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BACKGROUND OF THE | N\/ENTI O\I 5 The present invention reI ates
generally to the aging of proteins resulting fromtheir reaction
W th gl uewesssr22098 ot her reduci ng sugars, and nore parti th he

i nhibition of the reaction of nonenzymatically glycosyl ated

t ei f t t
PELE S, A O aetis o T e e

The reactlon etvveen gl ucose ang proteins has ‘been known for sone tine. Its
earl i est mani festation was in the appearance of brown pignents

during the cooking of food, gémmthd by Maillard in
1912, who observed that gluco ) 5 sugars react
with amno agids to form adducts that undergo a series of dehydratlons and
rearrangenents to form.sta

suggest ed t hat -}hep"“mm"?ijg?gga‘%\#g %@Wp{esag{ng%%%gers un&h‘?\?o nonenzyrratlc

browni ng as a rresadion with ghivese and ottieoreducing sugars, andeEMIgﬂa!b'dg&eaﬂdbmh@

T niked and cor 1A shRS holeRPoBECE ioRfie] SRk sl piaking of cross

This reaction biinked éormed duhsequgntso fermatiomef advanged,glycasylation(glycpieMd to have

its parallelig s/ N vivo. Thus, the nonenzymatic reaction between
gl ucose and the r*dproe am no groups on proteins to forma stable,
1- deoxyket osyl adduct, known as the Amadori product, has been
shown 10 0CCUT 4 RadiRAboheE Bucd teﬁnshmﬁmwmmsaﬁeﬁdne Régagliest

25 termnal of the beta- chal n of herm obi n ea t.i o #g Pﬁgée
forms the adducmanifestation was igthzgppearanc B‘F’EYBl "T‘ﬂ% 20EIPSA al so

been found to oghih wik 1d%nﬁfiédélfyIMixllmﬂfin 1912, who obsem:dlthat gimb;e prmhﬁlrednpmguc h

. " Advandsd wepsast uf gphoaEn RLHy ﬁ%"ﬂ&g ficemiice SHEF o tpaarions gnd

Di abet es and rearrangementy tofprmistabladrowrcpigments 1@gije weggestedsthaty )

1-34, Acadenm ¢ Etcrareeﬁ Sancg &e%?@a‘ted foods undergo nonenzymatic browmng as a result of the reaction
between glucose and the polypeptide chain, and that the proteins are resultingly cross-
linked and correspondingly exhibit decreased bioavailability.

20 '

" This reaction between reducing sugars and food proteins was found to have its parallel
in vivo. Thus, the nonenzymatic reaction between glucose and the free amino groups
on proteins to form a stable, l-deoxyketosyl adduct, known as the Amadori product,
has been shown to occur with hemoglobin, wherein a rearrangement of the amino

25 terminal of the beta~chain of hemoglobin by reaction with glucose, forms the adduct
known as hemoglobin Alc. The reaction has also been found to occur with a variety of
other body proteins, such as lens crystallins, collagen and nerve proteins. See Bucala et
al,, ”Advancc'd Glycosylation; Chemistry, Biology, and Implications for Diabetes and
Aging" in Advances in Pharmacology, Vol. 23, pp. 1-34, Academic Press (1992).

30 | | |
Moreover, brown pigments with spectral and fluorescent properties similar to those of
late-stage Maillard products have also been observed in vivo in association with several
long-lived proteins, such as lens proﬁeiﬁséand collagen from aged individuals. An age-
related linear increase in pigment was observed in human dura collagen between the

35 agesof20to 90 years. Interestingly, the. agmg of collagen can be mimicked in vitro by
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30 Mor eover, brown pignments with spectral and fluorescent
properties simlar to those—of———0r | ate-stage Maillard products have
-.al so been observed in vivo in association with several | ong-1ived
" proteins, such as lens proteins and col |l agen from aged individuals. An age-
rel at ed Ilrﬁar“hﬂ%ease in pigment was observed in human dpé&frosssiobdsadcn
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the cross-linking induced by glucose; and the capture of other proteins and .
the | f ortheerosslinkingdndnsed by giycoseiand thecapturesns other prateinsand theor | zed

to occur by a crosgemdtidhioRsdducts by collagen,&l%&ﬁbl’e@rls theélikel $o SRUt BV £ Erobs ikt UNt
for the observed accunul ation of”al bum n_and " antibodies in

ki dney basement nerdstinand is believed to account for the ghseryedncepmulatign of ajbumingnd 5
nmet hod and associ agnqgmﬁ&qﬂmnu’abﬁeﬂeggeﬁmet hat served to

inhibit the forpation of advanced gl ycosyl ati on endproducts by reacting
with an early - 3 - glycosylation product that results fromthe
original reaction In&s.gcPatent 4,358 ssagetnenrodm associated agemswmdis@bsedm:;ervedto

Accordi ngly, inhihi ost ted t e .as e react i.on

10 between the H‘fﬂ#"h %‘Iﬁﬁ °?H @F E@?‘Pﬁ [fé‘f tng With an.eprly
interrupt the glycosylat:mpnuknquhattresukafro:ndte ariginahreaction betwekem thedargetpratein
wi th additional 0, t S

| at e- st age product&a%n%oggfEl “fcﬁ&gln h{ng'ﬂ’l“g;e'rﬁaspos%aas oatrﬁ]fﬁ@%]&t??fﬂer g

am noguani di ne 10 arhétweées thediphibiter apd theganlyglycasylation pgodust/appearedite intgtruptithe
efficacy in . this

that has been achi eegm{ﬁ%‘?‘n%g%ﬂmd““é&%”ﬁmsﬁ“ﬁnh rtl cor#;gsw gvﬁaﬁ#ﬁﬁ@ﬁ)ﬁn
i's promising, a nebecrosniinked late-stageprodict. tQne of dheragents @Hﬂ“ iedhas pp pnhihiter wasnal
inhibitors that  amipg :a::ﬁrmqﬁéhme offifthérabiting hivedtheltfat ﬁ@msc Gn BROPE

of this potential activity and its di agnostic and therapeutic
utility. Afurther"ﬁ@'@d exists to find agents which not only inhibit this
20 reaction angsits consequences, but agents capable of breaking the

OOk o e e e s W Bkl B S aoknd RS componncs
is promising, a need continues to exist to identify and develop additional inhibitors that
broaden the availability and perhaps the scope of this potential activity and its diagnostic
and therapeutic utility. A further need exists to find agents which not only inhibit this

20 reaction and its consequences, but agents capable of breaking the cross-links formed as
a result of pre-existing advanced glycosylation endproducts, thereby reversing the
resultant effects thereof. |

SUMMARY OF THE INVENTION
25 .
In accordance with the present invention, a method and compositions are disclosed for -
the inhibition of formation of advanced glycosylation of proteins (protein aging) and for
" breaking the cross-links that form between advanced glycosylation (glycation)
endproducts (AGEs) or between AGEs and other proteins. Advanced glycosylation
30 (glycation) endproducts and cross-linking caused by other reactive sugars present in
vivo or in foodstuffs, including ribose, _galactose and fructose would also be prevented
and reversed by the methods and compositions of the present invention.
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resultant effects thereof. SUMVARY OF

THE | NVENTI ON 25 I n accordance with the present invention,
a Method and conpositions are di sclose or the inhibrtion of

formati on of advanced gl ycosyl ation of proteins (protein aging) and for

. breaking the cross-links that form between advanced gl ycosyl ati on

I (gl ycat i oW 96/22095 endproducts (AGEs) or between AGERCEHNES6H06A3,

| proteins. Advanced gl ycosyl ation 30 (glycation) endproducts and

' cross-linking caused by other reactive sugags present in Vi vo or
I n foodstuffs, including ribose, galactose and fructose would al so be

prevent eﬁnvem . Jn particfif! tie V6 mgﬁﬁﬁ«/x%%o&:?ﬁsé@&h?ﬂﬁ irfhitshidg P fotinbtict ot R ¢ e

|F:)>C-|-/ US96/ 00663 reversing the pre-formed advanced glycosylanon (glycation) endproducts and breaking

AR R A B e

(gl ycation) endph® d‘EFc'T'E”kHTﬁP advanced g

tV\hhl Ig noL Wi s } Il?oisﬂmhﬁxs?mﬁ gbl:ﬁe%l&vigbwmdlcarﬂonylwp(r&!ﬁ@rz{sslmi preserithat
e breaking o e Lo forie fvanc gt,:%gl?}%(n i,on ‘%Fé’g ion

endproducts and '® anceq glycosy ‘15"’8 F s fhis,

di car bonyl - basednyntbreare thus divedtedts agentsoeleichi, by their ability to efféd mdhd:leﬁmdcan

gl ycosyl ation e f i "

i nvention are t%gﬁlg%r ecf*‘aip'%Pg%%%@%ﬁggp&?Lé#'?gﬁgﬁdﬁ@"?Wéﬁ P’g‘Ct

such cl eavage, caadﬁwmsultmtdebenmsdﬁemmemfbodaakvmhen@ms:ilfaorrred advanced

gl ycosyl ati ogg endpr oduct and cross-1ink, and t he resultant
del eterious effects thereof, both in vitro and in vivo.

Certain of the a:'gmmf@msemsnwmlmdppmnnmmmmmmomm@fof t he
cl ass of con@gﬁmlmgﬁn ko@ofsmd Ni azol i uns.

The agents comprise thiazolium compounds having the following structural formula:

1§
| Y x°

RL-N® -
1 V-2 m
R S -
wherein R! and R2 are independently selected from the group consisting of hydrogen,
20 hydroxy(lower)alkyl, acetoxy(lower)alkyl, lower alkyl, lower alkenyl, or R1 and R2
together with their ring carbons may be an aromatic fused ring, optionally substituted
by one or more amino, halo or alky'lcncdioxy groups;
Z is hydrogen or an amino group;
Y is amino, a group of the formula
o
. I
- “CHCR
wherein Ri is a lower alkyl, alkoxy, hydroxy. amino or an aryl group, said aryl
. group_op_nonally subsntu_ted by one or more lower alkyl, lower alkoxy, halo,
30 dialkylamino, hjdroxy,_ nitro o_i- alkylenedioxy groups;
a group of the formula o
_ - CHR _
wherein R' is hydrogen, or a lower alkyl, lower alkynyl, or aryl group;
or a group of the formula
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The agents conprise thiazolium conpounds having the follow ng structural

fornmul a: 15 —_— [err]

‘wherein Rerr] and Rlerr] are |ndependently sel ected fromthe group

consi sting of hydrogen, 20 hydroxy(l ower)al kyl, acetoxy(lower)al kyl,
| ower al kyl , wio9gRsees! kKenyl, or Rierr] and R err] t pgiUsseO0ed3t h
their ring carbons may be an aronmatic fused ring, optionally substituted
by one or nore am no, hal o or al kyl enedi oxy grgups Zis
hydr ogen or an am no group; I's am no, a group of the
formul a 25 [ rr,.|| wherein Ris a
| ower al kyl, al koxy, hydroxy, am no n aryl ‘group, said aryl

group optlonally substituted by o [.e lower alkyl, |ower alkoxy,
hal o, - 30 di al kyl am no, 4&? , hitro or al kyl enedi oxy groups;

a group of the formula whereinR"is hydro nandR“‘ lsaloweralkyi ‘i‘ar&ﬂt ly substituted by
wherein R is hygdrogen, | ower

or a group of th fornmagarngroup or\magélgmggdar%grgupopmnaﬂy subs(k]:mtefbyone

PCT/ US96/ 00663 : or more lower alkyl, halo, or alkoxylcarbonyl go ups; or R" and R™ are‘both
[err] in R is hydrogen and Is a | ower alkyl

group, optionall y subst Il?\ﬁ?l'@@@i;l‘&p&
X is a halide, tosylate, methanesulfonate or mesitylenesulfonate ion;

and mixtures thereof, and a carrier therefor.
10
- The compounds, and their compositions, utilized in this invention appear to react with
an early glycosylation product thereby preventing the same from later forming the
advanced glycosylation end products which lead to cross-links, and thereby, to
molecular or protein aging and other adverse molecular consequences. Additionally,
15" they react with already formed advanced glycosylatlon end products to reduce the
amount of such products.

The present invention also relates to a method for inhibiting protein aging and other
~ adverse molecular consequences by contacting the initially glycosylated molecules at

20 the stage of the early glycosylation product with a quantity of one or more of the agents
of the present invention, or a composition containing the same, and to a method for
breaking the already formed advanced glycosylation end products to reduce the amount
of such products by cleaving the c-dicarbonyl-based crosslinks present in the advanced
glycosylation endproducts. In the instance where the present method has industrial

25 application, one or more of the agents may be applied to the proteins in question, for
instance, either by introduction into a mixture of the same in the instance of a protein
extract, or by application or introduction into foodstuffs susceptible to advanced
glycation and crosslinking, all to prevent premature aging and spoilage of the particular
foodstuffs, and to reverse the effects of already formed advanced glycosylation end

30 products. .

- The ability to inhibit the formation of advanced glycosylation endproducts, and to
reverse the already formed advanced glycosylation products in the body carries with it
significant implications in all applications where advanced glycation and concomitant
molecular crosslinking is a serious detriment. Thus, in the area of food technology, for
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5 an aryl group. or an aryl group, said aryl group optionally

substituted by one or nore | ower alkyl, halo, or

al koxyl carbonyl groups; or R- and R'" are both [ower

al kyl groups; ' X is a halide, tosylate, nethanesulfonate
or nmesityl enesul fonate ion; and m xtures thereof, and a
carrier WOe622e95. 10 - The conpounds, and PEEUSI¥EAIosi ti ons,
utilized in this invention appear to react with an early

gl ycosyl ation product thereby preventing the sane fromlater formng the
advanced glycosylation end products which lead to cross-links, and thereby,

t

C 8 nsequences. I 1 Iegﬁnlg.wtgk %f %%ﬁﬁ%ggﬁ& @%%e ?gfa &s&%aoc ial
advanced gl ycos‘%“aﬁli bmnm qsFtaif fleads of W&bwlmﬂéﬁss perishable ambﬁhmme mpres uch
products. available foTB&xsm eQ{:mlaQé’%BﬁlH‘B@ réa\m s Yol e L fseBet hod for

I nhi biti ng pr oteln velrse ar_consequences

by contacting t'ﬁ@eﬁ'ﬂ%r TegM"g ﬂ!@%ﬁ%ﬂeﬂ‘dﬁﬁ?%ﬁﬂd@%“&flab ility %&efwﬂécgﬂ ge of
the early 9'500§dln8&dbﬂi2u@ftﬁ!ﬁ‘ﬂﬁ-icem mbmmwélswraﬂy.thefmm&m of the

Sone. and to a WERGAGmS whers the perishabiiiof Biekeity i A BroBIeR B ROHIEA Bovanced
gl ycosyl ati.on @zdnﬁbmpmmmvemwnaccédwmmtmmngsuch protéiﬁs%mhl product S
ol yeosy! at on " SRGSTRE SEREd RERS el Sand RreRinky e o bREr VR 3o
i ndustri al discolonpioh ipcerentatives such aﬂsulimdlaxndé knbwn apenniestoxirity ineludingl i ed to
the prot el N3o! Tugsshh Ahmb & anjmals, can be reb B zo ng,!omﬁfsuaymn&soduct'on

e 0 e |1 nstan

into a m xtur he sane. I'n e of a pr extract,
or by appli cat idsseribed hereinoducti on into foodstuffs susceptible to advanced
glycation and crosslinking, all to prevent premature aging and spoil age of
the particul ar foodstuffs, and to reverse the effects of al ready
fornmed advancedhsipyesenyacthaddias pasticular thempeutisyappliratien as the Maillard pratess abi | i ty

to inhibit the Jcﬁ&mfeaas@%madmaﬁ SAlfiHnY Hiofeirt Mhdsey in WbV Hidng thetnd t O

reverse the_alre; advanced 3chosy|at|on products in the body

carries withi t"°ﬁa en, casti d’E’P‘gﬂW‘F'P&&H the kisiney. glomsrudaribasement memgbranes; These
wher e advanced pybteinatéteriorae Both vith@age (hande the appllcauon ofthe Gl Broteid Afsd™) NKi g
's a serious deatmriI rra?tr:lénseq-lt-ngrlljcsé 'of digbétpse A%orﬁmgi( . Ih a 1]1Eyet8 Qiri'heJ 9:%1 o

substantially inhibit the formation of advanced glycosylation endproducts, and to reduce

the amount of cross-links formed between advanced glycosylation endproducts and

20 other proteins in the body carries the promise for treatment of the complications of
diabetes and aging for instance, and thereby improving the quality and, perhaps,
. duration of animal and human life.

The present agents are also useful in the area of personal appearance and hygiene, as
25 they prevent, and reverse, the staining of teeth by cationic anti-microbial agents with
anti-plaque properties, such as chlorhexidine.

The invention additionally comprises a novel analytic method for the determination of
the "breaking" or reversal of the formation of non-enzymatic endproducts. In this

30 connection, the invention further extends to the identification and use of a novel cross-
link structure which is believed to represent a significant number of the molecular
crosslinks that form in vitro and in vivo as a consequence of advanced glycation. More
particularly, the cross-link structure includes a sugar-derived a-dicarbonyl segment or
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rinstance, the retardation of food spoilage would confer an obvious econoni c
and soci al benefit by making certain foods of marginal stability

| ess perish therefore nore avai | abl e for gqRRIERIsE
Spoi | age mg‘fad&gg&geduced as woul d the expense of I nspect 1 on,

renoval , and repl acenent, and the extended avgi lability of the foods could
5 aidin stabilizing their price in the mark®tplace. Simlarly, in other

I ndustri al applications where the perishability of proteins is a
probl em the admi xmoiety, such aswediketone, that is capgbleiof clesvageiby pdisucleaphilicy thinzoliumi n

conposi tions cont ajgichmpSital Sgéé?ﬁ@ah Sthe/Erdtslink struct IR Gk drlting o :
ext ended usef ul Iifecof pt he sane P?esentlymuse_d ?rgoncliaypr eserva?i vgg?%%ndﬂa'

di scoloration preventatives such as sul fur_dioxydey ;,known to cause toxicity
I ncl udi ng 10 allergy and asthma ) n , cﬂn be replaced with
conpounds such as those - desgri ' ) The present
met hod has part?cul ar therapeutic apghjcatio® as the Miillard process
acutely affects several of the signiflcan# protein masses in the body,

anong them 15 col | a .. elastin, |ens ot ei ns nd the ki.dne

gl oner ul ar basenen‘l’h%ﬁtﬂ‘ﬂgﬁég&p?#ég@'msms gg‘%@?g@e 'H’é&@?ﬂi? Q'Pé‘ Mk h
with age (hence t bomgetuleati on of the term "protein aging") and
as a consequence of diabetes. Accordingly, the ability to either retard or

substantially.inhibit the formation of advanced gl ycosyl ati on endproducts,
and to reduce 10 Accordingiydt is aAprncipabbbjectof thelpresen ifventiondo ipesvidecaettiodifored

gl ycosyl ation end q{,ﬁg{ﬁﬁﬁ ﬁ,e?)?g?%ign 8@%}3’#‘%@1 ?fygﬁ%iﬁh Brdprtuka %.n@ i%ggegfigés &%gsa

the prom se for treatneht

agi ng for instancdinkingpfmiecules, andigmesthadopfibmaking she arossdinks foymed fyom pre-

duration of ani male,de MVEREd dl¥cBsylation end s@g&g al so
useful in the ar eaex(%}, %er sonal.d]%pfoyearpgrﬁgel;anﬁtshygi e.ner?égg&n Eéo‘?ﬁ%y
prevent, and reverfSttop pisuseeptible mplesples gichigs prpteins witrghecose;and otherrenstive
$ﬁent S W E'h 15 d_stugars.adl}ltdoneipaﬂaiﬁglp ifhitiding bt forﬁ.uﬁéhl I&%d, Gii.tkeu %19§ds§1a§1§n

e invention addition C ri.ses a,nov anal ytic 0 [.the
det ermi nati on of ?“dpma"c‘g: a{“ﬁ&g"lﬁﬁ‘%‘zﬁf‘% °°§rgl¥°8§/yé¥'§al a‘MMi%“&T
non-enzymati ¢ endprédowstysoccinbed. hi s 30 connection, the invention
further extends to the identification and use of a novel cross-
link structure which is believed to represent a significant nunber of the
nol ecul ar It is a further object of the present invention to provide a method as aforesaid which is

20 characterized by a reaction with an initially glycosylated protein identified as an carly
glycosylation product.

It is a further object 6f the present inv_ention to provide a method as aforesaid which
prevents the rearrangement and cross-linking of the said early glycosylation products to
25 form the said advanced glycosylation endproducts.

It is a yet further object of the present invention to provide agents capable of
participating in the reaction with the said early glycosylation products in the method as
aforesaid.

30
It is a yet further object of the present invention to provide agents which break or
reverse the advanced glycosylaﬁéh cnd_produéts fqﬁnc.d as a consequence of the
aforesaid advanced glycpsylatidn reaction sequence by cleaving the oi-dicarbonyl-based
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crosslinks that formin vitro and in vivo as a consequence of advanced

glycation. More particularly, the cross-link structure includes a
sugar - det i V&d a- di car bonyl segnent or WO 96/ 22095
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noi ety, such as . a diketone, that is capable of cleavage by a

di nucl eopwad 9622098 hi azol i um | i ke conpound. SpeecTussiosss t he
cross-link structure nmay be according to the fornmula: wher e
A and B independently, are sites of attachngnt to the nucl eophilic atom of
a bi onol ecul e. 10 Accordi ngl y, it is a principal object of

For mat on of advAReRpropile R eI icpyiaien oty crogs.

| i nki ng of nol ecules, and a nethod of breaking the cross- Ilnks formed from

A e

proteins wth glmmamemewemseqmeqsuomolecular arprotein gging by kssort to the

correspondi Ngé Y dfétRdall dnbtisd fagmati on of advanced gl ycosyl ation
endproducts, and breaking the advanced glycosylation nediated cross-1|inking
t hat has previously occurred. It is a further object

of the present ifneddtillTarcher ijeé?t\deﬂ pi’esBﬁﬁﬂWﬁn&iﬁo ﬁd@f&%%éithqﬂuhﬁng. and 20
characterized b%ea r.eacgt i el B F EI tial ¥ﬂ1‘ﬂ gcosy at ed prote| n
identified as afc@aygg the disco °’°“°“§ e by resert inhe aforrsgid method and agents.
It is a still further object of the present invention to provide compositions, including
10  pharmaceutical compositions, all incorporating the agents of the present invention.

‘Ris still further object of the present invention to provide novél'compounds as well as
processes for their pmparanon, for use in the methods and compositions of the present
invention.

15

It is a still further object of the present invention to provide novel assays which can be
utilized to detect compounds having the ability to "break” or reverse the formation of
non-enzymatic glycosylation endproducts and their subsequent cross-links.

20 It is a yet further object of the present invention to provide a cross-link structure that is
capable of cleavage by the agents that break or reverse the formation 6f advanced
glycosylation endproducts as set forth herein, and the antibodies specific to said cross-
link structure, and the diagnostic and therapeutic uses thereof.

25  Other objects and advantages will become apparent to thos skilled in the art from a
consideration of the ensuing description which proceeds with leference to the following
' illustrative drawings.

BRIEF DESCRIPTION OF THE DRAWING FIGURES
30
FIGURE 1 is an SDS-PAGE gel showmg the CNBrr Peptide Maps of Tail Tendon
Collagen from Normal and diabetic rates following incubation with 3-(2-phenyl-2-

- oxoethyl)thiazolium I?romlde (designated as ALT-766) of the present invention.
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it is a further object of the present invention to provide a nethod as

af oresai d which prevents the rearrangenent and cross-|inking of
-the said early glycosylation products to 25 formthe said advanced
gl ycosyl ati on endproducts. It is ayet further object of the

pr esent invww%o provi de agents capabl e of pq&#,d‘sbmg I n
the reaction” he said early glycosylation products in the nethod as
af or esai d. 30 It is a yet furthcar obj ect of the present

i nvention to provide agents which break or reverse the advanced
gl ycosyl ation endproducts forned as a consequence of the

af or esai d advancedFIFURE 2y an $$-PACH gal showing thephysien) evidence forthe breaking of
a- di car bonyl - basedeross-linked AGHOBSA/ b4 &0phenyl-2-oxoethyl)thiazolium bromide, a compound
PCT/ US96/ 00663 ' . , ' 7
protein crossl i nksOffheBmEsant in¥emiB. advanced gl ycosyl ati on endproducts.

It is a still further object of the present invention to provide
t herapeuti c net hods of eald ng Lpe.adyel seguences_of
mol ecul ar or pratein oRAlidld e RIGIION QL 11 REFERRED EMBORIMENTS .

agents. is a still further object of the present invention

It
i 5601 or at on of ¢ MAEronigpes dul e breseptjaversia. genty SHABIHPRS stodfe
It is a still furtplarmadsutical corhpasitionpeontaining saidagents @and assogiated methods have been
“ncorpor ating the et wpich g beliBl BRGRME e TormRROR 8Fddvidtld glyBbeytation
10  endproducts in a number of target molecules, including particularly proteins, existing in
both animals and plant material, and to reverse the already formed advanced
glycosylation endproducts. In particular, the invention relates to a composition which
may contain one or more agents comprising compounds having the ability to effect
cleavage of a-dicarbonyl-based molecular crosslinks present in the advanced
15 glycosylation endproducts. Useful agents, for instance, comprise compounds having

the structural formula:

]
_ N
20 | R'I

wherein R! and R2 are independently selected from the group consisting of hydrogen,
hydroxy(lower)alkyl, acetoxy(lower)alkyl, lower alkyl, lower alkenyl, or R and R2
together with their ring carbons may be an aromatic fused ring, optionally substituted
25 by one or more amino, halo or alkylenedioxy groups;
| Z is hydrogen or an amino group;
Y is amino, a group of the formula

o

| o
30 . CHCR

wherein R is a lower alkyl, alkoxy, hydroxy, amino or an aryl group, said aryl
group optionally substituted by one or more lower alkyl, lower alkoxy, halo,
dialkylamino, hydroxy, nitro or alkylenedioxy groups;

a group of the formula
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It is still further object of the present invention to provide novel
conpounds, as well as processes for their preparation, for use in
t he et hodS and~composi t1ons of "THe present. .. 1nvemtion. — 15

It is a still further object of the present invention to provide novel
assays which can be utilized to detect conpounds having the
ability two%dzees"” or reverse the formation of PCRASIEOSGI L | C

gl ycosyl ati on endproducts and their subsequent cross-|inks. 20 It is
a yet further object of the present inventigpn to provide a cross-1link
structure that is capabl e of cl eavage by the agents that break or
reverse the formation of advanggflp: o gl ycosyl ati on.endproducts as set
forth herein, and the antibodi es specific to said cross- i nk
structure, and the diwhgmeinR'iichydrgen,oznipearalkyl, lowes alkyayleafaryl group; 25 O her

obj ects and advantages will b those skilled in the art
EXRoRAHIIL,

froma consi derati on nsul ng scription which proceeds
with reference to the following OR" illustrative draw ngs.

BRI EF DESCRI BTI ON-OF THE DRAWNG i BURES ~ 30  FIGURE 1 is an
SDS- PAGE gel showi ng t he CNBrr-CPGtN-®2' Maps of Tail Tendon

5 (2 pnenyl o2 wRa R PR rGeen AR loRE ARy R B bt 5y 7.
of the present invenan &l group, oran arylgrouy, Sid @yl group optionally substituted by one or
PCT/ US96/ 00663 more lower alkyl, halo, or alkoxyicarbonyl groups; or R" and R™ are §oth lower
10 . alkyl groups:; | _ _ ,
X is a halide, tosylate, methanesulfonate or mesitylenesulfonate ion;
and mixtures thereof, and a carrier therefor.

The lower alkyl groups referred to above contain 1-6 carbon atoms and include methyl,
15 ethyl, propyl, butyl, pentyl, hexyl, and the corresponding branched-chain isomers

thereof. The lower alkynyl groups contain from 2 to 6 carbon atoms. Similarly, the

lower alkoxy groups contain from 1 to 6 carbon atoms, and include methox&. ethoxy,

propoxy, butoxy, pentoxy, and hexoxy, and the corresponding branched-cha%n isomers

thereof. These groups are optionally substituted by one or more halo, hydroxy, amino
20 orlower alkylamino groups. ©

The lower acyloxy(lower)alkyl groups encompassed by the above formula include
those wherein the acyloxy portion contain from 2 to 6 cdrbon atoms and the lower alkyl
portion contains from 1 to 6 carbon atoms. Typical acyloxy portions are those such as

25 acetoxy or ethanoyloxy, propanoyloxy, butanoyloxy, pentanoyloxy, hexanoyloxy, and
the corresponding branched chain isomers thereof. Typical lower alkyl portions are as
described hereinabove.

The aryl groups encompassed by the above formula are those containing 6-10 carbon

30 atoms, such as naphthyl, phényl and lower alky| substituted-phenyl, e.g., tolyl and
xylyl, and are optionally substituted by 1-2 halo, hydroxy, lower alkoxy or
di(lower)alkylamino groups. Preferred aryl groups are phenyl, methoxypheny! and 4-
bromophenyl groups. '
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FIGURE 2 is an SDS-PAGE gel showi ng the physical evidence for the breaking

of cross- | i nked—AGEBSA—bYy 3-(2- pheny+—2—exo0et hyl )t hi azol i um
_brom de, a conpound - of the present invention. 5
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS I n accordance

with the pragfyghadegvention, agents, conpositions includingperm
phar maceuti cal conpositions containing said agents and associ at e% net hods

have been devel oped which are belieyed to inhibit the formation of
advanced gl ycosyl ation 10 endproducts i 1% nunber of t arget nol ecul es,

i ncl uding parti Cu"ﬁieltlél proteins, existing in bot h ani nmal s and
pl ant material, an ¢ Ugp§ indhe phove fio yohe flittore, ghlere; romo or iodo.

gl ycosyl ati on endproducts. In particular, the invention relates to a
conposi tion which ontain one or nore agents conprising

ma A .
compounds havi ng tFRE BRRYPesEs %/fdﬁ'éf‘?"éﬁ'ﬂm- the compounds of, la(]) are formed as
a- di car bony! - basecbiotogieally and pharameduticdily socepabletsalts) Useful satfoffieate the halides,
e
[err] 20 mesitylenesuifbrateesaits. RDther felatedSaliy] can bg farmed usiflg statilda hbdttoxic,

selected fromthe .Sl f _hydroge .
hydr oxy (| ower) al ky#?%gbg%é%@ﬁ%ﬂ%%ﬁﬁy ?‘%&ﬁ?"'&?‘ﬂ% | ower al kenyl, or
Rlerr] and R err] together with their ring carbons may be an

aromatic fused ri i ' . b e or_ nore am
hal o or al kyl ened %‘?Qgéﬁéﬂ%@& é(ncﬁHngsé&WF&nulai Ig%nhny%‘nggW ] e Hﬂ’??{fﬂwn%%f
gr oup: 10  instance,the corpaunds wherejn By or B aretleweraikyli geoups are preferred. Also
[err] 30 : rﬁﬁ.rﬁl L I A |, kOX V. dr oxy,
am no or an arvyl ghrl%ht}y pregeaqeg aaert;l/'l?% nlf Wherélin ?Wﬁ@p&g@a&ﬁ?@
substituted by oneoXgethykgroup, 8 aepheaylieyoxoethylara 2fsutstitnted phieny1]-2-oxoethyl group.

di al kyl am no, hydroxy, nitro or al kyl enedi oxy groups;

a group of the formula )
Representative compounds of the present invention are:

15 3-aminothiazolium mesitylenesulfonate; _
3-amino-4,5-dimethylaminothiazolium mesitylenesulfonate;
2,3-diaminothiazolinium mesitylenesulfonate;
3-(2-methoxy-2-oxoethyl)-thiazolium bromide;
3~(2-methoxy-2-oxoethyl)-4,5-dimethylthiazolium bromide:

20  3-(2-methoxy-2-oxoethyl)-4-methylthiazolium bromide;
3-(2-phenyl-2-oxoethyl)-4-methylthiazolium bromide:
3-(2-phenyl-2-oxoethyl)-4,5-dimethylthiazolium bromide;
3-amino-4-methylthiazolium mesitylenesulfonate;
3-(2-methoxy-2-oxoethyl)-5-meihylthiazolium bromide;

25 3-(3—(2~pheny!-2-oxoethyl)-5¥meﬂ13;lthiamlium bromide;.
3-[2-(4’-bromophenyl)-2-oxoethyljthiazolium bromide;
3-[2-(4’-bromophenyl)-2-oxoethyl]-4-methylthiazolium bromide;
3-[2-(4’-bromophenyl)-2-oxoe'thyl]-5-methylthiazolium bromide;
3-[2-(4’bromophenyl)-2-oxoethyl]-4,5-dimethylthiazolium bromide;

30 3-(2-methoxy-2-oxoethyl)-4-methyl-5-(2-hydroxyethyl)thiazolium bromide:
3-(2-phenyl-2-oxoethyl)-4-methyl-5-(2-hydroxyethyl)thiazolium bromide;
3-[2—(4’-bromophen'yl)-2-oxoethyl]-4_~methyl_-S-(2-hydroxyethyl)thiazolium bromide;
3.4-dimethyl-5-(2-hydroxyethyl)thiazolium iodide;
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-CHEerrJR ———whereln R 1s hydrogen, or a |ower alkyl, |ower
al kynyl, or aryl group; or a group of the
formul a _ o [err] 5

wher ei n Ryoiegddesir ogen and R'' is a | ower al kyl group, oPETEFPLIOPEsS
substituted by an aryl group, or an aryl group, said aryl
group optionally substituted by one or 11 nore | ower al kyl,

hal o, or al koxyl carbonyl groups; or R' and R" are both | ower 10

al kyl groups; r?éﬁd%yl-isag;-hydrbxyéth}i)-h-%&ﬁmk&gﬁg‘s'Bﬁ‘YMte’ met hanesul f onat e or

mesi tyl enesul fo ~and m xtures thereof, and a
carrier theref oB-benzyl-5-(2-hydroxyethyl)-dvpathylthiagoliugm chigride; ef erred to above

contain 1-6 carRlgh_ . 2BfbettyDbétBthiBbiumh bromide; 15  ethyl, propyl, butyl,
pentyl, hexyl, lg_g(g ‘tﬂﬂg&@o%?gos?p%d;l -ng_ branched-chain i soners-

. thereof. The | 0vie-phenyi?sexogthylipenzet fum rewiden to 6 carbon atons.
Simlarly, the 3.13.(4’brombphéRyl)-2lokeethylfberzotfiazofiath dkdiitlé;om | to 6 carbon
atons, and incl ude rretr?]ox w et haxy, bromide: P' CPOXY. but oxy, pentoxy, and
hexoxy, and the 3&%‘%“’0&&%9 Hem beamifei | soner s t her eof .
These groups ar @ 3idnins)bbnzothit2blrh tiesityléngsudfosatqr nore hal o, hydroxy, am no
20 or lower al @anm'.no rougﬁ A ... The | ower acyl oxy(I| ower) al kyl
groups enconpassSdd-aRing-R2xae 3“%‘%‘%1%“}1’& ude t hose wherein the
acyl oxy porti on 3c@mnsihé+2foxosthil)-4andthylthidacliunabomideand t he | ower al kyl
portion contaging £rom | to @, caghon. ak i ¢ acyl oxy portions are

t hose such a %’éﬁ'ﬁ%’&? Q%hgﬁs_ﬁ%ﬁ%%yﬂmgﬁ%gnoyl oxy, butanoyl oxy,

pent anoyl oxy, heéx@rmyihe2yoxoethyl)4,5-dimethylthiazolium bromide;

3-(2-amino-2-oxoethyl)benzothiazolium bromide;
3-(2-amino-2-oxoethyl)4-methyl-5-(2-hydroxyethyl)thiazolium bromide;
3-amino-5-(2-hydroxjyetl1yl)—4-m¢thylt’l1iazolium mesitylenesulfonate;

15 3-(2-methyl-2-oxoethyl)thiazolium chloride;
3—amino-4~memyl-5-(Z-memxyemyl)thiézolium mesitylenesulfonate;
3-(2-phenyl-2-oxoethyl)thiazolium bromide;

20 o
3-(2-methoxy-2-oxoéethyl)-4-methyl-5-(2-acetoxyethyl)thiazolium bromide;
3.(2-amino-2-oxoethyl)-4-methyl-5-(2-acetoxyethyl)thiazolium bromide;

25 2-amino-3-(2-methoxy-2-oxoethyl)thiazolium bromide;
2-amino-3-(2-methoxy-2-oxoethyl)benzothiazolium bromide; -
2-anﬁno-3-(2fén1in6-2-oxoéthyl)thiazolium bromide;

30 T '
2-amino-3-(2-amino-2-oxoethyl)benzothiazolium bromide;
3-[2-(4'-membxyphenﬂ)—Z—oxoethyl]—'thiazolinium bromide;

35 3-[2-(2’,4'-di_methoxyphényl)-2—oxoethyl]-thiazolinium_ bromide;

3-[2-(4’-fluorophenyl)-2-oxoethyl]-thiazolinium bromide;

3-[2-(2"4'~difluorophenyl)-2-oxoethy!]-thiazolinium bromide;
3-[2-(4'me:hylamipopnenyl)f_z-oxoethyl_]-miazolinium bromide; _'
3-propargyl-thiazolinium bromide;
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‘t he correspondi ng branched chain isonmers thereof. Typical |ower alkyl
portions are as descri-bed herei nabove. The aryl groups
r.enconpassed by the above fornmula are those containing 6- 10 carbon 30
atonms, such as naphthyl, phenyl and | ower al kyl substituted-phenyl, e.g.,

tolyl and xyl yI , and are optionally substituted bycﬂrus'bsbﬁsﬁ
| WP

hydr oxy, Xy or di (1 ower) al kyl am no groups. Preferred
aryl groups are phenyl, methoxyphenyl and 4- br onophenyl groups.
WO 96/ 22095 12
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The hal o atons i n3tprepasgid-emebylthiazelinigm bremidelior o, chl oro, brono or iodo.

- For the purposes of this invention, the conpounds of fornmula (1) are forned
as bi ol dgereearsy)- saﬁﬁhblﬂaﬂ?kﬁ'émhfe@*y acceptabl e salts. Useful

salt forns are the halides, artlc | arly the brom de and chl ori de,
tosyl ate, neth eétﬂfml@' S'Q'I‘ﬂf‘hyl iabolinium 7l enesul fonate salts. O her

rel ated salts can 3Qsopd ?yng-(ﬁhiﬂereWI)nﬁmzdlmmbronnde and
bi ol ogi cal Il y and phar maceut i.cally acceptabl e ani ons O the

conpounds enconpa3s@e3tmethoxyphibmiyl)-2-oxmtiiyl)-thiasolive biomdde; s are preferred. For

10 i nstance, the und Il b are 1o groups
are preferred. ‘ﬁl &P@b methox ﬁ!ﬁﬁ?@‘ﬁ@'@g%@iﬁé]zmw{!ﬁwﬁm einyY
s an am no grb , a 2- 5%“#& oxoet hyl group, a

2- phenyl - 2- oxoet hy3(2e3' -memogmmﬂ]-z-nxmhy[bmmt]mmlmmm;de; group.

Representat | ve compouaneOl ANGHAERRAbI RRIMRstofae; 1

3-am not hi azol i um resi 0
2,3-diannno-4-methyl-th1azolmm mesitylenesulfonate; .

3-amino-4-methy}-S-vinyl-thiazolium mesitylene-sulfonate;

15  2,3-diamino-6-chlorobenzothiazolium mesitylenesulfonate;
2,6-diamino-benzothiazole dihydrochloride;
2,6-diamino-3[2-(4'-methoxyphenyl)-2-oxoethyl] benzothiazolium bromide;
2,6-diamino-3[2-(3'-methoxyphenyl)-2-oxoethyl] benzothiazolium bromide;

2,6-diamino-3[2-(4'-diethylaminophenyl)-2-oxoethy!] benzothiazolium bromide;
20 _
2,6-diamino-3(2-(4'-bromophenyl)-2-oxoethyl] benzothiazolium bromide;

2,6-diamino-3(2-(2-phenyl-2-oxoethyl) benzothiazolium bromide;
2,6-diamino-3[2-(4'-fluorophenyl-2-oxoethyl] benzothiazolium bromide;
3-acetamido-4-methyl-5-thiazolyl-ethyl acetate mesitylenesuifonate;

25  2,3-diamino-5-methylthiazolium mesitylenesulfonate;

' 3-[2-(2'-naphthyl)-z-oxoethyi]A—memyl-5-{2'-hydroxyethyl)—thiazolium bromide;
3-[2-(3",5'-di-tert-butyl-4'-hydroxyphenyl)-2-oxoethyl]-4-methyl-S- (2'hydroxyethyl)-
thiazolium bromide;
3-[2+(2, '-d1chlorophenemylannno)-2-oxoethyl]-4—methyl-5—(2‘-hydroxyethyl)—

30 thiazolium-bromide;

3-[2-d|butylammo-2-oxoed1yl]-4-methyl—5 {(2-hydroxyethyl)-thiazolium bromide;
3-[2-4'-carbethoxyanilino)-2-oxoethyl}-4-methyl-5-(2"-hydroxyethyl)-thiazolium
35 bromide;
3-[2-(2',6'-diisopropylanilino)-2-oxoethyl}-4-methyl-5-(2"-hydroxyethy!)-thiazolium
bromide; '
3-amino-4-methyI-S-[2¥(2'.6'¥dichlorobeniyloxy)ethyl]—thioazolium
40 mesitylenesulfonate;
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3-am no- 4, 5-di net hyl am not hi azol i um nesi tyl enesul f onat e;
2, 3-di am not hi azol i ni um nesi tyl enesul fonat e;
3- t2=methoxy=2-oxoethyt )=t hi azorTum brom de,

3- (2- met hoxy- 2- oxoet hyl ) 4, 5-di net hyl t hi azol i um brom de; 20
3- (2- met hoxy- 2- oxoet hyl ) - 4- met hyl t hi azol i um br om de; o
3- (2- pherwd ograovsoet hyl ) - 4- et hyl t hi azol i um br om de; PCT/US96/00663

3- (2- phenyl - 2- oxoet hyl ) - 4, 5-di net hyl t hi azol i um brom de;
3- arri no- 4-met hyl t hi azol i um nesi tyl enesul f op@t e;
2- met hoxy- 2- oxoet hyl ) - 5- net hyl t h| azol | um brom de; 25

(2- phenyl P !
(4'-br om)p ;; R%B%nm | um g]ﬂ? lg&h‘.vl 5-(2-hydroxyethyl)
(4' -bromophen - oxoet y 4- rret hyI t hi azol i um broni de:

3-

2-

2-

2- (4" - brormp% ing-4 §-dimethylthiazolivem mesitylepesutienateh br oni de;
2- (4' bromophenyl ) -.2- oxoet hyI -4, 5-di neth Jthl azoLe!l rom de; 30
2-

2-
2-

met hoxy52-%§m9‘?‘j“ 15HW"°3Y'E thyl #eum broni de;

henyl - 2- oxgef h t.h t hiazqliu rom de;

T oo 5 AR o R %%ﬁ%m&% PRSI § um
m de; 3[2-(15 '-Be.ﬁbdiaidmvd-ym(&oémyluwahﬂmmymgbmymmwmm
WO 96/ 22095 bromide;
PCT/ U896/ 00 . .
et hyl -5- ( 300y A Nl e Lk “hydroxyethy-
3-benzyl - 5 (2-hydro hyl t hi azol i um chl .ori de;
3- (2- net hoxy- 2- &@Ht,h-;bbx)ﬂodmxmt—ﬁ-wﬂ%dmoaﬁybﬁhmoﬁam bronude, '

LT D i

3-

3- b hy.

L S A MATBAB ey i
3- (
3-(

crwoooowwooooww

-

2-an no- 2- oxb&-@ﬁ}dtmmmwwmmhml)-}oxoethyl]-4-methyl-th1azohum
2- anmi no- 2- oxoet hytrymideet hyl t hi azol i um br oni de:

3-[2-(3 S'—dl-tert-butyl-4‘-hydroxyphenyI)-2-oxocthy|]-5-methyl-thlazolnum
bromide:

20 3-[2-3, '-dl-tcrt-butyl-4'-hydroxypheny])-"-oxocﬂ1yl]-4 S-dlmethyl-thlazohum
bromide;
3-[2-(3',5'-di-tert-butyl-4'-hydroxyphenyl)-2-oxoethyl]—benzothiazolium bromide;
25 1-methyl-3-[2-(3',5-di-tert-butyl-4'-hydroxyphenyl)-2-oxoethyl]-imidazolium
bromide;
3- [2-(4'-n-pcntylphenyl)-2-oxoethyl]-thmzohmum bromide;

3-[2-(4' -n-pentylphenyl)-2-oxoethyl]-4-methyl-S-(2'-hydroxyethyl)—th1azohmum
bromide;
30 S i
3-[2-4'-diethylaminophenyl)-2-oxoethyl]-4-methyl-5-(2'-hydroxyethyl)-thiazolinium
bromide; | . -
3-(2-phenyl-2-oxoethyl)-4-methyl-5-vinyl-thiazolium bromide;
3-[2-(3',5'-tert-butyl-4' -hydroxypheny!)-2-oxoethyl)-4—methyl-5-vmyl-th1azohum
35 bromide; -

3-(2-tert-butyl-2-oxoethyl)-thiazolium bromide 3-(2-tert-butyl—2-oxoethyl)-4-methyl-5-
-(2'-hydroxyethyl)-thiazolium bromide;

3-(3" methoxybenzyl)-4-methyl-5-(2'-hydroxyethyl)-thnazohum chloride;

3-(2'.6"-dichlorobenzyl)-4-methyl-5-(2"-hydroxyethyl)-thiazolium (_:hlonde,
40 3-(2-nitrobenzyl)-4-methyl-5-(2-hydroxyethyl)-thiazolium bromide;

3[2-(4'—chlorophenyl)-2-ox0ethyl]-thiazolium-bromide';
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10 3-(2-am no- 2- oxoet hyl ) - 5-met hyl t hi azol i um brom de;
3-(2-am no- 2- oxoet hyl ) 4, 5- di metsH t hi azol i um brom de;
-3-(2- ani no- 2- oxoet hyl ) benzot hi azol i um br oni de; :
3- (2-am no- 2- oxoet hyl ) 4- met hyl - 5- (2- hydr oxyet hyl )th| azol i um brom de;
3- am no- 5- ( Jpdwékagesy et hyl ) - 4- et hyl t hi azol i um mesi tyl enesulfmmamus 15
3-(2-nmet hyl - 2- oxoet hyl )t hi azol i um chl ori de;
am no- 4- met hyl - 5- (2- acet oxyet hyl ) t hi azol i ung gem tyl enesul f onat e;
2- phenyl - 2- oxoet hyI )thi azolium brom de;

(
T S AL

5 2amn03(2 rrethox hyl )t hi azol i um brom de; |

m no- 3- ( 2- met ho3{g-&#- mnhexmer)ylb)ez’rnmelthyﬂz@meMi-&(bﬂwd@xyethyl)-thmzolmm
m no- 3- (2- ami no- 2- oxkrewtidel ) t hi azol i um broni de; 30

m no- 3- ( 2- amgno- 2- oxoet hyl ) benzot hi azol i um brom de; .

4' - met hoxyphenyl ) - 2- oxoet hyl ] - t hi azol i ni um br omni de; 35

2", 4" - di met hEsiain efithe pompesinds reppasented hyEosmula L are navsheampounds which

- (

- (

(4 -1 uorophew-mmmm f ir%su.m' ifNeRfibi OF ds

-(2',4"-di fluorophenyl ) 2-oxoet hyl | - thle zol 1 ntum bromegleecompou“ 4a0re
- (4' - di et hyl anﬂ@ﬁﬂ%‘%’) the QSEE’HL’I hyl]-thiazolini um broni de;

opar gyl -t hi azol i ni um br om de; x®

10 L e
N
“I Y-z (12
Rz S S

wherein R! and R2 are independently selected from the group consisting of hydrogen,
15 hydroxy(lower)alkyl, acetoxy(lower)alkyl, lower alkyl, lower alkenyl, or R! and R2
together with their ring carbons may be an aromatic fused ring, optionally substituted
by one or more amino, halo or alkylenedioxy groups;
" Z is hydrogen or an amino group;

3-
3-
3-
3
2
2-
2-
2-
3-
3-
3-
3-
3-
3-

Y is amino, a group of the _foi'mu_la
20 | o
-CH,C-R .
wherein R is a Jower alkyl, alkoxy, hydroxy, amino or an aryl group, said aryl
group optionally substituted by one or more lower alkyl,lower alkoxy, halo,
25 dialkylamino, hydroxy, nitro or alkylenedioxy groups;
a group of the formula
. -CH:R' :
wherein R’ is hydrogen, or a lower alkyl, lower alkynyl, or aryl group;
* ora group of the formula
30 O R"
N
-CH,C-N-R"™

wherein R" is hydrogen and R"is 'a=1p\i:er alkyl group, optionally substituted by
“an aryl group, or an ary! group, said aryl group optionally substituted by one or
35 ~ more lower 'alky). halo, or alkoxylcarbonyl groups; or R" and R" are both lower
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3- propar gyl = Z=mwet nyl thi azor i ni um br om de, '
3- propar gyl - 5- net hyl t hi azol i ni um br om de; 5

3- propar gyl -4, 5-di nmet hyl t hi azol i ni um br om de;

3- propagwoml -5-(2- hydr oxyet hyl ) - t hi azol i ni um br o REE/US96/00663

3-(2-[ 3" -met hoxyphenyl ] - 2- oxoet hyl ) -t hi azol i um brom de;

2-[ 3-met hoxy phenyl | - 2-oxoethyl)-4 nmet fy8 - 5- (2' - hydroxyet hyl ) -thi azol i um
brom de; N

2- [ 3' - met hoxyphenyl grdupsioet hyl ) - benzot hi azol i um- brom' de;

di am no-4-chl.o obenzot oI ium enesul f onat e
i 2 no- - (VPP BRGS0 R Ras 8 L 4% 45 BRO@Rou and the further proviso
no4- net hylthdi-when ) mhhﬁmulmmnmzardbduem@geh Sthe1ER eis other thad @ lower
di am no- 6- r?Ekyirobenz sg S|ty enesul f onat e;
di anmi no- be ET"HE'cﬂ anesu onate or mesitylenesuifonate ion.

, 6-di am no-8[ 2- (4' - net hoxyphenyl ) - 2 oxoet hyI ] benzot hi azol i um brom de;

, 6-di am no- 3| Q th benzot hi azol i um br om de;
2,6-di am no- 3[ %&fnoﬁﬁ H‘?ﬁ?ﬁﬁé&ﬁ ;9%‘“"% thyl] benzqthi azqlé&ym
brom de; 2, 6-di am no- 3(2-(4'-bronophenyg ) - 2- éxoet hyl ]
benzot hi azol i um br om de; _ 2, 6-di am no- 3( 2- (ﬂiw 2- oxoet hyl)

3-(
1

3-(
2, 3-
2, 3-
3-am
2, 3-
2, 6-
2, 6-
2

benzot hi azol i um br om de; Z
2, 6-di am no- 3[ 2- (4' -fl uorophenyl - 2- oxoet hyl ] benzot hj] m br om de;
3-acet am doggt- net hyl - 5-t hi azol yl -ethyl acetate nesityl enésul fonat e; 25
2, 3-di am no-5-net hyl t hi azol i um nmesi tyl-enesul f onat e;
3-[2- (2' - napht MhesEImR band R are jndepemdenitly|selectedfrom ghergsoupeaonsistingtaf hydrogdn m
brom de; hydroxy(lower)alkyl, acetoxy(lower)alky}, | 1 Yalkyl, I
3-[2-(3",5' -di- |er?AY( w:g mégt()xypr)men’id e Ay s (omepalkyl, lowyer alkyl, or
(2' hydroxyet hylls R thet with, e-an aromatic sedrmg,
3-[2- (2 6 -di chl orozhgﬁﬁhbgdmﬂeﬁnﬁwt hyl ] - 4- met hyl - 5- (2' - hydr oxyet hyl )
- t h&a.zol | t] g\x&
3-[ 2-di but yIPani no- 2¥J% 88 piypyimgthyl griun, ora ?“EHVB?WPWI ) -t hi azol i um
brom de; _ OR":
-CHzC-N-R"
wherein R" is hydrogen and R" is a lower alkyl group. opuonally substituted by an aryl
20 group, or an aryl group, said aryl group optionally substituted by one or more lower
alkyl, halo, or alkoxylcarbonyl groups; or R" and R™ are both lower alkyl groups; and
X is ahalide, tosylate, methanesulfonate or mesitylenesulfonate ion.

25 The above compounds are capable of inhibiting the formation of advanced
glycosylation endproducts on target molecules, including, for instance, proteins, as well
as being capable of breaking or reversing already formed advanced glycosylation
endproducts on such proteins. The cross-linking of protein by formation of advanced
glycosylation endproducts contributes to the entrapment of other proteins and results in

30 the development in vivo of conditions such as reduced elasticity and wrinkling of the
skin, certain kidney diseases, athemsclerosns, osteoarthritis and the like. Similarly,
plant material that undergoes nonenzymauc browmng deteriorates and, in the case of
foodstuffs, becomg_ spoiled or toughened and, conseq_uently. medxble, unpalatable or
non-nutritious. Thus, the compounds empléy'ed in accordance with this invention
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3-[2-4'-carbet hoxyani | i no) - 2- oxoet hyl | - 4- net hyl - 5-(2' - hydr oxyet hyl ) -t hi azol
I um 35 brom des————— _
.3-[2-(2',6-diisopropyl anilino)-2-oxoethyl]-4-methyl-5-(2"-hydroxyethyl)-thi
" azolium br oni de;

3-am no- 4- npbsYsmes [ 2- (2', 6' - di chl or obenzyl oxy) et hyl ] - th| ORCTIDIS6/00663 40

nmesi tyl enesul f onat e; WO 96/ 22095
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3-[2-(4-carbnet hoxy-3' - hydr oxyani | i no) - 2- oxoet hyI ]-4-nmet hyl -5-(2'-hydroxyet
hyl ) - in . .

2, 3-di am no- 4, 5- d}"HE’EWFF é% ﬁig‘)@ﬁ%?#% tﬂ%gee]ctenous changes described

2, 3- di ani no- 4- met abdve Snk yetucethe lavel oftthqadzmcmslwmslauqﬂ mdprodmw aiready present

2, 3-di am no-5- (3 in%heﬂ&kﬁf?ﬁ\mﬁzﬂned' oxy phenyl)-thiazoliumnesityl ene
sul f onat e;

3[2-(1", 4" - benzodi oxan- 6-yl ) - 2- oxoet hyl ] - 4-met hyl - 5- (2’ - hydr oxyet hyl ) - t hi az

olium
3-[2-(3,4-trifet -ﬁh radongle of Q‘E&?‘% figén gfgésttagﬁ agents Which blockyas well s KNy 1 )
mtﬂmopﬂmqﬁm #:g- the formatlon of ﬂuorescent chnomophores and cross-

gf%% % 44b§p|2ﬁg't ANIANthE »dsénc@ﬁwmﬁhliwzds%%agutwm hﬁH‘k&Isgmsese quelae of
3[2.(3 5. dl-terg%h?ﬁ IR ASI0HL St Wotld Pyt he o rmation of S1Ch S IOGHBHPES
g-[z g 3,5 -di 'tehﬁd&ﬁﬂrbﬂsd:ﬁksMdémbﬁﬁﬁhﬂds%n@ﬁ'ww&ﬂprdeﬁ?bﬁwbﬂfehpﬁi’éikls'.Um
rom de;

3-[2-(3,5 _dil% e?‘f‘:ht?ﬂf’fﬁursélm W&9Hﬁ%ﬁ§ﬁey2%%§rﬁ?ﬁhf legelrf)&s“gh °r?§§|"é‘§ol ium

formation already present.

The chemical nature of the early glycosylatioh products with which the compounds of
~ the present invention are beheved to react may vary. and accordmgly the term "early
15 glycosylation product(s)” as used herem is intended to include any and all such
variations within its scope. For example carly glycosylation products with carbonyl
moieties that are involved in the fonnanon of advanced glycosylauon endproducts, and
that may be blocked by reaction with the compounds of the present invention, have
~ been postulated. In one embodiment, it is envisioned that the early glycosylation
20 product may comprise the reactive carbonyl moieties of Amadon products or their
further condensanon, dehydrauon and/or rearrangement products. which may condense
to form advanced glycosyla;non endproducts. In another scenario, reactive carbonyl
cdmpounds. containing one or more cafbonyl mbieties (such as glycolaldehyde,
' glyceraldehyde or 3- dcoxyglucosone) may form from the cleavage of Amadori or other
_25 early glycosylation endproducts and by subsequent reactions with an amine or
Amadori product. may form carbonyl containing advanced glycosylation products such
as alkylfcnnyl-glycpsylpyrroles.

Several investigators have studied the rﬁechani#m of advanced glycosylation product
30 formation. In vitro studies by Eble et al., (1983), "Nonenzymatic Glucosylation and
Glucose-dependent Cross-linking of Protein”, J. Biol. Chem., 258:9406-9412,
concemed the cross-lmkmg of glycosylated protein wuth nonglycosylated protein in the
absence of glucose. Eble et al. sought 10 elucidate the mechanism of the Maillard
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brom de; 20

3-[2-(3',5'-di-tert-buty| 4' - hydr oxyphenyl ) - 2- oxoet hyl ] - 4, 5-di net hyl - t hi azo
i om brom ue

3-[2-(3'5 -di-tert-butyl -4'-hydroxyphenyl) - 2-oxoet hyl ] - benzot hi azol i um

brom de; .25 .

1- net hy| -Wo[982%088 | 5' - di -t ert - but yl - 4- hydroxyphenyl) 2- oxBEEHSNEN0663i dazol i um
brom de; 3-[2-(4" -n-pentyl phenyl ) -2-oxoet hyl ]-thiazolinium

br om de; o 17

3-[2-(4'-n-pentyl phenyl ) - 2- oxoet hyl | - 4- net hyl - 5- (2 -hydroxyethyl) thiazolin

|3qu 4 di et hyl am rr]%n ﬁg%@%ﬁgglog%ng? ﬂ’? Tontrolled lﬂmal gl::: lathon(frf(l){g/aé? ﬁyﬂ TOdehl azo

linium system wlnc w@srthepeexammed under varymgco ns In one aspect, th
3-(2-phenyl - plotBi mtitdrinPwiid iSolhted m@pmkam Flacust-fee envrronment and
3-12-(3, 5 ) t ert b'll>t ym% Setgr%qgcntlgethcnto%(crossq}/nkzn -met hyl - \_“ nyl - thiazol

ium
2- tert buf5y| - 2- oxoet hyl ) - t hi azol i um br oni de

3-(
?' ( 2 h;g{ gxggt %'yp%] %a%ﬁé%ﬁ?sg%mcms-lmkmg continued to occur not only with the
3-(

3' - et hoxybeglypos)rlaﬂedrprothplbuﬁw{th?horhglyccxlpmdppd@n&dswaﬂolﬂmmf thel ori de;

L B o

3[ 2- (4' - chl or opthepyotyin dtpmcnrgnmmmmmamnnoacldandwhm;bfzno%
PCT/ US96/ 00663 Confirmato tation conducted by Eble et al.
3[2-(4"-chlor opﬁenyrll) 2- g)?oe{yhey nmen |o ?’-‘5- .yhyereoiylg%scgm |azol I um

brom de; and  demonstrated that free lysmc would compete wrth the lysine on RNase for the binding

3[ 2- (4° - met hoxy gf@ijedsylatéd PrcActh.Mhus; if mifgit BY inféred Zromt Wiese atathdt Yysineldiya 2 ol | um

brom de.
serve as an mhtbttor of advanced glycosylatlon. however, this conclusion and the

underlying observauons leadmg to it should be taken in the relauvcly limited context of
15 the model systém prepared and exammed by Eble et al. Clearly, Eble et al. does not
| apprectate nor is there a suggestron therem. of the dtscovencs that underlie the present
invention, wrth respect to the mhtbmon of advanced glycosylatton of proteins: both in
vitro and in vive.
The cxpcrrmcnts ‘of Eble et al. do not suggest the reactive cleavage product mechanism
20 orany other mechanismi in the in vivo formation of advanced glycosylation endproducts
in which glucose is always present In fact other investigators support this mechanism
to explain the formation of advanced glycosylated cndproducts in vivo (see for example,
Hayase et al, J. Biol. Chem., 263: 3758-3764 (1989) Sell and Monmer, J. Biol. Chem.,
 264:21597-21602 (1989); Otmorm etal. Agnc Biol. Chem., 53(6):1727-1728 (1989);
25 and Diabetes Research and Clinical Pracuce, 6:31 1-313 (1989) Accordtngly, the use
of lysine as an inhibitor in the Eble et al. model system has no beanng upon the utility
of the compounds of the present invention in the inhibition of advariced glycosylated
endproducts formation in the presence of glucose in vivo, and the amelioration of
complications of diabete'.s and aging.' o
30
While not wrshmg to be bound by any partrcular theory as to the mcchamsm by which
‘the compounds of the instant invention reverse already formed advanced glycosylation
endproducts, sudies have been structured to elucidate a possible mechanism. Earlier
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-5 Certain of the conpounds represented by Formula | are novel

conpounds whi ch represent a further enbodi nent of the present
-invention. These conpounds are represented by the formul a
“lerr] 10 wherein Rlerr] and R err] are independently
sel ect ed f rRaGvédagesdr oup consi sting of hydrogen, 15  PCINUS96/00663
hydr oxy(| ower) al kyl, acetoxy(l ower)al kyl, |ower alkyl, |ower alkenyl, or
Rlerr] and R err] t oget her Wit h th‘eér ring car bons may be an
aromatic fused ring, optionally substituted by one or nore am no,
hal o or al kyl enedi o rou droge ami no
group; studi ngmp 'ngtgﬁ%"f the Amadoy B‘P"‘!ﬁﬁ@%?‘ gave ‘&"Lg-@d one
[err] likely route thidteowld eadikta the forinationof abvajent, ghichsexderivid/protity, ani no

by ane-or o o | ol s paspvay measeeds by ey iR SR APUR'shek BRI T
hydroxy, nitro or elahinymmedslmn ig ﬂmmc,;me A below. Thus, loss of the 4-hydroxyl of the AP ,
aherein R s Ryok gsea by-Aidgery.lraleymipo 2 esodiags [FURAE) @) an AP figne

or a group of t hewi MCmre of ap amino-1, X-dndeoxyosonehas been isolated by trappmg moqebr r]
uherein R 1S YOAPYSAhWhGE-inhiBied atiigbaridiky.! Subbpient RAindtidR of the S-

substituted by aryl| all(group, or. an_aryl graoup, said aryl

group optionally bXﬂSS’EM‘SUP%H‘-ﬂyS"HH%""&r' ylaming-2,3-hexulosyfsene (AR gne-digne) (3),
hal o, or al koxyl cahieAR4s bedh HoRssd @&nﬁm@ﬂ&r&tw@fﬁs hOtdnol RWR! Amadori-diones,

10 particularly the AP-ene-dione, would be expected to be highly reactive toward protein
crosslinking reactions by serving as targets for the addition of the amine (Lys, His)-, or
sulfhydryl (Cys)-based nucleophiles that exist in proteins, thereby producing stable

crosslinks of the form (4).
Myl Ml

15 0 .

X{Protein)

OH
Wl
XA{Protein]
| MW?E;T

20

Note that the linear AP-enc-dione of (3} and the stable cross-link of (4) may cyclize to
_ form either 5- or 6-member lactol rings, although only the 6-member cyclic variant is
25 shown in Scheme A set forth above.

The possibility that a major pathway of glucose-derived crosslink formation proceeds
. through an AP-et_le¥dioné intgnne@iate'was investigated by experiments designed to test
the occurrence of this pathway in vivo as well as to effect the specific cleavage of the
30 resultant a-dicarbonyl-based protein crosslinks. The thiazolium compounds of the
instant invention are thus believed to act as novel “bidentate” nucleophiles, particularly
designed to effect a carbon-carbon breaking reacmm between the two carbonyls of the
crosslink, as shown in Scheme B below under physiological conditions. This scheme
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al kyt—groups: wWith the proviso that at |least one of Y and Z is an
am no group. and the further proviso that when Y is amno and R2
and Z are both hydrogen, then Rerr] is other than a lo al kyl
group, aNP9¢22895a hal i de, tosyl ate, nethanesul fonate or%&%ﬂesul fonate
i on. 5 O her novel conpounds are those of the fornula

[err] 10 wherein R err] anfi9R err] are independently

selected fromthe group consisting of hydrogen,

hydr oxy( | ower) ah&v& the mw&lﬂ&w@w&:ﬂe dIAVRE a bpmmrﬁmn RLkyl, |ower
al kyl , or err] and errJ the gﬂt CINAS i ng car bons may
be an aromatic 3zqlium bromi h an AP-ene E‘T'J(;‘é‘éﬁﬁ an ami no group;
15 Y is an al kynyl met hyl group, or a group of the formula

[err] - wherein R'" is drogen and R''- is a | ower al kyl group,
optionally substitut ed by an ghHm 20 growp, or an aryl group, said aryl
group optiorgml |y tituted by one Hhore Jlamer al hal o, or
al koxyl car bony! gf‘y o F"Gdd R ndih | over aﬁgﬁ 2 and

X is a halide, tosyl ate metbhanesiy f on sitylenestP I on.

25 The above-conmpounds{are capabl e of ng the for f advanced
gl ycosyl ati on endprody€hspmignt ar get nol gCukemsnt i ncl udi ng, gt ance,

proteins, as well w as. being capa of breaking or eneversing already
f or med advanced gl'ycosylation endproducts on such pro¢teins. The
cross-linkipg of protein by formation of advanced gl ycosyl ati on
endproducts contributes to the entrapne of ot her prot ei ns -and results in

20*7— 2{)

A further experiment to elucidate this reaction involves the reaction of a compound of
the formula I, N-phenacylthiazolium bromidg,_with 1-phenyl-1 ,2-propanedioﬁé to
produce the predicted fission product, benzoic acid. The reaction between N-

20 phenacylthiazolium bromide and 1-phenyl-1,2-propanedione was rapid and readily
proceeded, confirming this possible mechanism.

15

Once early, glucose-derived addition products form on proteins, further reactions can
ensue to effect a covalent, protein-protein crosslinking reaction. In this regard, a
25 compound of the formula I, N-phenacylthiazolium bromide, was allowed to react with
the AGE-crosslinks that form when AGE-modified BSA (AGE-BSA) is allowed to
‘react with unmodified, native collagen. This resulted in a concentration-dependent
release of BSA from the pre-formed AGE-mediated complexes. Again, this study
confirmed that a significant portion of the AGE-crosslinks that form under
30 experimental conditions consist of an a-diketoric or related structure that is susceptible
to cleavage by the advantageous bidentate- type molecules of the compounds of
formula I under phys1ologlca| conditions.
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‘30 the developnment in vivo of conditions such as reduced elasticity and
wrinkling of the skin, —eertain kidney di seases, atherosclerosis,
.osteoarthritis and the like. Simlarly, pl ant material that

under goes nonenzymati c browni ng deteriorates and, in the case of

f oodst uf f s, 9geims spoi |l ed or toughened and, consequent| y, PCTIESH6I6E3
unpal at abl e or non-nutritious. Thus, the conpounds enpl oyed in
accordance with this invention VO 96482095

PCT/ US96/ 00663

inhibit this |at sta |IIard eff endlnterv th |
changes descri bed Seorti AL s e 8'“ Z%WM h\?&‘ﬂL ons

gl ycosyl ati on endqﬁrwudnmtuﬂlbeac@lahene&um weeks were tregted whbapomptmndofrﬂleerl al .

el 15" 2l or2 Rimbia. RIFRECHEHAa bRlnia? ohle 35aRAERbibmtl el o3
of fluorescent cmlmmpmasmmnscm@bsequem electrophoresis ’revpﬂgd ﬂnétbenwed)f
whi ch 1 s assockal gihal eg{l&ﬂggﬁﬂﬁ:&t rgqi{t?era&ﬂ ieRE (Bhol) collagen, in

di abet es and agi ng. nt _wou revent t rratlon 0 uch

chr onophor es maf amrasfto &heos‘éﬁwmmbbsbwewswm%u%@mgmmlhgen

trappi ng of prot enass RipicaIP isbRfedfront Ghbttic animals10 such as occurs in
arteries and in the ki"dney, and reverse the level of such cross-link

formati on al ready present. The chemi cal nature of the early
gl ycosyl ation pr 011 résent inbemiahﬁhewnbemmm&umsdp{or mhlbmng the forfifidd ofSent

t d t t |
15 gl yoosyl atibo ='»<§vve yeospsion Fdpniil, 7o RESRY e Rttt abSaek 0“2y ana
all such advaﬁeedeglycamatm&hdpiodﬂcs whiclpcomgbrize contadting the t&xged ijolecules

" The t or mat 1 on W Reeedieh e e Bsseatnvension, Jo/ kR ol el BORIRTE,

may be bl ocked bymeemhmednmfnbdstﬂfsewhelhqr@ﬁpmm mfanirﬂadzopgmshew foodsmffs icould

Pﬁ\éeearl y gl ycosy at|gﬁﬁéalta%y%%{coﬁa%ganmseiéwﬁﬁﬁgﬁ \}égigg“tgﬁill

nmoi eti es of Andopiesent agkntst s or t heir

In the food indust’ry, sulfites were found years ago to inhibit the Maillard reaction and
are commonly used in processed and stored foods. Recently, however, sulfites in food
have been implicated in severe and even fatal reactions in asthmatics. Asa

20 consequence, the sulfite treatment of fresh frmts and vegetables has been banned. The
mechanism for the allergic reaction is not known. Accerdingly. the present
compositions and ﬁgents of_feré nontoxic alternative to sulfites in the treatment of foods
in this manner.

25 Asis apparent from a (ii_scqs__sion of the ehvironment of the present invention, the
present methods and'comppsi_tions hold the promise for arresting, and to some extent
reversing, the aging of key proteins both in animals and plants, and concomitantly,
conferring both economic g_l__:d m_edica__l beneﬁts asa result thereof. In the instance of
foodstuffs, the administration of the _pr_eéent composition holds the promise for

30 retarding food spoilage thereby making foodstuffs of increased shelf life and greater
availability to consumers. Replacement of currently-used preservatives, such as sulfur
dioxide known to cause gllergies and asthma in humans, with non-toxic, biocompatible
compounds is a further advantage of the present invention.
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further condensation, dehydration and/or rearrangement products, which nmay

condense to form advanced gl ycosyl ation endproducts. |In another
scemario, reactive carbonyr conpounds, contatning one or ~nore
carbonyl noieties (such as glycol al dehyde, glyceraldehyde or

3- deoxygl ucosone) may formfromthe cl eavage of Amadori Hg’gﬁﬁ’

early gl yW08¢22895 on endproducts, and by subsequent react’qf an am ne
or Amadori product may form carbonyl containing advanced

gl ycosyl ati on products such as @likyl fornyl -gl ycosyl pyrrol es.
Several investigators have studied the mechani smof advanced gl ycosyl ation
product - 3%‘& ﬁ’&mph@atiéhi SGhSpresdnEinvéntior Ridie @tth@érrest, Wﬁ?sbme

" Nonenzyrrat I C ucosyl ati1o

epe nt .Cross ki ng
of Protein", J.exisphthe OFE%@W\IQ%H“ RSdiehs (L ey df"?ﬂ,f d
cross- i nki ng Chfndﬁ i'ﬁéhmmdagiﬂg)b ?pmﬁ:hstﬁmhumgbybﬁywowmﬁm-l n the
absence of gl ug b Sl Bbieins i Bhre lay 4kl Body Froll /24 34" O the
PCT/ US96/ 00653 colla gen, elastm. lens proteins, nerve proteins, kidney glomerular basement membranés
reacti on and acc in cQ of
RNase as a nodé™ 8 8‘ &QQ @g"ﬁﬁg%&'ﬁ%mg dﬁ@rﬁ%ﬂeg%ﬁ&dﬁ&a&gryl ng
conditions. In apaauasﬁemtthe giriatice of the present ipvergiony The presept ipverition thas eeducds was
i sol ated and pl.ac pﬁ,%feg oﬁﬁ’&e y
observed to detl@e ﬁlglr‘#é& te %@%'ﬁm“gg‘ﬁ |nI msgyms.'mkw%&%?
al . thereby obs.mmstsnﬂmsremshy.lcmaﬁg.mmhdw@mslememscbmsy-\Mth
the 9{#&&%&%&9@@9&& Brt&itsclvfolil oaaéraﬁﬂ. , périphe extapgalﬁ% f9} féoks, as

well. One 01‘ servat i ons not ed a‘% was .that the
reaction bet wedwperepsion.atheraseiciosisasicaarthsitis, periarticular rigidityy joss efichasticityand o
appear ed t 0 OCGiyinklihg bf'ékis, S6/éninY bf §ointsMRormérulofiepheitis] etd. dekewwisd, all of thesee

10 protein. Confi rrratory ‘exper:i. rrent tion conduc ed f/qseEbl e.et Ln this
connection conditionsant,if svideRce 4nd y§nd toracehs a Wf’ﬁi (?ﬂﬁb’é'fseaﬁhfm t he.
| ysi ne on RNas ewittdiabefes nidiliitds 433 consequence ofthisdlyperplyydmin e Thys; te@resent Thus, i t

m ght be | nE; ' rxﬁéjraf;eif’é“ m%&lgg 1S rel g\tra%t Eo%atme%? of thiest Gnd related conditions in patients
either of advanced age or those suffering from one of the mentioned pathologies.

Molecular cross-linking through advanced glycosylation product formation can
decrease solubility of structural pr_otciﬁs such as collagen in vessel walls and can also

20 trap serum protcihs, such as lipoproteins to the cdllagen Also, this may result in
increased permeablhty of the endothelium and consequemly covaient trappmg of
extravasated plasma proteins in subendothelial matrix, and reduction in susceptibility of
both plasma and matrix proteins to physiologic degradation by enzymes. For these
reasons, the progressive occlusion of diabetic vessels induced by chronic

25 .hyperglycemia has been hypothesized to result from excesslve formation of sugar-
derived and particularly, glucose-denved cross-links. Such diabetic microvascular
changes and microvascular occlusion can be effectively pnevented and reversed by
chemical inhibition and reversal of the advanced glycosylation product formation
utilizing a composition and the methods of the present invention. '

30 '
Studies indicate that the development of chronic diabetic damage in target organs is
primarily linked to hyperglycemia so that tight metabolic control would delay or even
prevent end-organ damage. See Nicholls et al., Lab. Invest., 60, No. 4, p. 486 (1989),

SUBSTITUTE SHEET (RULE 26)



'serve as an inhibitor of advanced gl ycosyl ati on; however, this concl usion

and the under |l yi ng observations leading to it should be taken in
the relatively limted context of 15 the nodel system prepared and

exam ned by Eble et al. Cearly, Eble et al. does not appreci ate,

nor is ther qygogagdesti on therein, of the discoveries that PTAISS6H066X he

pr esent invention, with respect to the inhibitioh of advanced

gl ycosyl ation of proteins both in Vbhlr 0 and in vivo. The

experiments of Eble et al. do not suggest the reactive cleavage product
T ycosut A Bh oS o el g oS
prelse_nt. Ihn ;act, n_epﬂrepaftlim\msdsgn_!iusltfmheup\ddemeﬂiatanines_ﬂaaidim_rﬁmin_ishesaortid of
xarpl 6, " el rbingrosE il HiRae vl il SR GHRELaieloy RIS Tl
an. I\/bng! erL , d’ll . Bwokncecm) 629-1632 (1986)29 shipadsiition .ﬂmg;éml romplication obt al .,
gric. Bio iaBated) / o fid: \ T?,éd lﬁhﬂﬁﬁ'fo ﬁipﬁ%
and dini cal P%nc{dll*ce,éGﬁ%’ﬁﬁaﬁgWh}%’%r‘h in '1cy The usegﬁbﬁﬁ?@
| ysine as an i nhi B‘F%M%YME"‘BM“%WWEM‘a%ng‘{’éﬁf-’hai(l?i@‘bébﬂsﬁHg upon
the utility of the conpounds of the present invention in the
prasence of gl uco B cFidpess 4R SPraucestegindpbeti G mope thal amiBoBRA | cat i o
presence of gluco : Sud i cations
of di abetes and asihﬁﬁaistmionﬁ&rvenesin:hedewmﬂemrdmimwhewwneawny
particular thegry . as to th hani sm.by lch_ . t he .c qunds .of
t he instant in&gntqarB “'F%Q'E’?’s p FHREY WV &%‘h@éﬁ?f&h‘é&ﬂ°@’rvmﬁ‘gﬁ%§w which
endproduct s, st udiagshalimasksof diabéticireral disease. t Thesd irivdsdgdters feponedthi the increased
gec(.l:./h ?nggglmo 0 gg gl '€ rgloxm:rular basgr\%n% %%&Qagné thickness, a major structural abnomalitylchgracteristic

st.udi es exani ni ng of dinbétixt renad tlistdse, waspokyented wishl aminogudnjdinen vi vo have

i dentified one likely route that could lead to the formation of
coval ent, glucose-derived protein crosslinks: This pathway
proceeds by dehydrEakemiogesher; thesealmasirangly suggest thatinhibitien and reversal of the formation

of The Ap " o vanled gleosSiiadpiolodd Y ACHRY by iyl o1 e
(AP-dione) (2). Ardnysntion.gepy prevent, as welljisito somgextant fryerse latcops well as carly,
am no- 1, 4- di deoxy GaaatGral RSioRdiié to 8idbeiésPak Well ds'chilipes\Buritig @Ring caused by the
formation of AGEs. |
20 _ -
Diabetes-induced changes in the deformability of red blood cells, leading to more rigid
cell membranes, is anbtt_:qr manifestation of cross-linking and aminoguanidine has been
~ shownto prevent it in vivo. In such studies, New Zealand White ribbits. with induced,
long-term diabetes are used to study the effects of a test compound on red blood cell
25 (RBC) deformability (df). 'I_'he test compound is administered at a rate of 100 mg/kg
by oral gavage to diabetic rabbits. |

A further consequence of diabetes is the hyperglycemia-induced matrix bone
differentiation resulting in decreased bone formation usually associated with chronic

30 diabetes. In animal models, dlabetes reduces matrix-induced b_on_e differentiation by
70%. | |
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APs with the ACE-inhibitor am noguani di ne. Subsequent elim nation of the 5-
hydr oxyl gives a 1,4,5-trideoxy-1-al kyl am no-2, 3- hexul os-4-ene

( AP—ene-dione) (37, Whi Ch has Deen Isolated as a triacetyl
derivative of its 1,2-enol form Anmadori-diones, 10 particularly the
AP- ene- di one, woul d be expected to be highly reactive tWi n
crossl i nRY$6/22083ct i ons by serving as targets for the addit the am ne
(Lys, His)-, or sul f hydryl (Cys)-based nucl eophiles that exist in
proteins, thereby producing stable 23 crosslinks of the form(4).

15 [err]

' o i thielinétance where theQompositions of the pRiSén€inviiontaRautlizBERE in vivo
AP- ene-di one of (3) and the stabl e cross-li k,.of.-.{‘4%ﬁ ma glC|I e to
form either 5-9 °@WWH’@FP°F%§C{‘WYPFH§‘§$"‘3¥‘$F|8W )y V'éﬁg %"‘-efiréffﬁeé? Wyclic

variant is biRompaiilie. | Phafdteutialcorposificsininy b prepared with a therapeuticatly

bi 1 hat R or. Daf. AR V¥ A pord
roceeds | ettedivr ahehuny Ghuhaanor SRR ot He piffu iAo Ml BB |
experi ment is I 5 eaiptgmfei]?éunicilg&'co‘eptable carrier,istlected-fram km;amalbrialkn utilized foruhiy In tn

as . SNE C. - ]
L1 car bony! - bRutEss WG brmpSRRE flay b8 pipeY kit i forms, deBlodifEol 42

i nst ant i nvent imethodrof adtindstriation. cAlsal vanious pharmgcentically acesptabletaddition salts of

nucl eophi | es, Wéob@&hﬁﬂsl&'F lal &5ilaged to effect a carbon-carbon
ﬁrmua mayr .

breaking reaction between the two carbonyls of the - crosslink, as
shown in Scheme B bel ow under physiol ogical conditions. This scheme

10 A liquid form would be utilized in the instance where administration is by intravenous,

intramuscular or intraperitoneal injection. When appropriate, solid dosage forms such
as tablets, capsules, or liquid dosage formulations such as solutions and suspensions,

etc., may be prepared for oral administration. For topical or dermal application to the
skin or eye, a solution, a lotion or ointment may be formulated with the agentina

15 suitable vehicle such as water, ethanol, propylene glycol, perhaps including a carrier to
aid in penetration into the skin or eye. For example, a topical preparation could include
up to about 10% of the compound of Formula I, Other suitable forms for
administration to other body tissues are also contemplated. '

20 In the instance where the present method has therapeutic application, the animal host
intended for treatment may have administered to it a quantiiy of one or more of the
agents, in a suitable pharmaceutical form. Administration may be accomplished by
known techxiiques; such as oral, topical and parenteral techniques such as intradermal,

" subcutaneous, intravenous or intraperitoneal injection, as well as by other conventional

25 means. Administration of the agents may take plaoe over an extended period of time at
a dosage level of, for example, up to about 30 mg/kg. | o

As noted earlier, the invention also extends to a method of inhibiting and reversing the

30 discoloration of teeth resulting from nonenzymatic browning in the oral cavity which
comprises administration to a subject in need of such therapy an amount effective to
inhibit and reverse the formation of advanced glycosylation endproducts of a

composition comprising an agent of structural Formula L.
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WD 96/ 22095

PCT/ US96/ 00663 m—— _ 19 .
_.shows the reaction of a prototypic a-dione cleaving agent of the formula I,

N- phenacyl t hi azol i um brom de, with an AP-ene-di one derived

crosslink. wo962095 [err] 10 PQIUS6/00663 A

further experinment to elucidate this reaction involves thé reaction of a

conmpound of the formula I, N phenacybt“hl azoliumbromde, with 1

- phenyl - 1, 2- propanedi one to produce™t’he predicted fission product,

‘benzoic acid. The_reacti on betwe ac zol i um bro de and
1- phenyl - 1, 2- pr opAHe APRsRRYIHAtC t "(‘.F%'(H‘E}'°F‘é‘8l‘ﬁhl‘§:°“ "y‘l“""‘g e
confirmng this pdiscelbtatonefualni Emsent!yusedann-plaﬁhuzemad:opler@é lhmﬂerﬂmued
addi ti on products form I ot e rther C nsue to
effect a coval ent ? %‘i‘ﬁ%ﬂp %F“ﬁ‘hf?'r‘g%ﬁﬂ'ﬂ'fﬁ Pﬁ@ &egﬁlcﬁﬁesﬁﬁly, ?\‘ﬂ?ﬁlogcg'é’ﬁﬁr d, a
25 corrpound of tmmmmensmmmwmqupmmmmbemmmm to
react Wth 5 ol rinses for regular use to kil bacteria in the mouth. Thes agents, the cationic
antiseptics, include such agents as alexidine, cetyl pyridinium chloride, chlorhexidine
gluconate, hexetidine. and benzalkonium chloride.

-~ Tooth staining by chlorhexidine and other anti-plaque agents apparently results from the
10 enhancement of the Maillard reaction. Nordbo, J. Dent. Res., 58:1429 (1979) reported
that chlorhexidine and benzalkonium chloride catalyze browning reactions in vitro.

_ Chlorhekidine added to mixtures containing a sugar derivative and a source of amino
groups underwent increased color formation, attributed to the Maillard reaction. Itis
also known that use of chlorhexidine results in an increased dentat pellicle. Nordbo

15 proposed that chlorhexidine resulted in tooth staining in two ways: first, by increasing
formation of pellicle which contains more amino groups, and secondly, by catalysis of
the Maillard reaction leading to colored products.

In accordance with this method, the compounds of Formula I are formulated into
20 compositions adapted for use in the oral cavity. Particularly suitable formulations are
oral rinses and toothpastes incorporating the active agent.

In the practice of this invention, conventional formulating techniques are utilized with
nontoxic, pharmaceutically acceptable cartiers typically utilized in the amounts and

25 combinations that are well-known for the formulation of such oral rinses and
toothpastes. |

The agent of Formula I is formulated in compositions in an amount effective to inhibit

and reverse the formation of advanced gls'cosylation endproducts. This amount will, of
30 course, vary with the pameular agent being utilized and the particular dosage form, but

typically is m the range of 0.01% to l 0%, by weight, of the pamcular formulation.

The compounds encompassed by Foﬁmila I are conveniently prepared by chemical

- SUBSTITUTE SHEET (RULE 26)



the AGE-crosslinks that form when AGE-nodified BSA (AGE-BSA) is allowed to
react with unnodified, native collagen. This resulted in a
concentrati on- dependent ) rel ease of BSA fromthe pre-formed
AGE- nedi at ed conpl exes. Again, this study confirmed that a
significant portion of the AGE- crossl i nks that form und _
experi meif¥ ?&%dltlons consi st of an a-di ketone or rel}gﬂlsgf'@gﬂ ure that

i s susceptible to cl eavage by the advantageous bidentate- type

mol ecul es of the conpounds of fo2bul a | under physi ol ogi cal

condi ti ons. WD 96/ 22095

PCT/ US96/ 00663 syntheses well-known in theart. Certain of the compounds encompassedb Formad I

To confirmthat th sane si t uat ccur ol d collggen from
the tail tendof\‘é’f"""ﬁI W COEpOY 'ﬁ%l&%‘é‘éﬁ”&i%@‘é‘??a' ?‘f’ ?’fﬁ s were
treated w th aprepambleby sy]ithdnbmethods specnﬁciltyrpubhmeﬂ thebéforh Fosingtande] 3,40l | um

brom de, prior .
el ect rophor esi s%g ygagl?a?gg@dgﬁagggﬁ'ﬁ%ﬁgg%phor ehgfirgx}'etl\l/ye)-f-ed that the
treated - 'S Sncﬂiylthgmhum:romrdd; &-bemgbi-&ahd@lmyhlhyhﬂunethﬂ&uaﬂmmohloddabet iC

trol |1 R WA NS hi ghl
f:(r:ggslrlon%(ego d?'ggjs]fl on- ¥e5|§[? M’é‘ﬁw‘ﬁ%‘&b&%’% 1S yp| ?‘\g Rl

i sol ated from €eabetic aninals. The present i nvention i kevvi se
relates to nmethods for inhibiting the fornmation of 10 advanced

gl ycosyl ati on endproducts, and reversing the |evel. of already forned
advanced gl yco§9ma9‘FGﬁd§ﬁG¥ﬂddﬁlﬂGt°§°m'ﬁﬂ andl patentisaragure o directly pregaseble by ar get

nol ecul eS\tho meﬂmds Séstribed :mémaﬁd éricompa¥sed Is;emerme thosessath a;][\s-(z-n t ][1 fe
i nstance where the, target 0 in foodstuffs,
whet her of pl aPHe"M"iﬂml g'lyﬂﬁ“%‘ﬂ@m Eﬁi’g Eé{}gﬂ‘)’dm"y‘ ave
applied to theﬁiemylthmzomﬁcmmeqmrmmav JRPSClant,#1F1834181 ©1976)INt @i ni ng t he
15 present agents. . In the food industry, sulfites were found

years ago to inhibit the Mai |l ard reaction and are comonly used
in processed a@ertain of the coropaimnds skfosmula (1) ateawel @onpeurnids,i ot eretaforoknbwn

15 intheart. These compounds are those represented by the formula Ia

y x®
1 <>]
B .
2 _
R™ S o
wherein R! and R2 are independently selected from the group consisting of hydrogen,

hydroxy(lower)alkyl, acetoxy(lower)alkyl, lower alkyl, lower alkenyl, or R! and R2

together with their ring carbons may be an aromatic fused ring, opnonally substituted
by one or more amino, halo or alkylenedioxy groups;

- 20

25 - Z is hydrogen or an amino group;
Y is amino, a group of the formula
o
: I
_ -CH2C-R
30 ~ wherein Ris a lower alkyl alkoxy, hydroxy, amino or an aryl group, said aryl

group opnonally substituted by one or more Iower alkyl Jower alkoxy, halo,
dlalkylammo, hydroxy, nitro or alkylenedioxy groups,

a group of the formula

-CH;R'
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“have been inplicated in severe and even fatal reactions in asthmatics. As a
20 consequence, the sul-f+te-t+eatment of fresh fruits and vegetabl es has
"_been banned. The mechani sm for the allergic reaction is not

known. Accordingly, the present conpositions and agents offer a
nont oxi ¢ al woregatseye to sulfites in the treatnent of foodsPCI/USIN0663 | n
this manner. 25 As is apparent froma discussion of the environnent
of the present invention, the preséé:t nmet hods and conpositions
hold the promi se for arresting, and to sone t ent reversing, the
aging of key proteins both in aninmals and plants. and concom tantly,
conferring both econonVhergi® mn'ﬁéﬁmefgﬂ&'s'%efg§ml" Q'I?@fl&'ﬂ“.l’yl n the

i nstance of f oodst uf f sor alghsipad thefomiulait | on of the present
conposition holds the prom se for S0 retarding food spoil age thereby
maki ng foodstuffs of increased shel i fe and greater

availability t_g consuners. Repl a& Qf currently-used preservatives,
such as sul fur di oxi dé“-KHAOV o cause allergies and asthma in
hunans, w th non-toXi CwhétiaRTIPRYdréPer and R™ is a lowe£ ARFIGUAES optiondlly siibstiated by

advant age of the present invention. . . .
PCT/ USQ% /00663 V\Dp96 | oBR5Y group, or an aryl group, said aryl group optionally  substituted by one

21 ) The fj heraaaummowmlldyhaﬁlbpsralmkylﬁhbom gmpf;o’r]g!\'/eﬁdl RUrare soumt e
to the arrest, and to e ., extent, the reversal of the aging
process which has, as ?‘ﬁ'&f%‘%’f‘é&“@&n i er, been identified and

exenpl i fied i N0t hwithgherpyoiso thatat jeastiose ofY lapd Zds/amamido gropp ceng|the fusthercpraviso
' b nki Y ol I
body pr ot ei ns,  sulls i ¥ino 8RR, Bl £ B W3ER e Ry, Ebinks il ¥ Ehide

proteins, kidney gkylgroug; and basement nenbranes - and ot her
extravascul ar matrix c [t 1N, ' 0 ity and
operation fromthe pr ag'?? %gﬁ@ﬁf]%?%e@eah?&ﬁ%g&néﬁAé%f&eﬁé@[‘géneagegﬁ{' i nvention
t hus reduces t he incidence of pathol ogies involving the entrapnent
of proteins by sCrggss hi Yo LR Y RUCR ' t hy,
cataracts, di algetlc ﬁbg%ggaﬂé@éggenm? o%fmlgégfvg%rggg, w@?alﬁfﬁyhﬂ&ﬂﬁ
group or a group of the formula '
‘OR"
S
-CH,C-N-R"

20 wherein R" is hydrogen and R™ is a lower alkyl group, optionally substituted by an aryl
group, or an aryl group, said aryl group optionally substituted by one or more lower
alkyl, halo, or alkoxylcarbonyl groups; or R" and R™ are both lower alkyl groups.

The compounds of formula I wherein Y is a group of the formula

25 0
]
«CH,C-R _
wherein R is a lower alkyl, alkoxy,hydroxy, amino or ary! group;
' or a group of the formula
30 -CH;R' -

wherein R’ is hydrogen, or a lower alky), lower alkynyl or aryl group;
X is a halide, tosylate, methanesulfonate or miesitylenesulfonate ion;
can be prepared according to the methods described in Potts et al., J. Org. Chem.,
41:187 (1976); and Potts et al., J. Org Chem., 42:1648 (197‘7), or as shown in Scheme
35 Ibelow. | )
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10 peripheral vascul ar disease, arteriosclerosis obliterans, peripheral
neur opat hy, stroke, hypertensi on, atherosclerosis, osteoarthritis,
periarticular rigidity, loss of elasticity and wri nklTng of skin,
stiffening of joints, glonerulonephritis, etc. Likewi se, all of these
conditions are in evidence and tend to occur at an accelerated rate in

pati ent s WPPHRWPEJ with diabetes nellitus as g ROHURHRe of this
hyper gl ycem a. Thus, the present 15 therapeutic nethod is relevant to
treatnment of these and related conditionsaim patients ei t her of
advanced age or those suffering fromone of the nentioned pathol ogi es.

Mol ecul ar cross-1inking-through advagged..gl ycosyl ati on product formation
can decrease solubility of S ctural proteins such as collagen in
vessel walls and can al so 20 trap serumproteins, su as |ipoproteins
to the collagen. Alsogthis may result in |nc perneability

of the endot helium and consequent|yQco lh%& trappl ng v o
extravasated pl a ”§e_|i1$ in subt!ndot redt?ét ion in
susceptibiligy of 2 gﬁ'a'_ﬁ%an Iﬁ Zt o physi ol ogic

degradati on by en§ym§ For these reasonsR 8 progressive
occl usion of diabetic vessels induced by chronic - 25 hyperglycem a has
been hypot hesi zed to @Msult from@@Wcessive formation of (gugar -

- derived and particularly, glucose-derived cross-1links. Such diabetic

m crovascul ar changes and m crovascul ar occl usi on can be
ef fectively preherteR!, RA0Z and & seds liegeinabove defined; hndXdsh halogendm.on and
reversal of,4he advanced gl ycosylation product formation utilizing

a conposition and the met hods of the present invention. '
St udi es i ndi calwreattion &hmdh%mn!tewbsmwdmlw&mmdﬁafn@}ﬂann t ar get

organs is remoﬁi ﬁ@ 3&:{1 ¥ abd diefdinbefoRdRAnE, GTEdEted with &u@ﬁ%pn&i

met abol i c contro ay or even prevent end nage
See Nicholls eporapoundw&bnmhl@svhmlw ang X arejas hereintefore defgmyl, to afford the

96/ 22095 desired compound of formula I wherein R!, R2, Z, R and X are as hereinbefore

PCT/ US96/ 00663
whi ch di scubsedefineg- effects of islet i sografting and am noguani dine in

murine di abeti Qypically, thls red&tion idntiised af RABL tedipirhnges foritilnbesf abbitdedhicurs. hat
am noguani di ne 'Id i lcali}, lgr so?vem such as ethanol is utxllzed for the conduct of the reaction.

“The compounds of formula I wherein Y is an amino group can be prepared according
20 to the methods described in Tamura etal,, Symhests. l (1977). or as shown below in
Scheme II.

xe

25 ot NH:
RIN >- O-mesitylene sulfonylhydroxy! amine
z — — - - I }- Z

wherein R!, R2 and Z are as defined hereinabove .

30 In the reaction shown in Scheme II, typic_ally conducted in an anhydrous polar solvent
at room temperatures, typical reaction temperatures range from room temperature to
re_ﬂux.l and typical times vary from 1 to about 4 hours. This reaction affords the
mesitylene sulfonate, which can then be optionally converted to other thiazolium saits
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-wal | protein cross-linking in diabetic rats and confirmearlier studies by

Brownl ee et al ., - Sci enee, 232:1629-1632 (1986) to this additional

-target organ of conplication of 5 diabetes. Also, an additional study
showed t he reduction of inmunogl obulin trapping in the kidney by

am noguani %Jpﬁlﬁ@so"m' ee et al., D abetes, 35(1):42A (198GQ1/US96/00663
Furt her evidence I n the streptozotocin-diabetic rat nodel that

am noguani di ne adm nistration inte \éenes in the devel opnent of

di abeti c nephropat hy was presented: by 1 Brownl ee et al., 1988, supra,
with regard to norphol ogi c changes in the kidney which are

hal | mar ks of di abgtypical exchangdireacions. These i nvestigators reported that the
i ncreased gl onerul ar basenent nenbrane thickness, a ngjor
structural abnornality characteristic ' of diabetic renal disease,
was prevented wi {THe RIFSRS HYSRHOR also involves a npxel sandwich ergyme framunqasiay disethion
strongly suggest aideshin itk Hbility bPrest2OMpIRIdS i Dreak’ or rérerseil@Bidy forined advanced Of
vent | on. rayp pRBFRIaoR eiaEvucis by o Hietkits peAaR (e s bTignan

i nvention, may p , duv , as
early, eh ¢t)ahoiees ifront AGEcrosslinkedipedtein, This asaay komprisesanges
during agi ng caus 1 he .. fornmation of AGES,. 0

Di abet es-i nduced aﬁWﬁﬁS‘é‘Q" Pﬁ%’“ﬂ%ﬁ& ﬁ%‘ﬂ?‘f feym ﬁﬁ’“?‘m%ggﬁﬁgf'f:gl}agﬂ'adi ng
to nore rigid coated wellsadfimiomtiter plates foriaperiodofi2:6 homrsatfagdempdratare af 37°C ;
cross-|inking ang,am Ldl g ) shown to prevent it in
vivo. In such st§ i%%@%?ﬁﬂgwm‘%ﬁbbi ts, with induced,

| ong-t er m di aliet e} applisatiorcef the)testicampourids tathe swashed svells of stepb;c onpound on red
bl ood cel | 2 ‘“BFQ" ] L . he, FRERISG dasin

adm ni stered at %)ra e 8?%@8%‘;‘1%&0\‘“;%:?%%4@5 gavgge tigaﬁllog el i264
rabbits. ours apa femperaiire elaboutATeGcandof di abetes is the

hyper gl ycen a-ing dficHe REBfbreaking usi : Riidel Apai judfbad
decreased bone fo??r%tté‘iugar?t usual Iy, 6'1?530 iugltngc?n\;%grﬁghr oni gh%ﬂ%ﬂ%dggﬁé&s_

I'n ani mal nodel s Or gRogtinkbreaking with an,antibody 2535t B3Abone differentiation by
70% 15

The following examples are illustrative of the invention.

20 - _-‘

Thiazole, (850 mg, 10 mmol), methyl bromoacetate (1.52, 10 mmol) and absolute

ethanol (50 ml) were refluxed for 2 hours. On cooling, the salt separated and was

recrystallized from absdlute ethanol to give the titlé compound (1.59 g), m.p. 189-
25 190°C (dec).

30
An ice cold solution of the 4,5-dimethy] thiazole (2,26 g, 20 mmol) in dry
dichloromethane (15 ml) was treated dropwise with a solution of -
mesitylenesulfonylhydroxylamine (4.3 g, 20 mmol) in dry dichloromethane (15 ml).
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WD 96/ 22095
I'n the instance where the.conpositions of the present invention are

23

s utiTrzea for TmVvivo

- the conpounds or agents used therein are bloconpatlble
Phar maceut i cal
ef fecti veWRRe2#95y of the agents or conpounds of the pre®ERULS i on and
may i ncl ude
~ known nmaterials utilized for this agour pose. Such conpositions may
- be prepared in a variety of forms, depending on the met hod of
adntnlstratlon
t he conpounds

. be utilized |ncwm&¢rdodcm

fornms such

conpositions may be prepared with a therapeuticall

5 a pharmaceutically acceptable carrier, selected from

i ik B Jﬂﬁﬁfcﬁ%@%  sinfRERIAER B S pihey i o

e ptthe titié mduqt.aatmnoéé-dmeﬂmt-mmhm s,

as ta

I nt ramuscul ar %Shﬂkmm&ibﬂf og@%gggggfg) g,p% 16598gpPr opri-ate, soli d dosage

i qui d dosage fornul ations

such as sol uti ons and suspensi ons, etc., may be prepared for oral
. admini stratien. For topical or der mal mﬁtg_ﬁ}on to the skin or
eye, a solution, a lotion or ointnent may-be fornulated with the agent in a
15 suitable vehicle such as water, ethanol, propylene glycol, perhaps
i ncl udi ng a canysirthé procedures descriBbdlatioe mhfpwslmd RIhe f&li&l%ﬁhﬂ&ye

o]

. For exanpl e,
- of the conpoun

a topical, preparation could include . up
d“'edg‘ﬂi'fﬁdnula |. Other suitable forms for

about 10%

adm nistration to other body tissues are also contenpl at ed. 20 In

il host 0 " Stind Bl Sipse RS PR GBSt i ctered 10 11 a

- quantity of ong Sedtamnmethmiolhhemesny!enesulfomem B, 1713a175°C (dechbl e

pharnaceutlcal
t echni ques,

i ntradermal ,
I nj ection,
of the agents ma take pl ace” over an extended peri od of tine

dosage | eveld of: 'WF“%)?&H‘&F'@Y‘H& digethyythiazoliym-ypmide, m.p. 212'213°C(‘19% not ed
the IBmhmahﬁ%Mﬁmﬁestmeaemma:ﬂb ig3hidapci ng and reversing

earlier,
t he
t he oral

30 dis
cavit

20

25

30

such@g@ﬂé@ﬂ*%g{ygﬁg are era@ﬁﬁﬁ%ugglg(ﬁt‘m known

-(2-methmercﬂaomed1ybobspdwhmmhmchmnd= mpt M4PHIIPCddash

S 990 lphey D oRRLgN-4CAEN ARHidBRdth bromidd in.p FIBBROCHRLNI St ration

G hoxy -SkoettiyD-Smethyl thidzoNum bomide, mp. 195194 P&S‘m' ng in
3-(2-phenyl-2-oxoethyl)-S-methyl-thiazolium bromide, m.p. 193-194°C.
3-(2-[41-bromophenyl]-2-oxoethyl)-thiazolium bromide, mp 269-270°C (dec).
3-(2-[4l-bromophehyl]-2-oxoethyl)—4émemyl-thiazolium bromide, m.p. 248-249°C

(dec).
3-(2-[41-bromophenyl]—2-0Xoethyl)-5-mcthyl-thiazolium bromide, m.p. 216-217°C.
3-(2-[41-bromophenyl]-2-oxoethyl)-4,5-dlmethylthlazollum bromide, m.p. 223-224°C
(dec).
3-(2-methoxy-2-oxoethyl)-4-methyl-5-(2-hydroxyethyl)—thiazoliﬁm'bromide, m.p.
137-138°C.
3-(2-phenyl-2-oxoethyl)-4-methyl-5-(2-hydroxyethyl)-thiazolium bromide, m.p. 180-
181°C.
3-(2-[41 -bromophenyl]-2-6xoethyl)44-methyl¥5¢(2-hydroxycﬂlyl)thia;olium bromide,
m.p. 251-252°C (dec).
3 4-dimethyl-5-(2-hydroxyethyl)-thiazolium iodide, m.p. 85-87°C.
3-ethyl-5-(2-hydroxyethyl)-4-methyl thiazolium bromide, m.p. 84-85°C.
3-benzyl-5-(2-hydroxyethyl)-4-methyl thiazolium chloride, m.p. 144-146°C.
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‘conprises administration to a subject in need of such therapy an anount

effective to I nhi bit—and reverse the formation of advanced

-gl ycosyl ati on endproducts of a conposition conprising an agent of
- structural Formula I. WD 96/ 22095

PCT/ US96/ OOQ‘Q{% PCT/U

The nonenzynat1C lE)""ownl ng reaction which occurs in the orat «cavity results

in the di scoloration of teeth. Prese 6I y used anti-pl aque agents

accel erate this nonenzymatic br owni rfg reaction and further the

staining of the teeth. Recently, a class of cationic anti-m crobi al

agents with remar B42methony2-qxosthyk-bpnasthiszolivrn bromide.apnl 44ol450C &desdi i n 5
oral rinses for r?—?”"pﬁénlyﬁ%xwhﬁ} -bénz hﬁi\fa‘z@lﬁdﬁbﬁo&:&é"ﬁxﬁ‘ﬂbﬂﬂ‘&‘ﬁﬁ@) agents,

the cationic I Ssept1CSs, Inc such ents as_al exi dine ety
pyri di ni um chi or i &€2-[4hrompphenyii3coxoethyl)-benzgrthi alnbbromdsemmmé&ﬁ%ﬁa(dec)

benzal koni um chl osi@gboxymeth )-benzoﬁﬂ%dﬁuﬁilﬂbﬂid@ﬁlbﬁsm @ebexi di ne and ot her
anti - pl aque agents a parent P’y results romt 9? nt of the
Mai | | ard react Son2-3rdismime-benzothigzalium mesitylencsu ?‘H‘Q’g 'E‘f@?g'g ‘E&()(HE

that chl or hexi di ns-(mdmibemaédn?m-mmﬁummmmnlmeom«mu ng reactions in

vitro. hexi d Xt ur.es cont ai ni
derivative and a é e '°<§?ﬁ g)-g-me%yrpﬂn El :%W@ased col or
formation, attri bB-t(anﬁlm-Z-bmodle)-s-ali-dnmlxm brdmlde.smp 179-180°€l so known

h f chl di Nor db
15 broposed thay antaRBRP ARl RS RA GRS P T iR, 0T PO
first, by i ncri®asB#@-amino-2-oxoetliyl)-benzothiazoljunpbiommids, m.m222223%At ai ns nor e
am no_groups, and E%ﬁ@w ?—bx@fhﬁﬁ&-%@l% (thgdroweéhgl)thlm umﬂﬁhﬁd fqgi' he

| eadi'ng to colore cCcO nce w
conmpounds  of For mi83°0. are forrrul ated into 20 conpositions adapted for

use in the oral C§Vdn}]|¥o-s- Shliroky p)hw- SiektyR i Srofikh msﬁ{rléﬂiﬁlf&faﬁe m.p. 94-95°C
oral rinses and toot ast es I ncorporating the active agen
15 3-(2—mcthyl-2-oxoelhyl)thlazohum chlonde m.p. 178-179°C.
3-am1no-4-methyl-S-(Z-acetoxycthyl)thmzolmm mesitylenesulfonate, m.p. 118—120°C
3-(2-phenyl-2-oxoethyl)thiazolium bromide, m.p. 217-218°C.
3-(2-meihoxy-2-oxoethyl)-4;methyl-5-(2-acetpxyeth_yl)thiazolium bromide, m.p. 217-
218°C. | | |
20  3-(2-amino-2-oxoethyl)-4-methyl-5-(2-acetoxyethyl)thiazolium bromide, m.p. 233-
234°C. | |
2-amino-3-(2-methoxy-2-oxoethyl)thiazolium bromide, m.p. 191-192°C.
Z-amiho-3—(2—meﬂloxy-2-oioethyl)beniothiazolium bromide, m.p. 236-237°C.
2-amino-3-(2-amino-2-oxoethyl)thiazolium bromide, m.p. 209-210°C.
25 2-amino-3-(2-atnino-2¥oxoethyl)beniothiazolium bromide, m.p. 234-235°C.
3-[2-(4- methoxyphenyl)-z-oxoethyl]-thmzohmum bromide, m.p. 248- 249°C (dec.);
3-[2+(2' 4-dimethoxyphenyl)-2-oxoethyl}-thiaxolinium bromide, m.p. 214- 216°C
(dec.);
3-[2-(4'-ﬂuorophenyl-2-oxoethyl]-_thigzolinium bromide, m.p. 209-210°C (dec.);
30  3-[2-(2'4-diflucrophenyl)-2-oxoeethyl}-thiazoliniumn bromide, m.p. 226-228°C (dec.):
3-[2-(4'-diethylaminophenyl)-2-oxopethyi]-thiazolinium bromide, m.p. 233-235°C
| (dec: | S
3-propargyl-thiazolium bromide, m.p. 64-66°C;
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In the practice of this invention, conventional formulating techniques are

utilized with nont oxi c, phar nmaceutical ly accept abl e carri ers

t ypi ' 7 T TonsTthat are
wel | -known for the formulation of such oral rinses and

t oot hpastes. The agent of Formula | is formulated in

conposi t WOr9s/22095 an anount effective to inhibit PEIUSIO@S3se t he
formati on of advanced gl ycosyl ati on endproducts. This amount will, of 30
course, vary with the particul ar agent b§L|ng utilized and the partlcul ar
dosage form but typlcally Is in the range of 0.01%to 1.0% by
wei ght, of th arti uI ar fornmu e conpounds enconpassed
by Forrmul a | 3rhro W!‘E"‘ﬁ?‘%‘i"@ﬂ“‘!ﬁy%@h? EhffEh WO 96/ 22095
PCT/ US96/ 0066 3- Propargyl-s-methyl thiazolium bromide, m.p. 127-129° C 25

synt heses wel own i r.t rtain. of the nds enconpassed by
Formul a | l:”Jé' 3@%1$"‘?3M Ed 8 ﬁdfwg | abl e from cheni cal
suppl y houses 3d?rdyﬁangylelr-methyl-5-(2-hqueypﬂwbhlnezdllynd;mmhbt m@. 132-h3E ;
speci ficall S =
d et hyl 5% 2%?&?0‘5%?% Pl B‘E’%‘ﬁ%"f’gﬁ'&“’%&‘@hyrp B4R oxyet hyl ) - 4-
5 et hyl t hi aid&[@chMMYIBZ-DWI)"BmG@yhﬂE-d)xcjroKMY})uﬂhlmmml t hi azol i um
chl ori de; g,[&gmﬁ & rll&xl)sgté hyl ) benzot hi-azol i um brom de are

rc Co.

obt ai nabl e from Al npounds descrl bed in

the chenical arf@é- [%an@mxyphmﬂaa-wethmﬂ-benmmmprbmmwe #5-217°C et hods
oy 5 ARG et e e st
3- benzyl - 51 2 W¥' azollum mesitylene su E)nate, m.p. 204-205°C;
3-ammo-4-methyl-S-wnyl-thlazohum mesitylene sulfonate m.p. 145- 147°C;
2,3-diamino-6-chlorobenzothiazolium mesitylenesulfonate, m.p. 244-246°C;
2,6-diamino-benzothiazole dihydrochloride, m.p. 318-320°C (dec.);
2.6-diamino-3[2- (4'-methoxyphenyl)-2-oxoethyl] benzothlazolmm bromide, m.p. 243-
15 245°C (dec.);
2,6-diamino-3[2- (3'-methoxyphenyl)-2-oxoethyl] benzoth:azohum brormde, m. p 217-
218°C (dec.);
6-d|ammo-3[2-(4'-d|ethylammophenyl)—Z-oxoethyl] benzothtazohum bromide, m.p.
223-225°C (dec.);
20 2 6-d1ammo-3(2—(4'-bromophenyl)-2-oxoethyl] bcnzotluazolmm bromide, m.p. 258-
259°C (dec.);
2 6-d1ammo-3(2-(2-phenyl-2-oxoethyl) bcnzothlazohum brotmde m.p. 208- 210°C
(dec.);
2 6-d|atmno-3[2-(4'-ﬂuorophenyl-z-oxoethyl] benzothmzollum bromide, m. p- 251-
25 252°C (dec.);
3-acetamxdo-4-methyl—5—ﬂuazolyl-ethyl acetate mesuylencsulfonaze m.p. syrup
material;
2,3-diamino-5-methylthiazolium mesitylenesulfonate, m.p. 149-152°C;
3-[2-(2'-naphthyl)-2-oxoethyl]-4-methyl-5-(2'-hydroxyethyl)-thnazohum bromide,
30 m.p. 219-220°C;
3-[2(3',5" Dl-tert-butyl-4'-hydroxyphehyl)-2-oxoethyl]-4-methy1-5-(2'- hydroxyethyl)-
thiazolium bromide, m.p. 206-207°C;
3-[2-(2',6-Dichlorophencthylamino)-2-oxocthyl]-4-methyl-5-(2'- hydroxyethyl)-
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et hyl thiazoliumchloride [Potts et aL, J. Org. Chem, 41:187-191 (1976)].
Certain of the conpounds-of +ervtta (1) are novel conpounds, not heretofore
‘known 15 in the art. These conpounds are those represented by the
formula |l a ' [err] 20

wher ei n R eijgoghagbsRl €rr] are i.ndependently selected from tgeqmsss

consi sting of hydrogen, hydr oxy (| ower) al kyl , acet oxy(l ower) al kyl

| ower al kyl, |ower alkenyl, or R err] and err] together with
their ring carbons nay be an aromatic fused ng, optionally substituted

by one or nore am no, halo or al JQ enedi oxy groups; 25 Zis
hydrogen or an ami no @hiszglium-bromide, m.p. 193-195°¢;i s ani no, a group of the

formil a 3.(2-Dibutylamino-2-oxoethyl]4-methy 582 iy droxyem§9-tmazolm ﬁ{.&! n R
is a lower alkyl, al koxy,_ hydroxy, amno or an aryl gr oup, sal ary

group optionally substf®Pul&®0°6y one or nore lower alkyl, |ower alkoxy,

hal o, 3—[2-4 -cirbathbiyyafilinG)r2-oRoettyPdimethiyl-5.02 %d%k_*&ﬁﬂ?%ﬁnﬂr oups,
a group of t he5 f or mul %romlde m.p. 204-206°C;
96/ 22095 P-
PCT/ US96/ 00663. 3-[2-(2' 6'-D||sopropylamhno)-2-oxoemyl]-4~methyl-5-(2'-hydtoxyethyl)- ﬁf’azohum
wherein R is hydr oge o.heamlpoyfg_lﬁoéy | oner al kynyl, or aryl group;
- 3-amino-4-methyl-5-{2(2',6'-dichlorobenzyloxy)ethyl]-thioazolium
mesitylenesulfonate, m.p. 164-166°C;
10 3-[2'-(4'-carbmethoxy-3‘-hydroxyanilino)-z-bxoethyl]-4-methyl-5-(2'— hydroxyethyl)-
. thiazolium bromide, m.p. 222-223°C;
2,3-Diamino-4,5-dimethy! thiazolium mesxtylene sulfonane m.p. 166- 168°C;
2,3-Diamino-4-methyl-5-hydroxyethyl-thiazolium mesitylene sulfonate, m.p. 132-
134°C; |
15 2,3-Diamino-S-(3',4‘-tri_methy_lenedioxy phenyl) thiazolium mesitylene sulfonate, m.p.
224-226°C;
3[2-(1' 4 benzodxoxan-6-yl)-2-oxoethyl]-4-methyl-5-(2'-hydroxyethyl)— thiazolium
bromide, m.p. 196-198°C;
3-[2—(3‘ 4'-tnmethy]ened|oxyphenyl)-2-oxoeﬂ1yl]-4-methyl-5-(2' hydroxyethyl)—
20 thiazolium bromide, m.p. 164-166°C;
3-(2- [l'4-benzodioxan-6-yl]-2-oxoeﬂ1yl)-thiazolium bromide, m.p. 238- 239°C;
3-[2(3' 4 trimethylenedloxyphenyl)-z-oxoethyl]-thlazohum bromide, m.p. 246-
248°C (dec.):
3-[2-(3',5"-di-tert-butyl-4"-hydroxyphenyl)-2-oxoethyl]-thiazolium bromide, m.p.
25 3-[2-(3,5'-di-tert-butyl-4'-hydroxyphenyl)-2-oxoethyl}-4-methyl-thiazolium bromide,
m.p. 226-228° C (dec.);
3-[2-(3', 5'-dl-tert-butyI-4'-hydroxyphenyl)-2-oxoethyI]-S-methylothxazohum bromide,
m.p. 210-211° C;
3-[2-(3',5"-di-tert-butyl-4'-hydroxyphenyl)-2-oxoethyl}-4,5-dimethyl- thiazolium
30 bromide, m.p. 243-244°C (dec.); _
3-[2-(3',5'-di-tert-butyl-4"-hydroxyphenyl)-2-oxoethyl]-benzothiazolium bromide, m.p.
- 239-294°C (dec.);
1-methyl-3-[2-(3",5'-di-tert-butyl-4'-hydroxyphenyl)-2-oxoethyl]- imidazolium
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or a group of the fornula [err] 5

wherein R' is hydrogen and R'" is a |ower al kyl group, optionally
substituted by an aryl group, or an aryl group, said aryl
group optionally substituted by one . or nore |lower alkyl,

hal o, or al koxyl carbonyl groups; or R' and R'' are both _ _

| oner al ki 9622009s ; 10 with the proviso that at | easPCHH¥W6HP66Y and Z i s
an am no group, and the further proviso that when Y is am no and
R2 and Z are both hydrogen, then Rerr] i $ther than a | ower

al kyl group; and X is a halide, tosylate, net hanesul fonate
or nesityl enesul fongate iaon QO her -novel conpounds are those of
formula | wherein Y m%9°1'8§k’/e|’4 H(Olé | met hyl group or a group of

the fornul a 3-[”-(4'-n-pentylphenyl)—2-oxoethyl]-thzazohmum biomidg, m.p. 218-220%¢hdew)in R' i s

ot oup. or an ar3i® #W@“ﬁ"ary’f&*"?ﬂﬁ'smg‘% LS PSRN itk 07 Y

nore | ower ide, mpal &1‘4@ gxyl car bonyI groups; or R' and R'

are both | ower ﬁ{gkyld,ﬁ{ ﬁophenylEz-oxwmylmmqgﬁ%rﬁpeﬁﬁﬁ-mlimmer ein

Y is a group of the fornul

wherein Ris a Iovver‘”%ﬂ"’;@ifl"‘-I’aW‘o!(gg’5 ﬁ)@ﬁ"dxy am no or aryl group
or a group of the dxeh -6xoethyl)3@meth I-S-vmyl-tluazohum bromide, m.p 76! ﬂ‘ﬁ:

X 15 a halide, %«?Eﬁw MG ) selbi b s 43&éfoéﬂr b
can be prepared accu-dhiag,m . 2082092 1Chods described in Potts et al. J. Og.
5. o 1 F B P ghis il i o 42 642
3-(2-tcrt-butyl-2-oxoethyl)-4-methyl-5-(2 hydroxyethyl)-thlazollum bromide, m.p.
186-187°C;
3-(3'-methoxybenzyl)-4-methyl-5-(2"-hydroxyethyl)-thiazolium chloride, m.p. 135-
136°C;
15 3-(2, 6'-d|chlorobenzyl)-4-methyl-5-(2'-hydroxyethyl)-th:azolmm chloride, mp 192-
194°C;
3-(2"-nitrobenzyl)-4-methyl-5-(2"-hydroxyethyi)-thiazolium bromide, m.p. 215-216°C;
3[2-(4'-chlorophenyl)-2-oxoethyl]-thiazdlium bromide, m.p. 239-241°C (dec.);
3[2-(4’-chlorophcnyl)-2-oxoethyl]-4-methyl S-(2'-hydroxyethyl)-th:azohum bromide,
20 m.p. 240-251°C (dec.); and
3[2-(4'-methoxyphenyl)-Z-oxoethyl}-4-methyl-5-(2'hydroxyethyl)—thiazolium
bromide, m.p. 229-231°C (dec.).

EXAMPLE 4
25 ' '
mghablet
Compound of FormulaI - 50
Starch 50
Mannitoll s
30 Magrnésium Stearate ' 2

Stearic acid ' ' 5
The compound, a portion of the starch and the lactose are combined and wet granulated
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WD 96/ 22095

PCT/ US96/ 00663 o _ 27 Schene |
[err] wherein R err], Rerr], Z and R are as herei nabove
defined, and X is a hal ogen at om 10 In reaction Schene I, the
appropriate .futed thiazole conpound of fornula Il %g@{ ei n
Rerr], R[e?ﬂ&é#a&z are as hereinbefore defined, is reactg %s% t3e
appropriate halo conpound of formula Il wherein R and X are as
her ei nbefore defined, to afford the 3dksired conpound of formula |

wherein R err], Rerr], Z, R and X are as herei nbefore 1 5 defined.
Typi cal |y, this rwiticéurcinpaste. The suecgranhiationlicplaced onerpesmitallowed toodry bvémighof

b -3 h : i . ; '
Gt zed for i he %3 ApErenY B ARG, Yhe i pAlhuiifon i€ Bmahitibals a ShiiRser S o
formul a | wher ei rpaiclessizerof approximgtely 20 wesh. Dagpesispa stearatecsiearigiapig and t20 t o
the met hods descr%%ﬁgeéﬁ?{m ﬁe‘i&dé%'andd@éﬂiiﬂ‘%ﬁik%ien&dﬂr?o?@m:ﬂﬁméﬁ;gm T

bel ow i n ene
[err] 5 suitable tablet press. The tablets are compregsed atja weight of 232 mg. using a 11/32"

punch with a hardness of 4 kg. These tablets will disintegrate within a half hour
according to the method described in USP XVI.

10 L
Lotion _ melg
Compound of Formula ] 1.0
Ethyl alcohol 400.0
Polyethylene glycol 400 | 300.0
15 Hydroxypropyl cellulose _ 5.0
Propylene glycol ' tomake 1.0g
20
Compound of Formula I: | 1.4 %
 Chiorhexidine gluconate 2%
25 Ethanol : 11.6 %
‘Sodium saccharin | 0.15%
FD&C Blue No. 1 N 0.001%
Peppermint Oil | . 05%
 Glycerine _ 10.0 %
30 Tween60 | | 03%
Water to | 100 %
EXAMPLE 7
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25 O nesi tyl ene sul f onyl hydr oxyl am ne wher ein

Rlerr], Rerr] and Z are as defined hereinabove. 30 In the reaction
shown in Schene ||, typically conducted rn an anhydrous pol ar sol veritm~——"~
at roomtenperatures, typical reaction tenperatures range fromroom
tenperature to _ reflux, and typical tines vary from1 to about 4
hours. Tiwessemes i on affords the nmesi tyl ene sul frCEWSssoe6s3 ch can
then be optionally converted to other thiazoliumsalts WD 96/ 22095
PCT/ US96/ 00663 . 28

by typi cal exchange reactions. e present invention also

I nvol ves a novel sandw ch enzyne i munoassay used to. ascertain the

ability of test conpounds to "break" or reverse already forned advanced
5 glycosyl at iWroducts by detecting the breaking of AGE (Advanced

gl ycosyl ation - endproduct) noieties from AGE-crosslinked protein.
This assay corfypmpesad of Formulal:5)" i hcybation of AGE- n8di%i ed bovine serum
al bum n ( AGE- BofBitod, 70¢win! vagstn - - coated wel I'sagfggmi crotiter plates

for a perio 2-6 hours at a tenperature of 37C, ' b) washi ng of
the wells tg"ﬂww 10 c) application of PHd%est conpounds to
t he washed welSodiumi lagiysulfate d) incubation of 1578t est conpounds

applied to th sh | s for an additional 12-24 hours at a
t enper at ur e o%ﬁ%@r‘f’ﬁ o0 1% e) detect?dh of the AGE-breaking
usi ng an anti Kitiof Speammidt agai nst AGE-ri bonucl ease 1.0% or cross-link

breaking i th g aihydiete, 364/ omePSA 15 0.76 %
10 Dibasic calcium phosphate dihydrate 45 %
Water to 100 %
EXAMPLE 8

15 CROSS-LINKING INHIBITION ASSAY

The following method was used to evaluate the ability of the compounds of the*present
invention to inhibit the cross-linking of glycated bovine serum albumin (AGE-BSA) to
the rat tail tendon collagen-coated 96-well plate.

20 ) : _ _
The AGE-BSA was prepared by incubating BSA at 2 concentration of 200 mg per mi
with 200 mM glucose in 0.4M sodium phosphate buffer, pH 7.4 at 37°C for 12 weeks.
The glycated BSA was then extensively dialyzed against phosphate buffer solution
(PBS) for 48 hours with additional 5 times buffer exchanges. The rat tail tendon

25 collagen coated plate was blocked first with 300 pl of superbloc blocking buffer (Pierce
#37515X) for one hour. The blocking solution was removed from the wells by
washing the plate twice with PBS-Tween 20 solution (0.05% Tween 20) using a
NUNC-multiprobe or Dynatech ELISA-plate washer. Cross-lihking of AGE-BSA (1
to 10 ug ﬁér well depending on the batch of AGE-BSA) to rat tail tendon collagen

30 coated plate was performed with and without the testing compound dissolved in PBS
buffer at pH 7.4 at the desired concentrations by the addition of 50 I each of the AGE-
BSA diluted in PBS or in the solution of test compound at 37°C for 4 hours.
Unbrowned BSA in PBS buffer with or without testing compound were added to the
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The follow ng exanples are illustrative of the invention.

'EXAMPLE 1 20 - 3- (2- Met-hexy- 2- oxoet hyl ) -t hi azol i um
"brom de Thi azol e, (850 ngy, 10 mmml), methyl bronpacetate (1.52,
10 mmol ) and absol ute et hanol (50 m) were refluxed for 2 hours.
On cool i ng, widwne@kt separated and was recrystall i’ﬁﬁ’s

absol ute ethanol to give the title conpound (1.59 g), mp.

190[err] C (dec). EXAMPLE 2

3- Ami no- 4, 5-di met hyl t hi azol i um nesi tyl enesul3®nat e 30 An ice

cold solution of the 4,5-4inethyl thiazole (2,26 g, 20 mml) in dry
di chl or oet hane  (skparaie weltg s ihe ®hinkel nfeqmw.srsﬁ-mwmm,wameﬁfm

resi L1 enesul T on e LS e wi P FU it Sl i & BB (1

PCT/ US96/ 006 63 cross-linked to the tail tendon collagen-coated plate was then quantitated uﬁ%

padea, Son 0 Hobysiotabintiogly aRRTMRRPAGR tdifhe, ARRY b ipifbasion period, "

3-ami no- 4, 5-di htﬁﬁﬁmhb@yovasmoved by wasbmgﬂyimsesthl HRB@’EWecn separated (3.48
g), mp. 1 65- 168C.
The bound AGE antibody was then detected with the addition of horseradish
peroxidase-conjugated secondary antibody - goat anti-rabbit immunoglobulin and
incubation for 30 minutes. The substrate of 2,2-azino-di(3-ethylbenzthiazoline sulfonic
10 acid) (ABTS chromogen) (Zymed #00-2011) was added. The reaction was allowed
for an additional 15 minutes and the absorbance was read at 410 nm in a Dynatech plate
reader.

The % inhibition of each test compound was calculated as follows.
15 '
% inhibition = | |
{[Optical density (without c'c_)mponnd) - optical density (with compound))/optical
density (without compound)} x 100%
The ICsg values or the ,ihhibition at various concentrations by test compounds is as
20 follows: |
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Usi ng the procedures described above in Exanples 1 and 2, the follow ng
conpounds are prepared. 10 3-am no-thiazolium
nesTtytenesutfonate. m p. 10Z- 104C. 2, 3- di am no-t hi azol i um

mesi tyl enesul fonate, mp. 173-175C (dec).

3- (2- met hoxy- 2- oxoet hyl ) 4, 5- d|nethylthlazollun1bron1de m p. 184-185[err]C
(dec). woos2eds(2- net hoxy- 2-oxoet hyl )-4-net hylt hi azol | RCTOSMM0EHRS m p.
149- 151[err] C (dec). 3-(2-pheny| 2- oxoet hyl ) - 4- net hyl t-hi azol i um
brom de, mp. 218-220[err]C (dec).

3- (2- phenyl - 2- oxoet hyl ) - 4, 5-di net hyl t zollun1bron1de, mp. 212-213[err]C

(dec). 3-am no-4-net hyl -t hi azoli um nesityl ene sul fonate, mp.

143- 144C. 1  3-(2-net hoxy- 2- oxoet hyl ) - 5:net hyl -t hi azol i um brom de, m p.
193-194C (deg 3- (2- phenyl - 2- oxoet hyl ) - 5- et hyl - t hi azol i um br omi de,
mp. 193-194lerr] C. 3-(2-[4[ err]-bronophenyl ] - 2-oxoet hyl )-thiazol i um
brom de, m gy 269-270C (dec) 20 3-(2-[4]- bronDphenyI] 2-oxoethyl)-4

2 brom de, mp. 248-249[err]C (dec).
3-(2-[4] - broy@pEenyl | - 2- oxoefhyl ) - 5- net hyl -t hi azol i um brom de, m p.
216-217C. 3-(2-[4]- br@nDphenyI] 2- oxoet hyl ) -4,;5-di net hyl t hi azol i um
bromi de, m [} ab-3- 224[err]C ™ (dec). 25

3- (2- met hox\&l& »oethyl) -4- met hyl - 5-(2-hydroxyetq!l) t hi azol sum brom de,
m p. - 137- 138C. . a - - P

3-(2- phenyl - 2 oxoethyl) 4 met hyl - 5-(2-hydroxyethy|);thiazoliun1bronide,

m p. 180- : 181C.

3-(2-[4]- bronDphenyI] 2 oxoet hyl) - 4- net hyl - 5- (2 hydroxyethyl)thlazollum

brom de, 3 me. 2 252C:(dec)
3, 4- dlnethykﬁﬁt(z hydr osyet hyl )= t hi azol i um3 odi de, n1p 065 87[errgC
3- et hyl - 5- (Z*RYdr oxyet hyl ) - 4- ne?hyl ?hlazof'unlbron13e m p. 84-8
3-benzyl - 5- (2- hydroxyet hyl ) -4-nmet hyl thiazoliumchloride, mp.

144- 146[err] C.

Iy
aQ

b

L

mesitylenesulfonate

bromide
bromide

3- (2-methoxy-2-oxoethyl) -4 -methylthiazolium bromide
bromide

3- (2-phenyl-2-oxoethyl) -4-methylthiazolium bromide
3—(2-pheny1-2-oxoethy1)-4,5-dimethy1thiazolium bromide

3-(3-(z-phenyl-z-oxoethyl)-S-methylthiazoliﬁm bromide -
3-[2-(4'-bromopheny1)-2-oxoethy1]-4-methylthiazblium
3-(2- (4 'bromophenyl) -2-oxoethyl] -4,5-dimethylthiazolium

2,3-diaminothiazolinium mesitylenesulfonate
3-(2-methoxy-2—oxoethyl)—4,5-dimethy1thiazolium
3-amino-4-methylthiazolium mesitylenesulfonate

3-amino-4,5-dimethylaminothiazolium

Test Compound
| 3- (2-methoxy-2-oxoethyl) -thiazolium bromide

5
15 3- (2-methoxy-2-oxoethyl) -5-methylthiazolium bromide

o
a
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3- (2- net hoxy- 2- oxoet hyl ) - benzot hi azoI i um brom de, mp. 144-145C (dec).

3- (2- phenyl - 2- oxoet hyl ) - benzot hi azol i um brom de, mp. 240-241[err] C (dec).
3-(2-[41- brgge, &ﬁ? | ) - 2- oxoet hyl ) - benzo-t hi azol i um br om depefigBogndésd- 262C
(dec). 3 %’ar boxymet hyl ) - benzot hi azol i um brom de m p. 250C (dec).

5 2.3-di am no- benzot hi azol i um nesi tyl enesul fonate, mp. 212-214C (dec).

3- (2 am no- 2- oxoet hyl ) -t hi azol i um brom de, m p. 205-206[err]C.

3- (2-am no- 2- oxoet hyl ) - 4- net hyl -t hi azol i um brom de, mp. 220-222C.
3-(2-am no- 2- oxoet hyl ) - 5- net hyl -t hi azol3&m broni de, m p. 179-1 80C
3-(2-am no- 2-oxoet hyl )-4,5 -di net hyl -thiazolium brom de, mp.

147-148[err] C 10 3-(2-am no- 2-oxoet hyl ) -benzot hi azol i um brom de, m p.
222-223C. :

3-(2-am no- 2- oxoet hyl ) - 4- met hyl - 5- (2- hydr oxyet hyl )t hi azol i um brom de, m p.
182- 183C. 3- am no- 5- ( 2- hydr oxyet hyl ) - 4- met hyl -t hi azol i um
mesi tyl enesul fonate, mp. 94-95C - (dec). 15

3-(2-net hyl - 2- oxoet hy] )t hi azol i um chl oride, mp. 178-179C.

3- am no- 4- net hyl g5- (Zgacet oxygt hyl ) t hi azol i um nesi tyl enesul f onat € M,P.
118- 120C. o 3-$2- phenyf- 2%oxoet hyl ) t hi azol i um bromni de, m Pe @
217-218[err]C. o

3- (2- met hoxy- 2- oxoet hyl ) - 4- net hyl - 5- (2- acet oxyet hyl )t hi azol i ura brom de,
mp. 217- 218[ err] Caon 20 o

3- (2-am no- 2- oxoet hyl ) - 4- it hyI 5- (g a(;.et oxyeghyl )tmazold um t?'Fom de, mp.
233- Q?34C™

2- ani no- 3- ( 2- met hoxy- - ox@&t h§1 ) t hi &0l un®br i de, @n p. -191 1-92@

2- am no- 3- ( 2- met hoxy- 2- oxoet hyl ) benzot hi azol i um br oni de, m p.

236-237[err] C. 2- am no- 3- (2- am no- 2- oxoet hyl )t hi azol i um br oni de,
m p. 209-210[err]C. 25 2-am no- 3- (2- am no- 2- oxoet hyl ) benzot hi azol i um
brom de, mp. 234-235C. 3
3-[2-(4' - met hoxyphenyl ) - 2- oxoet hyl ] -t hi azol i ni umgjrom' de, mp. 248- -é'
249[err]C (dec );

3-[2-(2",4" -di met hoxyphenyl ) g oxoetfhyl ]- t'ﬁl agol |m| um brom de, mp. 514-

216C

3-[2-(4' -fluorophenyl - 2 lexoetgyl ]- th: azol |3| ugl bls)m-gie m p. £ 2009- 210ﬁerr] C
(dec.); 30 3-[2- (2'-—:4 di Iuoro enyl) 2- '8xoé’et|§l] t hi a:ioll n| urQ','

brom de, mp. 226 228[erE1 C ( ecyq); P
3-[2-(4'-diet hgql ani noph edyd § ofﬁoetg‘nyl'?, t;.'dl a;ﬂol |§§1| t:ﬁn brom ¢8, mgp. -d
233-235C S 9- gop 9y& - t hi@zeki umBr o de,
m p. 64- 66[err']?C2 L § )@ ‘_f _

z
de
h

p—

5

i
t
X;

hydroxyethyl) thiazolium bro@.

hydroxyethyl)thiazolium bromi
hydroxyethyl)thiazolium brom
hydroxyethyl)thiazolium bromid

mesitylenesulfonate

3- (2-methoxy-2-oxocethyl) -4-methyl
(2-

3-(2-pheny1-2-oxoethy1)-4-methyl-
3-[2-(4'-bromophenyl)—2-oxoethy1]-4-m
-3-(2-methonyZ-oxoethyl)benzothiazofi
2,3- (diamino)benzothiazolium mesityle
3- (2-amino-2-oxoethyl) thiazolium brom
3—(2—amino-2-oxoethyl)-4-methylthia
36(2-amino-2foxoethy1)-Sfmgthylthi
3-(2-amino-2-oxoethyl)4,S5-dimethylt
3-(2-amino-2-oxdéthyl)4—methyl—5-

'3- (carboxymethyl) benzothiazolium brom
.3-(2-amino-2-oxoethyl) ben_zothia_zol

3-amino-5- (2-hydroxyethyl) -4-methyl

3-(2-phenyl-2-oxoethyl) thiazolium b

20 3-(2-[3’-methoxyphenyl] -2-oxoethyl)

5
10
15
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3- Propargyt=4-metnyl thiazoliumbromde, mp. 2I3-215C;

3- Propar gyl -5-net hyl thiazoliumbromde, mp. 127-129[err] C,

3-Propargyl -4, 5-dinethyl thiazolium bromde, mp. 198-200C:.

3- Propar giwb9éri®es hyl - 5- (2- hydr oxyet hyl ) -t hi azol i um br om BEI/USH6/00663 32- 134C,
5 3-(2-[ 3" - et hoxyphenyl.] - 2- oxoet hyl ) -t hi azol i um brom de, m p.

224-225[err] C 3-(2-[3" -nmet hoxy phenyl]-2-oxoethyl)-4 nethyl-5-(2'
- hydroxyet hyl )- thiazolium brom de. mp. 164-165C

3-(2-[ 3" -met hoxyphenyl ] - 2- oxoet hyl ) - benggt hi azol i um brom de, mp. 215-
217C, 2, 3-di am no- 4- chl or obenzot hi azol i um nesi tyl enesul fonate, m p.
228- 230G 10 2, 3-di am no-4-net hyl -thi azolium nmesityl ene sul fonate, mp.
204-205[err] G 3-am no-4- net hyl -5-vi nyl -t hi'azol i um nesi tyl ene

sul fonate, mp. 145- 147C, 2, 3-di am no- §- chl or obenzgt hi azol i um

nmesi tyl enesul f onat e, m::g. 244- 246C, 2, 6§di arg no- ben@t hi azol e

di hydrochl ori de, m p. 8-320[err] C (dec.);

2, 6-di am no- 3[ 2- (4' - netdaoxyphenyl ) - 2- oxoet hyl ] %eng_ot Hi azof* um br oni de,
mp. 243- 15 245C (dec.): - oo

2, 6- di ani no- 3[,2- 3" - netMoxyphenyl ) - 2- oxoet [y ] FoenFot hiazoMl um breni de,
mp. 217- a 2 Q 218C (dec.); a ; , 2 8 2

LT o o © ] N ™
2, 6-di am no- 3[ 2- (4' - di et hyl am nophenyl ) - 2- oxoet hyl ] benzot hi azol i um
brom de, m p. 223-225C (dec.); . 20
2, 6- di am no- 3(2-(4-bronophenyl ) - 2- oxoet hyl] benzot hi azol i um brom de, m p.
258- «259C (dec.); w0

2, 6- di ani no- 3( 2- ( 2- ghenyl - 2- oxoet hyl ) benzot hi azol i um broni de, “m p. 208-
210C ~dec.); "'

2, 6-di am no- 3[ 2- (4-fl uorophenyl - 2- oxoet hyl ] benzot hi azol i um brom de, m p.

251- 25 252] err] C (dec.); ¢

3- acet am-do- 4anet hylt; 5-ghiazolyl -ethyl acetate nesityl enesul fonatyg, mp.
]

s
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‘material; 2, 3-di am no- 5- net hyl t hi azol i um nesi tyl enesul fonate, m p.
149- 152C, . S _
-3-[2-(2' - napht hyl ) - 2- oxoet hyl ] - 4- net hyl - 5- (2' - hydr oxyet hyl ) -t hi azol i um
br om de, 30 mp. 219-220C '

3-[2-(3",5 P@“h%s butyl - 4" - hydr oxyphenyl ) - 2- oxoet hyl ] - 4- mérhigberoveés’ -

hydr oxyet hyl")- t hi azoli um brom de, mp. 206-207C
3-[2-(2',6"' -Di chl orophenet hyl am no) - 2- oxoet hyl ] - 4- net hyl -5- (2" -

hydr oxyet hyl ) - WO 96/ 22095

PCT/ US96/ 00663 32

t hi azol i um brom de, mp. 193-195C, 39a -

3-[ 2- Di but yl am no- 2- oxoet hyl ] - 4- net hyl - 5-(2' - ydroxyet hyl ) -t hi azol i um
brom de, S m p. 78-80C:

3-[2-4'-carbet hoxyani |l i no) - 2- oxoet hyl ] 4- et hyl - 5- ( 2- hydr oxyet hyl ) -

t hi azol i um 5 ' brom de, m p. £204- 206C;

3-[2-(2',6"-Dii sopro%yl ani | i no) - 2- oxget hwy |- 4- net hyl -5-%2’ - hydr oxyet hyl ) -
t hi azol i um & brom de, mup. 6- 168C, E

3-am no-4-net hyl -5-[ (2", 6" - di chl orogenzy oxy)ethyl]-t h&oazol um

nmesi tyl enesul f on te, mp, 164‘}.- 166C, * 10

3-[2-(4' - car bnmetaaoxye3’ -gydr,o-xyam' | i RO) - & oxoet hyl |J@4- reat hyl -5-(2" -
hydroxyethyl)- = ¥ = ¥ inh®zoM um%roni de, rgp. 922- 223C;

2, 3-Di ami no-4, 5-di met hyl thiazoliumnesitylene sulfonate, mp. 166- 168C,
2, 3-Di am no- 4- net hyl - 5- hydr oxyet.hyl -t hi azol i um nesi tyl ene sul fonate, mp.

132- 134[err] G 15 2, 3- [ amdro- 5- (3" =4, -trimet hyl enedi oxy
phenyl) thiazoliumnesitylene sulfonate, &mpse 0w @ 224-226C
3[2-(1', 4" -benzodi oxan-6-yl ) -2- oxoet hyl | ©4- met hyke 5- (2 .-uhydﬂoxy& hyg -
t hi azol i um brom de, mp. 196-198C;
3-[2-(3",4" -trinmethyl enedi oxyphenyl ) - 2- oxoet hyl ] - 4-get hyl -5- (2" -
hydr oxyet hyl)- 20 _ t hi azol'i um brom de, m®. 164-166[err]C
E
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3-(2-[1", 4-benzodi oxan- 6-yl ] -2-oxoethyl)-thiazoliumbromde, mp. 238-

239C; 3-[2-(3",4" -trinet hyl enedi oxyphenyl ) - 2- oxoet hyl ] -t hi azol i um
bromde, mp.” 246- - ZA8C (dec. ), '
3-[2-(3",5 -di-tert-butyl-4-hydroxyphenyl)-2-oxoet hyl]-thiazolium brom de,
m p. 25 . - B

3-[2- (3" weossh2eeser t - but yl - 4' - hydr oxyphenyl ) - 2- oxoet hyl ] 2rcTaIsegossHhi azol i um
brom de, mp. 226-228[err] C (dec.);

3-[2-(3",5 -di-tert-butyl-4'-hydroxyphenyl )402 oxoet hyl ] - 5- net hyl -t hi azol i um
brom de, mp. 210- 211 G

3-[2-(3",5 -djztert- hydr ox - oxqget hyl ] -4, 5- di net hyl -

t hi azol i um ¢ Gbove o ""!ﬂ'ﬁﬁi‘%ﬁ?s" ‘3‘ 23'339 may have benefit

g [ 2- é 3',5' - din fedudingotié pitHolbgwh‘sﬁbcjam‘)H the idmébﬂtgiy,ébiyii!ﬁﬂwbmm i um
rom de, mp.

9. 2 err dec
1- et hyl - 3- [ 22pdsthe formgtion of Grossy 3&"& E‘XL’ ‘8§E'§ ‘gfb‘f')m*‘f%%ﬁ"i'ﬁﬂ Prug therapy
i m dazol i um may be usedidpfetérit Hipdihcreased trappmg and cross-linking of protems
Eg/m chigG/ ?n pG%h%ccﬁgdlbdmbetes and aging which leads to sequelae such as retinal dama;

3-[2- (4' - n- pemrdextasagqularly, damage Mqldmmllsamemmandthrmt&eThmmpy

218-220 C

S lo (4 S pen fﬁ%em'%ﬂ%f%sewwﬁm?ww that geur with digpstes
a,

33

t hi azol i ni um and aging Both tomcalbmhaerépamn #tqa@ provide 5
3-[2-4"-diet h%ﬁgymgﬁsemls}st&n{gmw&ﬁﬂgﬂ &ed.hyl - 5- (2' - hydr oxyet hyl ) -
t hi azol i ni e, 184- 186[err] C (dec.);

3-(2- phenyl 2 oxoet hyl ) - 4- rret hyI 5 Vi nyI -thiazoliumbromde, mp. 176-
177C, EXAMPLE 9

3-[2-(3",5 -tert-butyl-4"'-hydroxyphenyl)-2-oxoet hyl) -4-net hyl - 5- vi nyl -

t hi azol i um broni de, mp. 208 209[ err] C 10
3-(2-tert-butyl -2-oxoet hyl) -t hi GROSSIINK BRE} 4 :
3-(2-tert-butyl -2-oxoet hyl) - 4- et hyl - 5 (2 -hydroxyet hyI) t hi azol i um

brom de, m p. . 186-187C;

3- (3" - et Hox yIncordsritd Ascentdiin thie-abilityPof-the chmpoymxdstof khe-instdnt inventiomte 'ireak” de, m p.

135- - ~ or reverse already formed advanced glycosylation endproducts, a novel sandwxch

enzyme immunoassay was developed which detects breaking of AGE (Advanced
glycosylation endproduct) monetles from AGE-crosslinked protem The assay
utilizes collagen-coated 96 well microtiter plates that are obtamed commerclally

20 AGE-modified protein (AGE-BSA), prepared, for i l_nstance, as in Example 8, above,

" is incubated on the cbllagen-coateci wells for four hours, is washed off tlie wells with
PBS-Tween and soluuons of the test compounds are added Followmg an incubation period of
16 hours (37°C) cross-lmk-breakmg is detected using an antxbody raised
against AGE-ribonuclease or with an antlbody against BSA. Positive results in this

25 assay indicate compounds that are capable of reducing the amount of AGE-BSA previously
crosslinked to the collagen by breaking the crosslinks and allowmg the liberated material to be
flushed away in subsequent washing steps. Details of the assay are as follows:

0 I schemicals and Chernical
Bovine Serum Albumin (Type V), (BSA) Calbiochem
Dextrose - _ |
Superbloc, Pierce, Inc.
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"136C, 15

3-(2',6' -dichl orobenzyl) - 4=rethyt~5-(2' - hydroxyet hyl ) -t hi azol i um chl ori de,
"mp. 192- 194G,

3-(2'-nitrobenzyl)-4-nmethyl -5-(2'-hydroxyet hyl) - t hi azol i um br oni de, mp.
215- 216C, [ 2-(4' - chl orophenyl ) - 2- oxoet hyl ] - t hi aznfmusmwmﬁ de,

m p. 239- 241?err C (dec.);

3[ 2-(4' -chl orophenyl ) - 2- oxoet hyl | - 4- net hyl - a‘ﬂZ hydr oxyet hyl ) - th| azol i um
brom de, 20 m p. 240-251C (dec.);

3[ 2- (4" - met hoxyphenyl ) - 2- oxoet hyIA4 met hyl - 5- (2hydr oxyet hyl ) -t hi azol i um
broni de, mp. 2Rgbbibang-Bendae Jerum Albumin _ |

EXAVPLE 4 25 Horseradish Peroxidase (HRP)-Goat-anu-rabblt). Zymed

ng/ t abl et Conpound of Fornula 1 o 50
Starch HRP substrate buffer, Zyme 50 . Manni tol
75 30 MagneaBYS &lir6mbgineZymed 2

Stearic acid - The conpound,
a portion of sthghg’lpgi"ﬁl?“gﬁﬂsﬂ"ﬂ% Iact ose are conbi ned and wet granul ated

WO 96/ 22095 Tween 20, Slgma

PCT/ US96/ 00663 ' o ' 34 with
starch paste. The wet granulation is placed on trays and allowed to dry
over ni ght Equipment enper at ure .of 45[err]C. The dried granulation is

comm nuted in a W’F particle size of approximtely 20
mesh. Magnesi um lﬁ?eara e, asl% @ aC| d and the bal ance of the starch

are added antd t F3.ISA PlateRendsr, &yeml@u prior to conpression on a 5

sui tabl e tabl et Ppercmwmﬂ;mbl ets are conpressed at a wei ght of 232 ng.

using a 11/ 32"
_ Coming digital pH meter

Glassware and Plasticware
15  Finneppette Multichannel Pipettor, Baxter
Eppendorf pnpetm, Baxter o
Eppendorf repeater pipette, Baxter
_ Pxpetter tlps for Flnneppetter, Baxter
Pipetter tips for Eppendorf Baxner
20 Glass test tubes, 13x100 mm; Baxter _
Mylar Sealing Tape for 96 well plates, Commg
Biocoat Cellware Rat Tail Collagen Type-1 coated 96-well plates, Collaborahve Biomedical
Products

25 METHODS
P ion. of soluti { buff |
1. AGE-BSA stock solutions were prepared as follows. Sodium phosphate buffer
(0.4 M) was prepared by dissolving 6 grams of monobasic sodium phosphate in
100 ml of distilled water, 7 grams of dlbas1c sodium phosphate (0 4 M) in 100
30 ml of distilled water and adjustmg the pH of the dibasic solution to 7.4 wnth
the monobasic solution. Sodium azide (0.02 grams) was added per 100 ml volume
to inhibit bacterial growth 'l'he BSA solution was prepared as follows: 400 mg
of Type V BSA (bovine serum albumm) was added for each ml of sodmm phosphate buffer
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punch with a hardness of 4 kg. These tablets will disintegrate within a

hal f hour according to the nethod described in USP XVI.
EXAVMPEES 10 Cotion :
ny/ g Compound of Formul a | 1.0
Et hyl al cohol 400. 0 .Pol yet hyl ene
gl ycol 4800 9622095 300.0 15 Hydr o ROFIUSHEN066X:| | ul ose
5.0 Propyl ene gl ycoI to make 1.0 g
EXAMPLE 6 20 Oral Rinse 42 Oorrpound of Formula I:
1.4 % Chl or hexi di ne gl uconat e 0.12%
25 Et hanol ,} %
Sodi um sacchar(@bpve)- A 400 mM glucose solution was prepared by drssobmig\-) /é S ED&C Bl ue
No. 1 of dextrose in 100 mi of sodium phosphate bﬁffﬁ((&l%ve) The BS% ndaglncose sdlulions
0.5 % [cer | ng. o 10. 0%
30 Tween 60 w mixed 1:1 and incubated at 37°C for 12 weeks. The pH of the 0.3 % Wt er
to ) incubation mixture was monitored weekly and admstgd %pH 74 if necessary. After
EXAMPLE 7 5 12 weeks, the AGE-BSA solution was dialyzed agamst PBS for 48 hours with four
buffer changes, each at a 1:500 ratio of solution to dralysrs buffer. Protein
. concentration was determined by the micro-Lowry method. The AGE-BSA stock
solution was aliquoted and stored at -20°C. Dilute solutions of AGE-BSA were
unstable when stored at -20°C. -
10 .
2. Working solutions for crosslinking and breaking studies were prepared as follows. Test
compounds were dissolved in PBS and the pH was adjusted to pH 7.4 if necessary. AGE-
BSA stock solution was diluted in PBS to measure maximum crosslinking and in
the inhibitor solution for testing inhibitory activity of compounds. The concentration of AGE-
15 BSA necessary to achieve the optimum sensmvrty was determmed by initial
titration of each lot of AGE-BSA. o
3. Wash buffer ("PBS-Tween”) was prepared as follows PBS was prepared by dissolving
the following salts in one liter of distilled water: NaCl 8 grams;
20 KCl, 0.2 gram, KH;POj4. 1.15 grams; NaNg, 0. 2 gram. Tween-20 was added toa
final concentration of 0.05% (vo]/vol) '
- 4, Substrates for detection of secondary antibody binding were prepared by diluting
the HRP substrate buffer 1:10 in distilied water and mixing with ABTS chromogen
25 1:50 just prior to use. o
Aam.nmssﬂm
1. Biocoat plates were blocked wrth 300 p.] of "Superbloc" Plates were blocked
| for one hour at room temperature and were washed with PBS-Tween three times with
the Dynatech platewasher before addmon of test reagems '

30

2. Each expenment was set up in the followmg manner. The first three wells of
the Biocoat plate were used for the reagent blank. Fifty microliters of solutions
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-Toot hpast e ' Compound of Formula I:

5.5 % Sorbitol, 70%in water o 25 %
5 Sodium saccharin o c},%sg@m“

Sodi um | aurW’éﬁ?‘Pﬁt e 1. 7@ % 3

Car bopol 934, 6% di spersion in 15 % of

Spear mi nt 43 1.0 % Sodi um
hydr oxi de, 50% i n water 0.76 % 10 Dibasic calcium

phosphat e di hydr AIGE-BSA were added taitesto%ells in triplichéd and only PBS in blank wells.
100%

CROSS- LI NKI NG | NFPBPIRECKes ircuhaged at 37°C for four 'P“Tslaggmisnm ik PBS.Tiden thrce,
eval uat e the abi times EiftyMerohumnﬂPr%swasfaddmomml wells and 5 pkofithern t o

B e A T

the rat tail tendon collag

t
was prepared By ph:nmumq@aggnmngm @gprg@ma;egt ?Q)Ipepum) withgheigst; AGECross-link

with 200 mM gl uCBRGKdrM e 3 rdilowRdbOw g n PBS before dddltxz)n‘bf PlimaryCantiBédyl 2
weeks. The gl ycate SA was then ext ensively dialyzed agai nst
phosphat e buffer (bedd%Wkion (PBS) for 48 hours with additional 5 tines

buf f er exchanges. The rat tail tendon 25 collagen coated plate was bl ocked

Y

washi ng the pioat epﬁmmﬁnnﬂlﬁé"baﬁﬂ‘.&y'fmﬂﬁd‘ns?é} by pregiatingserial dihitiodsd 50026):2000)ng a

NUNC- nul ti pr obe or nat Crossalin of AGE- BSA (|
to 10 [err]g per 3& %&F’cﬂ ﬁ%‘"ﬁga‘ggﬁquA‘@a%s i%o%u[m[:%rpfryt endon
col | agen anubody was de_termmeq from saturation kinetics. Fifty microliters of primary

antibody of appropriate dilution, determined by initial titration, was added and incubated
for one hour at room temperature. The plate was then washed with PBS-Tween.
15 L . _ : :
4. Plates were incubated with the secondary antibody, HRP-(Goat-anti—rabbit), which
was diluted 1:4000 in PBS and used as the final secbndary antibody. The incubation
was performed at room temperature for thirty minutes.

20 5. Detection of maximuni crosslinking and bréaking of AGE crosslinking was
performed as follows. HRP substrate (lOOul) was added to each well of the plate and
| was incubated at 37 °C for fifteen minutes. Readings were taken in the Dynatech
"ELISA-plate reader. :The sample filter was set to "1" and the reference filter was set to
g,
25 .
1. Titrate each new ot pf AGE-BSA preparation as described in Table 4 and determine
the optimum AGE-BSA concentration for the ELISA assay fromsaturation kinetics.
30 | o : | L |
2. At the beginning of the day, flush the plate washer head with hot water,rinse with
distilled water and S0% ethanol. Fill the buffer reservoir of theplate washer with PBS-
Tween (0.05%) and purge the system three times before use.
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30 coated plate was perfornmed with and without the testing conpound

di ssol ved in PBS buffer at pH 7.4 at the desired concentrations by
the addition of 50 [érr]| each ©of the AG= BSA diluted—TnmPBS or in
the solution of test conpound at 37[err]C for 4 hours. Unbr owned BSA
in PBS buffer with or without testing conpound were added to the WO
96/ 22095 wo 96/22095 PCT/US96/00663

PCT/ US96/ 00663 , : 36
separate wells as the bl anks. The un-crosiilinked AGE- BSA was t hen renoved
by washing the wells three tines Wth PBS-Tween buffer. The anount
of ACGE- BSA _ cross-linked.to the tail tendon col |l agen-coated plate
was then quantitated using a - polyclonal antibody raised agai nst
AGE- RNase. Af t 2rPrepareian hssay templatefor setingupitheékperiment as dedEiibedrtiniidrody wWas
renoved by Mﬁsp%%g“ftthnﬁ§ w th PBS- Tween.. " The bound AGE anti body
was t hen detec '?“Pt‘e%ﬁﬂﬁtion of horseradish

per oxi dase- conj ugated secondary antibody - goat anti-rabbit inmunoglobulin

and : 5i gﬁm for 30 mnutes. The substrate.of .

2, 2-azi no-di (3-€t enzt hi azoli.ne sulfonic @ 10 acid) (ABTS chronogen)
(Zymed #00- 201h)Waem Suprselac reagent Fe¥cIG. odd 200 1 iof Superbloc to each wélbof the

addi tional 15 @y I LD, .pat ech
ol at e i R A S RS R
cal cul ated as FR¥-T¥6en (0.05%)5 Turn the plated8) degressiand repeat this wash cygleOpt i cal
density (w thout conpound)' - optical density (wth conpound)]/optical

densi t i £ hqut, . - -100% - _The L ] val r th
o bi 11 on 10 2 RS AKE BA 5 BB, thsy 50 wke! e il tabpleavillsontainat o | ows:

amount of AGE-BSA necessary for minimum crosslinking and inhibition by

pimagedine (aminoguanidine), as determined by initial titration described above.
 Prepare negative controls by dissolving non-browned BSA in PBS at the same
concentration as the AGE-BSA. Add 50 ul of AGE-BSA or BSA to each well which
15 correspond to the "AGE-BSA" and "BSA" labels on the template.

3. Dissolve the test compounds in PBS at 36 mM concentration for preliminary
evaluation. The pH must be checked and adjustéd to 7.4 when necessary. Pretreat the
collagen-coated plates with AGE-BSA to obtain maximum crosslinking. Prepare

20 negative controls for inhibition experiments by dissolving BSA in the inhibition
solution at the same protein concentration as that used for AGE-BSA. Add 50 ul of
AGE-BSA or BSA in the inhibitor solutions to the wells which correspond to "ALT#
+ AGE-BSA and to "ALT# blank", respectively, on the template. Incubate the plate at
37 °C for four hours. Following covalent binding of AGE-BSA to the plates, wash the

25 plates with PBS-Tween in preparation of the detection reaction (below).

4. Binding of primary antibody to the Biocoat plates is carried out as follows. At
the end of the four hour incubation, the wells are washed with PBS-Tween.
Appropriate dilutions (as determined by initial titration) of the rabbit-anti-AGE-

30 RNase or rabbit-anti-BSA antibodies were prepared in PBS, and 50 pl is added to each
well and the plate is allowed to stand at room temperature for sixty minutes.

5. Secondary antibody binding wells are washed with PBS-Tween and 50 microliters
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45
HRP (Horseradish Periodase) (Goat anti-rabbit serum) diluted to 1-4000 in PBS and is

added to each well. The plate is aliowed to stand at room temperature for 30 minutes.

6. Color development was carried out as follows. Plates are washed as in Step 4
above. Dilute the HRP-substrate buffer 1:10in water. Add 200 pl of ABTS solution,

- mix well and add 100 ! of this reagent to each well. Incubate the plate at 37°C for 15

minutes. Read the optical density at 410 nm with the sample filter set to “1” and the
reference filter set to "S” on the Dynatéch ELISA plate reader. Calculate the percent
inhibition by the compound as described above. Compounds which are found to
reduce the amount of immunoreactivity are considered to be therapeutically useful
insofar as they reverse and reduce the levels of advanced glycosylition endproducts.
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40 The above experinments suggest that this type of drug therapy may
have benefit i n reduetrrg—the pat hol ogy -asseciated with the advanced
gl ycosyl ation of proteins ,. and the formation of cross-links between
protei ns and ot her macronol ecul es. Drug therapy may be used to
prevent the d trapping and.cross-1inking of protei at
occurs in dﬁg etes and agi ng which | eads to sequel ae such g%“?@??ﬁ%$?
damage, and extra-vascul arly, damage to tendons, |iganents and ot her
joints. This therapy m ght retard atb;rosclerosis and connective

ti ssue changes that occur with diabetes and agi ng. Both topical,
oral, and parenteral routes of adm nistration to provide - therapy

| ocally and systemi cally are conkenpl-at ed 100 = ~ ~ ~ _ -
EXAMPLE 9 8% 8 S o CrBss-B NKSBRBEAKI NG ASRY

15 In order to ascertain the abiTi@y of TheZtonpdund¥ of “tHé i nstant ~
invention to "Hheakt B & orgpre¥essefal geady fofmed¥advhged gl yeosykation
endproducts, afovel safdRcl® TQ szy%e' Qmunassgy w@s devel gped @hi ch
detects breakirg of fAGES(4vaniced® & ¢l ygosylati og en re8duct e Migt i es
from AGE-crossifnked proteinSThecassay v~ utelizas cdl lfagen- dat 4§ 96
well mcrotiter plates that are obtained comrercially. 20 AGE-nodified
protein (AGE-BSA), prepared, for instance, as in Exanple 8, above, is
i ncubat ed on the collagen-coated wells for four hours, is washed off the
wells with PBS- Tween and sol utions of the test conpounds are added.
Fol  ow ng an incubagion periq¢ of 16 hours (37[err] O
cross-|ink-breakindlis getectd using an antibody raised agai nst
ACE-ri bonucl eagp orgwi ty an %gtibody aqunst BSA. Positive results in this
25 assay indiggte;§onpgunds hat are capabl e of reducing the anount of
ACGE-BSA previoosly 4 & ossl i nked to Lhe col l agen by breaking the

crosslinks and %l i oW nd t fe 12 ber at ed ne@erial to be flushed away in
subsequent wasiff ng Stepl. “Deti | s pf thegasgay are as fol | ows:
MATERI ALS 30 | mmunocheni cal s§&hd Cheli cfll s Bovi ne SengnlAlbunin
(Type V), (BSA) Cal bi ochem prtéosg & Super bl oc, Pierge, I nc.
. 8 "W
=
(]
o
£
0
Ll
>
+
ol
n
o
E
E
3
ol

hydroxyethyl) thiazolium bromide
methylthiazolium mesitylenesulfonate
3-(2-methyl-2-oxoethyl)thiazolium chloride

3-amino-5- (2-hydroxyethyl) -4-
hydroxyethyl) -thiazolium bromide

ethyl) -thiazolium bromide
3-[2-Dibutylamino-2¥oxoethyl]—4-methy1-5-(2'-

- benzothiazolium bromide
2,6-diamino-3[2-(4’ -fluorophenyl-2-oxoethyl)

benzothiazolium bromide
15 2,6-diamino-3(2-(4'-bromophenyl)-2-oxoethyl]

_ benzothiazolium bromide _
2,3-diamino-5-methy1thiazolium_mesitylenesulfpnate

3-(2-amino-2-oxoethyl)benzothiazolium bromide
3—(2-[3'-methoxyphenyl]-2eoxoethyl)-thiazdlium_bromi
2,3-diamino-4-chlorobenzothiazolium mesitylenesulf

3- {2-amino-2-oxoethyl)4-methyl-5- (2-
2,3-diamino-4-methyl-thiazolium mesitylenesulfona

3- (2-phenyl-2-oxoethyl) thiazolium bromide
3-amino-4-methyl-5-vinyl-thiazolium mesitylenesul
2,6-diamino-3[2- (4’ -methoxyphenyl) -2-oxoethyl]

2,3—diamino-G—éhlorobenzbthiazol

5
20 3-[2-(2’'-naphthyl) -2-oxocethyl] -4-methyl-5- (2’ -hydr

o
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Preparation of solutions and buffers 1. AGE-BSA stock solutions were
prepared as follows. Sedt+um-phosphate buffer -(0.4 M was prepared by
‘di ssolving 6 grams of nonobasic sodi um phosphate in 100 m of
distilled water, 7 grams of dibasic sodi um phosphate (0.4 M in 100 30 n
of distill e and adjusting the pH of the dibasic sol 9%!@523 4 with
t he nDnobaS|é%@@?b ion. Sodiumazide (0.02 grams) was addegk&er

vol unme to inhibit bacterial growth. Thi8a8SA sol uti on was prepared as
foll ows: 400 ng of Type V BSA (bovine serum al bumi n) was added for
each m of sodi um phosphate buffer

PCT/ US96/ 00663 WD 96#22095

42 Eaboxe) oA 4QD nﬁyglucose sol uti on was prepared by
di ssol ving 7.2 gﬁhns~— < 2 S f dextrose in 100 M of sodium
phosphat e buffer ¢ abgweg. Tﬁe BgA amd glycose-sol utions _

were nmxed 1:1 agd i igufate® atW7[grr] @ for 12 weeks. The pH of the

i ncubation m xtule m@§ mpnlﬂore meekly\and adjusted to pH 7.4 i f

necessary. After < &2 wdeks, the AGE-BSA sol ution was

di al yzed agai nst WPBS'? of 48 houF's W% h four buf f er
changes, each at a 14600 ratio of solution to dialysis buffer. Protein
concentration wass der ni ned by the micro-Lowy nmethod. The AGE- BSA stock
sol uti on was allgpotéﬂ and stored at -20[err]C. Dilute solutions of AGE-BSA

wer e o unstable when stored at -20[err]C 10
2. Working squthnsE#or crosslinking and breaking studies were prepared as
foll ows. Test ' conpounds were dissolved in PBS and the pH
was adjusted to pH 7.4 if necessary. AGE- BSA st ock

solution was diluted in PBS to neasure maxi mum crosslinking and in

the inhibitor solution for testing inhibitory activity of conpounds. The
concentration of AGE- 15 BSA necessary to achieve the
optinum sensitivity was determ ned by initial. titration
of each | ot of AGE-BSA :

4-methyl-5-vinyl-thiazolium bromide
3- (2-tert-butyl-2-oxoethyl) -thiazolium bromide

3~(2-tertkbutyi—z—oxoethYI)-4-methy1-5-(2‘—
hydroxyethyl) -thiazolium bromide

thiazolium b:omide

bromide _ .
3-(2-(3',5'-tert-butyl-4’-hydroxyphenyl) -2-oxoethyl)

" thiazolium chloride A
3&(2',6'-didhlorobenzyl)-4-methy1-5-(2'-hydrbxyethyl)

- thiazolium chloride -
3- (2’ -nitrobenzyl) -4-methyl-5- (2’ -hydroxyethyl) -

3-(2-pheny1-2-oxoethy1)-4-methyl-S-Vinyl-thiazoliam
37(3'-methoxybenZyl)-4Fmethy1-5-(2'-hyd:oxygthy1)¥

5

o
[ ]
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3. Wash buffer ("PBS-Tween") was prepared as fol | ows. PBS was prepared by

di ssol vi ng the following salts in one liter of distilled
water—NaCl,—8grarrs; 20 RCTI, U.Z gram_ RA[errjPgerr]. 1.15
grans; NaN err], 0.2 gram Tween-20 was added to a final
concentration of 0.05% (vol /vol). 4. Substrat es for

det ect i onwofegameendary anti body bi ndi ng were prepared byPGTIU

the HRP substrate buffer 1:10 in distilled water and m xing with ABTS

chr onogen 25 1:50 just prlgg to use.

Assay procedures 1. Biocoat plates were bl ocked with 300
[err]] of "Superbloc". Plates were bm for one hour
at roomtenperature and were washed = en three tines with

30 the Dynatech pl atewasher before addition of test reagents.

| [ ©XPer T 5 Bcortf? R hint) ortfe dohfbolis'of HelifelBH1S eerkll ' dnilunt 11 ©°

wel | s of e were use eagent

bl ank. Fifty nofdgGlcrasslinkedfo cirottlatingmad blood cells in stmog@p@g@g&ced diabetic

PCT/ US96/ 00§63

AGE- BSA werg G0 ™ 'c')'e‘fsured b%elﬁ t‘ollowmg ' sa"( | 'glé%tgstgﬁ st ggmmmgégrtﬁ( wel | s.

The plate was thetastrnimals eithegomily 9q1mmmonenhlw 3ngd el mam%wcmlw are

PBS- Tween thr :ﬁié '4f Yr 19 & 'dffeF&ﬁn RistrAtion 18/asse y.0 the
control well S%Stadgtvaf'c’&s E t’ ' s 1AIGE Cross-11nk br eaker"
conmpound was added to the test wel | s and bI ank The 5 plate was

I ncubat ed overphqmo[ (fgpmmq h&ay 16 hours) with the test "AGE Cross-link
br eaker™ cogpounf]! ol]o ﬁﬂ Eg &im ng in PBS before addi tion of primary
ant i body

Blood is collected from the rats in heparinized tubes and spun at 2000 x g for 10

minutes, and the plasma carefully removed. Then, about S ml of PBS per ml blood

is added, gently mixed. and then spun again. The supernatant is then removed by

aspiration. The wash is then repeated two more times. Then, 0.2 to 0.3 ml of packed

15 RBC is withdrawn from the bottom of the tube, using a pipette, and added to the PBS
to make a 1 to 10 dilution. This dilution is theh_ further diluted 1 to 25 and 1 to 50 in
PBS. o

o

B._Assay setup,
20 1. Warm Superbloc to 37° C.

2. Take a plate of Multiscreen-HA, 0.45u; Cellulose ester membrane-sealed 96
well plate (Millipore MAHAS45).

3. Wet the wells with 100 ul of PBS.

4, Add 300 ul of superblock to each well and mcubate at 37°C for one hour.

25 5. Place the plate on the Millititer Vacuum hplder, tu_m on the vacuum and press
the plate down once for tight hold. The liquids inthe wells will be suctioned
off. Wash the wells with 300 ul of PBS-Tweén 0.05%.. |

6. Turn off the vacuum and add 100 ul of PBS to each wel] _
7. Gently vortex the RBC samples and pipette 50 ul to the wells, as per the

30 protocol sheet. Leave first three wells for reagent blanks. Leave another
three wells for antibody blank.

8. Suction-off the liquid as above and wash the RBCs twnce with PBS.
Dilute AP(Rb—ar_m-rat) (Sigma A-6066), 1 to 25000 in PBS.
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( bel ow) . 3. Each lot of primary antibody, either anti-BSA or
anti - RNase, was tested fer——326— opti num bi ndi rg—eapacity in this assay by
‘preparing serial dilutions (1:500 to 1:2000) and plating 50 [err]]|
of each dilution in the wells of Biocoat plates. Optinmum prinmary

anti body wagydlgiggegi ned fromsaturation kinetics. Fifty m gicaiushegosef

primary anti body of appropriate dilution, determ ned by initial
titration, was added and i ncubated g(gr one hour at room
tenperature. The plate was then washed w t h"PBS- Tween. 15 4,

Pl ates were incubated with the secondary anti body, HRP- ((Goat anti-rabbit),
whi ch wad0.di | Add 80 yl eaheowells apdist stand atseom temp. for twp Rawrssecondar y

antibody. The i ngubat Sgion-off the liquidss 4bové Sidvesh tdie RBOY pwice Withi PBSS e f or

of AGE Cross! i nig wed PNPP e et 3 DN, K00 yhasr BRUS! 1 ar o ( L0001 )

was added to eacIBweILetalﬁeddimdpmmfonmbhoursawrﬂas i ncubated at 37[err]C

for fifteen m.nutes. re.taken ch
ELI SA-plate r gadﬁ Tﬁ %1%%1 ?‘7’?‘[‘5?"’%@"%’6‘#&?8'%3“"“““ PATOFLf or ence
filter was set td5. Pla@the sample plagDANRAROI@PEENiToldIGVAROSIFOebottom

Prelimnary Steps ch new | ot of AGE-BSA preparation as
described in Table 4 an%eﬁllﬁeer mwyag the opti num AGE- BSA
concentration fol6t heAﬂﬂvsmtmss&yamml!WSatAddrioﬂmheiPESm all welts and 2.
At the beginning of t thrp@ H}k?

waterrinse with %I)d@éumﬁ gaaﬁ'fdr@%lﬂgtg% han ?ﬂaﬁﬁ ﬁhebuffer
reservoir of Phepl at ethknsriquid drops aephanging at the bottoga g the plages 3§ negpssagyur ge t he

systemthree tines be{ﬁl)ﬁvdéﬁﬁn for few more minutes. Read oD of the solution collected
inthe Com_mg plate on Dynatech Plate reader Sample filter 1 and Ref.
filter 4.
17. Calculate percent breakmg 100* (OD410 control-0D410 tteated)lOD4|0
15 control.

Percent inhibition in ammals dosed orally at a rate of 10 mg/kg body wc:ght are as
listed below: ' _
3-ammo-4-methyl-5-vinil%ﬁiazoliurh mesitylenesuifonate 11+ 1 @ 19 days

3-[2-(2'-naphthyl)-2-oxoethyl}-4- _
20 methyl-5-(2'-hydroxyethyl)-thiazolium bromide - 40+24 @ 19 days

3-[2-(3",5"-di-tert-butyl-4"-hydroxy-
phenyl)-z-oxoethyl]-S-methy|-thlazolmm bromide :
65+ 15 @ 19 days

3-(2-phenyl-2-oxoethyl)-4-methyi-5-
25 vinyl-thiazolium bromide ' : 58 £21 @ 19 days

- The extensive degree of reversal of crosslinking observed in these studies underscores
two important conclusions by Applicants. First, alarge percentage of cross-links
formed in vivo are susceptible to attack and cleavage by the dinudleophilic, thiazolium-
based compounds of the present invention, and thus, by inference, that these cross-links

30 comprise an o-diketone segment consistent with the model shown in Schemes A and
B. Second, the crosslink-breaking agents of the present invention can act catalytically,
in the sense that a single, dinucleophilic thiazolium-based molecule of the present
invention can attack and cause the cleavage of more than one glycation cross-link.

35 EXAMPLE 11
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3. Prepare an assay tenplate for settrng up € experinen descri bed
under "Assay Setup", #2. bel ow 5 Assay Setup 1.

War m Super bl oc reagent to 37[err]C. Add 300 [err]l .of Superbloc to each
wel | of {W@96/22095 Bi ocoat plate and |let stand for si xtRCT/HSR6/00663 ot

37[err]C. Wash the wells three timeswith PBS- Tween (0.05% . Turn
the plate 180 degrees and repeat this vvag? cycl e. 10 2. Dilute the
AGE-BSA in PBS sothat 50[err]| of the |Iuted sanple will contain the

anount of AC;E f r_m ni ki n | h|bt|on by
pi magedi ne (am nogua "}Se ‘R”"a%ﬂ'%P mﬁgﬁ ‘ﬁﬁ"fagfaf tlpidtendon joscr i bed
above. coliagem from lmzlgdtanddlab@mmm%s ﬁo!lowdmssmttmemytﬂmedmmmédf BSA in
PBS at the sa 5 of
AGE- BSA or mola L i3 Wf‘ﬁmﬁ%aﬁ“@%’%%%ﬁ&) ﬁd@’%&kh

"BSA" | abel s 6?1“8)}{8’“! %‘I’PPFQ;P'@CW diabetic ratsand;agemgglvﬂmntmlcnm&hyqudounds in
PBS at 30 M g PRSI 864COfor I)ﬁhr hdilf'%és'adﬂﬁrc\ﬁlla en was ren?é(l@h H!?(#]ﬂlg Bellew“g H must

be checked and djusted to 7.4 when necessary. Pretreat

col | agen- coat ¥ashsf sevesal fimep withPBS dhentrpated with 3-(2:pbenshAraxoethybthisrolivm  Pr epar e
20h Be?at ive Bﬂ:‘iﬁld@itj% c?ﬂéentrﬁt%ﬂnbif?&ﬁm oK PShouiE 'EolloWingd h&ﬁt&hdﬁ e 't“ thg

i nhi bition sol ut i.on sa r concentration, a at use
for AGE. BSA. B SouPrigers pashsd. nd wesiedith Gaulie Gomala i Formpracchat 1 gpr

sol utions to 4slbouml‘l‘l&hmh8dﬁ 2656y weke [yoplillized repdatbily toremoveCNﬁEn ﬂﬂw to

Solerrrc G W RIEMAE s PAGk R@%a%ﬁ#%ﬁﬁf’ >B*r4$ 65 Condieontitng L
pl ates, wash an@ MWS; laptalwd\:ﬁ.taﬂté?aaaialhgmimmpmsnabaiclaﬁﬁnﬂiwitlﬂsand

detection rea - | y to the
Bi ocoat pl at egtﬁ%g%?gﬁp&mﬂ Zox twlﬁhna%hi% H?&nﬂt 40%1!%3*8 {hl?#cej f our
hour i ncubat i anes G hands icpliagam é’ommlveub anirnals m66msmmed wnh 3-(2yphemypRi at e
di | utions (asoxRingNHia8Huhbronltid, 7akas b sl f

RNase or rabb?t gﬁt)l -BSA anti bodi esasvvere ppggg?g Tﬁe%% c}ﬂ%éfﬁrr]l |s
added to dachshowninFigyes |. ang the plate |s aIIovved to stand at room
tenperature for sixty minutes.

20 Prcpare the following solutions.
"L Buffer: 0.4 M sodium phosphate pH 7 4
- NaH,PO;  :6g/100ml
Na>HPO, 7g/100ml :
~ pH of the monbasic sodium phosphate was adjusted to 7.4 with the dibasic 0.02g
25 sodium axide was addcd_per 100 m] of the buffer. .

2 BSA Solutlon :
- BSA: Calbiochem Type V; 400 mglml in the buffer 1. Total volume preparcd '

. 50g/125ml. Filtered through_ a 0.45u filter into a sterile one liter Corning flask.
30 - '

-3, Glucose solution. 400uM
Glucose: 400 mM 9g/125ml of buffer. Filtered through a 0.45u ﬁ]ter into one hter
Comning sterile flask.
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'5. Secondary antibody binding wells are washed with PBS-Tween and 50
mcroliters WO 96/ 22095 _ '

:PCT/ US96/ 00663 ' _ 45

HRP (Horseradi sh Periodase) (Goat anti-rabbit serum) diluted to 1-4000 in
PBS and is o added to each well. The plate is all owesicrusssoassd at
roomterrperature oi’%r 30 m nut es. 6. Col or devel d6pnent was carried
out as follows. Plates are washed as in Step 4 5 above. Dilute the
HRP- substrate buffer 1:10 in water. Add 200 [-err]l of ABTS sol ution,

mx well and add 100 [err]| of this reagent to each well. Incubate the

pl ate at 37[ err] Rehctionlsetup: m nutes. Read the optical density at 410

nmwi th the sanplgg erh-lnté{c@h{t ns (100/¢hch) \Pere mlxed in tHen€ liftP €Brling fi&ifle Set

to "5" on the Dyna ate reader.” Cal cul ate the percent

i nhi bition by thaw@wapmnabwdwmm»iéf @U#ﬂwdgﬂﬁhmké”ﬁsound to

10 reduce the aEBéHéaoaéedm&emlauqﬁdtsﬁfesmnaedaroadmrseomuedfow
t her apeutical | y usef ul 1 nsof ar szs reverse and reduce the

| evel s of adv cw&ywﬁhﬁ%mﬂﬁrw‘y observed.  \\» 96/ 22095
PCT/ US96/ 00663

Breaking the polymer. _
Pieces of AGE-BSA gel was washed with PBS until no more promn was leached in
the supernatant, blotted dry with paper towels. About 50 mg of the washed gel was

10 incubated either with PBs or 10 mm 3-(2-phenyl-2—oxoethyl)thiazolium bromide (ALT
766) overnight at 37°C. The supernatants were analyzed by SDS-PAGE and stmned
with coommassie blue. The resulting gels are shown in Figure 2.

_ EXAMPLE 13
15 o _
| - To further Study the ability of AGE croSshhk-inhibiting and reversing agents of the
_present invention to prevent the drscolorauon of protein on a surface, such as that
which occurs on the tooth surface, the followmg surface browning experiment is
- performed. As a substitute for a pelllcle-covered tooth surface, unexposed and
20 developed photographlc paper is used to provide a fixed protein (gelatin, i.c.,
| collagen) surface on a paper backing. Five millimeter circles are punched and
immersed for one week at 50°C in e.solu'ti.on of 100 mM glucose-6-phosphate in a
o0sM phosphate buffer, pH? A4, contammg 3 mM sodium azide. Glucose-6-phosphate
is a sugar capable of participating in nonenzymatic browning at a more rapid rate than
25 glucose. In addition to the glucose-G-phosphate, chlorhexidine and/or a compound of
Formula I are included. After inelrbarion. the gelatin/paper disks are rinsed with water,
observed for brown color, and pho;ographed.

~ Incubation of the disks in glucose-6-phosphate alone shows slight brown color versus
30 disks soaked in buffer alone. Inclusion of chlorhexidine (in the form of Peridex® at a
final concentration of 0.04% chlorhexidine) shows significant browning. Addition of a
~ compound of Formula Itothe ehlorhexidine completely inhibits browning of the
geiatin, as does inclusion of a compound of FormulaIin the absence of chlorhexidine.
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The sl|ght brown color formed by the action of glucose-6-phosphate on the gelatin

‘surface alone and its preventron by a compound of Formula I demonstrates the utility
~‘of the present mventron in preventmg nonenzymatrc browmng of tooth surfaces The

enhanced browning in the presence of chlorhiexidine and its prevention with a
compound of Formula I demonstrates the utility of the present invention in preventing
the anti-plagque agent-enhanced nonenzymatlc brownmg wluch oceurs with

" chlorhexidine.

As a demonstration of the general utility'of cornpounds of the pr'eSent inventionto *
break undesired crosslinks in medrcally relevant biomolecules, Applicants conducted
the following experiment ‘with the amylold peptide of Alzheimer's disease. This 14
kDalton peptide compnses a main constituent of the large, plaque-like aggregates which
form within the brain parenchyma of Alzhermer‘s disease patrents The gradual.
accumulation of such amyloid plaques, together with other abnormal features sueh as
penvascular amyloid and neurofi bnllarv tangles is thought to account for certain of the
neurotoxic and other pathogemc processes of this dementia, WhICh is mvarrably fatal"
and presently incurable. The Alzheimer's amylord peptide is known to accumulate -

* AGE modifications in vrvo, and upon exposure to physrologlcally relevant

concentrations of glucose. in vivo, which glycatlon enhances the formation of insoluble

'aggregates of the peptlde remrmsoent of Alzhelmer's amylord plaques.

AGE-B-peptide was prepared by incubat_ing' an aliquot of the soluble B-amyloid
peptide.'synthetically prepared and correspontliiig in sequence to the B-amyloid

. peptide found in the plaques typical of Alzheimer's disease, in a neutral buffered

glucose solution for three months, generally as described above for the preparation of
AGE-BSA except that B-peptrde was substltuted for BSA as the glycation substrate.
The AGE-B-peptrde, glycated and cross-linked after this prolonged exposure to glucose
in vivo, was separated from low molecular weight reactants by size exclusion

' chromatography (c. g overa PFD-lO column), and iodinated by standard methods to

give 1251-AGE-8-peptide as the desired radiolabeled reagent useful to test or screen -

" 'SUBSTITUTE SHEET (RULE 26)
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"EXAMPLE 10 To ascertain the ability of t he conpounds of the

i nvention tgodgeigese the anmount of 1gG crosslinkedpiprosesioosssat i ng
red bl ood cells 1'n streptozotocin-induced di abetic 5 rats, was neasured
by the followi ng assay. The.test conpounds are adm nistered to t he
test animals either orally or intraperi t onedf| y, and the bl ood sanples are
collected are tested at various tines. e.g. 4. 7 or 19 days. after

admi ni stration t compwadsfoeoleculoy AGE-breaking actity ascortling o theifaliawjag prosedure. 10
A. Preparation oy 15661 s of 29dAGEld e Peplide were nﬁ?ﬁﬂgd Wwith G%itﬁ&&%’deﬁrt&%é tﬂzﬁe

in heparinized tu and spun_at” m nutes, an
pl asma car ef ul | yof depresent inveation. mdeteynmpd mncm@npe&(cm.k BOwMiCompound | s

ot OOTLLY, YRS oA obaanuEa e Nl ORCHL ipl O 4T
to 0.3 m of pPacRixfure was prepared for denaturing gel electrophoresis (SDS-PAGE) and analyzed to

determine apparent molecular weight according to well-known procedures.
Autoradiograms
exposed on the resulting clectmphoresls gels were scanned into a digital radiographic
imaging and analysis system which was used to record radioactivity as a function of

10 apparent molecular weight (electrophoretic mobility in SDS-containing buffer).
Inspection of the results of this experiment showed that if 125I-AGE-8-peptide were not
exposed to an "AGE-breaker” compound of the present invention, it eluted a high
molecular weight (>40kDalton) band, suggesting that its glycation was accompanied by
aggregation and the formation of stable covalent cross-links. If, however, 125]-AGE-8-

15 peptide was first incubated in a solution of an AGE crosslink-bearing agent of the
present invention, the 125I-AGE-8-peptide was s_i-ghiﬁcantly disaggregatéd as shown by
the appearance of low molecnla,r,;weight (>18 kDalton) iodinated material in the final
radlogram This experiment
suggests not only that dinucleophilic thlazohum-hke agents of the present

20 invention can be used to hydrolyze coyalent AGE-mediated crosslinks between
protein strands, but also that such inhibition and reversal of AGEs can reverse
the adverse molecular consequences of AGE accumulation on a protein relevant to
human disease.

25 EXAMPLE 15

The cross-link structure and related compounds of the present invention also
find utility as antigens or haptens, to elicit antibodies specifically directed
thereto. Such antibodies, likewise of the present invention, are useful in turn

30 to identify AAA structures of the present invention. By constructing immunoassays
employing anti-cross-link structure anﬁﬁo_d_ips of the present invention, for instance, the
degree to which proteins are modxfied by such cross-links can be measured. As
discussed above, and depending on the half-life of the protein so modified,
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15 RBCis withdrawn fromthe bottomof the tube, using a pipette, and

added to the PBS to mke a 1 to 10 dilution. This dilution is then
furtter ditoted T to 25 and T tO 50 TN PBS. B. ASSay set
up. 20 1. War m Superbl oc to 37 C 2. Take a plate of

Mul tiscreen-HA, 0.45u. Cellul ose ester nmenbrane-seal ed 96 _

wel | pl atwo@ra098 por e MAHASAS) . 3. Vet the wel RG/YR96M066H0 ul of
PBS. 4. Add 300 ul of superblock to each well and incubate at
37[err]C. for one hour. 25 5. Pl ace sshe plate on the MIlititer
Vacuum hol der, turn on the vacuum and press the plate down

of 1 vash. t . EBocheffd el of B 108 ek e OF ol Bl ych s o

t he vacuum and hemegiobin, provises mpigdexof secent AGE{formatian. Likgwise, immyumpthemicalt ex
t he RBC sanpl e ¥
np %e%gﬁ’otpéﬁ:%sg ﬁnﬁﬁg H:'gest &Jﬂﬂfxﬂ\fé Jrnglga gs}%té’gl'mﬁlt}%an belised to

prot ocol sheet ave first t Leave anot her

three wells for'“%'PF%&?“’B?%fﬁkcmwa‘“‘ag"“‘B“ the prosent inygntions which agentsare| o

above and wesh diRaediBward ithibiodo rincfﬁ‘@akx (FOof advanc&i glycatibh.| ut e
AP( Rb- ant i -rat) (Sigma A-6066), 1.to 250 PB WO 96/ 22095

PCT/ US96/ 00663 | 50 -
10.  Add 50 uICrbss-Mke:nwﬁh@Bsncfoﬂ@e a§itﬁhﬁn emmbt-. fapmaey cwmmgaur S.
q&

11. Sucti on-of f i F above an ce t ﬁ
12.  Add pNPP SLUfsF & %t"i"ﬂ@ Inf e “fﬁ'é“ﬂ¥° apu we
13. Let 't he d&nbwh dilaleat coppliny reagontsisacirss aaarbadiimde like EDC. Varitus otherPI ace a
96 wel | 0 Pl ace
he sanpl o 1 aPEPEE igShs, Bufduhed BoptA S s AR Bg ot prgas i
of the pl ate i straciuges of the preseny invention, including without limitation those described

specifically herein; can conveniently be prepared, either by isolation from incubation

mixtures or by direct synthetic approaches. This cross-stricture may then be used as

an immunogen to raise a variety of antibodies which reoogmze specific epitopes or

15 molecular features thereof,

In a preferred embodiment, the cross-link structure itself is considered a haptéii, which
is correspondingly coupled to any of several preferred carrier proteins, mcludmg for
instance keyhole limpet hemocyanin (KLH), thyroglobulin, and most preferred, bovine

20 serum albumin (BSA), using a divalent coupling reagents such as EDC, according to
protocols widely circulated in the art. :

The cross-link structure, whether alone or coupled to a carrier protein, may be
employed in any well-recognized immunization protocol to generate antibodies and

25 related immunological reagents that are useful in a number of applications owing to the
specificity of the antibodies for molecular features of the cross-link structure.

Following a preferred protocol, any of several animal species may be immunized to
produce polyclonal antisera directed against the cross-link structure-protein )

30 conjugate, including for instance mice, rats, hamsters, goats, rabbits, and chickens. The
first of three of the aforesaid animal species are particularly desired choices for the
subsequent producﬁon of hybridomas' secreting hapten-specific monoclonal antibodies.
The production of said hybridomas from spleen cells of immunized animals may
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"16. Apply vacuum for about 5 m nutes. Add 100 ul of PBS to all wells and
apply vacuum again for 5-mnautes— Gently lift the plate and make sure 10
.that no liquid drops are hanging at the bottom of the plate. |f necessary
apply vacuum for few nore mnutes. Read OD of t he’ sol uti on col | ect ed
in the Corwmb,gte on Dynatech Pl ate reader Sanple filt®CTHSS6R6RCT .

filter 4. Cal cul at e percent breakl ng: 100* (OD410 .
control - 0410 treat ed)/CD410 15 ? roI Percent inhibition
in ani mal s dosed oraIIy at a rate of 10 ng/Kg body vvei ght are as

i sted bel ow no- 4- | - 5-vi.n hlaz .

mesi t yl enesul f on gonévemegbilynbel gE sheftjl any of séglerai protooo mlarly practiced in the art,
3-[2-(2' - napht hylapd Grhiohd&tcﬁbé r]:oﬂrdmonﬂﬁntable for immortalization of immunized spleen cells
met hyl -5-(2' - hyd t hiazal i u ron rr] ays
3-[2-(3,5' -di -t&ﬁﬁy y‘f‘)ﬂ“!PRSPJPBS‘Z ni’lpn » €. amyelomagel fine. Sm%pr@ocos or
phenyl ) - 2- oxoet hprqduanghybr;domah alse ptqvmmmmmrselecong and cloning immune

65 [err] 15 @gl9 gl@(ogc g/myelomz?’ce@l%rymm ahd ?&%‘?&énﬂ&x%@%ﬁ&@ilg&gs tha?&ably

vi nyl -t hi azol i"'um

The extensive degewdie éﬂﬂhodndmma@ﬂmm @Meﬁﬂ@@ﬂl SPECies ﬂsﬂhbites

under scor es st [ rge
per cent age of cross&%wate E@rﬂﬁ\o?lg%gi i n VI VO ar e susgﬁ)gml Peaﬁ%‘%ergtb%lgck
and cl eavage by MSHBEWEQSMWPWEW“!‘HP%?'W onal antihodies gredesifrdunds of

the present 'n\éeElﬂrﬁﬁhly.QﬂthpﬁHﬁnod?ﬁeddaﬁﬁb ; fdally :&hﬁm %ﬁﬁﬁwiﬁﬁ 30A
o e a0 g A ko s G B LSyt HeAeans ™
i nvention _ca_n acmaydealimiristéred by any of severdl romésaymﬁllymttabaitoﬁeaﬁllmﬂmscular or
Can at tack and cAORSTHY CeRah jons vt Tel e W e b spoctes ST
35 - immunized and the type of antibody ultiséffyitebe pibduced. SubseqiiitlyBodeOS5
PCT/ US96/ 00663 immunizations are generally administered i in conjunction with an adjuvant such as alum
15 orIncomplete Freund's Adjuvant. Booster immunizations are administered at intervals
after the initial immunization; generally one month is a suitable interval, with blood
_ samples taken between one and two weeks after each booster i immunization.
"""Altematwely. a vanety of so-called hypenmmumzanon schedules, which generally
feature booster immunizations spaced closer together in time, are sometimes employed
20  in an effort to produce antl-hapten anubodnes prefere_nnally over anti-carrier protein

antibodies.

The anubody nters in post-boost blood samples can be compared for hapten-specific
~ immune titer in any of several convement formats mcludmg, for instance,

25 Ouchterlony diffusion gels and direct ELISA protocols. In a typical direct ELISA,
a defined antigen is immobilized onto the aSsay well surface, typically in a 96-well
or mlcrotlter plate format, followed by a series of lncubatlons separated by rinses
of the assay well surface to! remove unbound bmdmg partners By way of non-
hmmng example the wells of an assay plate my receive a dilute, buffered agqueous

30 solutron of the hapnenlcamer eonjugate. preferably wherem the carrier protein differs
from that used to immunize the antrbody-producmg ammal to be tesned €.g. serum
from AAA/KLH conjugare-lmmunued an_lmal__mrght be tested agams_t assays wells
decorated with immobilized AAAIBSA conjugate. Alternatively, the assay surface
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51 Thi s exanpl e descri bes the preparation of CNBr peptide maps of
rat |laid tendon col l agen from normal and di abetic aninmals foll ow ng
t r eatmeNt W tHh—a compound of formula . 1.e. - ‘

3- (2- phenyl - 2- oxoet hyl ) t hi azol i um brom de (ALT 766) Col I agen fi bers

(5ng) fromstreptozotocin diabetic rats and age-matched control animals
hydr at ed W0 9622085 | and PBS at 60[err]C for one hour, thePEHP$A60E6630| | agen
was renoved and the pellets were washed several times with PBS then
treated with 3-(2-phenyl-2-oxoethyl)thiazgyi um brom de at a
concentration of 30mM for 16 hours. Follow ng incubation, the pellets

f d, hed, ..and d
30 [err]C for - iy bedecigaum B oot E%.E °3‘2@‘é‘§5§%§%‘gﬂr&ﬁhﬁﬂ'§£ tfcat ed y
to renove CNBr assaylmtlsdmnd:xposwtoa ios 0 pzeutekdam(prﬁiGFMc(amﬁ(oto
e s O 1" Bl BP9 0 8 S e Ao i Bl b ' 20° 3

treated wt h 3-s¢intigrbantypically:containg salts andia detergent by wininiize nan-spesificr eat ed wi t h

5 o b e el 0 it B 1 °

treated with PBSPMH@"Q@F blopd sample 8§\!?F°E°5 primary antissRw, After F'Pﬂl!# e 1.
EXAMPLE 12 again, the éiis?g"'t of kﬁ%@&odﬁ@ﬁnﬁ%hﬁé%n’fd 6 Bish &m&@%ﬁ%&n witl

Elr_ler;aze the fOlmeovgsxrsedhwwg%;ﬁq%mm%]cmgeesg@pyg mncuﬁ:ﬁ:%'n%v%phoslohate
Na[ err] HPQ er r kommerct, aré«%@ﬂlane enzyme—iﬂ!ib&i doitfa nmnﬁ teQaliibodyporialot € vas
adjusted to,_7:4 wth e di basi.c ‘eégg ? %ﬂde was . added per 100
m of the blfff& 'sse°°" 'Y°°“i"8"°'s‘é§§ﬁ H‘Eﬁﬁ}'rsl’““"s“s produee the PREAD Ty pe v:
~ 400 nmg/m in tlaﬁndeufnﬁetg if the prirnary wntisérum wasaisedit rabbits, a&ﬁgﬁ&asmrepﬂdohered
. through a 0.45u.filt 0

. @ ucose sol uti ghan tm?g@wqtbod%s@s@@@@fﬁ@&o%gﬁ%ﬂ@%ﬁf&é f—“°f‘t ered

L thr ough a 0. 45lasho:’semdlshpm'omdnse.danbeusedasthes&ndalgamibadylEolidwasg(

: procedures spec1fied by the manufacturer, the amount of this secondary antibody can

15  then be estimated quanntanvely by the actmty of the assoclated conjugate enzyme in a
colorimetric assay. Many related ELISA or radno:mmunometnc protocols, such-as
competitive ELISAs or sandwich ELISAs, all of which are well know in the art, may
optionally be substltuted to ldentlfy the des:red antisera of hlgh titer; that is, the
pamcular antisera wh:ch givea true posmve result at high dilution (e.g. greater than

20 1/1000 and more preferably greater than 1/10 000)

Similar immunometric protocols can be used to estimate the titer of antibodies
in culture supematants' from hybriddt_has prepared from spleeh cells of immunized
animals. In so charaoterizing Anﬁsefa or hybridoma supernatants, it is desirable to

25 employ a vanety of control incubations, e -g. with dnfferent carrier proteins, relamed

| but strucmrally dlstmct haplens or antngens, and om:mng vanous reagents in the

jmmunometric procedure in order to minimize non-specxfic sxgnals in the assay and to
identify reliable detenmnauons of anubody specnficnty and titer from false positive and
false negatlve results The types of control incubations to use in this regard are well

30 known. Also, the same general 1mmunometnc protocols subsequently may be
employed with the antisera identified by the above p_rocedures to be of high titer and to
be directed against specific structural determinants in the cross-link structures on
biological Samples, foodstuffs or other comestibles, or other amine-bearing substances
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Reaction setup: BSA and gl ucose solutions (100m each) were m xed
in the one liter Corning sterile . flask,. screw capped tight and

i ncubat ed at C. without shaking. The bottle was TURPEGEES once
a week to renove aliquots for testing. Reaction was continued for 9 5
weeks when AGE- BSA pol ynmer formation was observed. Breaki ng t he
pol yner: Pi eces of ACE-BSA gel was wa$Bed with PBS until no nore
protein was | eached in t he supernatant, blotted dry with paper

tow&ﬂ)s. AgOl(JtZ SE Wa?@siomcumml fe@ftl Subls lattet;‘ aﬂﬂjcgﬁdiﬂbfjll_l‘eeﬁsiﬂidfahﬁl?nlgghﬁd%- PBs
or mm 3- ( 2- phenyl -.2: gxpet hvl ) t hi azal i um 1ide ' ' .
over ni ght at 37, e SRR’ pvdbc{Pbodie, ot 1yl asmasoclapel Bpster it
Wi th coommassi e bl dmstrudtions asbaptionally witi atharusefelreagents and-ditpens, idcluding, without
EXAMPLE 13 15 i o It nldiek 'M?M”& AL §: AGE .
crosslink-inhibiti rlllgutaaﬁ?jn’-rg(eg\elée&rtgll-ng gg%n 'S :o?’?fhgle%l"lsl'iilm‘g)&.‘l pre’s'%ar%belpr‘{‘\’/veln
to prevent the di sdmkiofomniforthetonyenicnseof the operstor.f ace, such as t hat

whi ch occurs on th ; botfed iR otV bondls S abiddo *wqu ;
experinment is %gsqggéﬁ?g#lﬁn%g?g% a su_igghat ute _?‘(L)Jé a éﬂl c e%g\ggr'%‘gm
tooth surface, unesppasdag fom the spiriy ogiessentishrharagidsticy thayenf. cThecpseseny disclpsure is o
provide a fixed prgicpdfore(tdBé éinsiderell afin all respects illusibile@RiMot RWUHEAFE tRcépe of
paper backing. Five mllinmeter circles are punched and i mrersed for
one week at 50[err}‘!S'PYF“&%E?‘ESI“GW'G@PXHGW%%@%W&W@ceme
0.5 M phosphat el@pufwigin the mednidg arfdrahgti of eqiivalent e aitentsd ¢ bel@nbraced therein.

d ucose- 6- phosphat e is a sugar capable of participating in
nonenzymati c browni'ng at a nore rapid rate than 25 glucose. In addition
to the gl ucose-6-phosphate, chlorhexidine and/or a conpound of

1 on
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Forrmula | are incluoded—After incubation, the gel atin/paper disks are
rinsed with vvater m m ﬂﬂfor brown col or, and phot ographed

color vers sk tsoaked 1N buffer Ione Incl usi on of
chlorheX|d|ne(|ntheformof Peridex[err] at a* ' final

concent re0ivere2oe8 0. 04% chl or hexi di ne) shows si gni f i cantl'mﬁg-‘ Addi tion
of a conmpound of Forrmula | to the chlorhexidine conpletely

i nhi bits browning of the gel ati gg as does inclusion of a conpound
of Formula |I in the absence of chlorhexidine. L WD 96/ 22095

PCT/ US96/ OOGGMM ' 53 '
The slight br by the action of gI ucose- 6- phosphate on the
gelatin surface alone and its prevention by a conmpound of Fornula |

nonenzymat o B own Arsseisbsiian fos inbfbirg e BAERER kvl bl 860 el b8 1 "1 ¢ ne
presence of clahdravensingipreefommed advanqed glycosylation wrosslinks, compnsmgamqffwnvh of
e S sl ol S8Rl SRR O T "

the anti-plraque agent-enhanced nonenzymat | occurs W th

chl or hexi di ne structuralfgrmuta: * "EXAMPLE 14 As
a denonstration of the general utility of co ounds of the present

i nvention to _ break undesired cyossl in-medically rel evant

bi onol ecul es, Applicants conducted t he foI I OWI ng experinment with the
anyl oi d peptide of Al zhei ners. dl& @'Ial_hl s 14 1kDal ton peptide

conpri ses PO mai n constituent of tE . pl aque I |ﬂ<e aggr egat es whi ch

- wherein Rl and R2 are independently selected from the group consisting of hydrogen,
hydroxy(lower)alkyl, acetoxy(lower)alkyl, lower alkyl, lower alkenyl, or R! and R2
together with their ring carbons may be an aromatic fused ring, optionally

IS substituted by one or more amino, halo or alkylenedioxy groups,
Z is hydrogen or an amino group:
Y is amino, a group of the formula
o
I
20 -CH,C-R
wherein R is a lower alkyl, alkoxy, hydroxy, amino or an aryl group, said
aryl group optionally substituted by one or more lower alkyl, lower alkoxy,.
halo, dialkylamino, hydroxy, nitro or alkylenedioky groups;
a group of the formula
25 -CHzR'
wherein R' is hydrogen, or a lower alkyl, lower alkynyl, or aryl group;
or a group of the formuia

O Rll
I
30 -CH;C-N-R"

wherein R" is hydrogen and R"™ is a lower alkyl group, optionally
substituted by an aryl group, or an aryl group. said aryl group
optionally substituted by one or more lower alkyl, halo, or
alkoxyl carbony! groups; or R" and R™ are both IW

- | |  REPLACED SHEETS  SG
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“formwi thin the brai n—parenchyma of Al zhei mer's di sease patients. The

gr adual accunul atd oi d pl agues, together w th other
-abnormal features SUCha\jMIHW‘|‘““ﬂg“mCU| ar anyloid and neurofibrillary
‘tangl es, is thought to ouni. T@er sertain of the neur ot oxi ¢ and

ot her pat hoggiysmadesocesses of this denmentia, which is invarpcasyedesssal 20
and presently i ncurable. The Al zheiner's anyloid peptide is known to
accumul at e AGE nodifications in vivo, gﬁld upon exposure to
physi ol ogi cal |y rel evant concentrationS of glucose, in vivo, which
gl ycati on enhances the_forpatjon of insoluble aggregates of the
peptide, reminiscent o ‘*N‘gﬁ@FrFB?’??é?Maﬂ?ﬂlfﬂ%ﬂé@“‘%&ﬁgﬁmﬁﬁi’?ﬁ pepti de
was prepared by i ncubahndgixtmtesthérspfpindaf catriee teedforbl e [err] - anyl oi d

pepti de, synthetically prepared and correspondi ng i n sequence to the
B-anyl oi d peptide found in the plaques typical of Alzheiner's

di sease, in a neufral Thééampudition of Clagh Uodereinsdidicampound hastthe formutarwhesein

general ly as descgi.bed. ve f.or : lon.. AGE- BSA except

that [err] -pepﬁsdg‘ﬁég @%é@l‘ep&w%ﬁgﬁ%@iﬁ%&i ?%é%‘?’g}éé‘?upbn substrate. 30

The AGE-[err]-peptide, glycated and cross-linked after this prol onged

exposure to glucose- ' o 5. 24_ wei ght
30 c) T shrbalihof Ui 3SAR s LB L0 S

reactants by size“excl Usi L 1 £.77g.
col utm), and i odi r¥eethyl)A-methyhbiazaliumehremide or another biologicglly acceptable salt thereof.
[err]I-AGE-[err]-peptide as the desired radiol abel ed reagent useful to test

or screen WO 96/ 22095 _, ) .. \
PCT/ US96/ 0066310 4. The composition of Claim 2 wherein said compound is 3-(2-phenyB-2-

conpounds for nol ggedyHERNith SRS ofdhbihet Bidlogie il dbdpiablesalt Aerda®) | owi ng

procedure. Ali'quots of [err]I-ACE-[err]-peptide were incubated with
or w thout added test conpounds of -‘the present invention. at

pr eget erm neg congent r The emﬁpdsgioﬁ of Elalf 2V Heasipsuidiebmpound is 3-5(75@%1.5'f@|terﬁbutyl_-
predetermned tine, (e q. pve t fte ich.a sample o ..ncubation
5 mxture was pr gﬁ&%@‘”@”&?ﬁ%ﬁhﬂ?’@@h'ém%{]wgb%&g L a gbg?qﬂ@faq@nd
analyzed to 15 acceprablesaltthereafppar ent nol ecul ar wei ght according to

wel | - known procedures. ~ -+ Aut oradi ograns - "~ exposed on the

resulting el ectrophoresis gels were scanned into a digital radiographic
6 The composition of Claim 2 wherein said compound is 3-[2-(3'.5'-tert-butyl-4"-

hydrox_yphenyl)—2éoxchhyl)]-4-methyl'-_5-vinyl-thiazolium bromide or another
biologically acceptable salt thereof.
B A The composition: of Claim 2 wherein said compound is 3-(2-phenyl-2-
oxoethyl)—4—methyl-S-vinyl-thiazoliurﬁ bromide or another biologically acceptable salt
thereof. '

25 8. The composition of Claim 2 wherein said compound is 3-[2-(4'-
diethylaminophenyl)-2-oxoethyl]}-thiazolinium bromide or another biologically
acceptable salt thereof.

9. The composition of CI#_ini 1 w_iierein Yisa Z-anxino-ﬁ;oxoethyl group.
30 10. The comi:_osiiion of 'Claim 8 wherein said compound is 3-(2-amino-2-
oxoethyl)-benzothiazolium bromide o.r.a'nother biologically acceptable salt thereof.

11.  The composition of Claim 8 wherein said compbhnd is 3-(2-amino-2-
This Sheet Has Been
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i magi ng and anal ysi s Md to record radi oactivity as a

function of 10 appzﬂ"’"” I ght (electrophoretic nobility in
SDS=roumnt-arm g~ buf fer) m ﬁfo‘_fno“the results of this
r

experiment showed t hat i'f fer¥] I» r]-peptidée were not exposed
to an "AGE-breaker" conpound of the present invention, it eluted a high

nmol ecul arwmghbs(>40kDal ton) band, suggesting that its BETU86/00663 o S
acconpani ed by aggregation and the formation of stable coval ent
cross-links. If, however, [err]}-AGE-[err]g, 1-5 peptide was first

i ncubated in a sol ution of an AGE crossl in bear| ng agent of the

i ) e bt .

>18 kDal ton) iodinate rraterla |nte I na ralogram Thi s
cgents of the plssertitcompRsiigh o | Wakeefi B coRaOA Y, & 3l BiF &P

AGE- medi at ed crmesitylenesuiforatewranother blOlngqﬂvaMbISSﬂahd‘sOf but al so that such

i nhi bition ard reversal of AGEsS can reverse " the adverse nol ecul ar

consequences of AGCE accunul ation on a protein relevant to human
di sease. 8. 'I‘he composition of Claim [ wherein said cg}@mmqt_igs _3;@6112)’[—5 (2- . The

cross-|ink Str%&: glg-ﬂtﬁétﬁ}l%ﬂa{oﬂm%ﬁﬂ?e&fanBtH&H?JISﬁé‘dey éfaﬂfc'sﬂ? al so

find utility as ant or haptens, to elicit -antibodieS specifically
directed reto. Such antibodies, |ikew se of the present
I nvention, are useful in turn 30toidentifyAAAstructures of the

resent invepti on constr.yct | oyi
gnt i - cross- ? nkl4st r%’t"'mpaﬂ'('? %g(}ﬂé'g‘ ?Vﬂfrﬁ'é' Sﬁf‘/'ée@n?“qdﬁ%é '?)‘?T,g'd]'gr

i nstance, t he hydmxyemMMhilthﬂiﬂlmh dsitylendsslfohae ofBnbthdr Bibldpicatiy c h
cross-1inks can b asyr.ed f di scussed above, and dependi ng on
the hal f-1i fe df %%ﬁ? 'so nodi fi ed, . WD 96/ 22095

PCT/ US96/ 00663 _ '_' 55

15.  The composition of Claim 1 wherein said compound is 3-(2-methyl-2-
15 oxoethylthiazolium chloride or another biologically acceptable salt thereof.

16, A pharmaceuucal composmon for adnumstratlon to an animal to ml'nbxt the

~ advanced glycosylatlon of a target protein, and reverse pre-formed advanced "
glycosylation crosslinks, within said animal, compnsmg a phannaceuucal!y cffect:ve

20 amount of a compound selected from the group consisting of compounds of the

formula

xe

Y .
R ND o
25 | | y Iyz AU
_ _ RZ s _ T
wherein R! and R? are independently selected from.'t'he“gxbup ébnsisting of hydroéen,
-hydroxy(lower)alkyl acetoxy(lower)alkyl lower alkyl lower alkenyl or Rl and R?
' together with their ring carbons may be an aromatlc fused nng. opnonally substituted

30 by one or tmore amino. halo or alkylenedloxy groups, _

Zis hydrogen or an amino group;
Y is amino, a group of the formula
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i mmunocheni cal neasurenent of the cross-Tink epitopes on a protein sanple,
such as henogl (ﬁ"m I ndex—ef-- rrecent AGE-formation.

Li kewi se, inmunochemi cal ”"I""I" mu@ on of cross-link epitopes on
circulating and/or tissue protéin% can e used to. nonitor the
course of t{gyeaRYeeni th agents of the present invention, whipghngosaees are

5 directed toward inhibition of, and breaki ng of advanced gl ycati on.
Cross-link-nodi fied BSA for use as an i mmunggen can be prepared by coupling
a cross-1ink structure with bovi ne%erum al bunin (BSA) using any
of a nunmber of well - known dlvalent coupling reagents such as a
carbodiimide |ike EDC. Various oth® 10 haptens, antigens, and

conj ugat ed i mmunogens correspondind to the cross-link . structures
of the present inventi on i ncl -Bi t hout linitation those described

Thoubation oo BpeORoRer Ayl Mk ARG i oF i 1 g0 O7 11O
cross-structude may tmawégregeaptmaﬂy subsnmtedhmonmmm@géwqr@lkwbﬂwra
variety of antibodi esaﬂé@*f'ﬂaﬁeﬁﬂﬁﬁhﬁnﬁnosﬁf&biy' Extr?%ﬁﬂ@ﬁﬁertrﬂg%x&%u ‘he

nmol ecul ar features there erre

cross-link structure i tsel fis %&'REPE@I"E@'&‘“ﬁapten whi ch S
correspondi ngly coupled to any gfH,reveral preferred carrier proteins,

i ncl udi ng for - instance keyhol e Iinpet henoc in (KLH),

t hyrogl obul i n, and no¥hegsindR'ds hydaogenpriadewer alkyb |°‘¥@'rﬁﬁ$¥\“lﬂ BUWWQ‘BEA) usi ng

a dival ent coupl i ng reagents smg}aumemgﬁdl ng to pr ot ocol s
widely circulated in the art. The cross-link structure, whether

al one or coupled to a carrier pr otﬁ may be enpl oyed in any
wel | -recogni zed i mmuni zati on proto ol {0 generate antibodies and 25
rel ated i nmunol ogi cal reagents HRC-MR" yseful in a nunber of appl i cations

owing to the whERGH R & hjdrogdn inﬁ‘k"eigfa'l&%i“aﬁ@l &aﬁ h&raln bstlga%w

of the cross-J]jnk structui |.ow. ng red roto

of several anlthal spe8?&y ﬁ'&?ﬂ%“ﬂ'ﬁ%ﬂﬂ%é“f‘@’y 8"°“P°P“°‘]§F'Ba'€k§8 Ih}'cﬂnﬁﬁél

antisera directed agamivié loweealkylPRdlo, or BikoRyiéaSonyl SoRpsPbERN  andI®" are both
conj ugat e, including i’i’“ﬁfﬁﬁ‘é’f ance mce, rats, hansters, goats, rabbits, and

chi ckens. The PP"Mhree of the aforesaid ani mal species are
particularly desired Xieatelidef weylatsamethanesulfonats sbmesityientsuffomsi¢ivhi on of

hybri domas secreting %sa g n n The
production of said hyg"?‘P ﬁﬁgﬂg{’% %ﬁ@%ﬁ%@r@gaﬁ &cﬁﬁ%ﬂf ﬁaéﬂerﬂﬁm S may
20
17.  The composition of Claim 16 wherein said compound has the formula wherein
Y is a 2-phenyl-2-oxoethyl group.

18.  The composition of Claim 17 wherein said compound is 3-(2-phenyl-2-
25 oxoethyl)-4-methylthiazolium bromide or another biologically acceptable salt thereof,

19.  The composition of Claim 17 wherein said compound is 3-(2-phenyl-2-
oxoethyl)thiazolium bromide bromide or another biologically acceptable salt thereof.

30 20. The composition of Claim 17 wherein said compound is 3-[2~(3',5"-di-ten-
butyl4'-hydroxyphenyl)-2-oxoethyl]-5-methyl-thiazolium bromide or another
- biologically acceptable salt thereof. '

21.  The composition of Claim 17 wherein said compound is 3-[2-(3',5'-tert-butyl-
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convenrently be achM'"H"IHHIMMﬂ f~several protocols popularly
practiced in the art,* ¢ 't u smni ch describe conditions suitable for

i mortalization of imunized spleen cells " by fusion with an
appropri V965 | ine, e.g. a nyeloma cell line. Said pr3tHE¥eL0a3,
produci ng hybri domas al so provide nmethods for selecting and cloning i nmune
5 splenocyte/ myel oma cell hybridomas ands3f or identifying hybridomas cl ones
that stably secrete antibodi es directed agai nst the desired

epi tope(s). A iPdrokfihenAs2-oN6dhyIR-4-RaRYILS-vinyl-thiazolivih Gréthiak ofhfdotHEp' €
comonl y enpl O‘éﬂ?\‘d E& t he generation of” polyclonal antisera, but

regardl ess of RAPIES! yaﬁfﬂpfﬁg‘eéﬁ'é et i sera or nonocl onal antibodies are
desired ~ultimately, the hapten-nodified carrier protein typically

is initially agmni.stered in 0 canjunct.i;on with, | uvant such as
Compl ete Freu S A@]%?QR?%'“‘TWT'%E?@#&'“ said compmwgya:gga- g"bﬁwﬁ stered by
any of seves aloxoethyRpdimehylsi-tigylithinzolipmtiromide alor anattier bivlugivallp acceptable salt

I ntradermal ; Ctﬁér&ﬁi n routes are preferred in the art according to the
species to be ) i muni zed and the type of antibody ultimately to be
produced. Subsequently, booster i mruni zations are generally
adm ni stered i43 coRg I3 V4 | [ 'H&n?' ,‘ﬁﬁ’d .. 15 or

| nconpl ete Fr ezt}nd'?hxgjsﬁbggrﬁm‘grg@?'eﬂ%%gu ons "aer?:""JejJ d 3 ni stered at

i nterval s diethylaminpphenybr2-axaethyllthiszelininm bromisde or geother bidlegieally nonth is a

sui tabl e i ¢ eraéedptabléd shif thiefes d sanpl es taken between one and two
weeks after each booster inmunization. ' ‘Alternatively, a variety of
so-cal | ed hyperi nmmuni zati on schedul es, which generally feature .
booster i mmunizaati Qg comy nCof Clgiin [60QRFEIRTY is B 2{aniiRo-2dxkEethfl PedupES

enpl oyed 20 in an effort to produce anti-hapten antibodies
preferentially over anti-carrier protein - anti bodi es. '

The anti body t25t er Thecompesitidnad CHaiin2docheseinpdid sompount s 3-(@¥@ained-f or
hapt en-spegific S ne, titer in any.of .several convenient fornmats
nol udi ng, 1§ oroxpsiylhengothiadOi browyeicr apquict biolpeially posgpble salchereek .0y

ELI SA protocols. In a typical direct ELI'SA - a defined antigen is
i bilized t ke e f s Y R € A WA s - |
e es 7, 9 ORI U A R B2 DB o

or mcrotiter “plat a series of ‘1ncu
by rinses oxoethyl)-4-methyl-5-(2-hydroxyethyljthiazolium bromide or another biologically

acceptable salt thercof.
20 ' _
27. The compositibn of Claim 16 wherein said compound is 2,3-diamino-
thiazolium mesitylenesulfonate or another biologically acceptable salt thereof.

28.  The composition of Claim 16 wherein said compound is 3-benzyl-5-(2-
25 hydroxyethyl)-4-methyl thiazoliﬁm chloride or another biologically acceptable salt
thereof. S o
29. - The composition of Claim 16 WhErei'n-'said-compomd*is 3-amino-5-(2-
hydroxyethyl)-4-methyl-thiazolium mesitylenesulfonate or #nomer biologically . -
acceptable salt thereof. ' R
30 ' '
30. The composition of Claim 16 wherein said compound is 3-(2-methyl-2-
oxoethyl)thiazolium chloride or another biologically acceptable salt thereof.

- | |
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-of the assay wel| surfaece—to Temove unbound binding partners. By way of

non- i m t4+rg s of -amassay plate may receive a
-dilute, .buffered aqueous W ‘ m‘tm of the hapten/carrier conjugate,
preferably wherelnthec rprotefn tiffers - fromthat used to
I mruni ze t ap sepd20980dy - produci ng animal to be tested; e.g. PCIUSKN0663

from AAA/ KLH conj ugat e-i mmuni zed ani mal m ght be tested agai nst assays

wel |'s decorated with inmobili zed64AAA/ BSA conj ugat e.

Al ternatively, the assay surface VWHAT 1S CLAI I\/ED IS 1.

A conposition c risin CQ ynd of _the tructural formul a :

[err] S)ln'p 3&1?(?“}’&'\9? glycasylation of atorgel proti h?}‘lﬂ' ogen,
hydr oxy( | ower) aiektyl’smg btubrmcd advmedggybmyjdlbmmss)mkkybmpd:Wmtdcﬂyg ther | ower
al kenyl , or carbons form
an aromatic fus@fgef ‘"Raﬁé P'Lﬁfg'fcﬁ% gxﬁ%u#‘”o{{hn&n%?k}&n éar{gﬁﬂn%‘fpé“ ‘2 hal o
or al kyl enedi oxgel@tedlfm the grwpfvpdps;gumfoommundmfrtbe fproula; Yis

am no, a groyp of the formula CHerr]C(=OR wherein Ris a |ower alkyl,

al koxy, : :
xe

I
t D
R N
l s z
R ™S
10  wherein R! and R2 are independently selected from the group consisting of hydrogen,

hydroxy(lower)alkyl, aoe_toxy(lbwer)alkyl, lower alkyl, lower alkenyl, or R! and R2
together with their ring carbons may be an aromatic fused ring, optionally substituted

D

by one or more amino, halo or alkylenedioxy groups:
Z is hydrogen or an amino group;
15 Yis amind, a g_roﬁp of the formula
oS o ,
I
-CH,C-R
wherein R is a lower alkyl; alkoxy, hydroxy. amino or an aryl group, said aryl
20 -~ group optionally substituted by one or more lower alkyl, lower alkoxy, halo,
dialkylamino. hydroxy, nitro or alkylenedioxy groups;
a group of the formula
.CHR'
wherein R’ is hydrogen, or a lower alkyl, Jower alkynyl, or aryl group; or a
25 groﬁp of the formula

O R’
_
-CH;C-N-R"

wherem R"is hydrogen andR"isa lower alkyl group, opt:onally substituted by
30 an aryl group. or an aryl gmup, said aryl group optionally substituted by one or

more lower alkyl, halo, or alkoxylcarbonyl groups; or R" and R™ are both lower

alkyl groups; _ :

X is a halide, tosylate, methanesulfonate or mesnylenesulfonate ion;

and mixtures thereof, and a carrier therefor.
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“hydr oxy, am no or an aryl group, sard aryl group optionally substituted by

one or nore wer al koxy, hal o, dial kyl am no, hydroxy,
nifro or alkyl enec” l'mﬂ II" m a group of The formul a -CHerr]R
or

~wherein R is hydrogen, sower , lower alkynyl or aryl
group; _ or a group of theforrrula[err]( O)N(R) R R' is
hydr ogen WR46/RWI5 i s a | ower al kyl group, optional ?‘?’@W‘?ut ed by
an aryl group, or an aryl group, said aryl group optionally
substituted by one or nore |ower al kyl, gslo, or al koxyl carbonyl groups; or
R’ and R"’ are bot h | ower al kyl groups; and X is a
hal i de, tosyl g e, éf-lgm g&ﬁa Fbrenud ereid xtures

" thereof, and gicarrl er ew §Fwﬁémm§|htc¥tl col#pa%)gﬂlatlon%?h a?rmml
wherei n said %31?!39‘!)&'1‘6‘9"93“11/'8'0“? 2, 3-di ami not hi azol i um

mesi tyl enesul f onate or anot her bi ol ogi cal I'y acceptable sal t

60 th d t |
mesi tyl enesul :Pgnat'ghwetﬁ%?ffgi“mﬂwg“ﬁ‘i“((ﬁ”6§ rox b @'ﬁe‘ beny- '° é‘f"? l'h'gfgo:‘ o
3- (2- et hyls- 2meimgRAifotindbrstide bidiothiet malogieauyracadwblt@mmeﬁuoﬁgl cally

acceptabl e salt t hereof; or

34.  The method of Claim 32 wherein said compound is 3-(2-phenyl-2-
oxoethyl)thiazolium bromide or another biologically acceptable salt thereof.

10 35. The method of Cla:m 32 wherem said compound is 3-[2-(3 5'-d|-nert-butyl-4'
' hydroxyphenyl)-2-oxoethyl] S-methyl-thlazohum bromide or another blologlcally
acceptable salt thereof.

36.  The method of Claim 32 wherein said compound is 3-[2-(3',5tert-butyl-4'-
15 hydroxyphenyl)-Z-oxoethyl)]-4-methyl—5-vinyl-thiaiolium bromide or another
biologically acceptable salt thereof.

37.  The method of Claim 32 wherein said compound is 3-(2-phenyl-2-oxoethiyl)-4-
methyl-5-vinyl-thiazolium bromide or another biologically acceptable salt thereof.

20 T S
38.  The method of Claim 32 wherein said cbmpound is 3-[2-(4-
dicthylaminophenyl)-2-oxoethyl]-thiazolinium bromide or another biologically
acceptable salt thereof.

25 39.  The method of Claim 31 wherein Y is a 2-amino-2-oxoethyl group.

40.  The method of Claim 39 wherein said compound is 3'(2-ammo-2-oxocthyl)-
" benzothiazoliur bromide or another blologlcally acceptable salt thereof. :

30 41. The method of Claim 39 wherein said compound is 3-(2-amino-2-oxoethyl)-4-
methyl-S-(2-hydroxyethyl)thnazohum bromide brom:de or another biologically
acceptable salt thereof.
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‘3-benzyl - 5- ( 2- hydroxglet hyl ) - 4-met hyl thiazoli um chl ori de or anot her

bi ol ogi cal |y ﬂnmﬂuﬁmmm"[mr eof . The conposition or
Claim1l wherein in sa a2(subst|tuted or

unsubstituted) phenyl - 2- o%oet h dr odip. : ‘The conposi ti on of Claim3
wher ei n sai nd is:

3-(2-phenyl %%hyl ) - 4 nmet hyl t hi azol i um brom de or anot her | ol ogically
accept abl e salt thereof; 2- phenyl - 2- oxoet hyl ) t hi azol i um
brom de or anot her biol ogically acceptabl e | t t her eof ;

3-[2-(3",5 -di-tert-butyl-4"-hydroxyphenyl)-2-oxoet hyl ] -5-net hyl -t hiazolium
brom de or 42. anTheanetioddf @laime3 | wherein sgid adnhpomdlisz B4damtind-thiazolium

3-[2-(3", 5'-tert E&m thyl -5-vinyl-thia
zolium 8¥Le5§]f%not %&EQ%FB%%%@V%& cce ta% Salt thereof;
3- (2- phenyl - 2- oxoet hyl ) - 4, 5-di et hyl t hi azol i um brom de or anot her
bi ol ogically _ _ 61
5 43.  The method of Claim 31 wherein said compound is 3-benzyl-5-(2-
hydroxyethyl)-4-methyl thiazolium chloride or another biologically acceptable salt
thereof. o

44.  The method of Claim 31 whergin_ said compound is 3-amino-5-(2-
10  hydroxyethyl)-4-methyl-thiazolium mesitylenesulfonate or another biologically
acceptable salt thereof.

45.  The method of Claim 31 wherein said compound is 3-(2-methyl-2-
oxcethyl)thiazolium chioride or another biologically aﬁ:cepnqble salt thereof.
15 . o
46. A method for treating an animal to inhibit the formation of advanced
glycosylation endproducts, and reverse pre-formed advanced glycosylation crosslinks,
of a target protein within said animal, said method comprising administering an
effective amount of a pharmaceutical composition, said pharmaceutical composition
20 comprising a compound selected from the group consisting of compounds of the

formula
| Yy x®
o RIN ¢)
) $— z
25 rP~s |

wherein R! and R2 are independently selected from the group consisting of hydrogen,
hydroxy(lower)alkyl, acetoxy(lower)alkyl, lower alkyl, lower alkeﬁyl, or Rl and R2
together with their ring carbons may be an aromatic fused ring, optionally substituted
30 by one or more amino, halo or glkqunedipxy_gmups;
Z is hydrogen or an amino grohp;
Y is amino, a group of the formula
—_—
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acceptabl e salt thereof;

3-(2-phenyl - 2- oxoet,m m I nyl -t hiazolium brom de or anot her
bi ol ogically ” It" ﬂ hereotf;, or
3-[2- (4" -di et hyl am nbplfenyl ) ¥ 2- bxo'et hyl ] - t hi azol i um broni de or anot her

biologically acceptabl e salt thereof. 5. The conposition of
Caiml wagysghteey i S a 2- am no- 2- oxoet hyl group. 6. PECIVUSEsI0863Si t | on of
Claim5 wherein said conpound is:

3- (2-am no- 2- oxoet hyl ) - benzothlazollunle%n1de or another biologically
acceptabl e salt t hereof; or

3-(2-am no- 2- oxoet hyl ) - 4- nethyl
anot her bi ol ogi cal l'y acc

- (2- hydr oxyet hyl )th| azol i um brom de or
tabl e salt thereof. 7. The
conposition of any of clains R6’ for inhibiting the advanced
gl ycosyl ation of a ta “Sprotein or for reversing pre-forned

advanced gl ycosyl atwhefiitResslowskalkyl, alk&y, hydramaﬁmmah hiyPBro@ip, satdaryl 7

whi ch h t d { t
ani mal for £17ectt APURoPorlRBTH A by o or P EE A APty o
The use of a corrpouratkyhfmlhhdlyﬂmxmﬂlm()da)k)danedﬁiygmdpsby any one of the

clains 1 to 6 for ?roﬁﬁoﬂhx or;n?xi i nhi bi'ting the advanced
gl ycosyl ation of a target prote reversing
-CH;R' ) _
. wherein R' is hydrogen, or a lower alkyl, lower alkynyl or aryl group; or a
10 . _group of the formula
' OR"
1
-CH;C-N R"
" wherein R" is hydrogen and R"isa Iower alkyl group, optionally subsntuted by
15 an aryl group, oran aryl group, said aryl group opuonally substituted by one or

-more lower alkyl, halo, or alkoxylcarbonyl groups, or R" and R™ are both lower
alkyl groups. ' h
X is a halide. tosylate, methanesulfonate or mesitylenesulfonate ion; o
and mixtures thereof, and a pharmaceutically acceptable carrier therefor.
'47.  The method of Claim 46 wherein said compound has the formula wherein Y is
a 2-phenyl-2-oxoethyl group. ' |

48.  The method of Claim 47 wherein said compound is 3-(2-phenyl-2-oxoethyl)-4-
25 methylthiazolium bromide or another biologically acceptable salt thereof.

49.  The method of Claim 47 wherein said compound is 3-(2-phenyl-2-
oxoethy!)thiazolium bromide or another biologically acceptable salt thereof.

30 '50. The method of Claim 47 wherein said compound is 3-[2-(3",5"-di-tert-butyl-4'-
hydroxyphenyl)-2-oxoethyl}-5- methyl-thxazollum bromide or another biologically -
acceptable salt thereof. '

51.  The method of Claim 47 wherein said compound is 3-[2-(3",5"-tert-buty]-4'-
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'grze forl(r)red aivanced gljycos ylation cross-1i g N Con
‘claims 1 to 6 ?3?‘3322 |m|“‘m“mﬂ“tllﬁ” l!I‘aﬁsanl mal to ?/nﬁlné ;)n;ahg fOf?TB.tIOI’]

of advanced gl ycosyl ati on en&products or to - ‘reverse pre-forned

advanced gl%m%@gl on cross-1links. 11. The use of a coppREsboeds Cl ai m
10, whereinthe treatnent is for inhibiting or reversing t he

di scoloration of teeth resulting fromnon-enzymatic browning in the oral
cavity. 12. A nmet hod of reversing advan®®d gl ycosyl ati on endpr oducts
formed as a consequence of. the advanced gl ycosyl ation reaction by
adni ni stering t ohysirexypbenylyi-oxcethyl) 4 mestiayl St vinyl-thiazoliumehrowide opanctheragent
capabl e of cl eavp;gg, kﬁfygbgpﬁbmme{‘.a;ed protel n cross-links present

in the advanced glycosyl ation endproducts. - -13. A sugar - deri ved,
nonenzynatically fornmed cross-link structure, found both in vitro and I n

vivo, which inclsgles T method ol Claiy47 Wﬁé@hkaiﬁhﬁhﬁ&ndﬁ@%@pﬁcr@i&@x@&ﬁm
S T e Ca TR
The cross- i nk structure of claim13 \/\herel n said di carbonyl noi et y is a
di ketone (dione) 53. 'The mgti)w gft éirai(xan 47 whereir_l said compound is 3-[2-(4'-
diethylaminophenyl)-2—0xoethyl]-thiazblinium bromide or another biologically
acceptable salt thereof.
10 o |
7Y The method of Chim 46 wherein Yisa _2-amino-2-oxoethy] group.

55.  The method of Claim 54 wherem sald compound is 3-(2-ammo-2-oxoethyl)—
benzothiazolium bromide or another blologlcally acceptable salt thereof.

IS 56. ‘The method of Claim 54 wherein said compound is 3-(2-amino-2-oxoethyl)-4-
methyl-S-(Z-hydroxyethyl)thiazolium bromide.or another biologically acceptable salt
thereof. | '

57.. ' The method of Claim 46 wherein said compound is 2,3-diarhino-thia£0]ium

20 mesitylenesulfdnaté or another biologically acceptable salt thereof. -

58.  The method of Claim 46 wherein said compound is 3-benzyl-5-(2-
hydroxyethyl)-4-methyl thiazolium chloride or another biologically acceptable salt
thereof. '

25
59.  The method of Claim 46 wherein said compound is 3-amino-5-(2-

hydroxyethyl)-4-methyl-thiazolium mesitylenesulfonate or another biologically
- acceptable salt thereof.

30 60. The method of Claim 46 wherein said compound is 3-(2-methyl-2-
oxoethyl)thiazolium chloride or another biologically acceptable salt thereof,

61. A method of inhibiting and reversing the discoloration of teeth resulting from
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15. The cross-1ink structure—ef—Claim 13 or claim 14 wherein 'sai d

?hgi fg;ﬁg{]él noi ety “"!,]J”ﬂ“"l”ﬂl'dl ket one (dione) st {g(r:””e accor di ngw';]gre

A and B are each indepe of attachrrent to the nucleophilic atom
of a bi onol ecul e, such as the ami no group of a bionol ecule such as
a prot ei "wo 96/22095 PCT/US96/0066% 3 16.
The cross-link structure of any of daim13 to 15 wherein said cross-link
structure forns an internol ecul ar 69" an i ntranol ecul ar crosslink

17. An agent for rever5| ng pre-forned advanced gl ycosyl ation crosslinks,

conprising a rlal abl a lrl}.% t he. cros? I i nk
structure of am*wrgﬂsf aw&u}gsm%qrﬁcigtyw "ﬁ\es m%lfat“i"ﬁ or
reversing pr eafmounteffective aninhibitghe/fomsatioatof mdvamedglylcosylmon endppodusis/und
an effective amunt th st heref.or 19
A phar maceut i EFSE 8%'595‘??‘19%‘13"9?%? g@&ﬂﬁ%&? F‘Qfﬁl'gﬁs' pga §?{“%ﬁwa|°°?‘8“?%%r se
pre-forned compounddvlactcé&ogltbcgmypeammmmf@gmpouﬂds pﬂhorfomm%a ance for the
t r eat ment %f the conplications of - =

X"

I S

wherein R! and R2 are mdependently selected from the group consustmg of hydrogen,
10 hydroxy(lower)alkyl aoetoxy(lower)alkyl lower alkyl, lower alkenyl, or Rl and R2
together with their nng carbons may be an aromatic fused ring, optlonally substituted
by one or more ammo, halo or alkylenedloxy groups, -
Zis hydrogen or an amino group,
Y is amino, a group of the formula -

15 o
-CHzC-R

wherein R is a lower alkyl, alkoxy, hydroxy, amino or an aryl group, said aryl
_ group optionally substituted by one or more lower alkyl, lower alkoxy, halo,
20 dialkylamino, hydroxy, nitro or alkylenedioxy groups; -
a group of the formula
~CH2R'
wherein R' is hydrogen, or a lower alkyl, lower: alkynyl or aryl group, ora
group of the formula '
25 ~ OR"
i
-CH,C-N-R"
wherein R" is hydrogen and R" is a lower alkyl group, optlonally substituted by
an aryl group, or an aryl group, said aryl group optionally substituted by one or
30 - more lower alkyl, halo, or alkoxylcarbonyl groups; or R" and R™ are both lower
alkyl groups; ' ' '
X is a halide, tosylate, methanesulfonate or mesitylenesulfonate ion;
" and mixtures thereof, and a pharmaceutically acceptable carrier therefor.
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“di abet es and agi ng caused by the—acet ation of advanced gl ycosyl ati on

endproducts in - e lSing a pharraceutically effective
-amount of the agent of” IE"!,E@“"I - a pharmaceutical ly acceptable
carrier. 20. A metwode T ar a foodstuff containing protein

material s §.Féﬁ9' nhi bit the undesi red nol ecul ar perpssgRoess her ei n
g or :

caused by t mat i on of advanced gl ycosyl ati on end -product s of
a target protein within said foodstuff, said nethod conprising treating the
foodstuff with an effective amount of the ck nposition of C aim 18. 21.

A nmet hod of screening for agents useful as inhibitors of advanced
gl ycosyl ation 62. A methed of reMersing advancedglynosyationeadprogdugts formedias a2 onpound

\t/viht hf the tS_t ruct ]gebﬁsleqiena aftﬁﬁadvaﬁiteﬁ gtl'ycosylaﬁoﬁ rohtar.]m ﬂﬁﬂﬁht&ﬁﬁgo}ahiﬂ-gafﬁ?&&? of
e formation of cleavage products to assess the . .useful ness o
such agent as a 3fBYGEHRS Anoyntaf a5 agant cm@ﬁérwn&#m‘%ﬂ%ﬂmmn

gl ycation crossliks pfeiént in the advhnced giycoaylatioh@sldproducksie structure of any
one of Clains_13 to 16. 23.. An assay for determ ning the extent of
accurmul ati on ®f advanced gl ycosyl ati on : : _

64 end@30dudX sughnderived, nonérzymatcalp formed wrosé-lifik struchi?e, fouli bdtheins ay
Ef{)f grg[“ggl bgaﬂgfvgf% k&l Vi3, which inchudéd'ahY-cidhrobay ofkly bt iS BpabR R LIRARYe by @
) a dinucleophilic, thiazolium-like compound. '

10 64. Thecross-link structure of Claim 63 wherein said a—ldicarbonyl'moiety isa
diketone (dione) structure.

65.  The cross-link s&ucture of Cla_im 63 wherein said a-dicarbonyl moiety is a
diketone (dione) structure according to the formula:
15

20 where A and B are each independently sites of attachment to the nucleophilic atom of a
biomolecule. | .

66. The cross-'lihk structure of Claim 65 wherein A is the site of attachment of an

~ amino group to a biomolecule. |

25 o o

' 67. ‘The cross-link s_uucp_.:fe of Claiim 62 whe;éin said cieaVage takes place under
physiological cdnditimé; - -

~ 68.  The cross-link stﬁxguife of Claim 63 'whe_rein said cleavage takes place
30 catalytica.lly. o ' '

69. . The cross-link structure of Claim 65 wherein X and Y are the sites of
attachment to protein amino groups. '
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24. A conpound of the formila (1) -as shown in claim21 wherein:

(i) Y and Z are both amino groups and Rl err] and Rierr] are independently
hydroger; ”““HMM ﬁ ryal kyl, rower acyloxy(lower)alkyl or

| ower al kyl, or Rfer ~together with their ring
car bons form an arorra"t i ¢ flsed r| ng, optionally . substituted

by one or 2‘@gn hal o or al kyl enedi oxy groups; Or PCT/US96/00668i i )

Rlerr], and Zare hydrogen, Y is amino, a group of the formula
-CHerr]C(=OR wherein R |7$ a lower al kyl, al koxy other than
met hoxy, hydroxy, am no or an aryl group, said aryl group

optionally substituted by one .or nore | ower .al kyl |ower

al kl oxy, hal o,70di alTheicresstiok smmeszt;ﬁlam thwmﬂmﬁéﬂkéwwm any; t h

t he intermolB¢uBficrdsslinkat Y |s not 2-phenyl - 2-oxoot hyl or
2- (3' - met hoxyphenyl ) - 2- oxoet hyl ; a ' group of the fornula
-CHerr]R wherein R is hydrogen or a Iovver al kyl, .| owner -

al kynyl, or argl gmurtrosenmnstﬁrmomatdm %emdsmd-c&dkahk]sﬁea@ Fgrimis)al’ '

wherein R’ s, hydrogen and R'' is a |ower alkyl group,
optional ly §ub'§meh=%ﬂ"59°sal karyl .- group, or an aryl group,
said aryl group optionally substituted by one or nore | ower

o oups: Mor o R R Rl Ak iRl ool BB el 5L !
hydr oxy (| ower )revdrsihg piecfarmed advanced glycosylation qggshmyqqmmgg mnal p@gb]e al kyl
ower al kenyl oeQacfh 2hith yaSbsElifk iuchROS im¥8. N Chei 1

ring carbons for onat1c fuse I.ng, optionally substituted by one or
nor e 10 am no, hal o, or al kyl enedi oxy groups;..Z is hydrogen or

an am no grougJ[Y i.fafiﬂ%ssm_'&formmbmngtheaﬁdﬁb!&b’éli@%&fléﬂon%ﬁ%g&r a group of

the fornula - err R | oner .al kyl
group, opt i onzhipgolechieand mversing pre;formed advanced glycesylation grogslings. GBE‘P“%’% d
aryl group optjnupRkdve Mﬁidr%@dnmc;m T0andREdribQhdefor! ky!, hal o, or

I5 74. A pharmaceutical composition for administration to an animal to inhibit the
advanced glycosylation of a target biomolecule within said animal, and reversmg pre-
formed advanced glycosylation crosslinks. comprising a pharmaceutically effective
amount of the agent of Claim 71 and a pharmaceutically acceptable carrier.

20 75. The composition of Claim 74 wherein said composition'an_d said agent are
useful for the treatment of the complications of diabetes and aging caused by the
accumulation of advanced glycosylation endproducts in mammals.

76. A method for treating a foodstuff containing protein material 5o as to inhibit the
25 undesired molecular changes therein caused by the formation of advanced glycosylanon
“end products ofa target protein within said foodsmff sald method compnsmg treatmg

the foodstuff with an effective amount of the composmon of Claim 73

77. A method for treating an animal to inhibit the formation of advanced

30 glycosylation end products of a target biomolecule within said animal, said method
comprising administering to said ammal an effecuvc amount of the pharmaceutical
composition of Claim 74.

—_—
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.65 al koxyl car bonyl groups;" or (iv) Rerr] and
Rl err] are independently selected fromtheé group—eonsisting of hydrogen,

-hydr oxy (| ower) al kyl , | ryal kyl, lower alkyl, |ower alkenyl,
or Rerr] T“mm“““lll)mmher with their ring carbons form an
aromatic fysed ring; opttiomalty™ s * substituted RyrRRBedesd 0" €

am no, hal % yl enedi oxy groups; Z is hydrogen or . an am no
group; Y is amno, a group of the formula -CH err]C(=O R wherein Ris a

| ower al kyl, al koxy, hydroxy, amino or an a2yl group, said aryl group
optionally substituted by one or nore |ower alkyl, |ower

al koxy, hal o, di78l kyThermethod of Claim 77, whereimsaii} target binmbleculeis agprtginenedi oxy
groups; a group of the fornmula -CH err] R err] wherein Rl err]
is hydrogen, a lower alkyl or aryl group; with the provisos that either Y
or Zis - 79. Themgthod of Glaira 38, whesmin sgicbiarget biemgleryle issselecrayl dfony the s
hydrogen, then %%ndiﬁinﬂbh&flla&ﬁ@@lasﬁn lens protein, vessY WaIP BreifY, nérve Pifdingd| KY |
group, and when I's amng, R err] and R err] are not nmethyl; and
X is a halidé eadglomemlarhasementmambrans PROIRs. nesi t yl enesul fonat e i on. 25.
The conmpound of Claim24 (iv) wherein Y is a 2-(substituted or

unsubsti t ut ed) enyl - 2- . oxoet hyl group. ., ..26. The c ound of
Claim24 (iv) rei ﬁm@@a‘%w&&*z%&%%ﬁ%*&?@ﬁw“%ﬁ Phe of
th[e C?rrpoundzi crosslintl)cs whlich comgrifjes r_eactingatejst compound with tlhe structure r<]>f IClair;]l 63 I
3-[2-(3" .5 -di-tert-butyl -4'- r en - 2-.0x0et - 5- et -t hi azol i um
br o de or a6 mgghife it s B GRahoh of i24AEe Bifetiuchy [ esiges e
3-12-(3",5" - Her usdfulneds-of such\agens ay ppatentia) inhibsemoftcrosilinking-bysbdgdvancedi nyl -t hi a
zolium %fy%@i&e o] sgnot.her: bi ol ogi cal 'y acceptable salt thereof;

8!.  An antibody to the structure of Claim 63.

1S 82.  An assay for deter‘minin‘g_ the extent of accumulation of advanced glycosylation
endproducts for use with the antibody of Claim 81, said assay performed by detecting
tjje extent of binding of s_aidsant_iﬁpdy to a biological sample.

83. A compound of the formula

20

xe

Y X |
RI. N D : (Ia)
1 »— Z
‘R S o
25 wherein Y and Z are both amino groups and R} and R2 are independently selected from
the group consisting of hydrogen, hydroxy(lower)alkyl, acetoxy(lower)alkyl, lower

alkyl, or Rl and R2 together wﬁth their ring carbons may be an aromatic fused ring; and
X is a halide, tosylate, methanesulfonate or mesitylenesulfonate jon.

30 84 The compound ac;:ordihg to Clalm 83 which is 2,3-diaminothiazolium
mesitylenesulfonate.
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66 3- (2- phenyt=2-oxoethyl'J-4-met hyl - 5-vi nyl -t hi azol i um bromni de or

anot her bi ol ogi cal | e salt thereof;
3- p2=(#&—drethytam iﬂ'!ﬁmmﬁﬂ'm hyTT-Thrazol i um bromni de or anot her
bi ol ogical |y abl'e sal t=1hereof;

3- (2- phenyl - 2- oxoet hyl ) - 45-di net hyl t hi azol i um brom de or anot her

bi ol ogi cakdyem2ees acceptable salt thereof; PCT/USIG/O0663

3- (2-am no- 2- oxoet hyl ) - 4- net hyl - 5- ( 2- hydroxyet hyl )t hi azol i um brom de or
anot her bi ol ogi cal |y acceptabl e saky thereof;

3-am no- 5- (2- hydr oxyet hyl ) - 4- et hyl t hi azol i um- nesi tyI enesul fonate or

anot her I ol ggi cal | ept abl.e  salt thereof; or -

3- (2- met hyl - xoe?‘ﬁ‘? H’i}/da‘grcdﬁ‘f &W'E loride or anot her b| oI ogiesal |y

accept abl e salt t her.eof . 28. A sandwi ch en noassay to
ascertain the ability of test conpounds to brealky lor reverse al ready

formed advanced gl ycosylation endproducts by det e % br eaki ng- of
AGE (advanced gl ycosyl ati on endproduct) noi et i es -crosslinked

protein Wh'SChwherem R!, R2 and Z are hydrogen; -
Y is amino, a group of the formula
o :
i
-CHC-R o
10 o wherein R is a lower alkyl alkoxy. hydroxy, amino or an aryl group, said aryl
group optionally substituted by one or more lower alkyl, lower alkoxy, halo,
dialkylamino, hydroxy, nitro or alkylenedioxy groups;
a group of the formula
-CH,R’ |
15 wherein R' is hydrogen, or a lower alkyl, lower alkynyl, or aryl group;
or a group of the formula

O.R"
B
-CH,C-N-R"™

20 wherein R" is hydrogen and R"™ is a lower alkjrl group, optionally substitutcd“ By
an aryl group. or an aryl group, said aryl group optionally substituted by one or
more lower alkyl, halo, or alkoxylcarbony! groups; or R" and R™ are both lower
alkyl groups; '

X is a halide, tosylate, methanesulfonate or mesitylenesulfonate jon.

Y
Rl NP
Rl Sy ‘
30 wherein Rl and R? are mdependently selected from the group consisting of hydrogen,
hydroxy(lower)alkyl acetoxy(lower)alkyl lower acyloxy(lower)alkyl lower alkyl, or
R1 and R2 together with their ring carbons may be an aromatic fused ring;

Z is hydrogen or an amino group;
Y is an alkynylmethyl group, or a group of the formula

N X (O
86. A compound of the formula
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conpri ses:

2-6 hours

———‘—‘a)‘__l*-nfﬁb'at—ro—nof AGE-nodi fied protein on

col | agen- coat ed wel+s—-o0 LG ' » ——plates for a period of
I : Eﬁmmmggﬂm‘“f the well s with PBS-Tween;

c) application of the t

conpounds te the washed wel s of step b;

67 i PW of the test conpounds applied to the wa&eheshebdsss f or
2 -

an addltlona

hours at a tenperature of about 37[err]C, and e)

detection of AGE-breaking using an antibody rai sed agai nst AGES or
detection of cross-links breaking with an al4tibody against the protein of

step (a).

10

15

20

30

0. R"_
0
. “CH,C-N-R™

wherein R" is hydrogen and R™ is a lower alkyl group, optionally substituted by an aryl

group, or an aryl group, said aryl group oplionglly substituted by one or more lower

alky}, halo, or alkoxylcarbony! groups; or R" and R™ are both lower alkyl groups; and
X is a halide, tosylate, methanesulfonate or mesitylenesulfonate ion.

87.  The compound of Claim 86 wherein Y is a 2-(substituted or
unsubstituted)phenyl-2-oxoethyl group.

88.  The compound of Claim 86 which is 3-(2-phenyl)-2-oxoethyl)thiazolium

-bromide or another biologically acceptable salt thereof.

89. The compound of Claim 86 which is 3-[2-(3",5'-di-tert-butyl-4"-hydroxyphenyl)-2-
oxoethyl]-5-methyl-thiazolium bromide or another biologically acceptable salt thereof.

90.  The compound of Claim 86 which is 3-[2~(3'.5"-tert-butyl-4'-hydroxyphenyl)-2-
oxoethyl)}-4-methyl-5-vinyl-thiazolium bromide or another biologically acceptable salt
thereof. '

91.  The compound of Claim 86 which is 3-(2-phenyl-2-oxoethyl)-4-methyl-5-
vinyl-thiazolium bromide or another biologically acceptable salt thereof.

92.. The compound of Claim 86 which is 3-[2-(4-diethylaminophenyl)-2-oxoethyl]}-
thiazolinium bromide or another biologically acceptable salt thereof.

93. The compound of Claim 86 wherein Y is a 2-amino-2-oxoethyl group.

94. The compound of Claim 93 which is 3-(2-amino-2-oxoethyl)-benzothiazolium
bromide or another biologically acceptable salt thereof.
95.  The compound of Claim 93 which is 3-(2-amino-2-oxoethyl)-benzothiazolium
bromide or another biologically acceptable salt thereof.

e
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WD 96/ 22095
PCT/ US96/ 00663 66 42.

The nethod of O aim 3 llmmmulﬁmnug mpound T s 2, 3-di ami no-t hi azol i um

nmesi tyl enesul fonate o cally acceptable salt thereof. 5
43. The nmethod of C aim 31 wherein said conpound is 3-benzyl-5-(2-

hydr oxyetvweplogazbesret hyl thi azolium chl oride or anot her bi2CT/Y$960066F

accept abl e salt t her eof . 44, The nethod of C aim 31 wherein
sai d compound i s 3-am no-5-(2- 10 hydr g Fyet hyl ) - 4- met hyl -t hi azol i um

mesi tyl enesul fonate or anot her bi ol ogi cal acceptabl e salt thereof.

ooet hyl )t hi a8 i i Fougl W §%QWZ®%<%F%@9{9@M4%5§5 gt
t her eof . 15mesuty!enesmmateomnnmehbvlogmlxmmmbl@saamemfnal to inhibit the

formati on of advanced gl ycosyl ati on endpraducts, and reverse
pre-fornmed advanced gl ycosylation crosslinks, -~ of atarget protein
within said af¥mal Theeempawnd ebhﬂ-mmb%amrhul)shnmw chipride or another
effective amoyiodidal Gfithdrégg! conposition, said pharnmaceutical
conposition - 20 COFI%I’I sing a corrpound sel ected fromthe group consi sting
| of conpounds of the : formula .-

][err]th 25 98, Asa?MQnemnB[.ﬁiﬂuh ' @Bﬁéﬁlm%fefhbil spe&%ﬂ.}zbﬁhé% ect ed
romthe group, cqnsi stin ro
acet oxy(| ower) I°”‘f"8¥:£? WK%‘!"“‘&O@@P"‘Q@W "%F“M '5r¢‘$
t oget her wi t hbtdaking of AGE @alvaires glyodsylition Bndprediiol) nfoidties f8m AGE- Optional |y
substltute‘q) c

rosslinked protein which comprises:

a) mcubanon of AGE-modlﬁed protein (AGE-BSA) on oollagen-coated wells of
microtiter plates for a period of 2-6 hours;

15 b) washing of the wells with PBS-Tween;
c) application of the test compounds to the washed wells of step b;

d) incubation of the test compounds applied to the washed wells for an additional 12-24
20 hours at a temperature of about 37 °C; and

e) detec_ﬁon of the AGE-breaking using an antibody raised against AGE-ribonuclease
or with an antibody against BSA.

This Sheet Has Been Re,ill SU.BSTITUTE SHEET (RULE 26)
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30 by one or nore am no, halo or al kyl enedi oxy groups; Zis
hydeggen or an am-pe—groups ¥—+S- am no, a groupof—tie—
formul a WD 96/ 22095

PCT/ US96/ 00663

67
[err] wherein Ris a |ower alkyl, alkox . am no or
an aryl Woia209554ai d aryl 5 group optionally sM’%‘g@by one or

nore | ower al kyl, |ower al koxy, halo, di al kyl am no, hydroxy,
nitro or al kyl enedi oxy groups; a group of the
formul a EﬁTI wherein R is
hydr ogen, or a | ower al kyl, |ower alkynyl aryl group; or a 10

group of the fornula [err]

wherein R' is hydrogen and R' is a | ower aIkyI group, optionally
substituted by 15 an aryl group, or an aryl group, said aryl group
optionally substituted by one or nore | ower al kyl, halo, or
alkoxylcarbonyﬁ-groups or R" and R'' are both | ower al kyl
groups; X is a halide. tosylate, nethanesul fonate or

mesi tyl enesul fonate ion; and m xtures thereof, and a

phar maceutically acceptable carrier therefor. 20 47. The met hod of
Cl ai m 46 wherein said conpound has the fornula wherein Y is a

2- phenyl - 2- oxoet hyl group.

1. Standard

2.Dbrat 1 TTC + PBS
3.Dbrat 1 TTC + ALT#766
4.Dbrat2 TTC + PBS
5.Dbrat 2 TTC + ALT#766

6. Normal rat TTC + PBS

7. Normal rat TTC + ALT#766

12 3 4 7
FIG.1
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48. The met hod of O aim 47 wherein said conpound is

3-{2—phepH—2—oxoet-hy—4—25—metyttir-arrottm-br om de—or—amnottrer

piologically acceptable salt thereof. 49. The net hod of C aim 47
wher ein said conpound is 3-(2- phenyl oxoethyl)thiazoliun1bronide
or another biologically acceptable salt thereof met hod of
Cl ai m 4WOME2MSn said conpound is 3-[2-(3',5 -di-tert- E@&S,WI&E

hydr oxyphenyl ) - 2- oxoet hyl | - 5- nethyl-thlazol|un1bron1de or anot her

bi ol ogical |y acceptabl e salt thereof. 51. The met hod of
Cl aim47 wherein said conpound is 3-[2-(3' ,§7t2rt-butyl 4- WO

96/ 22095

PCT/ US96/ 00663 68

hydr oxyphenyl ) - 2- oxoet hyl )] - 4- met hyl - 5- vi nyl -t hi azol i um br om de or anot her
bi ol ogi cal |y acceptable salt thereof. 52. The nethod of C aim 47
wherein said conpound is 3-(2-phenyl -2-oxoet hyl) - 4- 5

met hyl - 5-vi nyl -t hi azol i um brom de or anot her biol ogically acceptable salt

t her eof . 53. The nethod of C aim47 wherein said conmpound is
3-[2-(4"- di et hyl am nophenyl ) - 2- oxoet hyl ] -t hi azol i ni um brom de or
anot her biol ogically accept abl e salt thereof. 10

1. Standard
2. AGE-BSA + PBS
3. AGE-BSA + ALT-766

SUBSTITUTE SHEET (RULE 26)



54 The nmet hod of G aim46 wherein Y is a 2- -
‘ wherein said conp undREBLAC S SG
3 (2 am n benzot hi azol i um| bElJRessEpten paged cr.. to paged &
bi ol ogi ca I@IE@ i] WHU |t thereof. 15 56 & Glaiméskt hopeged X tai pagsd -2
wherein s - (2- ami no- 2-gxoet hyl ) - B Drawing(s) : paged ... to paged .”..
met hyl - 5- ( 2- hydr oxyet hyI )thiazolium brom de or |afloAbstracbi otpqgedaﬂtp paged
accept abl e salt t her eof . 57. The net hod of C 1? ﬁgl Pga
wherein said conpound is 2,3-diam no-thiazoliufn pas d?%EOEIP"i" a
or another biologically accept abl e salt thereqf-
of Claim 46 wherein said conmpound is 3-benzyl-5-(2-
hydr oxyet hyl ) -4-nmet hyl thiazoliumchloride or another biologically

accept abl e salt t her eof . 25 59. The net hod of C ai m 46
wher ei n -SHATC O CHAIMED I No- 5- (2-
hydr oxyet hyTJ=Z-methyr-thiazol i um mesi tyl enesul fonat e or anot her

bi ol ogi cal.l'y Ammposuiaﬁeaﬁpxﬁn{gemipbuﬁdmmﬁummalfoaamaw The mnet hod of
Claim 46 wherein said conpound is 3-(2-nethyl -

oxoet hyl ) thi azoliumchloride or anotheg biologi caI |y accept abl e salt

t her eof . 61. A net hod of iphl blltl ng and reversing the
di scoloration of teeth resulting fromN WO 96/ 22095
PCT/ US96/ 00663 Z—(l ' ¥ O

2

wherein R! and R* arc independently hydrogen, hydroxy(lower)alkyl, lower
acyloxy(lower)alkyl, lower alky! or lower alkenyl, or R' and R? together with their ring
carbons form an aromatic fused ring, optionally substituted by one or more amino, halo
or alkylenedioxy groups; Z is hydrogen or an amino group;

Y is amino, a proup of the formula CH,C(=0)R wherein R is a lower alkyl, alkaxy,
hydroxy, amino or an aryl group, said aryl group optionally substituted by one or more
lower alkyl, lower alkoxy, halo, dialkylamino, hydraxy, nitro or alkylenedioxy groups;

a group of the formula -CH,R’ wherein R’ is hydrogen, or a lower alkyl, lower alkynyl or
ary] group;

or a group of the formula **S(=0)N(R") R wherein R" is hydrogen and R™ is & lower
alkyl group, optionally substituted by an aryl group, or an aryl group, said aryl group
optionally substituted by one or more lower alicyl. halo, or alkoxylcarbony| groups; or R"
and R™ are both lower alkyl groups;

and X is a halide, tosylate, methanesulfonate or mesitylenesulfonate ion; and mixtures
thereof, and a carrier therefor.

2. The composition of Claim 1 wherein said compound is: -

2,3-diaminothiazolium mesitylenesulfonate or another biologically acceptable salt

REPLACEMENT SHEET
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69 non-enzymatic browning in the oral cavity which conprises
adm nlsi_LaLr_on_of_an____ anmount effective to inhibit the fornation of

CcOoS Iatlon endproducts and reverse pre-formed advanced
egcosy ﬂﬁu i of- a conposition conprising a conpound
selecte onsrstrng of conpounds of the fornula 5
[err] ereln Ri.-err] and R egp] are independently selected from
the group consisting of hydrogen, 10 hydroxy(1 ower) al kyl ,
acet oxy(l ower)al kyl, lower alkyl, lower alkenyl, or Rerr] and R err]
together with their ring carbons may be. an aromatic fused ring,- optionally
substituted ﬁy one or nore am no, halo or al kyl enedi oxy groups;

Z i s hydrogen or an am no group; Y is amno, a group of the
formula 15 ' [err]

ST L A S AL, 5T

| ower al koxy, bﬁldglcauﬁébccpmblesaudm@édfyl am no, hydroxy, nitro or

al kyl enedi oxy groups a group of the formula
-CHerr]R wherein R is hydrogen, or a |ower alky, |ower
al kynyl, or ar 3-1(2-§feﬂiyl12-oﬂ6eﬂ@1)ﬂnazohum chloride or anather biologically a8depiaBle@fit t Ne

formula 25 £ [err] wherein R’
i s hydrogen anfeRo %S a lower al kyl group, optionally substituted by
an aryl group, or .an aryl group, said aryl group optionally substituted by

one or lower- al kyl, hal o, al koxyl car bon groups; or R
‘and R"' ar e boprpepgagﬂ-hydmxyeﬂxylwmeth&mgwo d%or another g/mloglcajl»( is a

hal i de, tosyl alsepiaBle3afmepbd onate or nesityl enesul fonate i on;
and m xtures ther eof and a pharneceutically acceptable carrier therefor.

3. The composition of Claim 1 wherein in said compound Y is a 2-(substituted or
unsubstituted) phenyl-2-oxocethyl group.

4. The composition of Claim 3 wherein said compound is:

3-(2-phenyl-2-oxoéthyl)-4-methylthiazolium bromide or another biologically acceptable
salt thereof;

3-(2-phenyl-2-axoethyl)thiazalium bromide or another biolagically acceptable salt
thereof; '

3-[2+(3',5"di-tert-butyl-4'-hydroxyphenyl)-2-oxoethyl]-5-methyl-thiazolium bromide or
another biologically accaptable salt thereof:

3-[2-(3",5'-tert-butyl-4'-hydroxyphenyl)-2-oxoethyl)}-4-methyl-S-vinyl-thiazolium
bromide or another biologically acceptable salt thereof; '

3-(2-phenyl-2-oxoethyl)-4,5-dimethylthiazalium bromide or another biologically

REPLACEMENT SHEET
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V\D 96/ 22695—___

PCT/ Us9 663 70
mn sing advanced gl ycosyl ation endproducts fornmed as a
consequ ’IH’EWE ced glycosylation reaction by adm nistering to a
target proteih rever5| ng anmount of an agent capabl e of cleaving

t he al pha-di carbonyl - based protein 61 crosslinks present in the
advanced gl ycosyl ati on endpr oducts. 5 ° 63. A sugar - derived,
nonenzymatically formed cross-link structure, found both in vitro
and in vivo, which includes an a-dicarbonyl noiety that is capable of

cl eavage by a di nucl eophilic, thiazoliumlike conpound. 10 64.
The cross-1 i receptablecseltftheresf. Cl ai m 63 wherein said a-di carbonyl moiety is a
di ketone (dione) structure. 65. The cross-link structure of

Cl aim 63 wherein said a-dicarbon noi et di ket one (dione)
structure ac C};{.@hqult%ogqq@yk) Yﬂ-s-vmu_l azolmm bromide or another btologlcally

[err] 2L MBI Esalt A, B are each independently sites of attachrrent to
the nucl eophilic¢ atom of a bi onol ecul e.

3-[2-(4'-diethylaminophenyl)-2-oxoethyl}-thiezolium bromide or another biblo gically
ecceptable salt thereof.

5.  The composition of Claim 1 wherein Y is.a 2-amina-2-oxoethyl group.
6. The composition of Claim S wherein said compound is:

3-(2-amino-2-oxoethyl)-benzothiazolium bromide or another biologically acceptable salt
thereof; or

3-(2-amino-2-oxoethyl)-4-methyl-5-(2-hydroxyethyl)thiazolium bromide or another
biologically acceptable salt thereof.

7. The composition of any of claims 1 to 6, for inhibiting the advanced plycosylation of a
target protein or _fo_r reversing pre-formed adva;\ced glycasylation crosslinks.

8. The composition of claim 7 which is a pharmaceutical composition for the administration.
to an animal for effecting said inhibition or reversing within said animal.

9. The use of a compound of the formula (T) as defined by any one of the claims 1 to 6 for

use ex vivo for inhibiting the advanced glycosylation of a target protein or for reversing
pre-formed advanced glycosylation cross-links.

REPLACEMENT SHEET
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66. The cross-link structure of Caim65 wherein Ais the site of

attachnment of an am no group to a bionol ecul e. 25 67.

m ]

63 wherel n sal

cross-link structure of Caim65 wherein X and Y are the sites of

attachnment to protein am no groups. 62 WO 96/ 22095 -
PCT/ US96/ 00663 71

The cross-link structure of C aim 69 wherein said cross-link structure

forns an

i nt er nol ecul.ar. crassli nk. The cross-1ink

struct ur &0-of 4rempeEg ofthefermula@) as definpddy Iahhmfﬂwﬂme 16 fog useiin 5

i ntranmol ecul ageagih g%inm Siiba dvanced
gl ycosyl ati on ec?f aa?géuggtm%h%m%cu e d@g élg 1%&3&“%,%8?3@&%

advanced gl yc6¥§reRpdermet adwmpadigly

|°m$$wblﬂ§ mat eri al capabl e

-reacting wth the cross=link structure of daim 63. 10 73. A
corrp03|t|l(l)n f%g i nhi_biting the advanced gll;/cos ylation of a target
t

12.

13.

14.

1s.

c use of a compound of claim 10, wherein the.treatment is for r inhibiting or reversing

the discoloration of teeth resulting from.non-enzymatxc browmng in the oral cavity.

A method of reversiug advanced glycosylation endproducts formed as a consequénce of
the advanced glycosylanon reaction by administering to a target protein & reversmg
amouns of an agent capable of cleaving the dicarbonyl-based protein cross-links present
in the advanced glycosylatxon endproducts,

A supar-derived, nonenzymatically formed cross-link structure, found both in vitro and in
vivo, which includes an a-dicarbony] moiety that is capable of cleavage, preferably

catalytically and most preferably under physiological conditions, by a dinucleophilic,
thiazolium-like compound.

The crass-link swructure of claim 13 wherein said dicarbonyl moiety is a diketone (dione)
structure.

The cross-link structure of Claim 13 or claim 14 wherein said a-dicarbonyl moiety is &
diketone (dione) structure according 16 the formula:

(o]
Oy 80

where A and B are each independently sites of attachment to the nucleophilic atom of a
biomolecule, such as the amino group of a biomolecule such as a protein.

of

The

f G aim62 wherein said cl eavage takes place under
‘!ﬁmw : 68. The cross-link structure of aim
ge takes pl ace 30 catalytically. 69. The

70.
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bi onol ecul e, and reversing pre-fornmed advanced gl ycosyl ati on crosslinks,
conpri si ng an effective anount of the agent of Caim71 and a carrier
t her ef or : har maceuti cal conposition for adm nistration to an
ani mal t‘l’llllmm“mummm advanced gl ycosyl ation of a target bionol ecule
W thin sai*d ani val® &nd*reversing pre- - formed advanced gl ycosyl ati on
crosslinks. conprising a pharmaceutically effective anount of the
agent -of Claim71 and a pharmaceutic&3y acceptable carrier. 20 75.
The conposition of Claim 74 wherein said conposition and said agent are
useful for the treatnent of the conplications of diabetes and agi ng caused
by the accurrul ati on of advanced gl ycosyl ati on ‘endproducts in manmal s.
76. A &t hoThefcddssdlink stichge 6f 4n@ 0fiClatih 3 OIS vlichdinghiddrodsink stadt@reifeimsSO as
to inhibit the.25 t(%_jnd si red -nol eicuwr C @ges therein caused by the
formation of HpieHR ﬁ“"gﬂ‘%ﬂb‘ﬂm‘?fﬁ‘f crossiBfrd products of a target protein
within said foodstuff, said nmethod conprising treating t he foodstuff
with an effective appunt of the conmposition of Claim 73. .. T7. A
met hod f &f- t réaﬂs%gogﬁevaﬁ}wwkanﬂﬁﬁw slpf@svlavmr?sawﬁiﬁfcomaméd 30
gl ycosyl at i onmagalRtapmicdiTeadiingwitlithe SlossTitk Gt of any drldiobclamistizapilgnl , said
method -~  conprising admnistering to said animal an effective anount of
t he pharnmaceuti cal -conposition of -Claim74. - WD 96/ 22095
PCT/ US96/1806624 composition for reversing pre-formed advanced glycosylation crosslinks, comprisig _
78. The met hod_of, Claim 77 erein,said agg%t EI gtmnl ecule is a protein.
a.carrier therefor. _ _

an effective amount of the agent of Claim 17

19, A phannacéuticﬁl composiﬁbﬁ for admiﬁi's-tration (o an animal to reverse pre~-formed
advanced giycosylation crosslinks, for instance for the treatment of the complicationé of
diabetes and aging caused by the accumulation of advanced glycosylation endproduets in
mammals, comprising a pharmaceutically effective amount of the agent of Claim 17 and
a pharmaceutically acceptable carrier. .

20. A method for treating a foodstuff containing protein material so as to inhibit the
undesired molecular changes therein caused by the formation of advanced glycosylation
end products of a target protein wiﬂmin said foodstuff, said method comprising treating the
foodstuff with an effective amount of the compasition of Claim 18.

21. A method of screening for agents useful as inhibitors of advanced glycosylation -
crosstinks which comprises reacting a test compound with the structure of Claims 13 to
16 and measuring the amount of the formation of cleavage products ta assess the

usafulness of such agent ns a potential inhibitor of erosslinking by the advanced glycation
process.

©22.  Anantibody to the structure of any one of Claims 13 to 16.

23.  An assay for determining the extent of accumulation of advanced glycosylation
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79. The nethod of Claim 78, wherein said target bionolecule is selected
fromthe lsting of collagen, elastin |lens protein, vessel
wal | protei n r ot ei ns 5 and gl onerul ar basenent nenbrane

pr ot ei ns. IM i[ﬂ ”g” thod of screening for agents useful as
inhibitors o crosslinks which conprises

reacting a test conmpound vmth the structure of Claim63 and
measuring the anount of the formation %4 cl eavage bi products to assess the
10 useful ness of such agent as a pote i nhi bitor of crosslinking by

t he. advanced gl ycation process. 8 1. An antibody to the
structure of Claimb®63. - 15 82. An -assay for determning the extent of

accumnul ati on @hd;ﬁﬁ&ﬁ&(f&dxsglvmﬂﬁ)éhﬂﬁ chmm 22, saif REKRY PGHdRhEd E)O&etéé%ﬁ Wt h the
anti body of Caim %i salg ‘f qeeé”ti) detect1 ng , % ext ent
of binding of ¥&MP i §‘“ "3’&7 g‘*&w& 83. A
conpound of the formula .

[err] wher e nd re both ani no ups and Rlerr] and Rlerr]
are i ndep%‘hde:ﬁf@)”@é‘?éﬁq‘%%f‘%‘ﬁ{ﬁ” showniq‘ﬁgmg Yfg‘ﬁgﬁ'ony sting of hydrogen,
hydroxy (| ower)al kyl, acetoxy(lower)alkyl, |ower al kyl, or Rlerr]
o e T] o e et Dok oS B e gt > 110
mesi tyl enesul f onat eydremlower)alﬁﬁ lo&&%}hﬁy@dﬁ&@%r%ﬁ&'&ﬁl?ﬂ&ﬁ%gl@ m 83

V\,hlch|523d|amnot azllu,m : sityl enesul
thmrmgcarbous fon matic fused ring, optionally

substxtw:ed by-one or:more amino, halo or alkylenedioxy groups; or

(i) R R?and Z are hydrogen, Y is amino, a group of the formula -CH,C(=O)R
wherein R is a lower alkyl, a_lkoxy other than methoxy, hydroxy, amino or an aryl
group, said aryl _groﬁp optionally substituted by one or more lawer alkyl, lower
alkoxy, halo, dialkylamino, hydroxy, nifro or alkylenedioxy groups, with the
proviso that Y is not 2-phenyl-2-oxocthyl or 2-(3'-methoxypheayl)-2-oxoethyl; a
group of the formula -CH;R' wherein R is hydrogen, or a lower alkyl, lower
alkynyl, or aryl group; ora groﬁp of the formula -CH,C(=O)NR R wﬁcrcin R"
is hydrogenand R" is a lawer alkyl group, optionally substituted by an aryl
group, or an aryl group, said aryl group optionally substituted by one or more
lower alkyl, halo, or alkoxylearbonyl groups; or R" and R™ are both lower alkyl
groups; or ' ' )

Gii)  R'and R? are independently hydrogen, hydroxy(lower)alkyl, lower
acyloxy(lower)alkyl, lower alkyl, lower alkenyl, or R' and R? together with their
ring carbons form an aromatic fused ring, oprionally substituted by one or more
amino, halo, or alkylenedioxy groups; Z is hydrogen or an amino group; Y is en
alkynflmethyl group or a group of the formula -CH,C(=0)NHR wherein R is a
lower alkyl group, optionally substituted by an aryl group, or un aryl group, said
aryl group optidnally substituted by one or mare lower alkyl, halo, or
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V\D 96/ 22095 PCT/ US96/ 00663

wnd of the fornul a
[err] 5 wherein err], Rlerr] and Z are hydr ogen; Yis

am ng ‘mm, forrrula [err] 10
wher ek ﬂal kyl, al koxy, hydroxy, am no oran aryl group, said

aryl Sgroup optlonally substituted by one or nore |ower alkyl,
| ower alkoxy, hal o, di-al &¥1 am no, hydroxy, nitro or

al kyl enedi oxy groups; a group of the formula
-CHerr]R 15 wherein R ts hydrogen, or a |lower alkyl, |ower

al kynyl , or aryl group; . or a group of the
fornul a ﬂ%n&ﬂ%bmwlgpmmnx " [err] 20 ~ wherein R' is

hydr ogen and R" is a |l ower al kyl group, optionally substituted by
an aryl

gro an aryl, grou said rou Jgnal ly substituted by
one or . Laio) a’r’ée!“ mfeaﬂ!kwmﬂ&%&tg%w R‘g‘i tofhydios e'groups

or
R' and R'! are bapdiuiﬂlmaalm fower acyloxy(!ﬂv%nhlkﬁlﬁ RMRPalkyl, lawer alkenyl, or K! I S @
hal i de, tosyl ate ;hanesul t-onat e or sflrgl enesul fonate ion, 25

R? together with their ring carbons form an aromatic ring; optionally

substituted by ane or more amino, halo or alkylenedioxy groups; Z is hydrogen or -
an amino group; Y is amino, & group of the formuls -CH,C(FO)R wherein Ris &
lowcr alkyl alkoxy, hydroxy araino or an aryl group, said aryl group optionally
substituted by one or more lower alkyl, lower alkoxy, hale, dialkylamina,

hydroxy, nitro or alkylenedioxy groups; a.group-of the formula -CH,R' wherein

R' is hydrogen, a lower alkyl or aryl group; with the provisos that either Y or Z is
an amino group, that when Y is amino and R* is hydrogen. then R! is other than
hydrogen or a lower alkyl group, and when Y is amino, R' and R? are not methyl;

and X is a halide, tosylate, methanesulfonate or mesitylenesulfonate ion.

25.  The compound of Claim 24 (iv) wherein Y is a 2-(substituted or unsubstituted) phenyl-2-
oxoethyl group.

26.  The compound of Claim 24 (iv) wherein Y is a 2-amino-2-oxoethyl group.

27. Any one of the c-ompounds:'

3-[2-(3',5"-di-tert-butyl-4-hydroxyphenyl)-2-oxoethyl]-S-methyl-thiazolium bromide or
another biologically acceptable salt thereof;

3-[2-(3',S'~tert—butyl-4'-hydroxyphc.nyl)-z-oxoethyl)]-4-methyi-5-vinyl—thiazolium
bromide or another hiologically acceptable salt thereof;
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86. __A_canpgund—ei—kheforrrula [err] 30
wher ei n rr] are independently selected fromthe group
con3| "ﬁwm hydr oxy(| ower) al kyl , acet oxy(l ower) al kyl ,

Iomer kyI I ower al kyl, or Rlerr] and R[err] together
with th e|r ring carbons nmay be an aromatic fused ring; Zis
hydr ogen or an am no group; Y is an al kynyl net hyl group, or a
group of the fornula WO 96/22%%5 .
PCT/ US96/ 00663 - 74

[err] ) wherein R' is hydrogen and R'' is a |lower alkyl group,
optional Iy substituted by an aryl 5 group, or an aryl group, said aryl

group opt i onall{%rpmm-pxqsﬂafb-%yetbyié-mylﬁbm@lmmnude or anothgt biplogically o, or
al koxyl car bon +,1 QLR and R'' are both lower al kyl groups; and
Xis a hali de t'osy ate rre‘t hanesul f onate or nesityl enesul fonate ion.
87. The conpound of Caim86 wherein Y is a 2-(substituted or

g6 whi ch |5 3 OtReRGT MG AR e .*a%‘“&%“ “&on{‘ﬁ&“@gﬂ o

bi ol ogi cal |y mﬁpblgﬁlﬁh&redﬁ t her eof.

3-(2-phenyl-2-oxoethyl)-4, S—dnnethylthlazolmm bromide or another blologncally
acceptable salt thereof;

3-(2-amino—f2—oxoethyl)-4-methyl-5-(2¥hydmxycthy1)thiazolium bromide or another
biologically acceptable salt thereof;

3-amino-5-(2-hydroxyethyl)-4-methylthiazolium mesitylenesulfonate or anather
biologically acceptable salt thereof; or

3-(2-methyl-2-oxoethyl)thiazolium chloride or another biologically acceptable salt
thereof.

28. A sandwich enzyme immunoassay to ascertain the ability of test compounds to break or
reverse already formed advanced glycosylation endpraducts by detecting the break_ing of
AGE (advanced glycosylation endproduét) moieties from AGE-crosslinked protein which
compri'ses: | )

a) incubation of AGE-modified protein on collagen-coated wells of microtiter
plates for a period of 2-6 hours;

b) washing of the wells with PBS-Tween;

c) application of the test compounds to the washed wells of step b;
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~'~*f'15 89. The conpeund—of T aim 86 which is

[2-(3'5' -di-te | - 4- hydr oxyphenyl ) - 2-
oxoet hxg“lﬁ“\‘*‘ Mm nzol i um brom de or anot her bi ol ogically accept abI e

salt t 90. The conpound of Claim 86 which is

3-[2-(3", 5 -tert butyI 4' - hydr oxyphenyl ) - 2-

oxoet hyl )] 4- met hyl - 5-vinyl -t hi azol i um brom de or another biologically
acceptabl e salt 20 thereof. 67 91. The conpound of C aim 86 which
is 3-(2-phenyl - 2-oxoet hyl ) - 4- net hyl - 5- vi nyl -t hi azol i um brom de or
anot her biologically acceptable salt thereof.. 25 92. The conmpound of

Claim86 which is 3-[2-(4'-di et hyl am nophenyl ) - 2- oxoet hyl ] -

t hi azol i ni um br Omd?&cﬁﬂauém@ﬁtﬂﬂéstl%ﬂb&ﬁuﬁ@dphw ﬁctseemsﬁsﬂ Welfudbd ad dAQ7tIRALL-
93. The conpound qf .Gl aim 86 wherein IS, a,2- angl no- 2- oxoet hyl gr oup.

30 94. The conpéRAdoWE ot tampsraara flphayt 3%
3- (2- ani no- 2- oxoet hyl ) - benzot hi azol i um brom de or anot her
bi ol ogi cal 'y acceptabl e.salt thereof. The ,compound. of Cl aim 93

which is 3-(2-ani fd-deteetiageas mﬁ&b@@mmmeww raised against HAEg ot doteationt her

bi ol ogi cal | y accepjrafkerii@bteaki wififan antibod A
PCT/ US96/ 00663 1 cald W aatthody againsih HEECHIRp @) 75

96. The conpound whi ch is 3-am no-5-(2-hydroxyethyl)-4-nethyl -thiazolium
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he5| tyJ enesul fonat e or another biologically acceptable salt thereo?” 03566"

97— Ttre—Tonpound - = yl)t for .
hnother. 5 biologically accept abI e salt thereof. 98. A §afdi ch
enzyne |mTunoassay to ascertain the ability of test compo (';“Ff‘.)

"break" - héﬁ e already forned advanced gl ycosyl ati on o
det ecti ng t br ea %m&ga«wy%sw ati oM

St R ‘
' _ i 2 ﬂlhmsbnﬂmmn&)mbaashl NGWO 96/22085] | s
wi t{h PRSIKIIA4RS: c) appl i A2i of the test conpounds to the washed
vellls. of step b: i ncubat g‘%wﬂﬁ'@'%ﬁ%%ound?%dﬁﬁqw t he
vvas OIMNa |t|on {l&%/@ﬁ ours at a erature of about
37[ det eCtTo E{ Eyﬁ %@’y
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