from later forming the advanced glycation

20  endproducts or in the alternative as agents for "breaking" or reversing the AGE complexes after they
form protein crosslinked compounds which cause -protein aging. Doses of 1-2000mg per day may be

used to prevent the formation of AGE complexes or to break AGE complexes depending on the

desired effect and the observed response in a patient. The formation of AGE has been linked to several
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WO 2012/ 050623PCT/ US2011/ 001890 treatnment. For topical use, the conpounds
may be added to hydrophilic or ol eophilic cosnetic bases in amunts of 0.01
to 10% bywaedso62and preferably 1-5% or they may be ap@BCira$2@gd/ oa188el uti on,
a cream a dispersion or a gel. For system c use, the conpounds may be
adninistereggorall, at a _dose of 1:2000 ng daily in divided doses. The dose
wi |l be adjitielogiss wlisk may ke treated: aseordingslortivcitvenfisreiatludiag clgotic inflamentionpnal
dosi ng techni ques. The conpounds al so inhibit spoilage of proteins in

f oodst uf f siedapAhyaathemeslaspasartingpathyphlzheimers @iBast, bree gletdgs findtiol b S diabElee: The
present agents are also useful in the area of oral hygiene as they prevent

di scol or atdompounfls éfelt inventibe are Q5aFE YHdRe t%trﬁeﬂ?ot‘;pg%lﬁgﬁétégnr e anf‘@fe IR NEes as

activity which is an acronym for peroxisone p erat or act1vated receptor

whi ch are i whi ch exi st .across .10, bi ol . They
are inti rra‘tﬁe(lal%ﬂlg gf?ﬁé“é@@?@%%%‘"%ﬁ Qgrd%{cafwﬁ"g?ﬁr( BosRrplications FRCE% and

pr ot ei ng and tg(@l.ﬁi fferentiation. They are also transcript factors.

Sever al ty‘%& PIGISKE FleXpisdshelpsterelestinopithy kidapy,demagginvalatory discaders, 3 as
wel|l as delta or beta. The alpha formis expressed in liver, Kkidney, heart,
adi pose t insyoRathypad ihsilike aEheicompaunds ofitlied seeation Midyebegredm glychiigmbreakere X pr essed
invirtually all tissues including heart, nuscle, colon, kidney, pancreas
and spl eersytinyealigsr topicellganemrs? gfyotioh and @S SRH as PcAPwARIes, ThaeinfRERs of
tissue (30 am no acids or longer while ganma 3 is expressed in nacrophage,

| ar ge i nt ebtinveatiardsoaié ectioly RARE: el mmﬁiis,M1§2nW£Peg§esRsaﬂe&&le?@sﬂy
|

tissues but mainly in brain, adipose tissue and skin. dinerize with

the reti nalegtodepERRkiO¢ diddidesBudhs ParkiRGEL Sriﬁﬁlzk{eﬁlgér%Gﬁ?lgﬁletsagrome&ro%o& fmia

| ar gest genes and when PPAR binds to Its gand, scrrptron o ar get

genes 6 RabERRCHheEAIctaRthd SRPAM 8 Bl SoRENSs i RENR, SRty

t he conpounds of the itnvention IS a pro

conpounds ; N Lon,.are us | as antidi abetic c¢onpoun int

manner t nd SRRl b uBie, A ktig ABgit Lo dou Wi omrapoms dafy

adm ni stere ral.ly .tq, dj ghetics. The dose may be from1 to 2000ng orally
and pref ePX ‘1‘%‘%@%68}’(@4‘3@:‘1@:8@92 is grepanily pradamplaigdtbat 4 doselpf20e1POme saily woud
SUBSTI TUTE SHEET (RULE 26) WD 2012/ 050623PCT/ US2011/ 001890 . To aid in
t he admi nibspieBedn, the conmpound may be combined with a pharmaceuti cal
acceptabl e diluent or carrier to forma pharmaceutical dosage form The

dosage for m co@thereutitities eqvisibnedsfok thd pregt infétion sEBEv@tRN" AldeRaEhea! of Cagftiglop! | ed
rel ease. Conmon pharnaceutical diluents or carriers are described in-the

Handbonk  afie skinay BReY dnCeti-aBing lefbe® Habredubbd Wit fhihs hh @ Rakds M6 W dnfimet 2hes
compounds may be used as solutions or dispersions in water or a cream at a concentration of 0.1 to
10% by Weight and used as a cosmetic on the skin to improve the smoothness, texture, appearance by
preventing or treating aging of the skin. A particular use is the application of compounds to skin for the
purpose of increasing the collagen content which will inhibit or reverse environmental aging effects.

20 The compounds of the invention reduce the amount of MMP9 in the skin which is linked to wound

healing and skin repair. Thus, they may be used systemically or topically for scleroderma, acne,
psoriasis, inflammation, antioxidant effects or for chelation of metals. They may also be used post laser

cosmetic treatment for skin rejuvenation to enhance skin healing and repair post
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5 Pharmacopi ea, and Rem ngton's Pharnmaceuti cal Science. An

i ntermedi at e conpound exo- 3, 6-epoxy-1, 2, 3, 6-tetrahydrophthalic anhydride is
pr epar ed W9 202a530628g equi nol ar quantities of mal ei ¢ anhpdriuseoiandisbur an i n
THF as a crystalline conpound from acetone, MO= 125C(dic) This anhydride is
treated with 1 ggui val ent of hydraoxyl am ne hydrochl ori de and one nole o

1 f
sodi um calFBHREH: EOHIORSH USSR e campeinds Manbecadderd o bpdrephilic ogrolegpkilip sesmeticrhsees 1) j g

is 10 rcrystallized in acetone or al cohol to give shining white flakes
(HONE) , vepomtsof FR1 to Wimpoweighti andugefenablyil /6% draheyymayresippliadias pegiuticnescream,i t
reacts with dicycl ohexyl carbodiimde (DCCl) in non aqueous solution to nake

active eshdisgersi craigeloFaayslemit ke the BoAFONRG ridybeiimRIstéred Gralybatlaldesctof 1.aDOMRI N
smal | nonracem zed peptides in high yields by a further reaction with a

second anj ach g . . s 08, i i red as
Fol | ows. T8 ORAh A ide IR TIE die it RE R BEDH 1 Buefa B R LR

1' - di pheny1-4..41-di urei qophen i sobutyric, acid |, m . xt ure. o . 95

(0. 01" for bvesions Soaiedetaliuse) TELtompginal st inhiol fepilasesL R Ry rigftgnit sitn &

di phenyl1-4, 4' -djisocyante in 30ml of cool ed tetrahydrofuran (THF) and 0. 4g
of NaOH afhe browisgnesgliqroseemin cartain fraits. Jhe progsni agentpare also ueeflan thearengfere. The
THF i s evaporated by blowing air. Excess water is added and to the

r esul t i nghygienovas theyl preveondiscaboation of Betly of dithionite is added and the
precipitate is separated by filtration (slow and washed twi ce with hot

wat er. The fil tTheicempsundsofthd inechtivh talo BoBPRARIadfi ) wide! is an agoynafod filtered
The white powdery material is washed with cold water and dried 25

SUBSTI TUTEersililsrt gemaozgmvm B6ebih WRIOR 33 ng%%@ bt BQ3Tehs Witlidh eflist detoani t e,

filtered and acidified with acetic acid Th ite precipitate is filtered
21 el 4 AR B GhR efd o
Qi noli nebéfcﬁgggnrt]ixéignn %ﬁ%‘l ae ﬂ?oetrr]é)n)éé/niﬁ&ag}sy giev%zal %%egof PPARs have been identified:
alpha, gamma 1, 2 and 3 as well as delta or beta. The alpha form is expressed in liver, kidney, heart,
adipose tissues as well as in other tissues. The gamma 1 form is expressed in virtually all tissues
including heart, muscle, colon, kidney, pancreas and spleen tissues. The gamma 2 form is expressed
15  mainly in adipose tissue (30 amino acids or longer while gamma 3 is expressed in macrophage, large
intestine and white adipose tissue. Delta is expressed in many tissues but mainly in brain, adipose
tissue and skin. PPARs dimerize with the retinoid receptor and bind to specific regions on the DNA of
the largest genes and when PPAR binds to its ligand, transcription of target genes is increased or
decreased depending on the gene. The PPAR activity of the compounds of the invention is a property
20  that confirms that the compounds of the invention are useful as antidiabetic compounds in the manner
that the PPAR active compound pioglitazone is useful when administered orally to diabetics. The
dose may be from 1 to 2000mg orally and preferably 250-500mg orally, daily basis given in divided

doses.
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A mxture of 1.95g (0.01lnole) of 4-am noi phenoxyi sobutyric acid, 2.28 g
(0.01 nole) of 2- chloronethyl qui noline hydrochl oride; 3g of potassium
car bonat eyvoQordosad23wat er and 29 m of isopropanol is rePcuasdoiandisstirred
for 24 hours and a dark brown solution with about 1 g of product is

obt ai ned. The product is worked up by addi ng sodi um carbonate. Dithionite
i s added and t-hEO #id icthe @dmlglstxzjwactﬁ ompeendunayibe sewbined with apbarmagsuifabun
powder is obtained. The structure is set forth as structure 2.

C201- 120N2@8ptabieviiBBE OEXANELE fEm(aqphammoeutica Josdgefodn. STB-dosage form canbe a liquid,
(pent anet hyl benzy1- 4- am nophenoxyi sobutyric) acid 15A m xture of 1. 259

(0. 005 nolsgid, 9él ek ifnielaieqblefE @ﬁwnﬁ?ﬂled%E(@@)Conﬁn&@haﬁﬁhcgﬂtxcﬁnhmntélor carriers

am nophenoxy| sobutyric acid, 2.0 .01 nol e) potassium carbonate and 25

m of a5 ¥ ours. The
ot ur o Seapedi %s‘?ia#f%eg%ﬁﬂﬂ@%@f%ﬂ%ﬁ%& 7o UfeathalOCT S, 01
178-184C. The structure is shown as strucgture 3 C22H2911103nw 455 20EXAMPLE,
4( conpdund&harmacppica, and Remmgroa s hhamspeut Baigi’l%’ﬁutyri c) aci d A mixture of
2.1g (0.01 nole) of cinnanyl chloride; 2.0g é}bout 02 nole) 4-

ani nophenoxyi sébintgrmediagtcbuipohd bxg3 6-&btmyt1 0, mahyjllr@)htlmhc powaeds isprepared by
carbonate and 30 ml of water is 26 SUBSTI TUTE SHEET (RULE 26) WO

2012/ 0506 2a8aE/chiGR0k1 HROBAMS Raakicasihyiide aidifire th THIEad gittallire domponridgtem
solution is obtained and the solvent is evaporated to give a brownish gum

Vater was gddhe MOkt Bs agdit iTaisaghydridéid traatddl it PédupiaRni of hgtioRylaathe hydrodhioride
refrigeration, the material is filtered, washed and dried. The structure is

oo O A SUNAOR I P o AN o1
10 rerystallized in acetone or alcohol to give shining white flakes (HONE), MP207°C, This compound is
useful in the synthesis of peptides as it reacts with dicyclohexylcarbodiimide (DCCI) in non aqueous
solution to make active esters of amino acids This intermediate makes it possible to obtain small non-
racemized peptides in high yields by a further reaction with a second amino acid.
Compounds of the present invention can be prepared as follows:
15
EXAMPLE 1 (compound 1)
3,3"-dichloro-1, 1'-diphenyl-4,4'-diureidophenoxyisobutyric acid
A mixture of 1.95 g (0.01 mole) of 4-aminophenoxyisobutyric acid and 3,3'-dichloro-1,1"-
diphenyl-4,4'-diisocyante in 30ml of cooled tetrahydrofuran (THF) and 0.4g of NaOH are combined
20  and stirred at room temperature for 24 hours, The THF is evaporated by blowing air. Excess water is
added and to the resulting brown solution, about 1.0 g of dithionite is added and the precipitate is

separated by filtration (slow) and washed twice with hot water. The filtrate is acidified with

concentrated acetic acid and filtered The white powdery material is washed with cold water and dried
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3.1g (0.02 nole) of the nono(active ester) of HONE ester of glutaric acid
(C13H13NO6) is mxed with 2.0g (0.01 nole) of 4-am no isobutyric acid and
3.0g (0. 3somin)oa@B potassi um carbonate in 30nl of wat ePCT/Hse0INMASHE ON

m xture is stirred and heated at 100C overni ght and a brown paste is 10
recovered and dissolved in hot water. Dithionite is added to paréi, | 'l
clarify t wathdithieniteafiltarss and apidifigd with acetielacid The white presipiate & flisrediing giving 409
of a beige precipitate,. The structure is structure 5 C15H191\1106; nmw 309
15EXAMPLE 16g(deyd nydeddi a3l 6heksirtetrd 1scsey fortbastseruotyrk ¢8G4 H;, Clghbp.anvd 693 -

di oxyi sobutyric) acid A mxture of 3.9 g (0.02) of 4-am no

phenoxyi sobutyric acid, 1.8m (0.01 nole) of 1,6- diisocyanate hexane, 1.00
g (0.02 nole) sodium hydroxide 35 mMl of THF and 5nl of water is stirred 20

and warmed to 40-45C overni ght f%le?gy%g%?dﬁé%@r the THF i s evaporated,

about 50nl of water is added and I um car bonate i s added and
dithionite is added and the material is a¢jidified with acetic acid. The
product? | sQumoIneee%mthxxﬂ@mwomeﬂwm%ww&%d dried yielding an off white
powder (about 2.45g) np 198C (dec.) The structure is structure 6.

C28H38/\ 1408; AmiSes o2 7.95pXSMmbley Bf ASHmETipleroxyisob@)rio/id, 2.28 g (0.01 mole) of 2-

2012/ 050623PCT/ US2011/ 001890 EXAMPLE 7 (conpound 7) trans

1, 4- cycl ohapifthylquinb e Wydfoohilendss i safipstagsiint parbavia, 46 Anlrof water sndd¥d m! of2g
(0.01 nole) of trans 1, 4cycl ohexane diisocyanate, 3.0g (0.01 nole) of 4-

am no pherl%gbbb&ﬁbidtréﬁuk@d A stlired foP P Krs20d MBdrie brovin selatoniwithptbuok  digroditlis of
water and 35 mM of THF is stirred and refl uxed overnight. After working up

the react i @flis At flodder WorRlq (PR sodfrifRhAE DifhimitTRladlecaind s mikigfetis

sensitive and turnS to a purp wder by exposure to daylight. The product
has a el ting point of 239, "oBtal Eis Let (HRBERRNARS2.. MW
556 26 GURSiFR MR ol g O GF bV WcBtalna. The Uk fis e

ConzoNzOg; mw 336

EXAMPLE 3 (compound 3)
2,3,4,5,6- (pentamethylbenzyl-4-aminophenoxyisobutyric) acid
15 A mixture of 1.25g (0.005 mole) of 3,6-bis(chloromethyl amine); 1.9g. (0.01 mole) 4-
aminophenoxyisobutyric acid, 2.0 g (0.01 mole) potassium carbonate and 25 ml of a 50:50 mxture of
water and isopropanol is stirred for 24 hours. The mixture is treated as in Example 1 giving a solid

with a melting point of 178-184°C.The structure is shown as structure 3 Cz;HzoN)Oz;mw 455
20 EXAMPLE 4(compound 4)
1-(4-cinnamylamino phenoxyisobutyric) acid

A mixture of 2.1g (0.01 mole) of cinnamy! chloride; 2.0g (about 0.02 mole) 4-

aminophenoxyisobutyric acid, 2.1 g (about 0.015 mole) of potassium carbonate and 30 ml of water is
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WD 2012/ 050623PCT/ US2011/ 001890 EXAMPLE 8 (conpound 8)

2, 2-di chl or obenzoyl am dophenoxyi sobutyric acid 5A m xture of 1.77g

(0. O5nplevoah122)5862di chl or obenzoi caci d HONE ester; 1.95 @C@QSed1moise) of

4- am nophenoxyi sobutyric aid; 1.58g (0.15nple) of potassium carbonate and
30 M of water are stirred and boiled overnight. Mdire water is added and
boi | i ng i dieasadrind phireed overnight. A tiowmish salution isebteinad ariddhe selventis evaparated fo@¥edd and
treated with dithionite and acidified with acetic acid to give a white
solid, A byrishpasn! Wates wabaddet aithabvtit adid ardiaspeipiag is obthined. Whterfrigitidn bei t e
is added to partially clarify 10the m xture before acidification with

acetic aci 9 i9hNGed Wakied I et 0 1Bt (il 4']'? N OSHW B17i S
set forthnggehstlruré?ur’g}agi.e %‘@ﬁ%@c%ﬁ%@“ﬁ&aég@ %ﬁkﬁéﬁ% 9 @(I){?n]péuér;ld 9)
1, 2-di acetyl am doi sobutyric acid 15A m xture of 0.875nl (5 nmol es) of
1, 2-clichl orobenzoyl chloride; 1,95 g (10mvl es) of 4-
am nophenoxyi sobutyric acid ; 3.58 20mml es) of pot assi um carbonate in
20mL of5 et hanol are stirred and E AES feompoundddurs. 20l of water us
added and evaporated to renove ethanol. Dithionite is added, the m xture is
filtered ard-caboxgi-I-carboxylantidopbetokyischutydejtacidgi ve a 50% yield of a white
solid. MP about 220C (dec).The structure is structure 9. C301132N208; nw
548 20 EXAVPBHgl00% morpoti i@ mddb(active ester) of HONE ester of glutaric acid (Cis Hi3NOg) is mixed
with 2.0g (0.01 mole) of 4-amino isobutyric acid and 3.0g (0.30 mole) of potassium carbonate in 30ml
of water, The reaction mixture is stirred and heated at 100°C overnight and a brown paste is
10 recovered and dissolved in hot water. Dithionite is added to partially clarify the material which is
acidified with acetic acid which yields 1.40g of a beige precipitate,. The structure is structure 3

CysHioN;Og; mw 309

15 EXAMPLE 6 (compound 6)

1,6-(4-carbobutoxyphenyl) hexane-4,4'- dioxyisobutyric) acid

A mixture of 3.9 g (0.02) of 4-amino phenoxyisobutyric acid , 1.8ml (0.01 mole) of 1,6-
diisocyanate hexane, 1.00 g (0.02 mole) sodium hydroxide 35 ml of THF and Sml of water is stirred
20  and warmed to 40-45°C overnight for 24 hours. After the THF is evaporated, about 50ml of water is
added and about 2 g of sodium carbonate is added and dithionite is added and the material is acidified
with acetic acid. The product is filtered, washed with water and dried yielding an off white powder;

(about 2.45g) mp 198°C (dec.) The structure is structure 6. CogH3sN4Op; mw 556
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N- succi nyl am dophenoxyi sobutyric acid 29 SUBSTI TUTE SHEET (RULE 26) WO
2012/ 050623PCT/ US2011/ 001890 A mxture of 1.0g (0.01 nole) of

succi ni ¢ wohytrisae3 1, 95g ). 01 nole) of 4- am nophenoxyipsohistgmiocisaci d; in
10 mM of water is stirred and boiled for 24 hours. A clear solution is
obtained that is evaporated to yield a sem -solid gain. 20nl of water is
added and the m xture is gently heated to evaporate the water and yield an
off white solid. The structure is structure 10. CL13HoN105; 5 mw 295 EXAMPLE
11 (conmpound 11) 1, 4-bi s-phenyl uri dophenoxyi sobutyric acid 10 A m xture of
3.9g9 (0.02nvl e) 4-am nophenoxyi sobutyric acid, 0.8 g (0, 02nol e) sodi um

hydroxide, 6 m water and 60 ml ggAn@hydr@bdsgndys cooled in a freezer
before adding 3.5 g (0.02 nole) 4-bi sp%en@o%i s%z);anate with stirring. The

m xture is then stirred_at .room {enperatur vernight.. Finally 15 the

m xture is heated gentl Sr/a”ﬁAé'%'?ﬂoh‘?}g%aﬂret'%’@@ﬁﬁ@?&f‘g’um&%‘?6rrfL 5N sodi um
hydr oxi de is added and | eft overnight stirring. Al so water S adqu gnd
gent | y Swar med Ageirireofli 128(&01 wale) ofdiaps k4-evelokexane fiocyanaiged 05,0 imale) §f &
Practically 2m 5N sodi um hydroxi de is added. The structure is shown as

st r uct ur e arhibo plE@eRyl®bMIOSacidy3 Gy (B0 mole) of sodium hydroxide, Sml of wateExpiNSInst of PHF
(compound 12) Oxo-bis-1, 4-benzam dophenoxyi sobutyric acid 25 A m xture of
5.26g (0. @Rrimédend deflaxsd diesnighe e 6/ofkirighp atitdeadBomprodilct | B8gofin@erial isiobfaled 2
nole) triethylarnine is cooled in freezer and then 2.75 m1l (0.02nol e)

t - but yl chivhy pitedaratigh senaGietesd Wind 18 a plirple pbwder by BepoBiire widdyligis. Tieqiraitotdged n
in a freezer and 3.9g (0. 04nol e) 4-am noi sobutyric acid and | g sodi um
hydr oxi de rfipepdht f o569, M s itk EHARLOL m$36and the solution is
stirred for 2 Rours. It 1s then evaporated by owi ng air becomng a thick
syrup. Cold water is added and evaporated to
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30 renove the rest of the THF. It is then acidified wth acetic acid and 1
g dithionite added. The white 30 SUBSTI TUTE SHEET (RULE 26) WD

2012/ 050628RCI/03®2011/ 001890 precipitate is cool ed and frirtuse@d 00180 i s
washed with water and left at roomtenperature to dry. The product is a
white solid. To recrystallize a sanple of 250ng is dissolved in 10 m

i sopropanol diluted with water and refrigerated to recrystalize into a
granul ar white powder which is dried at roomtenperature for one
week...Total yield 6. 359 (about 100% . The structureit t12CHNO _s
structure_34__32 2 9.: 5 nmw 610; np212-215C EXAMPLE 13 (corrpound 13) 2,6

di napht oxybenzani do- 4 4' - phenoxyXsAMPLY B gon%ugd 0 A mxture of 2. 225g
(0.01nol e) 2-6 naphthal enedi carboxysilic acid m tetrahydrofuran (THF)

and 2.2 ( t oledlnafreezer and then 2.75 m
(0, 02nol g%2bdécﬁ§0?&gﬁ%>yc?ﬂﬁo&§¥ "}r’fﬁ&ﬁ%gaﬁ% t h stirring. This ice cool ed
product is added to 3.9g 4- am nqphenoxyj sobutyri, Ive a
sol uti én of 1gAs'6‘Hf“EFrﬁfH37 6% w0 q r?f?»314f° 6?20296‘6&@%@31‘%%&@ ﬁjei)gp
stirred at roomtenperature and then evaporated at roomtenperature (air)
t 0 r enpved-Tiriophenoxysobitpic ad;i1chisE (& hnwid) kf potasiivn cabomhteaand 39 n2l Oéw@fer ¥earting

di carboxylic acid as white powder is recovered. The structure is structure
13. C32H3aN20&rboRddoverrggiedvier watea s ad34¥d @nd Hdikngab coneineainfoo sidhduss alasbtherade

usi ng et hyl choroforrnate instead of benzyl chl orof ormate giving 60% vyield.
20 EXAMPL Ezaclidn fmoaum @ fitbredehd treated with dithionite and acidified with acetic acid to give a white
solid, A brown paste is obtained that is dissolved in hot water. Dithionite is added to partially clarify

10 the mixture before acidification with acetic acid to give a beige precipitate. Yield is 1.45g The

structure is set forth as structure 8. Cy7HysChbN,Os; mw 547

EXAMPLE 9(compound 9)
1,2-diacetylamidoisobutyric acid

15 A mixture of 0.875ml (5 mmoles) of 1,2-dichlorobenzoyl chloride; 1,95 g (10mmoles) of 4-
aminophenoxyisobutyric acid ; 3.58g (20mmoles)of potassium carbonate in 20m! of ethanol are stirred
and refluxed for 24 hours. 20ml of water us added and evaporated to remove ethanol. Dithionite is
added, the mixture is filtered and acidifies with acetic acid to give a 50% yield of a white solid. MP
about 220°C (dec).The structure is structure 9. C3oH3;N2Og; mw 548

20

EXAMPLE 16 (compound 10)

N-succinylamidophenoxyisobutyric acid

29
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Qui nol i ne- 4- car boxam do- 4- phenoxyi sobutyric acid 25 A m xture of 1 g
(0.03nmol e) HONE ester and 0.6g (0.03npl e) 4-am nophenoxyi sobutyric acid and
| g (exceswd p@Es@3um car bonate and 20 ml water was sti pPcedSand/ohmsat ed for
24 hours. It was evaporated to dryness and dissolved in 20 m boiling water
and filtered and acidified with citric¢c acid and acetic acioii. It was cool ed
and preci pi t at 8 niKwre gfj11084p.8hmoig) af sy¢cinicanhydndes] Qg )l iele) of4:  c20H1811204

a0 30 @%@Hﬁ«%&%ﬁ@?'&@ﬁé@ﬁ% of it 1%&9% R0 f? 7RO k20 KRG

EXAVPLE 1 onpo yl qui nol car boxam dophenoxyi sobutyric
aci d A i itained tint iskvabdraied(t0 yRidwden)-bsRIguRsI0etl obfvater is added and the mixture is gently

2- phenyl qui nol i ne- 4-car boxylic acid and 0.975 g 50. 05nol e% )

4- ani nophbasiss io evansraty Hie vaiee ael vield an ofb white wobd. Thgsiregure s sB¢te 40 Gatbdh Bonat e
i s added to%% m water and is stirred and refluxed for 24 hrs. After
filtrati oV is acidified to give the desired conpound. The structure is
structure 15. C26112 1N204 nw 425 npl98(dec) 10EXAMPLE 16 (conpound 16)

4- (1, 3,5-tri phenoxyi sobut yl am dophenoxyi sobutyric acid 15A m xture of

0.085g (0.0033nole) 1,3,5-triphgRaxpreabutohdouid ofyi de and 1.95 g (0.01lnol e)
4- am nophenoxyi sobutyric acid |En 25 m :)K/riéji ne v?/as refluxed for 48 hrs.

Then 250 mM water was added and acidified with hydrochloric acid. A |ight
brown product. was ohtai.ned, .filtered and washed with water and dried. The
structure ﬁé—glg-t\gﬁ%ﬁx&dgphfg@@fg ut 012 nw 747 nmp 235C. (dec) 20

10

A mixture of 3.9g (0.02mole) 4-aminophenoxyisobutyric acid, 0.8 g (0,02mole) sodium hydroxide, 6
ml water and 60 m! tetrahydrofuren is cooled in a freezer before adding 3.5 g (0.02 mole) 4-bis-
phenyoxyisocyanate with stirring, The mixture is then stirred at room temperature overnight. Finally

15 the mixture is heated gently and air blown to evaporate before 6ml SN sodium hydroxide is added and
left overnight stirring. Also water was added and gently warmed before filtration. Acidified with HCL
to get precipitate. Practically 2m 5N sodium hydroxide is added. The structure is shown as structure

11, C23H30N405 mw350

20

EXAMPLE 12 -(compound 12)
Oxo-bis-1,4-benzamidophenoxyisobutyric acid

25 A mixture of 5.26g (0.02mole) 4-oxy-bis-benzoic acid and 25 ml THF and 2.2 m1(0.02 mole)
triethylamine is cooled in freezer and then 2.75 m! (0.02mole) t-butylchloroformate is added while
stirring. The product is cooled again in a freezer and 3.9g (0.04mole) 4-aminoisobutyric acid and 1g
sodium hydroxide in 5 ml cold water is added with 20 ml THF and the solution is stirred for 2 hours.
It is then evaporated by blowing air becoming a thick syrup. Cold water is added and evaporated to

30 remove the rest of the THF. It is then acidified with acetic acid and 1 g dithionite added. The white

30
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EXAMPLE 17 (conpound 17) 4-adanat oyl am dophenoxyi sobutyric acid 25 A

m xture of 3.58g (0, 02nol e) 4-adanmantyl carboxysylic acid is dissolved in 50
m THF amsto2n/aseé28heyl amine and is then cooled in ice Ilpatrtusand/ostspered for
one half hour to get m xed anhydride. To the resulting product 3.9g
(0.02nol e) 4-am nophenoxyi sobutyric acid is added and the stirrin

cont i nuedzr?céﬂ“a@ ‘W@ESA’@“ ijgred. ¢l Wa‘ﬁhﬁéwﬂb&’é@{@ﬁ loft ®aorim temperayre @rd@g Wfd

Corut1 on Tk EFRICIITLE o RondQEE Rl COra TR B SPREY ) 0 R BRgHoFilucd

sol ution a arco IS added

SUBSTI TUTW#ithSttdr ind fefiigera?d)to Yorysfali 2y ifo Q @raatlarwhife30 vlié0O0Ri 8018 diibdatpeonduct s
acidified with hﬁgr ochl oric acjd and cool ed0 and then filtered, &Flp _
st ruct ur eleMESTANIE {RF Ol Weekr. Togzh yielinbe faboph 08% K Thersjrueireds steushuss L SyfsdQsi o

coul d be A eadoof adamantyl carboxsylic acid to obtain the
car boxgmrgg%g)é}rnp\?}tgte?\?ee The structure is structure 5 EXAMPLE 18 (conpound

18) 4-cycl oal kyl qui nol yl car boxam dophenoxi sobutyric acid 10 A m xture of
2.94g (0.02nple) isatine and 50 m ethanol and 2.24g (0.04 nole) potassium

hydroxi de and 2g (0.02 nol e) cygxeXRIPMCntppuiei)uxed to give
cycl ohexyl qui nol i ne-4-carboxylic acid. This acid i's dried and di ssolved in

50 mM THF and 2miet hyl chl orof ormate and 2 ml three ethyl am ne are added
2" 2 nophandRorLouBtbahic-E ekl 18800 ot rri g continued for 4 hrs.
After1giltration nost of THF is evaporated and diluted with water and
S Str uct iRs of CESRADDAIhy SRsRIReTs RO BY i RarD e e TS ©
cycl ohept 2AQNE.0Rh &l &Rehyldiné & doSRP ANt Gath@NEPS i (Co2mRnd s obt ai ned.
benzylchoroformate is added with stirring. This ice cooled product is added to 3.9g 4-
aminophenoxyisobutyric acid and dissolved in a solution of 1g sodium hydroxide in § ml water cooled.
15  The mixture is stirred at room temperature and then evaporated at room temperature (air) to remove
THF. 1t is then acidified with acetic acid and 2.2 g of starting dicarboxylic acid as white powder is
recovered, The structure is structure13. C3HyoN;Ogmw 570mp greater than 300°C.
The above compound is also made using ethylchoroformate instead of benzylchloroformate giving
60% yield.
20

EXAMPLE 14 (compound 14)
Quinoline-4-carboxamido-4-phenoxyisobutyric acid
25  Amixture of 1 g (0.03mole) HONE ester and 0.6 (0.03mole) 4-aminophenoxyisobutyric acid and 1g
(excess) potassium carbonate and 20 m] water was stitred and heated for 24 hours. It was evaporated
to dryness and dissolved in 20 ml boiling water and filtered and acidified with citric acid and acetic

acid, It was cooled and precipitate then filtered. The structure is structure 14. CzoH;sN204 mw370

30
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20 EXAMPLE 19 (conpound 19) 4-pi peronyl car boxam ndophenoxyi sobutyric acid
25 A mxture of 1.7 g (0.01nole) piperonylic acid and 1 i

et hyl chl owof2orrab@3and 1 nml triethyllamne in 25 nl of acy/seatons s
stirred and cooled and at the end of about 1 hour, 1.95 gm (0.01lnole) 4-
am nophenoi sobutyric acid is added followed by the addition of2 m 1 N
sodi um hydroxide. Stirring 30 cdRAMRIafcompoundtiéyperature for 3 hours.

The reacti odu s filte and st of, the acetone is 33 SUBSTI TUTE
SHEET (RUL%% 109 Q&B%’f‘ T/‘CC?GE!SQO evaporated. 30 ml water is
added and aci di f| ed Wi t h hydrogen chloride to precipitate. The solid is
filtered, washed with water and air dried. The structure is structure 19.

CoHoNi  Os Amix8uofd 42e(fdamaleNGONE esterof € phenyluinolinesd-yarbenybin acid and/4.3%) 8
according the foll ow ng.protaocol ncubated i.n th esel

o ucose aiPSebiaRoR o Gb s and A aTR ARG o e eaBerls I Ger

vere run oBmiyaePadiestirRadnd feAiRddasradud AnEINratiFR NP lsabRifick A givatre d&sﬁr@@edur e
as for a 10 western blot. The membrane was then processed to identify

gl ycopr ot ebmpaiodiThastrupjure fsstrpenied i CskhaNDs Sowmide§ mpHBédaskt hod, The positive
reaction is pink, and glycation also shifts the nol ecul ar wei ght so the
band m grates nore slowly down the gel (higher position on the blot). BSA
al one shows faint staining--and about 5% of this protein is glycated
normal | y. Am noguanadi ne was used as a control Reduced staining is an

i ndi cafg on 'of glycation inhibitipmviEe @ RepeshdN®) 1 was found to inhibit

gl ycati on.

4-(1,3,5-triphenoxyisobutylamidophenoxyisobutyric acid

15 A mixture of 0.085g (0.0033mole) 1,3,5-triphenoxyisobutyrlchloride and 1.95 g (0.01mole) 4-
aminophenoxyisobutyric acid in 25 ml pyridine was refluxed for 48 hrs. Then 250 ml water was added
and acidified with hydrochloric acid. A light brown product was obtained, filtered and washed with
water and dried. The structure is structure 16.C4oH33N30,, mw 747 mp 235°C. (dec)

20

EXAMPLE 17 (compound 17)
4-adamatoylamidophenoxyisobutyric acid

25
A mixture of 3.58g (0.02mole) 4-adamantylcarboxysylic acid is dissolved in 50 m! THF and 2ml
tritheylamine and is then cooled in ice bath and stirred for one half hour to get mixed anhydride. To
the resulting product 3.9g (0.02mole) 4-aminophenoxyisobﬁtyﬁc acid is added and the stirring
continued for 3 hrs. At this time the reaction product is filtered and evaporated to remove most of

30 THF. An excess of sodium bicarbonate solution and charcoal powder is added to discolor the product.
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The conpounds of the invention may be used in veterinary nedicine for those
condi ti ons described herein which occur in donestic aninmals, such as dogs
and cats we 2weldso@s in | arger ani mals such as horses ana&cCrarspoianirsad s
including cattle, pigs sheep and the like. 20 25 30 34 SUBSTI TUTE SHEET
(RULE 26) WD 2012/050623PCT/US2011/001890 | claim 51. A conpound of the
fornul a: Theprgdupt igacidi@ed with hydrochloric acid and cooled and then filtered. The structure is structure

17. C3uHasN1O4, mw 367 Any other carboxysylic acid could be used instead of adamantylcarboxsylic

acid to obtain the carboxamido derivative, The structure is structure

EXAMPLE 18 (compound 18)

4-cycloalkylquinolylcarboxamidophenoxisobutyric acid
10
A mixture of 2.94g (0.02mole) isatine and 50 ml ethanol and 2.24g (0.04 mole) potassium hydroxide
and 2g (0.02 mole) cyclohexanone is refluxed to give cyclohexylquinoline-4-carboxylic acid. This
acid is dried and dissolved in 50 m! THF and 2ml ethylchloroformate and 2 ml three ethylamine are
added over an ice bath. After 3 hrs stirring 3.9 g (0.02mole) 4-aminophenoxyisobutyric acid is added
15 and stirring continued for 4 hrs, After filtration most of THF is evaporated and diluted with water and
acidified with hydrochloric acid to get the final compound. The structure is structure 18. Ca9H20N204
mw 400 If other cyclic ketones such as cycloheptanone are used the corresponding cycloheptyl

compound is obtained.

20

EXAMPLE 19 (compound 19)

4-piperonylcarboxamindophenoxyisobutyric acid
25

A mixture of 1.7 g (0.01mole) piperonylic acid and 1 ml ethylchloroformate and 1 ml triethyllamine in
25 ml of dry acetone is stirred and cooled and at the end of about 1 hour, 1.95 gm (0.01mole) 4-

aminophenoisobutyric acid is added followed by the addition of2 ml 1 N sodium hydroxide. Stirring

30  continued at room temperature for 3 hours, The reaction product is filtered and most of the acetone is

33
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CH2- NEO- G- COOH CH3 25 35 SUBSTI TUTE SHEET (RULE 26)  (5) HOOC- (CH2) 3 -
C-NH CH3 0-C COOH CH3

WO 2012/050623 PCT/US2011/001890

evaporated. 30 ml water is added and acidified with hydrogen chloride to precipitate. The solid is

filtered, washed with water and air dried. The structure is structure 19. CioHoN,0Os mw 340

Compound No. 1 was tested for glycation activity according to the following protocol:

BSA was incubated in the presence of glucose and Compound No, 1 at 37°C for § weeks. Aliquots of
2 pg protein were run on an SDS gel and transferred to PVDF membrane--the same procedure as for a

10 western blot. The membrane was then processed to identify glycoprotein content by the periodic acid-
Schiff base method. The positive reaction is pink, and glycation also shifts the molecular weight so the
band migrates more slowly down the gel (higher position on the blot). BSA alone shows faint
staining--and about 5% of this protein is glycated normally. Amimoguanadine was used as a control
Reduced staining is an indication of glycation inhibition.

15 Compound No. 1 was found to inhibit glycation.

The compounds of the invention may be used in veterinary medicine for those conditions
described herein which occur in domestic animals, such as dogs and cats as well as in larger animals
such as horses and farm animals including cattle, pigs sheep and the like.

20

25
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(6)CH300 I.1111 HOOC C ONH G- N11-(CH2)6 -N.H-C-NH | 10CH3 CH3 0- G- COOH

CH3 r30 110 IICH3 I 15 (7) HOOC-C 0 H G NHNH C NHO C- COOH | |
WO 2012/050623 PCT/US2011/001890

[ claim:

5 LA compound of the formula:

10 | I I C|H’
(1) HOOC—(I}O-' —~NH-C-NH©— — NH-C-NH 0-C-COOH
I
CH; Vs : CH,
15
CH,
(2) | N l
2 ) CHz-NH-Q— 0-C-COOH
N l
CH,
25
CH,  CH,
CH,
7 N\ ‘
(3) CHy— - CH,;NH 0-C-COOH
—_ I
CH
Hs s 3
30 - '
&
) @\/NH—-QO-(?I-COOH
CH,
35 ‘
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CH3CH3 20 CH3 0- G COCH CH3 36 WD 2012/ 050623PCT/ US2011/ 001890 5 00 |

li ( 10) OH C CH2CH2C - NH
WO 2012/050623 PCT/US2011/001890

CH3
() HOOC-(CHy); - c NH-@.O c COOH
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WO 2012/ 050623PCT/ US2011/ 001890 5 2. A pharmaceutical conposition which
conprises a conpound as defined in claiml and a pharnmaceutically

accept ablwodniausnd23 3. A nethod of inhibiting formationprafi/uggéiamvison end
products or protein crosslinking resulting 10fromglycation in a mammal in
which it is desired to inhibit formation of glycation endproducts or
protein crosslinking, wherein said nethod conprises adm ni stering an anpunt
of a conmpound as defined in claiml in an anount effective to inhibit the
formati on of glycation end products or protein crosslinking. 4. A met hod
of preventing or treating skin aging which conprises applying to the skin
an 15effective anount of a conpound of claim1 or a pharnmaceutically
acceptabl e salt of said conmpound to said mammal . 5. A nmethod of treating
rheumatoid arthritis, Al zheinmer's disease, WIlson's disease,

at heroscl erosi s, neurodegenerative di seases, neurotoxins and netabolic
syndrone wherein said nethod conprises admnistering an effective anount of
a conpound of claim 1l or a 20pharmaceutically acceptable salt of said
conpound to said mammal 6. A nmethod of treating skin to increase the anount
skin col l agen which conprises applying to the skin an effective anmount of a
conpound of claim1 or a pharmaceutically acceptable salt thereof. 40

SUBSTI TUTE  SHEE ptRhdeutt@l coffositd b PR Oatitel/ s omBdld A9 48R d in claim 1 and a

pharmaceutically acceptable diluent.
3. A method of inhibiting formation of gylcation end products or protein crosslinking resulting
10 from glycation in a mammal in which it is desired to inhibit formation of glycation
endproducts or protein crosslinking, wherein said method comprises administering an
amount of a compound as defined in clair 1 in an amount effective to inhibit the formation
of glycation end proﬁucts or protein crosslinking,
4. A method of preventing or treating skin aging which comprises applying to the skin an
15 effective amount of a compound of claim 1 or a pharmaceutically acceptable salt of said
compound to said mammal .
5. A method of treating rheumatoid arthritis, Alzheimer’s disease, Wilson’s disease,
atherosclerosis, neurodegenerative diseases, neurotoxins and metabolic syndrome wherein
said method comprises administering an effective amount of a compound of claim 1 or a
20 pharmac;eutically acceptable salt of said compound to said mammal
6. A method of treating skin to increase the amount skin collagen which comprises applying

to the skin an effective amount of a compound of claim 1 or a pharmaceutically acceptable

salt thereof.
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7. A nethod of preventing aging of the skin which conprises contacting skin
with an effective anmount of a conmpound of claiml or a pharmaceutically

accept ablwo=al®osed23sai d conmpound. 8. A phar macegciraskéy/oasaept abl e
salt of a conpound of claiml1 and a pharmaceutical carrier. 59. A nmethod of
treating Type | diabetes which conprises admnistering to a Type | diabetic

patient an ef’ ebtiahodafpueventify agingofihe stisiwhich 6drairi¥ed htadtin WRInwagemt i cal | y
acceptabl e salt of said conpound, 10. A nmethod of treating Type II

di abet es whi ch eftaupive secnesim Snfdodkd sTRlakR | 8r JMﬁﬁRdcleut%ggﬁcié@?tﬁ@éah%ﬁéaida”

effective anmount of a conpound of claim1l or ‘a pharnac
10accept abl e saéotm}@{,mﬁai d conpound. 41 SUBSTI TUTE SHEET ( RULE 26)

8. A pharmaceutically acceptable salt of a compound of claim 1 and a pharmaceutical carrier.
5 9. Amethod of treating Type I diabetes which comprises administering to a Type 1 diabetic

patient an effective amount of a compound of claim lor a pharmaceutically acceptable salt

of said compound,
10. A method of treating Type Il diabetes which comprises administering to a Type lI

diabetic patient an effective amount of a compound of claim 1 or a pharmaceutically

10 acceptable salt of said compound.
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