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PYRUVATE DERI VATI VES Cross-Reference to Rel ated Applications [001] This
appl i catiwooclogisns priority as a continuation-in-part of @eEeTpESni4g7

provi sional applications: U S. Serial No. 60/288,649, filed May 3, 2001;
U S. Serial No. 60/295,314, filed June 1, 2001; and U. S. Serial RATENTS
60/ 368, 456, filed March 27, 2002, each i ncor por atmgtriwsBddkebyor Ef3FP2WO i n
its entirety. This application is also related to co-pending application
U S. Serial No. ??/?7??,???, filed on even date herewith and entitled
"PROCESS FOR SOLI D SUPPORTED SPRUGATE oERIVXRVESTE- DERI VED COVPOUNDS" ,

i ncorporated herein by reference inits entirety. Field of the Invention
[ 002] The present invention relates to pyruvate derivatives, particularly

to derivelbyeRefdigidd ' wmrr@‘%grcmmas activity, and specifically to a
series of _aronatl c_an ruvates. The inventi or‘;f is also directed
to fornul@Mons anahﬁrﬁpﬁhﬁi’é'o'l‘ GP"‘E'Sr RRrheS & CPRfinYatioR;NRATTA0-PaNAINgr cti on and
_Ch][ Fnl c ?ﬁﬁi&oﬁaﬁfné;{%ﬁhon@s CtjM@'E"»er%SN@té'(ﬁZSngiﬁteU\l\naﬁil rze)ss laml/senal No. |
i nflammation related condjtions i ul ar
enzyme B8PS Brileddiggh &Qha qqﬁif@gng?”"ﬂﬁlo[ é&éjﬁgﬂé%f ée?h&egg 'gr bon
( ]E ri FS e) lndt@tme@ héﬂ%&t by @f@é@wﬁ & ehﬁregﬁ ldlrmegamabatmys alsmelaredttoewaddnsg ages
(o} colys| s uct .o olism

duot  abpleetony s SHANG B aeRan epobrip el Sy B AR dhubEE R Bss

pr oduct s "(al’ cystelne, Seri
Pyr uvat e FORISOEID SBURPORTED SYNTHESES OR RWMTBNE&WEMDOMP@UM ive event

in mamral i an ce oxi.dat i V. boxyl ated to acetyl CoA in the
nmi t ochond PGP F%gﬁ eererreéerg?cée 'E '% eﬁ:{ﬁr%ﬁithe art a nunber of pyruvate

derivatives. It has been suggested that pyruvate and certain pyruvate
derivati Sd'TF hav, 3n{’i'3ﬂu| ity in treating certain disorders and pronoting
heal t h. ﬁ?ﬁ-&tﬁ"’?pﬁe—p’y‘ruvate is sold as a dietary supplenent for use in
pronot i ngoegi ght | dbe peesentinbeniiohmeglatendo pyruvate detiatives papinsiery iy derdebsas a
t her apeut_c. i

naut 11 oneey oy BRICFRAVE RethY, i i EtaI T B4EHE bt BRI Gt pygpvtos

136- 148) Taednveatigr is\aisot ditekitedad jesmsdations and B’leth'OdS f@fd@@ﬂm atrokes Wéﬁ@fdla%

Patent S Ir%gl%tlgrefél)ld cMofﬂc hﬁéﬁ%ﬁﬁe és%ﬁ’agjo@ne!?‘%Qldﬁtl\%@vegéénd/@?ﬁ\ﬂéﬂnﬁ%tlbﬁ'e use

of pyruvate or salts as a conponent in a cardioplegic solution and
in S7 137@2te¢@onr1|tlm hbat'a:@@maa"wﬁs'pgsew toqeeligiar enzyme modulation.

Background Information
[003] Pyruvate is a three-carbon (triose) ketoacid that is produced in biological

systems in the end stages of glycolysis, a product of sugar metabolism. It is also a breakdown
product of certain amino acids (alanine, glycine, cysteine, serine). Pyruvate can be reduced to
lactate in the cytoplasm, a fermentative event in mammalian cells, or oxidatively
decarboxylated to acetyl CoA in the mitochondrion.

[004] There are known in the art a number of pyruvate derivatives. It has been
suggested that pyruvate and certain pyruvate derivatives may have utility in treating certain
disorders and promoting health. For example, pyruvate is sold as a dietary supplement for
use in promoting weight loss and enhancing energy. It has also been suggested as a
therapeutic intervention for clinical management of myocardial insufficiency (Mallet, R.T.,
2000, Proc. Soc. Exp. Biol. Med. 223(2): 136-148) and to prevent the adverse effects of
myocardial ischemia (U.S. Patent 5,294,641). U.S. Patents 5,075,210 and 4,988,245
describe the use of pyruvate or pyruvate salts as a component in a cardioplegic solution and in
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preservation solutions (perfusion fluids) for heart allografts before
transplantation. US. Patent 5, 395,822 describes the use of certain

pyr uvat e wWaloe®Ia3os pr ot ect agai nst neuronal degeneration @€TAISODN®ETUENCE
of ischema. [005] U S. Patent 6,086, 789 descri bes certain pyruvate

derivati ¥e3.Astidts&dittionk %erﬂg%rfﬁﬁd%b R heart @ﬁ’ég‘?é‘ﬁé @éT@re&EanWBiahta%§nf 0s. pateat | ng

di abeti c ketosi s, ocard I schem a, 1 njure

hyper chob 396823 Kgskrives §l?e‘é§equ@8ﬁ?'9 pYT%Va@siﬁ'tF Hb@rofﬁgg%a'%%ﬂe\'ﬁc’c”?b%eqeﬁe@gﬂ ous
esters ofg aR¥AsBGEERce bMSEHeFiANT poI yol - pyruvate esters, pyruvate thi oest ers,
gl ycer ol ruvate esters, and _di hydroxyacetone ate ester. P?ﬁq?
U S. Pat B%] 5, 968, P57 Rkt 61056 @rﬁ’ésﬁws&fe”a'ﬁj’a’[}%{e TipEsASHSEU ich as
gyﬁt SI nede@tab@iaﬁmaﬁaﬁls 5@W?|Céf§fdﬁkr’@@ﬂngadl§b@||c)k©&fs&l {TWWW@} etcheiﬁlbﬂnwre:md

i roxyacet on ers n preservation..sol utions
reat| nobraegt ABTIBe dideerp e cspeclicAip i hrE PSS o e BB
conj ugat QWuhﬁégngechﬁ @Ulgglewr@date éstersup@uvate d1|@é$$ére,sglfceerq pyrlvate edterseands
5,047,427 an
provi de ABVAY Pﬁﬁcﬁgﬁngé)yf%lat%%ﬁiﬂlr té g?ltggﬁc%gp %ste?%egg%%qﬁ %’ \{/Jggst ress,
and part pgrubateltyioledters, puﬂvasﬂcys@ummmmeﬂpmmheand bnmpqysttehee andrglycefol pyravater al
I schem a; _espe V, [ St
i i st EPBH s (oot N EReRe PR BISS i Jep PrseIhER Soilflo R bl vocthd
hours) f chemiandgimitarlys céréain pyruvataland pwwmvn@scmqgnmmewwwpgwéd
bresent . \RBi] Bpdids FORCEIA bl B oBPubRLAa kDBHONA novel pyruval e

derivatives cularl'y active in restori g pr eservi ng
met abol i §0061t egr i t It has, hawdvdatrémaingd desifsstte provids ney thReaPiesdoecassidions

subj ect edy 1 @xy. O%er?ll 6%8&%38 @fréé%” ana_ EE@@UIQB&% Wraér&ldlﬁﬁ héNr%QrdiéHTBﬁW% dvagt gfde,

e.g., but aren yruvat e anal oques, nodified
pyruvat e camrab@ab@waegsmcsallbﬂewﬂwaﬁaemé that arequfefgye ﬁWUf/ﬁ'isba‘HE'PﬁF%ed

pyruvat e gulhy Qﬁﬁm@érﬁ pelby GBI (eoq I iyt & of $idPé Ro@affollowing an ischemic insult. _
di hydr oxyaceto e-pyruvate ester Such pyruvate derivatives are useful in

t he manufacture of pharmaceutical conmpositions for treating a nunber of

conditions characterized by oguUSMAREOHTHEMNVENTIONIticularly, in
provi ding neuroprotection in the event of cerebral ischem a, even when

adm nistered a significant time interval after an ischemic insult. In

ltoaftitCul 1]t he COﬁ’H@%’rééeﬁﬂfﬁv&Tnohf@cd?fc@ﬁ@amuﬂhméﬁaﬁqlmawaraﬂd nes@fpytuvate t he
reat men

st roke, enonstr at ed b%g%eo |d|r|1g neura}pr ctjon in a
st andar d deyaies %h?@lpm‘@”y@“‘f‘%‘ﬂéﬁt I PEPSErURe B1RaPolig SOty 10 51 5o
usef ul i Ryxighfvely QmbpERENt cefis thavmruéealsubﬁ@tbem an@@px@epr\wtuah rrhéﬁmtrumé as
wel | as other i'ndications char agter

g 1%/ atlveé%tres\(ﬁg oI
i nf | armmCeBYEd GIRAAYARR BClUdt - BoPUl RNPLIMIES tor?élTP‘?fd@@ ar BYTHINAS gPE8P'Er s
such as phadrRidBsfuvate Q@l@ﬁ)‘eb destérs of Bﬁbka\té@g solglols;gam,‘ce dstatsepgsyateenal

Ebe e LG BT WEIC T P A R
derivatives are useful in the manufacture of pharmaceutical composmons for treating a
number of conditions characterized by oxidative stress, and particularly, in providing
neuroprotection in the event of cerebral ischemia, even when administered a significant time
interval after an ischemic insult. In particular, the compositions of the present invention are
useful in the treatment of stroke, as demonstrated by providing neuroprotection in a standard
experimental model of focal cerebral ischemia. They are also useful in the treatment of
myocardial ischemia (myocardial infarction), as well as other indications characterized by
oxidative stress and/or inflammation, including, but not limited to, neurodegenerative disorders
such as Alzheimer’s, dementia, and Parkinson's disease; diabetes; renal disease; pre-

menstrual syndrome; asthma, cardiopulmonary inflammatory disorders; chronic heart failure;
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WO 02/ 090314 PCT/ US02/ 14057 rheurmatoid arthritis; muscle fatigue;
intermttent claudication; and for the preservation of allograft tissue
for transwioantadsion. [ 008] One aspect of the present i nvemOdTArsozofSer Ns

met hods of treatnent and the rranuf acture of nedi canments therefor,

enpl oyi n ad rd f6r e reéMvdt_'Qﬁ'&J' a |
wher ei n: 919%‘5‘%6"3@%2@%& ﬁg&ﬁg?ag E%rrﬂ%eﬁp %ﬂ#é('aag#ntahe i ndi chat ed positions
and a si ﬁ@pgeafbtﬁweif@rttaﬂléplabtah@m or (where Wis -N(OH)-C(O-Rd) is a single
bond in pﬂ%ﬁ‘ posi tb‘ﬂ@%sp&t'o?the %ééﬁ?ﬁvéﬂtnoﬁ%&éﬁwgh%ﬂhéﬂskdf|trea91§€dtQH@'tHe/

substitu cycl oal ky option substituted aryl, ti onal

substi t umuapwmi me@mmewartwef@umnlwge@ewemp%ﬁwp esgpied M«ﬁorfpwa k
substituted heteroaral kyl, optionally substitated heterocyclyl, optionally
substituted heterocycloalkyl, an optionally bstituted nucleoside, an
optionally substituted am no acig, an tiondlly substituted di-, tri- or
tetra-peptide, -CH2-C(O)-C(O -0 RN £LO-0OR; Xis: -NR)-
-S-, -S(0O-, -S(O2-, -S- Y-S, or a coval nt bond to the sul fur atom of
Cys or to the nitrogen atom of optionallyyusubstituted heterocyclyl; Y is:
optionally substituted aryl, optionally substituted heteroaryl, an
optionally substituted nucl eoside, Fiqmﬂqbnally substituted am no acid,
or an opiynepd:-ly substituted di-, tr|- or tetra-peptide; Wis: =0, =N-OR

2ol ected fromiRARsDERIne B I trdiist T indaetRigRionsend sl EeRG T AR 1Y

substituted cycl oabligr, dar(wnértelwrgamwm;)mﬁmdwseedsuaglg|bpndRm lsoth bysitlmjg;en,
optionally su stituted I bstit.ut a
optional Iy subd¥itQptya ¥§ bs"B’g‘%%ﬁﬂ %}'%E% st ?H}{‘@g%{&é&k@] &h Wonal | y
substituted heter eausstntute@artyl @ptdriafly sulmtutedmmd(yhepmﬂwdiy auwltqtect)petemwll y
substituted heter oc kyl; Ra
is: hydrogen, opti 8R %)ly §%§'F“F§ l?éélgﬂ Yﬂ(@p%ﬂ)%@#g%g#l%t gg%éﬁcg?lgld aryl,
optionally substi pptiedlnsabstiiuted betemickaiontkyl, an optionally substituted nucleoside, an
optionally substituted amino acid, an optionally substituted di-, tri- or
tetra-peptide, -CH,-C(0O)-C(0O)-O-R’ or -CH=C(OH)-C(O)-0-R’;
Xis: -N(R)-, -S-, -S(0)-, -S(0)--, -S-Y-S-, or a covalent bond to the sulfur atom of
Cys or to the nitrogen atom of optionally substituted heterocyclyl;

Yis: optionally substituted aryl, optionally substituted heteroaryl, an optionally
substituted nucleoside, an optionally substituted amino acid, or an optionally
substituted di-, tri- or tetra-peptide;

Wis: =0, =N-OR®, =N-NR°R", or -N(OH)-R?,

Zis: -OR,-SR, or -NR°R;

R'is: independently selected from hydrogen, optionally substituted alkyl, optionally
substituted cycloalkyl or optionally substituted aryl;

Ris: hydrogen, optionally substituted alkyl, optionally substituted cycloalkyl,
optionally substituted aryl, optionally substituted aralkyl, optionally substituted
heteroaryl, optionally substituted heteroaralkyl, optionally substituted
heterocyclyl or optionally substituted heterocycloalkyl;

R%is: hydrogen, optionally substituted alkyl, optionally substituted aryl, optionally
substituted aralkyl, or alkenyl,

R®is: independently selected from hydrogen, optionally substituted alkyl, optionally
substituted ary!, optionally substituted aralky! or optionally substituted cycloalkyl;
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Rb is: independently selected from hydrogen, optionally substituted al kyl,
optionally substituted aryl, optionally substituted aral kyl or optionally
subst i t utwd wpedsaal kyl ; S7137P2 WO -3 WD 02/ 090314 PCT/ UQ2/UséDDi057 RC i S:

i ndependently sel ected from hydrogen or optionally substituted al kyl; and
Rd is: hydroggs;s. a ubski - &hd oget her
with the nit rgggn @géeﬁdgﬂﬂ% %1&@&%(? goiq‘pgf:dﬁ%ﬁ%?g @ddg}{%sa&gtdﬁ%aoa - menbered
ring, optionaRlis: i AxdsegRsT: apylmvgoemaay Slﬂbﬁ@%@'ﬁ'(ﬁal ri ng heteroatons

chosen from Ngb gnq RF ttﬁetr@f‘%tﬁ%éimfrbé@\ tBQA/H?(Sh @By brNaldclied Hgtibrvia 8dtor-t h one
or nore substituents’l ndepen entf]jli/ selected fromthe (?({ urg consi St g}gﬂ
he | L s

=0, =S, acyl, optMmeAkersd 15 951 IncaTPREANNE ong Bf Mk g hetEoa
alkyl, (optionall YChcﬁskéhS’fifdrﬁ Nt 8 dorath @Pﬁygawmﬂug o@fdﬁaﬂpﬂibsﬂlﬂu&id with one or

substl tuted am no) carban i ncl udi sin t aut rrers
st er eoi soners and HO& ﬁll‘té% ‘“@f‘tst'%‘lﬂp@ﬁa‘rg'g'yasﬁ%/cﬁd fram e‘?j'f’g%ﬁ‘ér?sgst'ngr?& “PheS
phar maceutical ly ag@ﬁpipa;bhﬁlymbtt&utbbemeﬁﬁl oftionsitydedstitoted alkydr(eptionialy -S-, W

is =0, and Zis OH 6- n03 c o I tituted
phenyl )- pyri di n- 2’5'3‘/95“{‘?%8@%0 %ﬂyl gEgé t'oégl th?sé}%‘ egeaﬁﬁ%)n(%//aénwﬁ
concerns |rtchﬂ|r\gm‘ﬁg]mtwmmapr$mgmstecb0|§mynd?sanm ixtlras oOtautorfersxando®© For mul a

l_ ?:H( \é\:lh_lg; e@(_{éégbsm Subsly t uE%?ra%g@Yé&lgé%%ﬁ%%éﬂtgWaro%ﬁat%r&' is

- CH( CH3) -&( O rsN(O-I)an@l—ZZs(C(H))A ©-roHE-aBHK- 3 5ckiRvalo @) (oRfivhallzsrbstitdey phenyl)-

- CH2- CHZE%@ - CH2- 000H, -CH(CH3)-CH2-C(O -N(H)-CH2- COCH, and

- CH2- CH( ) N( H) - CH2- COOH, substituted heteroaryl selected from
5-chl oro-1 H benzoi m dazol -2-yl, 5-nethoxy-1 H benzoi m dazol -2-yl,

4- oxo0- 3, rhydr o- quj I

5 onber; fod benz%ﬁhﬁgg%‘de@f Gk presBfif @%ﬁbﬁe et ?P‘S’%?“‘%Shﬁe&eéf* nted
2- t hi oxoby frothadalld:di n- 1- yl and m)rphol ino, an optionally substituted
nucl eosi de, or an optionally substituted die, tri- or

Formula la

where:

Ais: substituted alkyl selected from: -CH,-CH(OH)-CH,-OH,
-CH(CHj3)-CH(OH)-CH>-OH, -CH(CH3)-C(O)-N(H)-CH,-COOH,
-CH(CH3)-C(0)-N(H)-CH,-C(0)-O-CH,-CHj3, -CH,-C(0O)-N(H)-CH-COOH,
-CH,-CH,-C(0)-N(H)-CH,-COOH, -CH(CH,;)-CH,-C(0O)-N(H)-CH,-COOH, and
-CH2-CH(CHa3)-C(0)-N(H)-CH-COOH,
substituted heteroaryl selected from: 5-chloro-1H-benzoimidazol-2-yl,
5-methoxy-1H-benzoimidazol-2-yl, 4-ox0-3,4-dihydro-quinazolin-2-yl,
benzoselenazol-2-yl, and 5-substituted-benzothiazol-2-yl,
heterocyclyl selected from: thiazol, 2-thioxo-imidazolidin-1-yl and morpholino,
an optionally substituted nucleoside, or an optionally substituted di-, tri- or
tetra-peptide, or
-CH,-C(0)-C(0)-O-R’ or -CH=C(OH)-C(O)-O-R’;

Ris: hydrogen, optionally substituted alkyl, optionally substituted cycloalkyl,
optionally substituted aryl, optionally substituted aralkyl, optionally substituted
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tetra-peptide, or -CH2-C(O-C(O-OR or -CH=C(OH)-C(O-OR; Ris:

hydr ogen, optionally substituted alkyl, optionally substituted cycl oal kyl,

opt i onal | wosuahbsdsia uted aryl, optionally substituted aral kylCT/usor/imsal | y

substituted S7137P2 WD -4 WO 02/090314 PCT/ US02/ 14057 heteroaryl,

optionally substit I S HhRinkbiiyd Bdtitu et erocycl yl
ét@%agg, GHBRAR slﬁg%tltu E%Fféﬁ‘%rbn{g 6'55% V@At

or optionally subs Itut | ndependent |y sel ect ed
from hydrogen, opt h@tneqcyglylwbgt@rtajy é@bséitlk@d hetgfgcydealkyly  substi t ut ed

cycl oal kyl or pogt i &Béﬁé%eﬁyﬁlé&%ﬁ ﬁgmq{gﬁ ageff, 6p?|onaIN(sf&'bl;tltuted%1kyl -opliédally

-S(0Q2-, -S Y-S, or cov e sul fur atomo Q/s or to the
ni trogen atom of opthsyhead gycioatiyt orrqptigpplsubstiteted e v is: opti onal ly

substituted agyd, QRRHONSLI.gGULSIOLULSY-HLbrA @8Valént bAR &ptwecsmurl atom of
substituted nucl eosi de, an opt i onal lZ substltut % anb 8 i %ﬁg
optional |y substitutedCys o ortpe nitiggen atoryotRatipnally. supiijuted;hetero r -SR
I ng} udi ng singlig t gphichamy Subssiueg @ry|sb@trosh@uﬁglmlgnmtmt@nogfyuraaaalpobnauaut orr;ar s
and/ or stereoi soners maceut i ca eptabl e salts 0
The invention al sosb%ﬁlf%?‘ﬁgL‘C'?%mr??e?ﬁBB%O’@hy ?Y@éi‘ﬁf’e‘ﬁ?’g'”ﬁﬁidﬁ&’c%f’?t 2'% iy
formul ati ons and t bepstiaied aicttir @ totka-pestideaamt s  enpl oyi ng t he conpounds of
Fornmul a I a. 210] A@gt hepaspect of the present invention concerns the
dSent®3 O by e

conmpounds rep ormula Ib: 0 AXZ NORa Formula |lb where: A
I S: opti gealding singhs tautamerd, samg(glstereqmdnmmbhq' mixires iof tautamerg@ndir ky|

opti onal | éaeqsﬂ%ci)ni%r%;q%ﬁﬁe %ﬁ% ma088 aﬂy %eé a%'lg) i ttﬁ'érggf | F\Kﬁlntloﬁafsb%ﬂé ?‘n%’y

substit uf ti ona het er oar a tiona
subst i t utechetrete pbtrgatmeht, pharmaoenmail ;ormulagoms andetdjemar@fafétyr@lobmerdgﬁlameaﬁ

optional | X]PfO';’/P@tthé 3556?%@00?%*&93 iAn optionally substituted am no acid,
t

an optiona tr or tetra-peptide, -CH2-C(O-C(O-OR
or -CH=C(OH-C(O-OR;
[010] Another aspect of the present invention concerns the compounds represented
by Formula Ib:
0
A
\x Z
N-OR®
Formula Ib
where:

Ais: optionally substituted alkyl, optionally substituted cycloalkyl, optionally
substituted aryl, optionally substituted aralkyl, optionally substituted heteroaryl,
optionally substituted heteroaralkyl, optionally substituted heterocyclyl,
optionally substituted heterocycloalkyl, an optionally substituted nucleoside, an
optionally substituted amino acid, an optionally substituted di-, tri- or
tetra-peptide, -CH,-C(0)-C(0)-O-R’ or -CH=C(OH)-C(O)-O-R’;

Ris: hydrogen, optionally substituted alkyl, optionally substituted cycloalkyl,
optionally substituted aryl, optionally substituted aralkyl, optionally substituted
heteroaryl, optionally substituted heteroaralkyl, optionally substituted
heterocyclyl or optionally substituted heterocycloalkyl;

R%is: hydrogen, optionally substituted alkyl, optionally substituted aryl, optionally
substituted aralkyl, or alkenyl,
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R is: hydrogen, optionally substituted al kyl, optionally substituted
cycloal kyl, optionally substituted aryl, optionally substituted aral kyl,
opt i onal | wosuahsadsia uted heteroaryl, optionally substituteedratsez/omsal kyl ,
optionally substituted heterocyclyl or optionally substituted

het er ocycl oal kyl; t y dunkadical Qehdional 1y
substituted alﬁys ﬁa?ﬂl)%nr?gw £é}9& %{rl&'}[:h ﬂyggﬁlgqua @BPQWM al ken élﬂwI 137Pg

-5 WD 02/ 090314 PCWHSM@@O‘»B’B"‘R‘ Oﬁ%)tlohaﬂyespbﬁd@ﬁﬂ IayY',seI ect ed f rom hydr ogen,
optionall'y SUB Litwg edS@)kyI 8- YQBI 'o?QQ:lol/Mentsdé%tté EH&&ﬁuﬁHt@hﬂ@f'd&&'or% the

optional ly substituted a O - S-, or a’'coval ent bond
to the sul fur at onﬂ'éfpgﬂ‘yé OmOftQPt'Ph‘i!'y %Hb%tftbb‘géﬁe@(%\c% optional ly

substituted hetigr ogydnally sobstifiite |I @ﬂﬁinlayy &H%ﬁﬁ:tédﬁéi&oafyﬂan dmbhmal ly
substituted heteroaryl, ‘an option aﬁSt i tut ed nucl eos

optional Iy substit B¥esituled A ea‘l,si'q? aBPp'éRF HBRSHt ?@/amg‘ﬁtﬁﬂ‘* PD%"éBptéﬁ”a"y tri-

or tetra-peptide; §ur&t|Z,té§d|_,-tﬂ]%rQétra pEbtidenahdidi ng singl e tautoners, single
st er eoi soners_and néétur ~of tautoners and/or stereoisoners, and the
v

phar maceut i call'§ a e salts thereof; provided that: where Xis -S-,
A is not mllidir@rb’ﬂdle'taﬁtd?ﬁérstmgids@ké@jéqméreazq'fmnnrearmf tutorgéns\andbor i ne- 2, 5-

di one-sub tituted phe and furt nd of Forrml a
1bis nd efe°'§’”h‘§rar%39§}f4ﬁ1bﬁ%r"?°8“§ 3?%/?% P ﬁ@%%%ﬁpgovﬁﬂgﬁée{t hyl ester.
The invention mbﬁepx ReLS-aAns ncbtmpﬁeraehmsbaﬂutw am/lrrbemzw ohar Nec@pyrratiae-2,5-
formul ati ons gnd th ﬁ tta & gure of nmedi caments enpl oyi ng the conpounds of
Formula |b. [@PPPSHRYHWER PREMct of the present invention concerns the

conpoundand @pthes provigidd timt theocompaundef FOrnRida 1Bis WIC R W Forrmula Ic  where:
2-hydroxyimino-3-p-tolylsulfanyl-propionic acid ethyl ester.
The invention also pertains to methods of treatment, pharmaceutical formulations and the

manufacture of medicaments employing the compounds of Formula Ib.

[011] Another aspect of the present invention concerns the compounds represented

by Formula Ic:

Formula lc

where:

Ais: optionally substituted alkyl, optionally substituted cycloalkyl, optionally
substituted aryl, optionally substituted aralkyl, optionally substituted heteroaryl,
optionally substituted heteroaralkyl, optionally substituted heterocyclyl,
optionally substituted heterocycloalkyl, an optionally substituted nucleoside, an
optionally substituted amino acid, an optionally substituted di-, tri- or
tetra-peptide, CH,-C(0)-C(0O)-O-R’ or -CH=C(OH)-C(O)-O-R";

Wis: =0, =N-OR? or -N(OH)-R%,

Xis: -S-, -S(0)-, -S(0),-, -S-Y-S-, or a covalent bond to the sulfur atom of Cys or to
the nitrogen atom of optionally substituted heterocyclyl;

Yis: optionally substituted aryl, optionally substituted heteroaryl, an optionally
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Ais: optionally substituted al kyl, optionally substituted cycl oal kyl,
optionally substituted aryl, optionally substituted aral kyl, optionally

substi t utwo odetsiparyl, optionally substituted heteroaralPkylusonptosonal |y
substituted heterocyclyl, optionally substituted heterocycloal kyl, an
optionally substit m%c,l“m kid Oeémﬁblat:kyt 8farpaptiamel d,
an optionally subs?‘?tut S% aﬁﬂ?no‘?ﬁg %lggpé%etl 2-C( O r;J‘%C( O)WC:} R

or -CH=C(OH)-C(O) - @lh&tltutwwstﬂﬂmtetﬁwwe or -N(OH) - Rd x is: -S-, -S(O)-
-S(0 2-, -S YRS RldeferkRUi %Téct@@ﬂgmtrng nSéBtuBHényastu@Bmtofed%| @btuéﬁauyt he

ni trogen atom of optionally substitut het er ocycl Fy Y is: optionally
substituted aryl, 8yRstibied FV‘%M%%QRHP%'W‘F&P@I"&&?? " an optionally S7137P2

WO -6 WO 02/ 0&@%14hﬁﬁaééﬂsféaﬁdrf’aﬂﬁzubswhéd hlkyl! &stionsisl bsiitded ayl, optionainal |y

substituted am no acid nal ly substituted di-, tri- or
tetra-peptide: R puost} %%ﬂ@ﬁ‘dbﬁ @9% ected from hydrogen, optionally
substituted aRRy:, h;&ﬂbgé)ﬂ@bhdﬁallﬁ glisstituted adylpymloﬂaﬂw:}dbstntntetdmrylOOIHIohyIIy

substituted aryl; i an ted al kyl, optionall
substituted aryl, g@?ﬁ"@ﬁ%ﬂ&? Ky th?é’f'?%‘lyéﬂ %\tplitfei %Aol%)}'lal kenyl : Y Rb ips y
hyfl_rogelnl, opt Rﬁl};ftl hydregdrs or dpmbeailyedubgﬁtuted}alhyblaadLy s;Jbtst:jt ut efl alril R
optionally st i ar ituted cycl oal ky C

i s: hydrogen ﬁﬂb %‘Y‘i{ﬂ%‘?’? f%gll% Pﬁ)é aﬁg% &1%&] +Jal§ﬂ’d&IRd i s: hydrogen, acyl or
optionally su Iand:lﬂ!fmgemwwlth thor nikbgemtd Wmcit @gyétareeattamﬁ% maydorim @ﬁo@e?r to
whi ch they are att ﬁ%ﬂ%%ré@%ncé %F) r%ll?mc&% Etlng‘r?y’gg%'}% bé ﬁbna‘PF?r‘id Ré@HaYoms

i ncorporating one or t oms osen T om N or
0, and said ring behesgndsm Bn&l ¢or/O sansksiaid Gingkeing Plht'QﬁlﬁB:Y gifbstifggdawith one or

substituents '”depﬁg%Q&é@ﬁu%ﬂlﬁﬁ&ﬁ%nﬁémmsfeib%téarf%mt@@uﬁhbﬁ@stm oF@0o, =§,

acyl, optionally substitut opt i onal tuted al
(optional Iy substi eexleeptianltysypetif érﬂhenWaﬁféﬂO@éﬁ/ﬁ $uhstilutsd %%S@Ptﬂ%f@@d

ami no) car bonyl ; i e&ﬂ)éfi@lh@@aﬁbfgg&aﬁ‘rb&@){lta%%;&.onénmb@t.t&te%rmhﬁﬁa%ﬁyland
m xtures of tautoners and/or 'stereodisoners, and t og har maceg}ol cally

accept ablinelusing sinqle uiespers pyiaa)e gleaeaispaners aﬂﬂ’l@?’@”rﬁs tauomerg gng/op ot

opti onal |siér§d¥§b?ﬁér§%rﬁih@”@hﬁﬂﬁace@ﬁ&dnﬂQ@ddp}ébﬂ?élééhtsltlﬁerbsﬁ pfdvhiﬁb thatopt i onal |y
substituted benzyl, or triphen Xis a

coval ent bohd whera Xis <3 Aus n%ttqmwr"yeyést'ts&eﬂ gedhyl, QPHPW‘%W&IUP?'%‘GB&HY but ed
di-, tri- or fgfidinpsmsdtitlfed benzyl, or triphenylmethyl, and

e where W is =N-OR?® and X is a covalent bond to the sulfur atom of Cys, A is an
optionally substituted di-, tri- or tetra-peptide.

The invention also pertains to methods of treatment, pharmaceutical formulations and the
manufacture of medicaments employing the compounds of Formula Ic.
[012] In a preferred embodiment of Formulae |, la, Ib and Ic, where A is a natural or
substituted amino acid or peptide, A is selected from the group: Ala, Asn, Asp, Cys, GIn, Glu,
Gly, Lys, Met, Ser and Thr, especially Ala, Asp, Cys, Glu and Gly. Further preferred are those
compounds where A is a natural or substituted di- or tri-peptide, especially natural peptides
and most preferably the tri-peptide Glu-Cys-Gly.
[013] In another such preferred embodiment, A is an optionally substituted heteroaryl
group, especially a nitrogen-containing optionally substituted heteroaryl, and particularly where
A is selected from the group: imidazole, triazole, thiadiazole, oxadiazole, benzoselenazol,
benzoimidazole and benzothiazole.
[014] Further preferred in each of the foregoing embodiments are those compounds

where X is -S- or a covalent bond.
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The invention al so pertains to nethods of treatnent, pharmaceuti cal

formul ati ons and the manufacture of nedi canents enpl oyi ng t he conpounds of
Formul a WO 0p04Bl4 I n a preferred enbodi ment of Formul ae | PCIrajSot/btoand | c,
where Ais a natural or substituted amno acid or peptide, Ais selected
fromthe up: Al nd Thr,
especi al F(gl g\I ﬁno@rnpre%?‘r%d eqydk% 8n%rﬁ|9f ﬂeﬁ%\fengﬂr)%? %'{rdréi%s tg{rgté;o[[nﬁggrg%,
conpoundsepnkmn&dﬁbylléol’mulﬁalﬂ ural or substltut ed di- or tri-peptide,
especially natural peptides and nost preferably the tri-peptide

G u-Cys-dy. [013] In another such preferred enbodi ment, A is an optionally
substituted heteroaryl group, especially a MtrogerRcontaining optionally
substituted heteroaryl, and partl cul ar}_l y wher A is|selected fromthe
group: imdazole, tri e, L. adi azolg, / oxadl azol benzosgke&nazol ,

benzoi m dazol e and ' In each of the

f or egoi ng enbodi ne or a coval ent
bond. S7137P2 WO -7 WD 02/0 0314 / US02 J4057 [ 015] ot her preferred
enbodi ment of the inventi orlNW&ncer@s t he Bonpounds, reftesented by Formul a
II: ORA HNYORSRL Kk InYNNn H pRUMR3 OFormula Il where: R is:
hydr ogen, optionally substituted alkyl, optionally substituted aryl,

-C(O) - owhere CH2- SH, -CH2-S-CH2-C(W - C(O) Z, -CH2-S-CH=C(OH)-C(O -2,

- 0{42 S(lOl) CHZﬁsV\{h rgg;eriz kopﬂdsnalwabﬂ@d Qk?lbcé%ﬂdha@(@bsﬂtulteﬂyll sc:(dmil | Rogen,
optionally substituied a [ ionally
substituted aral kyI’ 25 {’*r ﬁ&rfﬁ&% %I#é)% 5%’?@% C‘Pﬁ%pendent |y
sel ected from hydrooleps«@)p@HpoaNb m(@pnsdn-cwge@o) awe::(caHm(o) -Z'optional |y
substituted ar ql ky

- CH2- S- CH=CY( Cﬁ) @ydrzgen @gb@lbfqugf&lg@%oﬁy %L,bstltuted aryl, optionally

- CH2- S( O - CH=C( O‘D s@b<$But&d aralkyl, optionally substituted acyl ;

R%is: independently selected from hydrogen, optionally substituted lower alkyl,
optionally substituted aralkyl, -CH,-SH, -CH,-S-CH»-C(W)-C(O)-Z,
-CH,-S-CH=C(OH)-C(0)-Z, -CH,-S(0)-CH,-C(W)-C(O)-Z, or
-CH,-S(0)-CH=C(OH)-C(0O)-Z,

R*is: hydrogen, optionally substituted lower alkyl, optionally substituted aralkyl,
optionally substituted heteroararalkyl, -CH,-SH, -CH2-S-CH-C(W)-C(0)-Z,
-CH,-S-CH=C(OH)-C(0)-Z, -CH,-S(0)-CH,-C(W)-C(O)-Z, or
-CH>-S(0)-CH=C(OH)-C(0)-Z,

R%is: hydrogen, optionally substituted alkyl, or optionally substituted aryl;

R'is: independently selected from hydrogen, optionally substituted alkyl, or optionally
substituted aryl;

Wis: =0, =N-OR? =N-NR°R’; or -N(OH)-R*

Zis: -OR,-SR, or -NR°R;

Ris: hydrogen, optionally substituted alkyl, optionally substituted cycloalkyl,
optionally substituted aryl, optionally substituted aralkyl, optionally substituted
heteroaryl, optionally substituted heteroaralkyl, optionally substituted
heterocyclyl or optionally substituted heterocycloalkyl;

R%is: hydrogen, optionally substituted alkyl, optionally substituted aryl, optionally
substituted aralkyl, or alkenyl;

RPis: independently selected from hydrogen, optionally substituted alkyl, optionally
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R4 is: hydrogen, optionally substituted | ower alkyl, optionally substituted
aral kyl, optionally substituted heteroararal kyl, -CH2-SH,

- CH2- S- CHROGeMY03C( O) - Z, -CH2-S-CH=C(OH)-C( O -Z, - CH2- S(OpcThHBot(4p7 C(O) - Z,
or -CH2-S(O)-CH=C(OH)-C(O -Z; R5 is: hydrogen, optionally substituted

al kyl, or opti onal bybssituted a'artyl,lbﬁﬁbrﬂaﬂyhubsfitutécsaralkylot&mtidmwIsybsti@dtedt:mbaﬂkxbm

hydr ogen, @nal l substtute K apt i e ryI W
is: =0 :N- %rﬁf? h)()?ele«%?@_&%ﬁgdrogep or OB@GW glﬁg%'ﬁﬁﬁéd %\&I da
hydr ogen, opt R(’)mal hydregés tacyludr edtialally sybstipittecbalyll gr subst i t ut ed cycl oaI kyI

I T

substituted opt1 ona et eroara optionally
substituted heter owyteyéd tng, @pt|¢naﬂnlrlcyrp9m$@g|onatoé§~mé<ﬂ@ﬁl ENghetrRiARONS,

is: hydrogen, opti teﬁ?g hxrowpi %%da%?l&y ing 94?6@ BMnlaN' mﬁtutédm.ﬁdo@éad

optionally substi ara i ndependent |y selegted
from hydrogen, opt mn%lsmtystwn m@emeeaeralwgelectas!ﬁf%ﬁm group sonsistipg ofeP- §

02/090314 PCT/ US024 %Oﬂlonﬁwbsﬁbht‘itwre@@ll@hw optiPhil hﬁbte‘abléll‘éﬂ l(bpﬂdﬁé dpr al kyl

or optionally substituted cycloa Rc'is ent sel from
hydrogen or opti onéPh’%ﬁ't@%éaQP’fmaéﬁo'B[i e (OQWGa”VFﬁinFQt“ ﬂi%/'B il OH yl or
optionally suhsglt\gtqegrgl kyl; or Rb and Rc together with the nitrogen to
whi ch they are attached forman 5- to 7- menbered ri ng, optionally

i ncor por at i ng™i¥e Or 1 P{}\B itional ring heteroatons chosen fromN, S, or
0, and said ripng bei mgz@rp:gionally substituted with one or nore

substituents |ndee ntI selected.fromth r,ou nsi st =0,

acyl, optioNggn %u et R %lson&e& lagﬁgﬁftyregl?ﬁgaﬁ?qrﬁ%dg%gﬁ;y| ,

(opt i onalstefedsdvﬁérs; aﬁcﬂde phaexaceaticdip aydaptahm%(ltsplnéreofabtqvi@dblsatiatt letaetione of
am no) car, o Ko nis: 0, 1, 2 or 3;
i ncl udi né%m n %4 F'a&?{s‘réPE'Z'CgY"Aéi(Q"TZt e20| sorre Oz'zr‘%@aﬂqzm ures of tautoners
and/ or  sCHj-800BOHRCHV)-00)-Zher ﬁ:lh'aﬁﬁﬁozéhl‘—ﬁxf@Hb -C(@réefhalnventcil also perdaiesio,

szl\zll cSi_ed . %ﬂﬁ)aéfgﬁ%ﬁ%to&%{ﬁ% %@81 f@}R%'{’ﬁ? gae n&a&t‘% Sl

- CH2- S( Oen@ityglRe cOnhEpurkls offrormuladint i on al so pertal ns to
[016] Of the compounds according to Formula I, preferred are those compounds the

substituents of which are selected from the following groups:

R'is: -C(O)-O-R where R’ is hydrogen or lower alkyl;

R%is: hydrogen;

R%is: -CH,-S-CH,-C(W)-C(0)-Z, -CH,-S-CH=C(OH)-C(0)-Z,
-CH,-S(0)-CH2-C(W)-C(O)-Z, or -CH,-S(0)-CH=C(OH)-C(0)-Z

R*is: hydrogen;

R%is hydrogen or lower alkyl;

Wis: =0 or =N-OR%

Zis: -ORor-NR°RS;

Ris: hydrogen, optionally substituted alkyl, optionally substituted cycloalkyl,
optionally substituted aryl, or optionally substituted aralkyl;

R®is: hydrogen or alkyl;

R%is: C,to C, alkyl, phenyl or benzyl;

R®is: hydrogen or C, to C4 alkyl, or

R® and R°® together with the nitrogen to which they are attached form a 6-membered
ring selected from 4-optionally substituted-piperidin-1-yl and morpholin-4-yl; and

S7137P2 WO -9-



nmet hods of treatnment, pharmaceutical fornulations and the manufacture of

nmedi canents enpl oying the conpounds of Forrmula Il. [016] O the conpounds
accor di ngwom2memmul a 11, preferred are those conpounds thecCTaishyt40suent s of
which are selected fromthe following groups: Rl is: -C(O-OR where R is

hydr ogen or | r_al ; R 0, - CH2- S- CH2- -C(O-2,
- CH2- S CHEQY OE,)%@(%”%L ’es.@&“.e&ﬁ%?@'%%@ Z, or AW-a9
- CH2- §( O) - CH:C(C]—l) C(O-Z R4 is: hydrogen; R5 is hydrogen or |ower alkyl;
Wis: =0rg eg] I\I'O:e"’lAn&hlelsa ;feg%f% inVENRR entdits cémpBMﬁquggéb fr@rﬁtthé)eé\%bélunds

substitu al kyl, option substituted cycl oal kyl, optional

subst i tquaﬂormuyﬁ la, fweas@mplenu ¢r¢ ASigIs¥steingt Cyslizating Oglmeal%hydfﬁtwég%ﬁ or

al kyl ; Rguchﬁ)od@l: dc MK@HEWatw@%Wﬂ)reQéntQ@BbermulB‘Fll i's: hydrogen or Cl to
4 al ky , and Rc together with the nitrogen to which they are
attached forma 6-nembered ring sel e®®d ©rom 4-optional ly
substituted-piperidin-1-yl and Hos phol|| n-44yl; amd S7137P2 WO -9 WO

02/ 090314 PCT/ US02/ 14057 Kk, m'gj) ively: 0,2,1; 1,0,1; or
2,0,1. [017] Another aspect of t he |nven- ion entails conpounds made from

the conmpounds of Formula |a, fmg¥ , Where Ais cysteine, by
cyclization to give a dihydrot h| R;?@ne%, 5- dicarboxylic acid or like
derivative, as represented by Forrmula II1: .1 0R3.51R3.2 ' O/ R3.4
R3.3 S Formula Il where: the dash&@MHiad! represents a doubl e bond at one

or the otypgre:0f the indicated positions, corresponding to a
3, 4-di hydro- 2|t_l!;e[ c}asthti Png lgeprr]éase%{s aa dg’db?é gci)nrzjyaqro(r)\ezolr_hhe other of the indicated positions,
corresponding to a 3,4-dihydro-2H-[1,4]thiazine or a 3,6-dihydro-2H-
[1,4]thiazine (or 5,6-dihydro-2H-[1,4]thiazine in the nomenclature of the
compounds where R*® is H);
R3*'is: H where Formula lll is a 3,4-dihydro-2H-[1,4]thiazine, and is absent where
Formula 11l is a 3,6-dihydro-2H-[1,4]thiazine;
R*Zis: H or C, to C, alkyl;
R*? and R** are both H or are both C; to Csalkyl; and
R*?is: H, COOH, or -C(O)O-C; to C, alkyl;
including single tautomers, single stereoisomers and mixtures of tautomers and/or
stereoisomers, and the pharmaceutically acceptable salts thereof. The invention also pertains
to methods of treatment, pharmaceutical formulations and the manufacture of medicaments

employing the compounds of Formula IIl.

[018] In another aspect, the invention relates to a pharmaceutical composition
containing a therapeutically effective amount of a compound of Formulae 1, Ia, Ib, lc, Il or lil or
a pharmaceutically acceptable salt thereof admixed with at least one pharmaceutically
acceptable excipient. Particularly preferred are those pharmaceutical compositions wherein
the compound of Formulae |, la, Ib, Ic, Il or lll is selected from the herein-described preferred
embodiments.

[019] In still another aspect, the invention relates to a method of treatment by
administering to a mammal in need of such treatment a therapeutically effective amount of a
compound of Formulae 1, la, Ib, Ic, Il or Il or a pharmaceutically acceptable salt thereof, where
the disease, condition or indication for which treatment is provided is: ischemia including

S7137P2 WO -10-



[1,4]thiazine (or 5,6-dihydro-2H[1,4]thiazine in the nonmenclature of the
conpounds where R3.5 is H); Rat is: Hwhere Fornula IIl is a

3, 4- di hydwo-02l0(314 4] t hi azi ne, and is absent where For nul 2CiTlusoz/s40a7
3,6-di hydro-2H[1,4]thiazine; R3.2 is: Hor Cl to 4 alkyl; R3.3 and R3.4
are bot hsirbKH céeBrdbztherfia, temnél%dl'iey‘lla rmmardmlsahem:a hiyo @Bl infarctiof(a@dO- C1

t C4 al kyl ; di t t t
of taut ohrtisuigical Spomieialr-But FeORERGenerah S oRieTE FR SR aREr T ) o' o
sal t s t heemehtia ditbParkineort’s diseades perigheralinesropathynetiding spinat easd injwrmis head

h |
Phe commBitriad sareiH] U loindilly JRRGCE ol ialetes, (BiR Rissace: oY N0
rel at es tmenatrydi aymdioma; astirna ceangiopulmonary Imftamr'aﬂtﬁﬁyrﬁbﬁ%d@fﬁeh%aﬁefaﬂqr@al |y
effecti Vﬁwe%%%(‘tﬂ& aRhritl ?&gpe s %u cﬁ’éfé‘t\{; 8fl\d m'té?mlt e'?it cI'aGdlcétlonOénd okt @

phar maceut’i accepta ereo m xed w t | east one
phar rracemesea/langn okallogiaftdissee em:prpglae&for tregsplartaticay |'§ﬁ"b¢t&aré/rm@fﬁrr39 are fhese
Iphar macemé rﬁﬁ ntt bR@ﬁs%ﬁ rtﬁ‘é ﬁan&fﬁ&u@mﬂﬂaéﬁung&chlva@ﬁtld)ns th@refdrb

se ect ed fromthe herein-described pref erre enbodi
[ 019] In\'\é\?fqiﬂ thsrs@m@kmcagb%atnulaeﬂe'ai mf&n“u%rh“lseﬁeéﬁw@p N heRRrRiHAeSEN ed
treat nent e AEbdiSERKI Ng to a mammal in need of such treatment a
therapeutically effective amount of a conpound of Fornmulae I, la, Ib, Ic,
[l or Il or a pharnmaceutically acceptable salt thereof, where the

di sease, condition or i nSETALEDDESCRIFTION OF TRENMRVENTRONT Ovi ded i s:
ischema including S7137P2 WD -10 WO 02/ 090314 PCT/ US02/ 14057 stroke,

cerebral ischema, retinal ischem a, nyocardial ischem a, nyocardi al
i nfarcti ¢uRffbnsPOst -surgi cal cognitive dysfunction; neurodegenerative

di sorder ST ncludi n%ﬁAI zheinmer's, denentja and Par ki nsgg s di sease;

peri pher 820 eur opafBysed Hb?‘ﬂ(ﬂ’ﬁ?&”giﬂeﬁé'f’a%\' e fRjQ¥Yg PNARRTIRES Aidd

sur gi cal gehérdMRintdnabd &haeQhy nidiaAPgs ek Set fBfth béloﬂgeihe@bﬁitaé exteatinbt thesease,
pre- rrenst rual v\%ndr one, asthma, a<E:ar o{h%_g/ ul monary inflammtory di sorders,
heart f aicPiiextin Which thex Fedissd fnafes ot eMs&oar t hritis, nuscle fati gue and

intermty cl audrrﬁattérﬁﬂ,opml'f&r'opttmauprrmswaétnmswsequémgrdatscnueidsevaet

and organ or transplantatio Parti y. preferre S
ot et REALCPRITELRRY o TR Tharaaer et BRI BE RS T e
t her ef or @ventwher@imstahe mmmdnnandéenmwhaa itidoek apt. | Bgr eixamplel, “amonauy is

sel ect ed ‘éﬁﬁc{@f Qrgﬁhﬁr SR ARG iR or RUSTEIES ST RYHRE BelolE ik 52

DESCRI PTIS
understood by those skllled in the art with respect to any group containing one or more

substituents that such groups are not intended to introduce any substitution or substitution
patterns (e.g., substituted alkyl includes optionally substituted cycloalkyl groups, which in turn
are defined as including optionally substituted alkyl groups, potentially ad infinitum) that are
sterically impractical and/or synthetically non-feasible.
[022] Certain compound, reactant, or reaction parameter abbreviations are defined as
follows:

“DCM’ refers to dichloromethane or methylene chloride

“DIC” refers to N, N-diisopropylcarbodiimide.

“DIPEA" refers to diisopropyl ethylamine.

“DMAP” refers to 4-N, N-dimethylamino pyridine.

“DMF” refers to N, N-dimethyl formamide.

“DTT" refers to dithiothreitol.

“EDT” refers to ethanedithiol.
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Definitions [020] As used in the present specification, the foll owm ng words
and phrases are generally intended to have the neanings as set forth

bel ow, exwepk/ob@idt he extent that the context in which thegrarse2/uwed

i ndi cates ot herwi se. [021] The term "optional"” or "optionally" neans that
the subsequent|y dexgtiches teeqiNalerdr circunstance may or may not occur, and
that the descri ptlg;n I n clfudetsgL stanﬁnst wher qld event or circunstance
occurs and i nst anced"?h "R %B?xycg n Xanpl e, "optionally
substituted al kyI " “(Biv@hléreienshelglyclabkyl " or "substituted al kyl," as defined
below. It wll « din the artvmthrespect to
any group cont a| n| one&%%qg ,\nyotrgt?}ég?i}lﬂﬁéegr? s t hat such groups are not

i ntended to mtrodUVleOialhgef@eb@methﬁnpbn or substitution patterns (e.g.
substituted al kyl gﬁj fﬁ’ pal Iy substituted cycloal kyl groups, whi ch
in turn are defined as |nc o ptionally substituted al kyl groups,
potentially ad i nf {TBTWmpferhin2- éﬂ be@é’@?@'&ﬂl y-it itph 3rtatiamgthdirenigm
synthetical l'y non-feasi pigfubB8smtder t ai n conpound, reactant, or reaction
paraneter abbreviations are defined as follows: "DCM refers to

di chl or onet hane or “HSt rferefe trisapsAvisidane: py ¢ refers to N,

N- di i sopropyl car bodfpmrg@rs tolhiftlefoadent gEig. t o diisopropyl ethyl am ne.

" DVAP" f to 4-N, t hyl di ! ! f N
Nl et h§923 or i 3BS (D P B we4d 116 dibens A 1GIO-ORETIY subupled o
et hane?l ta{klyr?l-C(oﬁg%baaﬁaﬁly\é@ost&lkea\@@é’dl%%ﬁ(@)%ﬁ!otda@%@é%?gg Ay, re;ers to
equi val en uor.en ar hon er
gﬁym ne. ~C{QEPPIgNaHILPLDSi B’@Q—Wlﬂ’?h‘)‘? Hénéw 'i‘?ﬂygy bw'l‘}é 'awgr'klé?‘j)' ? (ta'onalﬁ/
rrelt ?agol sugétré@eu afaﬂd‘yﬁFEC(P()l-(éptl_buéILylsub tfﬁfwhete@éa&w% -CEO Rtopliotdilp enbsitutediz ol e- 1
- -1, 1,3,3-tetra ronj u tetr uor €.~/ ' r
Vi1 sopr SpiprarARHE Cloatopal s b Ari G a8k s Lt aprohsil ¥ubsthtea

heterocycloalkyl).

[024] The term "acyloxy" refers to the moiety -O-acyl, including, for example,
-O-C(O)-alkyl.
[025] The term “alkenyl” refers to the monoradical branched or unbranched,

unsaturated or polyunsaturated hydrocarbon chain, having from about 2 to 20 carbon atoms,
more preferably about 2 to 10 carbon atoms. This term is exemplified by groups such as
ethenyl, but-2-enyl, and the like.

[026] The term "alkoxy" refers to the groups -O-alkyl, -O-alkenyl, -O-cycloalkyl,
-O-cycloalkenyl, and -O-alkynyl. Preferred alkoxy groups are -O-alkyl and include, by way of
example, methoxy, ethoxy, n-propoxy, iso-propoxy, n-butoxy, tert-butoxy, sec-butoxy,
n-pentoxy, n-hexoxy, 1,2-dimethylbutoxy, and the like.

[027] The term "substituted alkoxy" refers to the groups -O-(substituted alkyl),
-O-(substituted alkenyl), -O-(substituted cycloalkyl), -O-(substituted cycloalkenyl),
-O-(substituted alkynyl) and -O-(optionally substituted alkylene)-alkoxy.

[028] The term "alkyl" refers to a monoradical branched or unbranched saturated
hydrocarbon chain preferably having from about 1 to 20 carbon atoms, more preferably about
1 to 10 carbon atoms, and even more preferably about 1 to 6 carbon atoms. This term is
exemplified by groups such as methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, n-hexyl, n-
decyl, tetradecyl, and the like.
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[023] The term"acyl" refers to the groups -C(O-H -C(O-(optionally
substituted alkyl), -C(O-(optionally substituted cycloal kyl),

- (O - (opwiomabdsy4 substituted al kenyl), -C(O - (optional | ycguseriot ed
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n- hexyl , (fHBeythe g&w‘&a%é?mef%@ pﬁlé-lzp}—ﬁgHg r§% %k}t}é@ V%Ehy;a%ﬁ‘%é?gg%gm
F?ﬁ?gﬁ/{qﬂg?7m£ g?ﬂ% tethe' stll@smmtedi giRglehd' ']Erbmﬂs ®l kylirddicat Hervedt farnathesdboye- gr oup
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is independently selected from the group: optionally substituted alkyl, optionally substituted
cycloalkyl, optionally substituted alkenyl, optionally substituted cycloalkenyl, optionally
substituted alkynyl, optionally substituted aryl, optionally substituted heteroaryl, optionally
substituted heterocyclyl, acyl, optionally substituted alkoxy, carboxy and alkoxycarbonyl..
[034] The term “amino acid” or “natural amino acid” refers to any of the twenty (20)
common amino acids as generally accepted in the peptide art and represent L-amino acids
unless otherwise designated (with the exception of achiral amino acids such as glycine).
[035] The term “substituted amino acid” refers to an amino acid containing one or
more additional chemical moieties that are not normally a part of the amino acid. Such
substitutions can be introduced by a targeted deriviatizing agent that is capable of reacting
with selected side chains or terminal residues and via other art-accepted methods. For
example, cysteinyl residues most commonly are reacted with .alpha.-haloacetates (and
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groups (glycols), such as 2, 3-di hydroxypropyl, 3, 4-di hydroxybutyl,

2, 4-di hydroxybutyl, and the 1|ike; and those conpounds known as

pol yet hyl woa2gboseol s, pol ypropyl ene gl ycols and pol ybut ylpemaisgtymet s, and
the Iike. Another preferred substitutent for alkyl is optionally
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resi dues via other art-accépted nethods. For exanple, cysteinyl
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chl or oa acid cetamd gl ve car boxynet %/
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Car boxyl 1 to 5 suggtﬂtlilents and preferably 1 to 3 substituents, independently selected from the group
consisting of: =0, =S, acyl, acyloxy, optionally substituted alkenyl, optionally substituted
alkoxy, optionally substituted alky! (such as tri-halomethyl), optionally substituted alkynyl,
optionally substituted amino, optionally substituted aryl, optionally substituted aryloxy, azido,
carboxyl, (optionally substituted alkoxy)carbonyl, (optionally substituted amino)carbonyl,
cyano, optionally substituted cycloalkyl, optionally substituted cycloalkenyl, halogen, optionally
substituted heteroaryl, optionally substituted heteroaryloxy, optionally substituted heterocyclyl,
optionally substituted heterocyclooxy, hydroxyl, nitro, sulfanyl, sulfinyl, and sulfonyl. Preferred
aryl substituents include alkyl, alkoxy, halo, cyano, nitro, trihalomethyl, and sulfinyi.

[039] The term "aryloxy" refers to the group -O-aryl.

[040] The term “substituted aryloxy” refers to the group -O-(substituted aryl).
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(aspartyl or glutanyl) are selectively nodified by reaction with
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[049] The term "cycloalkyl" refers to non-aromatic cyclic hydrocarbon groups of
having about 3 to 40 (preferably about 4 to 15) carbon atoms having a single ring or multiple
condensed rings. Such cycloalkyl groups include, by way of example, single ring structures
such as cyclopropyl, cyclobutyl, cyclopentyl, cyclooctyl, and the like, or multiple ring structures
such as adamantanyl, cyclopentaphenanthren and the like.
[050] The term "substituted cycloalkyl" refers to a cycloalky! group substituted with
from 1 to 5 substituents, and preferably 1 to 3 substituents, independently selected from the
group consisting of: =0, =S, acyl, acyloxy, optionally substituted alkenyl, optionally substituted
alkoxy, optionally substituted alkyl (such as tri-halomethyl), optionally substituted alkynyl,
optionally substituted amino, optionally substituted aryl, optionally substituted aryloxy, azido,
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and the like. [042] The term "substituted aral kyl" refers to the noiety
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aryl oxy,
sulfanyl, sulfinyl, and sulfonyl.
[054] The term "heteroaralkyl” refers to the moiety “-alkylene-heteroaryl“ each having
the meaning as defined herein.
[055] The term "substituted heteroaralkyl" refers to the moiety “-(optionally substituted
aklylene)- (optionally substituted heteroaryl)”, each having the meaning as defined herein.
[056] The term “heteroaryloxy” refers to the group -O-heteroaryl.
[057] The term “heteroarylene” refers to the diradical group derived from heteroaryl

(including substituted heteroaryl), as defined above, and is exemplified by the groups 2,6-
pyridylene, 2,4-pyridiylene, 1,2-quinolinylene, 1,8-quinolinylene, 1,4-benzofuranylene, 2,5-
pyridnylene, 2,5-indolenyl and the like.

[058] The terms "heterocycle", "heterocyclic” and “heterocyclyl” refer to a
monoradical, saturated or unsaturated, non-aromatic cyclic hydrocarbon group having about 1
to 40 (preferably from about 3 to 15) carbon atoms and about 1 to 10 hetero atoms (preferably
about 1 to 4 heteroatoms, selected from nitrogen, sulfur, phosphorus, and/or oxygen) within
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incorporated into the compositions.

[064] The term "pharmaceutically acceptable salt" refers to salts which retain the
biological effectiveness and properties of the compounds of this invention and which are not
biologically or otherwise undesirable. In many cases, the compounds of this invention are
capable of forming acid and/or base salts by virtue of the presence of amino and/or carboxyl
groups or groups similar thereto. Pharmaceutically acceptable base addition salts can be
prepared from inorganic and organic bases. Salts derived from inorganic bases, include by
way of example only, sodium, potassium, lithium, ammonium, calcium and magnesium salts.
Salts derived from organic bases include, but are not limited to, salts of primary, secondary
and tertiary amines, such as alkyl amines, dialkyl amines, trialkyl amines, substituted alkyl
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to 40 (preferably fromabout 3 to 15) carbon atons and about 1 to 10 hetero
atons (preferably about 1 to 4 heteroatons, selected fromnitrogen,

sul fur, pwogplenus, and/ or oxygen) within S7137P2 WO - 16 POD3A2/006814

PCT/ US02/ 14057 the ring. Such heterocyclic groups can have a single ring
or mul g i Bh‘ﬁwéépdig;ﬁbﬁmdtleﬁLaﬂ%.amilﬁtfs?irﬂsmtﬁdtutw&lk}@pamlhes,salkeml ardieesyatigikesiyl no,

pi peridinyl, and t IL.ke. [059] The t S | e"
Pbbst i tutpsnBekpBRsaTie: stiitihed Aot afines R SEE AReRVF afeS, o

het er ocy ei(yibsgtutadoalikenytjeimines) cpd:bmllejl amirieshdi(oytleskkylpaminesi tiécycloaivgl) aminesd by
the definiti or  t eh o

substi tuéH‘?sé'?”q ‘i\f‘?’dﬂoﬁ%f %'ﬁ &{&Fﬁm? dsCLY%“?%'U%ﬁ&f:tngﬂbggtugénog nfo IaFk9|s§T'3<e:§t ‘'ed
fromthe cguslmnlbmrwbammemdn(gya;iOaikenyl) amifgs, at(ijoaa@wIa)gmme@prsh@gtq ycloalkenyl

substit Utaﬁﬂne%l & Wét%ut?@%:?%ﬂe)nyl a?MFétth S sty éé@t:&?{h(tegsgtahﬁﬁ@ la?ﬁll amitRst i tuted

al kyl (suc I'ona Iy sub optional ly
subst i t udiadyl aminesotriang ambresi h@temnéamnﬁﬁe@hatpgqaryl @m‘nﬁné{lhegef@%m'sﬁm'f‘%% ed

aryl oxy, P?%hg{gghc%ﬁnheé(ﬁjmetéﬁ&gdll@Q@I Ae¥ trif iR RIcy ikt hings, ‘ﬁ‘ﬂ%é’c) giebRPRYAmines

(optiona stituteéd am no)car cyano, optional substi t ut ed

cycl oal kyuhereogtieash iwe 9f tse l§§lt>$tltltﬁ"&j°ft |aaam¢<em'fferﬁatl %Qj’e?fe sgiseiedifrom {pe

substitu 'bétﬁrléb' Iyl HIREAYI { 4iibEStuRBL MG, Ly QK |%@bsmn@bl y
substi tupg% héébﬁ%?t{)réb%ﬂélkyl% c Ial y su byst i tut gd h téeh?oc%,&l ooyx roxyI

nitro, s&yélealkyl, cygleallkﬁwsubaWHteglﬂYF'eﬂWY' [ oetaiRany é}eﬁﬁm '%@8 IkyI

refers t (Al§ohﬁclﬁaéoeér¥ am@ééﬁbﬂh@é@h&ﬁb&ﬁ@ﬁr}é@ ls@bstRatits, tcb@lhe’igwthhﬁe ARdio Ng as
defi ned herein. he term' subs' I tuted heterocycl oal kyl" refers to the

moi ety n(t@@?ﬂdﬁﬁl‘ F‘Wetesrﬁ‘ﬁ’é:l'? PrLeleroaR! 9PHRe) - (optional Iy substituted

het erocygben)’, eaclgpbant éﬂar‘h;h@s oEsuitabg adsnesdatlude by wayasf exampiednlyThe term
"het er ocycl oox tp

t 0-h le.. [06 d h

« phar mcéﬁaprqpa%wneaeﬁré%m%@néacﬁ?tﬁﬂram'%% WP R rea T ProRe & e

eXC! El e?bﬂ'}dn?%iﬂkﬂﬁ& Cﬂl{ﬂl}é}l’@!%lli&ddthml \tnentemandnapysmmei,argimneu I’?stldmataffm]m
tibacteria ntifu
ggelnt s aRtPefE: ﬁYQ%@ba"T*HE %@ﬁn%?’%&%btqﬁﬁg < Qg’é’ﬁ?ba?‘% grm %ﬁg@@g@é‘f{&m ly
acti ve suthibesitias, pusines| dipdcazing piperitline, motphoE)ecébethylpmsocﬂlae,aai@then%e
ti di | t t

oo n " 088, for o ENErBRE YT ARG L8 sBolbn Patls}fal G pipalddraf) ©T 1 LS
i ngr edi emagarinamd srgabie amdnsc@apsdar‘u\ed fiom OOtgaelcmﬁsoe¢|¢ldQ)hhsiroc[ml¢]aCTme term

" phar mac ﬁygj}oﬁ\?ogﬁ: %( F@lﬁcﬁﬁﬁﬂp Egd St rItC ac deéﬁés@PBr(?%éé’ré thdHht g r?él@'dén‘é/&?from ,

bi ol ogi ca vehess an e conpoun this I nvention
and whi clorganic arids inbludé agat@aacldy pmpmqmdmy@om@r&mwweac'd PXAErAEIL; ARdis |

the compQupdsfnid Qfl sh@é{ﬁetabﬂnmgfeﬁ: aPRARAG &id, fté’r’iéﬂc%loa‘éltr% é’é’@/ﬂéhz&élse
salts by vifttue of ie presence of am no and/ or car box¥ ]
acid, cinnamic acnd mandelic acid, methanesulfonic acid, ethanesulfonic acid, p-toluene
sulfonic acid, salicylic acid, and the like.
[067] The term “sulfanyl” refers to the groups: -S-(optionally substituted alkyl), -S-
(optionally substituted aryl), -S-(optionally substituted heteroaryl), -S-(optionally substituted
heterocyclyl). Preferred sulfanyl groups include, by way of example, methylsulfanyl (-SCHj),
n-(iso-propylsulfanyl) (-SCH(CHz).) and the like.
[068] The term “sulfinyl” refers to the groups: -S(O)-(optionally substituted alkyl),
-S(0O)-optionally substituted aryl), -S(O)-(optionally substituted heteroaryl), -S(O)-(optionally
substituted heterocyclyl).
[069] The term “sulfony!l” refers to the groups: -S(Oz)-(optiohally substituted alkyl),
-S(0,)-optionally substituted aryl), -S(O.)-(optionally substituted heteroaryl), -S(O,)-(optionally
substituted heterocyclyl).
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groups or groups simlar thereto. Pharmaceutically acceptabl e base addition
salts can be prepared frominorganic and organic bases. Salts derived from
i nor gani cwbagean3i4 ncl ude by way of exanple only, sodi um POOIEBSY 14987

lithium amonium cal ciumand magnesiumsalts. Salts derived from organic

bases inggg4de, but T %r&oﬁqéréﬁ@uﬁlgglxte@fec@aﬁ " Bfer R that &ﬁ@tﬂﬂ@@éy and

tert|ary a nes sSucC %ﬁam nes, trial yI an nes,
substit ucempaurmf Fogmuala timt isrsufficenity effea geatmenbar/defiped palgw7vhem nes,

di (substi g frg!erap ky b mAhaes neéd b(si}éh%téairh{érﬁd TRb merapma@%ﬁead.méum

am nes, am nes, trial ken am nes, substitut ed am nes,
di (subst wlma@dd%nqaéwpwoawh%@ect@ﬁg fispasa sanditien bsnQdrezred. éht and age
cycl oal kyf tharg BRet, tHé é&éﬁt&@al%yd@ea@.alcaﬁmoﬁ kel ﬁéfﬁd:m| doydp)ouaarbne@rmula |
substituted cycloal kyl am nes gosub titut eg ?FP{'%{' am ne

tri subst cheresdthe\dosingIrrgimes o he followed.irgjag @ ﬂ"ﬁ!"”hs theymeRnE 9 al keny! )
am nes, Ghnfriatetionbke@ mel like 24N dfedhicHsedpsrehdilytbetdtaredinel byeond of cadinamgsskill in the
di subst i t ut ed cycl oal kenyl ami ne, trisubstituted cycl oal kenyl am nes, aryl
ami nes, afiar yl amines, triaryl am nes, heteroaryl am nes, diheteroaryl

am nes, 1[071|}etl'ﬁé®e&hvitreammsor "trogtirgl’ m’e)aa!s bay agatnest ofth bBéﬁeomdﬁor«heramanes
trlheteroc clic.amnes, mxed di- and tri-amnes where at |east two of the
substi tué'?%%'"%n'"{:wg "Gnine are different and are selected from the group
consi sting of paév%lyiimg Gryfrstetting Rphiralt kel disealsk @nyisorder hisatiis, Waesing tHeeiinical

cycl oal kyl , subst uh@? g% oal kyl , cycl oal kenyl, substituted

cycl oal kenyl sé’W lq daRlAP ! het erocycl ic, and the like. Also included
are ani nes M/mﬁ{rﬂ)nﬁd"gethé\d&eeﬁe bidisgdeubat ist seedtivg or sgsirbssing\thiehievvélepmentad

ni trogen, for éet er oc cI | or heteroaryl group. [065] Specific exanples
of suitable affiHed YRR 9 way of exanple only, isopropylanine,
trimethyl agm fﬂéﬁbeviﬂ'g@ﬁeh&"he@@dﬁ@;soirddr(thsns,mwpmblhamgmldnrof(cmlml(spmbborraam ne,

S BT e RTINS R

et hyl enedo ammigi:,lsrgiemaaarprmnhmg"ednldyklgjpmmgn singce thehdtiaterintefivepavanhes,
pi per azi ne i per.i di ne h t. 66]
Phar mace§Y f:r&tg a)y b C%ﬂ?\gﬁqgt% Ioaﬁ% cpg’t\%rﬁt O.Q}éé a%s@&[té gécpgntul W@Sﬂ a?thetgle folégurren[cg
i nor gani of érecvengareveniac iTistref@e| ssustertiergid tlierbrml"nmp@dam% lamtwedwélamde
hydrochl qri ¢ £ pb " or=Tot Codd
p%osphorl J: r%ecr]qglf 'C{readn %{'ﬂ %Jq%%gggﬁc%&h ‘Z&#’%ﬂg@ f?%SGB?']gag%'f‘% aC| @e? rqg elljnde
acet i c adih,terpr tpotedtian,"zasi ubed dlesainlis meat td inguded'praphdlexid,” oxal i ¢ aci d,
mal i c (ig mal oniyg 3G ffégt 'aﬂﬁ&n@% s@b&age%ﬁffﬁrenf WB\'n&e ﬁ’@étﬂwentf r
tartaric citri€ acid, benzolc aC|oP mandel i ¢ aci
met hanes uhé diaor(deaerl diseaselstate being HeRiedadits, WW@WIQ@@Q@'“% on therpatient the

salicyli Cd %ké‘an@ﬂ%té’é@néﬁtlﬁ%mg[é} CZI]edThe term"sulfanyl" refers to the

groups: -$ t1onal substitute I kyl), -S (optionally substituted
aryl), -$073pti onallhg tgrubﬂsorciﬁre@r H§ﬁa$%aag¢r neansany, Aiepaifacrdiiqn SYTPigied
or indication.

Compounds of the Invention

[074] The compounds employed in the practice of the present invention are those
identified above with reference to Formulae |, la, Ib, Ic, Il and lil, and the precursors /
intermediates described with reference to the Reaction Schemes. Formula | is addressed to
certain known and novel pyruvate derivatives as employed in novel methods of treatment,
pharmaeutical formulations and in the manufacture of medicaments for such methods of
treatment. Formulae la, Ib, Ic, |l and Ill are addressed to novel pyruvate derivatives, methods
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het erocyclyl). Preferred sul fanyl groups include, by way of exanple,

nmet hyl sul fanyl (-SCH3), n-(iso-propylsulfanyl) (-SCH(CH3)2) and the |ike.
[ 068] Thewoeetvissul finyl" refers to the groups: -S(O) - (opPChrzt/y4057
substituted alkyl), -S(O-optionally substituted aryl), -S(O-(optionally
substi tute ).

[06s)  Thel fetieit ffis¥icapicaPer Rl BREG o BRI Fiot

subst i t umethaglsiof treatmeng( 02) - opti onal |y substituted aryl),
-S(02)-(optionally substituted heteroaryl), -S(02)-(optionally substituted
het erocycl yl ). S7137P2 WO -18 WD 02/ 090314 PCT/ US02/ 14057 [070] The term
"therapeu!tgm_qls!u_@‘fective anmount” refers to that anmount of a conpound of
Fornul a foggfat 1S SHE Ehibitias!d? il dreSdnt i BAIPANE nafteddfldirUitbeRed g when

adm ni st to a mamual "1 n nee such treatnment. The therapeutlcally

ef f ect i vdesanbadbelow far exampledwiferederancatediormtiaedddp dbtladhdand Baase
condltlc*bﬁﬁlng treated, the weight and age of the subject, the severity
of the d se condition, the particular conpound of Fornula | chosen, the
dosing regimen to be followed, }imng of adpgi nistration, the manner of

adm nistration and the like, alll of which can readlly be deternlned by one
of ordinary skill in the art. {1 "treatnent" or "treating"
nmeans any treatnment of a di sgéase o i mmal , i ncl udi ng: -
preventing or protecting agaixst the disgase or® di sorder, that is, causi ng
the clinical synptons not to | op; nhi biting the di sease or di sorder,

that is, arresting or suppressing the deYel opment of clinical synptomns;
and/ or relieving the disease or di scfat@ola ldhat is, causing the regressi on

of clinical t ons. tvv|II ndr
I e T R R SPGB I8UPTANd ZHAD frifaBldn.

" pr event itAg"R anethyl sXijspa essiamdbord, rmchere;ﬂaetomarncrimofithdwmva@ eapeceﬂentﬁd by
events , eto I eghuntil well
o tor t nateE ShE Posk D s kel PR orkd itc PR bRl T i " Fhie
term " pr opimpband of Fdraularid ésnnrdedi s2-axo-3dR-dnexn- imidazotidint yhepropiopis asigctyass
both *preyept 'Tﬂegcorﬂgcgjr}gsdf%Frﬁﬁlﬁ'lé'gan 280 Q@fnbfh%ﬁ gerf'trﬂoxo -irfi@aZofidif1 -y methyl-

"protection, erein, Is neant to 1nc prophyl axis.” [(072] "The
term " ef ketopynwatarauhestereans a dosage sufficient to provide treatnent for
t he di sorder or disease state being treated. This will vary dependi ng on
the pati eg_}_,, the disease and the treatnent being effected.

s o
ooy
PN
HO N N/ NH;
(o]
OH OH
Formula le

Formula le represents the compound of Formula la where A is 3-[2-Amino-9- (3,4-dihydroxy-5-
hydroxymethyl-tetrahydrofuran-2-yl)-9H-purin-6-yl, R is Ethyl, and X is S, which is named:
3-[2-amino-9- (3,4-dihydroxy-5-hydroxymethyl-tetrahydro-furan-2-yl)-9H-purin-6-ylsulfanyl]-

2-oxo-propionic acid ethyl ester.
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[073] The term "disorder” or" disease state" neans any di sease, condition,
synptom or indication. Conpounds of the Invention [074] The conpounds
enpl oyed wo oklogn3ps acti ce of the present invention are tho®eT/isdentosti ed

above with reference to Fornulae I, la, Ib, Ic, Il and Ill, and the
precurso[oy8] internediates described with reference to the Reaction
Schemes. Fornula | is addressed to certain,knowy_and vel pyruvate

derivatives as enployed in novel nethods of
formul ations and in the manufacture of nedica
treatment. Formulae la, Ib, Ic, Il and Il arekaddressed to novel pyruvate
derivatives, nmethods S7137P2 WO -19 WO 02/ 0g03I%HPCT/ US02/ 14057 of
treatment, pharmaeutical fornulations and the manufacture of nedi canents
for such nethods of treatnent. Nonmencl atur [075] The conpounds of the
present invention are named and nunber ed descri bed bel ow, for exanple,

tment, pharnaeuti cal
nts for such nethods of

with reference to Formul ae 1d, e, I, lgl Ih, and Ilgfa. [076] S O N X~~
HN~ O\ O Fornula Id Fepmula | d reppesents t hel; conpglund according to
Formula | a where A is 2-thgx0-™Ndazoldi - yIN iSpthyl, Xis a

coval ent bond, where tautongric formoMH the
dashed line in Fornula |I) ig the keto tauto
the conmpound of Forrmula Id is naned:

2- 0X0- 3- (2-t hi oxo-i m dazol i di n-1-yl)-propionic acid
conpound of Forrmula Id can al so be naned as:

(2-thi oxo-imdazolidin-1-yl)nethyl- ketopyruvate etfyl
N O

yruvate (represented by the

Formula if
Formula If represents the compound of Formula la where A is y-Asp-Cys-Glu, R is ethyl, and X
is a Covalent Bond where tautomeric form of the pyruvate (represented by the dashed line in
Formula 1) is the enol tautomer. This is also the compound of Formula Il where R'is COOH,
R%is H, R%is CH,-S- Pyruvate ethyl ester, R* is optionally substituted alkyl where the
substituent is COOH, R’ is H, k is 0, mis 1, and n is 1. The compound of Formula If can be
named: 2-[2-(3-amino-3-carboxy-propionylamino)-3-(2-ethoxycarbonyl-2-hydroxy-
vinylsulfanyl)-propionylaminoj-pentanedioic acid.

[079]
OCH,4
N
L
S 0
0 0 o}
H
N\/U\
HO N OH
H
NH, o
Formula Ig

Formula Ig represents a compound of Formula Ib where A is Glu-Cys-Gly, X is a covalent
bond to the sulfur atom of Cys, W is =NOCHj3;, and Z is O-ethyl. It is also a compound of
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CI N HONNNHZ OOHOHFormula le Formula | e represents the conmpound of
Formula la where Ais 3-[2-Am no-9- (3, 4-dihydroxy-5-

hydr oxy nmewloyk/ovests ahydr of uran- 2-yl ) -9H purin-6-yl, R is EtrayiysoandsX is S
whi ch is naned: 3-[2-am no-9- (3, 4-dihydroxy-5-hydroxynet hyl -tetrahyd

ro- f ur anFgdmydia ﬂ%ew/RF i‘s—@@@l—lsﬂ?}‘sa-ﬂl,yﬁﬂ is CRt,8¢C(NOGHHBI)O8edRbam/R® et Hrk
S7137P2 -20 2/.090314 PCT/ USD2/ 14057 Q7 e PR - OHs NH2 O
O HHO V\%'I{P @-é{\gﬂgé” %O%eﬁ8m%v%oo?4&qu\wag aF?’Ltﬁ%B%gs%%r{“snoﬁi@'conpound of
For mul a Kearbdhgmethil-carbgmagip2q9-etiExycarboryl2 etétidxyinaind-elylsufanyllcoval ent Bond
where tautopeni ¢ faor e pyruvate (represented by the dashed line in
For mul a F&hyﬁgrb[aﬁneoyg-r?gl}ﬁicgtﬁiabmr' This is also the conmpound of Formula 1|1
where R [080]COCH, R2 is H R3 is CH2-S- Pyruvate ethyl ester, R4 is
optionally substituted al kyl where the substituent s COOH, R5 is H k is
O, mis 1, and nis 1. The conpound of Formula If gan be naned:
2-[2-(3-am no- 3- car boxy- propi onyl am no) - 3- ( 2- et hoxycar bonyl - 2- hydr oxy-

vi nyl sul f anyl ) - pr opi onyl am no] - pent anedi oi ¢ (d. _1979] N
o}
S
o} 0 0
H\)]\
N
HO N OH
H
NH, o
Formula |h

Formula Ih represents a compound of Formula Ic where A is Glu-Cys-Gly, X is a covalent
bond to the sulfur atom of Cys, W is =0, and Z is -NR°R® where R® and R® are both ethyl. Itis
also a compound of Formula Il where R' is COOH, R?is H, R® is CH-S- C(O)C(O)N(C;He)2,
R*and R®are H, k is 0, mis 2, and nis 1. The compound of Formula |h can be named
2-amino-4-[1 -(carboxymefhyl-carbamoyl)—2-(2-diethylcarbamoyl-2-oxo-ethylsulfanyl)-

ethylcarbamoyl]-butyric acid.

[081]

Formula llla

Formula llla represents a compound of Formula |1l where R*' is hydrogen, R*? is ethyl, R*®
and R** are both methyl, and R*®is COOH. The compound of Formula llla can be named
2,2-dimethyl-3,4-dihydro-2H-[1,4]thiazine-3,5-dicarboxylic acid 5-ethyl ester.
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Cet S00O0O H HONOHH H2 Fornula Ig Fornula Ig represents a
conpound of Fornula Ib where Ais Qu-Cys-@y, Xis a covalent bond to the
sul fur atwmoefsBys, Wis =NOCH3, and Z is Oethyl. It is a&cywsaz/cospound of
S7137P2 WO -21 WO 02/090314 PCT/US02/14057 Formula Il where R is COOH, R2
is H R3is CH2-S ([ fé<R FHECEhpBAdSRf Bicinventionis 0, mis 2, and
nis 1. The conmpound of Fornula Ig can 8e named 2-am no-4-[1-

(car boxynet hyl - car banoyl ) - 2- ( 2- et hoxycar bonyl - 2- met hoxyi m no- et hyl sul f anyl)

- ethylc moyl ] - i ; N b 4 D
For il & e 2For T o' [ h ¢ G Seen & 8 SeTDOUNt O] "ol 3 o b ey &

: . € For mul a | ere Ais
G u- Cys- &yhesis and, pagisyiariy i the 53310k B° CRBPRUdS A TaTBYA ot Bb;‘zm@',d € =0, and
Z is - NRghipoma8sgnthBsiantindde fedeberblden Hidater ldetall belodl with eeferengeotertbe of
Formula Il where"R is COOH R2 is H, is CH2-S- C(OC(ONC2H6) 2, R4
and R5 aﬁ@aﬁfonksqh@"l?,s- mis 2, and nis 1. The conpound of Fornula Ih can be
panEd 2-am no- 4-[ 1- (car boxynet hyl - car banoyl ) - 2- (2-d
L%t yl carst\)’;;‘l{'['}za ilc-lgéa%%%gﬁ%ta?XJngi‘élré anyl)- ethyl carbanoyl ]-butyric acid. [081] O

[083] The terms "solvent", "inert organic solvent" or "inert solvent" mean a solvent
inert under the conditions of the reaction being described in conjunction therewith. Solvents
employed in synthesis of the compounds of the invention include, for example, methanol,
acetone, water, acetonitrile, 1,4-dioxane, dimethylformamide ("DMF"), benzene, toluene,
tetrahydrofuran ("THF"), chloroform, methylene chloride (or dichloromethane), diethyl ether,
pyridine and the like, as well as mixtures thereof. Unless specified to the contrary, the
solvents used in the reactions of the present invention are inert organic solvents.

[084] The term "q.s." means adding a quantity sufficient to achieve a stated function, e.g., to
bring a solution to the desired volume (i.e., 100%).

[085] Unless specified to the contrary, the reactions described herein take place at
atmospheric pressure within a temperature range from 0°C to 110°C (preferably from 0°C to
25°C; most preferably at "room” or "ambient" temperature, e.g., 20°C). Further, unless
otherwise specified, the reaction times and conditions are intended to be approximate, e.g.,
taking place at about atmospheric pressure within a temperature range of about 0°C to about
110°C (preferably from about 0°C to about 25°C; most preferably at about "room" or "ambient”

temperature, e.g., approximately 20°C) over a period of about 1 to about 10 hours (preferably
about 5 hours). Parameters given in the Examples are intended to be specific, not
approximate.

[086] Isolation and purification of the compounds and intermediates described herein can be
effected, if desired, by any suitable separation or purification procedure such as, for example,
filtration, extraction, crystallization, column chromatography, thin-layer chromatography or
thick-layer chromatography, or a combination of these procedures. Specific illustrations of
suitable separation and isolation procedures can be had by reference to the examples
hereinbelow. However, other equivalent separation or isolation procedures can, of course, also

be used.
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H HOOS Formula Ilia Formula Ilia represents a conpound of Formula |11
where R3.1 is hydrogen, R3.2 is ethyl, R3.3 and R3.4 are both nethyl, and
R3.5 i s GWON2/0Tdse4 conpound of Fornula Ilia can be named PCT/US02/14057

2, 2-di met hyl - 3, 4-di hydro-2H-[ 1, 4] t hi azi ne- 3, 5-di carboxylic acid 5-ethyl
ester. Smﬁ?%sﬂﬁh&?OﬂReﬁaﬁMSBB&néﬁﬂ US02/ 14057 Synthesis of the

Conpound the Inventio 082], The, .c For I cgh be
pr epar edfw Isol uti %? Btf?é‘sg h[emﬂhlgi Ebgﬁﬁ‘?c 'H‘éﬁﬁﬁ?echhle 'Uﬁoﬂg)h%: e%éﬂseée'lso t he
corrpo_undsha)éonlr'p:truﬁui;afﬂ:d)rmdlae Isaldi i phase supported synthesis. These are
Synt het 1 (088act | on oAt P eEoRs it s Sol8blghulppred b ootRgE
sol vent " p9|ruvaﬂemen,lugateloom;tohnmaafrFaImwe\Aalahd lli nert under the condl tions of

t he react bei ng escrl 0 C | oyed
in synt hi@%j of th 688?'85] ﬁ’ n?(ﬁ T%Jéal{‘lgsn%))eﬁ% on I%@“éé‘preé?ﬂs&%%%ertﬁﬁp

net hanol comaoerdsroé Fowatlae | and #t asig Finbe and 'Bbcgiretreting, grdunﬁeti’rq}lﬂfpbﬁﬁmm de

("DVF) stjgé‘o%%%eswih%g F% Hle L B@Q%ﬂ p? UV%%Q?O(UUBEFES) hifdhé ﬁ?éfefr@a c‘&ﬁtb@" ene

chl ori de or oe |neadt e lik , as
wel | as micseroplisbed aeﬂleatfatewah@my;bsé@lllffdaﬂ}’aﬂ@gﬁ% wihesrtaiy compigatiogg(ofent s
used in ts[]§ tﬁ@é’?ﬁél ons of the present invention are inert organic solvents.
[084] The term ." means adding a uantlt%/ sufficient to achieve a

8

stat ed flli@ﬂﬁ]l on, e@acthfbschﬁmmé'”HStéaiﬁJthie@ﬁ“ hasgesupagitedeyninasisri Peptide-
1009 . gﬁlva{éreoﬁ aBR8Fn Fﬁfaclp%t&aed BRIBLIFSRFY theliftfe-profetib® thealags fromase

herein t ace at nospheric pressure within a tenperature range from
0C to 11@@@?1#@9&%51 isolaligfim 0C to 25C, nost preferably at "roont or

"ambi ent ' ﬂ”per at ll‘i'enactlcﬁw Schert@Fllustrated fh@rsohéll Bh@@%up@bh&i Wrﬁ@sﬁspﬁf@ebtlmi
t he reactl on tinmes and conditions are intend

t aki ng plPxeateconivgatesfiam F9Rapiote R EEH 8O '?'ﬁ'f' Hes é’f?ts%é‘r QFﬁYa@e f%g‘
about 0Cgbiy a6k, add@6latipn.ef erably from about O0C to about 25C; npst

R L AN R T e e

hours). RafaaemisGUStuEH! iRietied ohttta freanisbestedmibal amhimbdeoud, folloeed pgpyfuvate not

?ﬁf ;?)é.:sg?ctggjé;gg 086%? Ipﬁ@@&fﬁ)‘@?@p%&%&%nﬁIéstolla(i%%'tg Blv(e)fpeH1 éae rﬂpa%" '38? u&eﬂgs of
Formula Il where R? is other than hydrogen.
[093] With regard to Reaction Schemes 3 through 6, it should be noted (for the
compounds having more than one amino acid) that the site of pyruvate conjugation need not
be on the illustrated amino acid, but can be from any of the amino acid positions. Thus, for
example, while Formula 300c illustrates the synthesis of a compound having the pyruvate
conjugate at AA,, the Formula 300c is intended to encompass the compounds where the
-CH»-S-L group is on AA;, AA; or AA;, i.e., all of the following:
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effected, if desired, by any suitable separation or purification procedure
such as, for exanple, filtration, extraction, crystallization, colum
chr omat ogwepkg903thi n- | ayer chromat ography or thick-1 ayer PCRUsSIEI®O§T aphy,

or a conbi nation of these procedures. Specific illustrations of suitable
separation and isol ati on ga: es can be had by reference to the exanples
her ei nbel ow. However, other equi vl ent separation or isolation procedures

can, of course, also be used. S7187PAMWOMz3WD BP7 090314 PCT/ US02/ 14057
Brief Description O Reaction Schenes [[087] Reaction Schenes 1, 1 a, 1 b
and 1 c illustrate the solution phase thesis of the conpounds of
Formulae | and Il. [088] Reaction Schenmes$2=6Llillustrate the solid phase
supported synthesis of peptide- pyruvate conjugate conpounds of Fornul ae |a
and I1. [089] Reaction Schene 2 illustrates synthesis of peptide precursors
to certain conpounds of F#SHr=e\l and ||, using Fnoc and' Boc protecting
groups. Solid phase supported syn Qﬁ%ﬁrQKAﬁlAKyiiNﬂgino aci d- pyruvate

conj ugates, while not preferred, can be ac¢onplished as illustrated and
may be found advant ageous with certain conmbiinati ons of substituents. [090]
Reaction Scheme 3 illustrates the solid phasesqupported synthesis of

pepti de- pyruvate conjugates from Fnoc-protectéd precursors, their
de-protection, cleavage fromthe solid support, and isolation. [091]
Reaction Schene 4 illustrates the solid phase supported synthesis of

pepti de- pyruvate conjugat eBESIN oCc -protected precursors, their
de-protection, cleavage fromthe so4d,su rt,,angg solation. [092]
Reaction Schenes 5 and 6 iIIustratesc{héaggﬁgﬁ gkﬁgg%%upported coupl i ng of
different structural noieties onto a precursor's[igrninal am no group,

foll owed by pyruvate conjugation, de-protection, %eavage and isolation to
gi ve peptide-pyruvate conjugates of Fornula Il whe € R2 is other than
hydrogen. [093] Wth regard to ReacFoomla&EBedes 3 through 6, it should be

noted (f t he. conpounds ,.havin [ h 1 .nO. agl ite of
pyr uvat e%i,”%? g5ge: r%@@%t'ﬁ%{ms'ﬁo@n%ﬁgwh\éﬁlg Fﬁrﬂggé;}@w g%'”g%eﬁ%d g;??écl’i Eﬁtth ég:an be
f rom any cofmpbired iarthese raactbnsobemesiise offileusshavingrbeesxcanittedfor Vit sake @b brayita
300c ill ates t synt [ i t dgat e
2t e, TG i B3R PR Bt EE Y soBt bR BN BeorOE e S
- CH2- S- L sgmithesis asd derivitixationdiresin-imting; pyruvates, as furthier degeribed inosai-prnding
applications Serial No. 60/288,649, filed May 3, 2001, and Serial No. ??7?,7?? entitled
“PROCESS FOR SOLID SUPPORTED SYNTHESIS OF PYRUVATE-DERIVED

COMPOUNDS" filed on even date herewith.

Starting Materials

[095] The compound ethyl-3-bromopyruvate is commercially available, e.g., from
Aldrich Chemical Company, Milwaukee, WI. N-Fmoc- and N-'Boc-protected amino acids,
including S-t-butylithio- and S-trityl-cysteine, are available, e.g., from Advanced ChemTech,

Inc. of Louisville, KY. Other reactants, such as p-toluenesulfonic acid, 3H-imidazole-4-thiol,
and solid supports such as Wang resin are likewise commercially available or may be readily
prepared by those skilled in the art using commonly employed methodology.
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S7137P2 WO -24 WO 02/ 090314 PCT/ US02/ 14057 RESIN O AAl- AA2- AA3-NH2 S -L
RESIN O AAL- AA2- AA3-NH2 S -L  RESIN O AA1- AA2- AA3-NH2 S -L  Fornul ae 300c
Only a siwgloe/93epr esent ati ve position for pyruvate conju@amium/i®s7
illustrated for each of the conpound in these reaction schenes, the others

havi ng bIE g; 951@'-3# §PFSMuihlje sake of brevity. [094] Reaction Schene 7
illustra rebarel r—m'li"é"'phase supported approach for the synthesis and

derivitization of resin-im ne-pyrReaetéan Sekemnert her described in co-pending
applications Serial No. 60/288,649, fgaled May 3, 2001, and Serial dNo.
???,??? entitled "PROCESS FOR SOLI D |[BUPPORTED SYNTHESI S OF
PYRUVATE- DFRI VED COMPOUNDS' filed onlfeven date herepith. Starting
Material s [6Q5] The conpoun thl -3~ nopyruvat e i s™NQ rakal
avail able, e.gH frém Al dH ch Chefical Gonpany, M| waukee, W] N-Fnoé- and
N-t Boc-protected am no acids, ingfuding S-t-butylthio- and '
S-trityl-cysteine, are available,We.g., from Advanced CheniTechW Inc. of
Louisville, KY. Qher reactants, such as p-toluenesul fonic acid,

3H i m dazol ¥14-thiol, and solidO0upports such as Wang resi nFameuld I kewi se
commercially available or may be readily prepared by those skilled in the
art using commonly enpl oyed net hodol ogy. S7137P2 WD -25 WO 02/ 090314

PCT/ US02096957 Pr eferdig orRexctibroSohsrae 1, dppaotimatelySsjuimeladeddiv@lents-ofdH + L Z

AX Z V\é:c\)%%gulndl oqf‘;—'oﬁgr)urjlg"“llloq V\Ilhere A and X have the meanings previously described, such as:

e an aryl, aralkyl, heteroaryl or heteroaralkyl compound,

e anucleoside, amino acid, di-, triv- or tetra-peptide,

e an aryl-amide, -thiol, -sulfane, -sulfone, -mercaptopyruvate-thiol,

e an aralkyl-amide, -thiol, -sulfane, -sulfone, -mercaptopyruvate-thiol,

e a heteroaryl-amide, -thiol, -sulfane, -sulfone, -mercaptopyruvate-thiol, or

¢ a heteroaralkyl-amide, -thiol, -sulfane, -sulfone, -mercaptopyruvate-thiol,
(any of which compounds of Formula 101 may optionally be substituted) and a compound of
Formula 102 where Z has the meaning previously described and L is a leaving group such as
a halide (preferably a bromide) together with an appropriate solvent (such as methanol,
acetone, water, acetonitrile, 1,4-dioxane or DMF) are contacted in a suitable reaction vessel,
optionally in the presence of an organic base (such as a tertiary amine or imidazole). The
reaction takes place at a temperature from 0°C to 110°C (preferably 0°C to 25°C) for 30
minutes to 15 hours (preferably 3-5 hours), followed by removal of the solvent(s), isolation and
purification to give the corresponding product of Formula |. Additional isolation and purification
steps well known to those skilled in the art may be performed, e.g., to provide single isomers

and/or tautomers.
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[096] Referring to Reaction Schenme 1, approxi mately equi nol ar equival ents
of a conpound of Fornula 101 where A and X have the neani ngs previously
descri bedwosaotm3as: an aryl, aral kyl, heteroaryl or hetePocansbkydos7
conpound, a nucl eoside, amno acid, di-, tri- or tetra-peptide, an

aryl - am fo F-rgﬂj,!ghfF?-ﬁH&'ggge, -sul fone, -nmercaptopyruvate-thiol, an

ar al kyl - - - fane, -sul fone, -nercaptopyruvate-thiol, a

het eroaryl -am de, -thiol, -sulfanReacton Saheme 1arer capt opyruvate-thiol, or

a heteroaral kyl -am de, -thiol, -sulfane, -sulfone, -nercaptopyrugate-thiol,
(any of which conpounds of Fornula @101 may optionally be substitlted) and a
conpound of Formula 102 where Z haf the nganing p&evi ousl y descfli bed agd L
is alea\fiﬂog roup such as j ryf’%rablyabr\o' ~d 0 r w'th
an appropri al‘vg' solfvent (ddich as than®’, acetone, water, atlet oni ti 9l e,

1, 4-di oxane or DMF) are contact in a suitable reaction vesslel,

optionally in the presence of arm®organic base (such as a tertdary am ne or
i mdazole). The reaction takes place at a tenperature fromOC to 110C
(preferabl8 0C to 25C) for 30 1®%lhutes to 15 hours (prefer dtyuldid hours),

e, corv i8faner e Befhritd B ASUST SR re 1 SbE bR sl i Wbl
puri fi catak@BscribedpBoveelith fofierencd © Rémtien Skidrhed, émploying arcompayndef Formula
per forne and/ or tautomers. S7137P2 WO

0., to provid ingle is [
=26 WO ngégdgﬂh aﬁ@?ﬁ%‘%ﬁh’%@?gry%?‘é%ﬁ@?cf%ﬂowu‘%?)mI a la Reaction Schene
la 0 O L OO 101 102.1 Forrmula la [097] Referring to Reaction Schene 1 a,
t he conpgunds f FP gynh II are prepared as described above with reference
to React i—é%@ﬁ%%%—&,—mw ng a conpound of Fornmula 102.1 (e.g., an
optionally al kyl- or aryl-substitRéadionhBademetate). Preparation of Fornul a
Ib Reaction Schene 1 b OR a N RaONH2

OR?
N
R*0ONH,
102.1 . L OR
1022 O
Formula Ia R*ONH,
OR?
N
102.2 AXH
X OR
n
Formula 1b ©
[098] Referring to Reaction Scheme 1b, a compound of Formula 102.1 is contacted

with a compound of the formula R*ONH; and converted to the corresponding oxime of
Formula 102.2, which is then contacted with a compound of Formula 101 as described above
with reference to Reaction Scheme 1. Alternatively, the compound of the formula R*0ONH, can
be employed with a compound of Formula 1a to give the corresponding oxime of Formula 1b.
Reductive alkylation or acylation of a compound of Formula 1b can be employed to obtain the
corresponding compounds of Formula | where W is —N(OH)-R%.
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102.1 L -"~) | YOR 102.2 0 Formula la RaONH2 ORa 102.2 A-XH X NI ~ OR
Al Formula Ib 0 [098] Referring to Reaction Schenme 1 b, a conpound of
Formul a MWD.02ods1£ont acted w th a conpound of the fornul CRaSHEAR408Nd
converted to the correspondi ng oxime of Forrmula 102.2, which is then

cont acte g%th a c APterria Hﬁq”of"alﬁ%p@&qod&%rrﬂngl%qamﬁ‘éecon’{ﬁotuhd"of"fh%rence

to Reaction”Sc e conpound formul a RaONH2 can
be enpl ofKEdlU{aR &NbbWﬁkﬂIYﬁjth@fCOF‘éﬁiﬁﬁmldmgroa\ppén@ﬁ ofeFarmuladayhiese Mo isdiNRoR - e
of Formula 1 b. Reductive alkylation or acylation of a conpound of Fornul a
1 b can be enployed to obtain the corresponding conpounds of Formula I
wher e W Peepaxatiey oRffiormylaigpy WO - 27 WO 02/ 090314 PCT/ US02/ 14057 [099] In
| i ke fashion, reaction of a conpopggdtdh $Hemtd fc! @ Wi th a conpound of the
formula RORNNH2 wi Il give the correspondi ng conpounds of Formula | where W
IS =N-NR bRc. Pr@paration of Fornula Ic Reaction Scheme1c O O Rb L O
HNRR L N R 102.4{{102.3 OO0 N O?aHI\I;QI%bCIJ{gHZ Rb L ~ 102.4|[Rc 102)"}ROW

L
L OH . \RC
102.4
N/ORa
R*ONH, /R"
L N\
102.4 > RC
102.5
O
W
RP
102.4 A-XH X N<
102.5
Formula I¢ ©
W =0 or N-OR?
[0100] Referring to Reaction Scheme 1c, a pyruvic acid of Formula 102.3 is contacted

with a secondary amine of the formula HNR®R® to give the corresponding compound of
Formula 102.4, which can be converted to the corresponding oxime of Formula 102.5 via
reaction with a compound of Formula R*ONH,. The compounds of Formulae 102.4 and 102.5
can be converted to the corresponding compounds of Formula Ic by raction with a compound
of Formula 101 (A-XH) as described above.

[0101] Similarly, starting with a compound of Formula Ic where W is O, reaction with
R®ONH, or R°R°NNH, will give the corresponding compounds of Formula Ic where W is
=N-O-R? or =N-NR°R®. Reductive alkylation or acylation of a compound of Formula 1c can be
employed to obtain the corresponding compounds of Formula | where W is —N(OH)-R",
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Ro 102.4 AA-XH/ X Nor AR 102.5 Formula lc 0 W= O or NORa [0100]
Referring to Reaction Schene 1 ¢, a pyruvic acid of Formula 102.3 is
cont act edwowiopo3ad secondary am ne of the fornula HNRbR t o PGITMES0L/®57
correspondi ng conpound of Formula 102.4, which can be converted to the

correspopdi ng oxi of Forlrrul a 102.5 via reaction with a conmpound of
For mul a @M%Jnds of Fornmul ae 102.4 and 102.5 can be converted
to the c 102]Spondl11|ge g of Bbrnfud nUd)a?tt|¢Lﬁart9'de1}®@bi'm oginttie mrepareponitid  of

For mul a crlbed above. 01 i,n th a
conpound eﬁ‘?e’i(g 6\%)5 “ﬁ"&g ﬁ@rp@aﬁﬁ SUPROM g 6%\“6?‘?%1 %ﬁﬁ%}" £t}%(gm‘ﬁfﬁ2 will
gi ve t hergf@enastodReliction Songoem thradghF®r nul a 1c where Wis =N-ORa or =N-NR
bR Reductive al kylation or acylation of a conpound of Fornmula 1 ¢ can be

enpl oyed to obtain the correspondi ng conpounds of Formula | where Wis
-N(OH)-Rd. S7137P2 WD -28 WO 02/ Reé&ich S’éﬂ'dthQZ/ 14057 Preparation of

For mul a &qg 102 The conpounds of Formula |1, :grs ularly pol ypeptides
can be p 8 ed, few g&g@gtmmoc)?smg_soll phase gupport synthesis
nmet hods. These ar eolHI I ust rated with erS¢cz1t o React i on CGehmAyes-NHFmoc

t hrough 6. RMction Scheme 2 RESON RESIN -\ + O (AAA- NHFnmoc) 2 201 OH Step
2.1 O AAA-NHFnpc 202 203 203 RESIN Step 2.2 O AAA-NH2 20304 RESIN 204 +
HO AA2- NHFnpoc ON Step 2.3 O AAA- AA2- NHFnDcC

RESIN
203 - \

Step 2.2 O—AA—NH,
204
RESIN
_ B F —_— N\
204 + HO-AA,-NHFmoc Step 2.3 O—AA—AA,—NHFmoc
205
206
RESIN—\
206 —— O—AA— AN
Step 2.4
207
RESIN—/—
207 -AA;-NHR" ’
-+ HO A.A3 NH Step 2.5 O_AA1—AA2—AA3_NHR"
208
209

RESIN
209 Where —» \\

R"is Fmoc Step 2.6 O—AA;—AA—AA;—NH;
210
[0103] As illustrated in Reaction Scheme 2, Step 2.1, a solid support 201 (such as
Wang resin) and a symmetrical Fmoc-protected amino acid anhydride 202 are linked

employing Fmoc coupling/de-protecting protocols known in the art, to give the corresponding
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205 206 RESIN 206 ~ O AAA- AA2-NH2 Step 207 207 + HO AA3- NHR' RESI N
Step 2.5 O AAA-AA2-\O-NHR' 208 209 209 Were RESIN R' is Fnoc Step 2.6
O AAA- AA2WRAZHNIHZ4 210 [0103] As illustrated in ReactionPBahesom1857 St ep
2.1, asolid support 201 (such as Wang resin) and a symretri cal

Fmoc- pr °r}e§i\tb§o§: gﬁité’ct@d‘%ﬁ\r '%n & dGor LR éob”’?%ﬁexé?ﬂﬂb%'éigr&may 10

coupl i ng rof oco own give t

I(; orres ponndlanng@lerm PPGMOH QIQSQMB@B/QQ%MWQB@@SQEPlW” RAstQWIBLSHAEN-
noc- pro I
éf?r?kg {Hﬁ\ H?eog‘él' ggeg EﬁérrW}INEh %%%ond\fﬂeﬁ SHRBG the WoABRESK | (184, re 10

nol ar equi va i'ssol ved In g I n._snal
portion swelledsn PMF) vfgthe peesenee ARO-1 SNAarRAUGEnt PUPMf‘PhJJ‘P regip s %pe\Nﬁ\OBHS t he

sol uti Onsﬁ%eg%ﬂeﬁjhcfd? foltSwelit\Ba (RPN (WasRWithASIAF. THeléRmtingpréddryd rasir 261 is

presence 0 ar equij val ent of DVAP. Th
For 1 hotpIaKbHIAEIa5OHvERBRGAMINETH ATEATERED2 YRES Ed0l @ DPERded.
L §|S|n S _?_g%_qd ?mow@alay %ﬁ/lg%&h(étmsar FRAALME08NS ﬁe@fotmm(:asaemw/narmsteﬂri’ 2 202

ot ope P 101 o PR s VRER) b bar PR
(E):‘VFFL?LLIQ?;@%O%W & HIWnulaezda, which Inﬁ@;ﬁet Imke?:l @ aaziticnel areimbractis|asishawr indteri d
Step 2. 89 B CEUARH ORGP QUarE M SRS P R Abactf o Scherre 3.
[0104] A[(ma] n- bOUAdeamben@ammoca‘md-'m:frﬁmhalam i$ souptediviitlawratéctad pmiicect ed
For mil a 366 A Pa70Rs Qe sParalad Do BRR o PR ad bR Ak AL 208, whERIS 10"
di - peﬁg i de-paite&ed ragive B@7comepaidingapsineound dkpeptide chHainyla AT, it B4 &P ds
Sonene o) istigsBuEnd st S8 (P30 hEREK S Boyagu Bty e BRASERA
di scusse&eaetmn\&:h&ﬁterﬁ)r ghpeeactipos Bike piace undereenditions siplanpig thosrpdjsussed
I Tustr atas&ea\ﬁltrl:%%ecﬂrt(?é?e(bts% allnﬂJ’é.Zf"‘?Formula 205 is illustrated as Fmoc protected, but as
will be apparent to those skilled in the art, may optionally be N-'Boc-protected).
[0105] As illustrated in Step 2.5, the N-terminal amino acid unit (e.g., AAs) can be
either N-Fmoc- or N-'Boc-protected. A resin-bound di-peptide of Formula 207 is coupled with
a protected amino acid, suchv as 208, to give resin-bound, protected tri-peptide of Formula
209. The reaction takes place under conditions similar to those discussed above with respect
to Step 2.3. As illustrated in Step 2.6, N-Fmoc-protected tripeptides of Formula 209 are de-
protected under conditions similar to those discussed above with respect to Step 2.4, and then
conjugated to pyruvate (e.g., as shown in Reaction Scheme 3). N-'Boc-protected, resin-linked
peptides (such as those of Formulae 206 or 209) are carried forward as illustrated in Reaction

Scheme 4.
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wi |l be apparent to those skilled in the art, may optionally be

N-t Boc-protected). [0105] As illustrated in Step 2.5, the Ntermnal am no
aci d uni twOe2@90314AA3) can be either N-Fnoc- or N-tBoc- pr @caatsen 14087

resi n-bound di-peptide of Fornula 207 is coupled with a protected am no
acid, such as 208, to give resin- ed tri-peptide of Fornula
209. The reaction takes pl ace undgg&g%ﬂﬁ{l&%ﬁ%&si mlar to those discussed
above with respect to Step 2.3. As illustrated in Step 2.6,

N- Fnoc- pr gL gRt ed tripeptides of Fornula ZOQE%e de- protected under
conditions SimlaNto those di scussed abov th respect to Step 2.4, and
then conjugated toopyrayaNe,(e.g., as shown in ReacorenASehape 3).

N-t Boc-protected, resin{linked peptides—such as those ¢f Fornul ae 206 or
209) are carried3borward as illustrakgB.in Reactigola Schgne 4. S7137P2 WO
-30 WD 02/ 090314 PCT/ USO 1057 Reaction Scheme 3 RESIN ﬁ_'_g}AAI - NH2
O AAA-NH2 300a S L Step 3.1 30la KS-H RESIN RESIN O AAl- - NH

O AAl - AA2-NH2 10 300b Step 3.1 301b S -L KS-H RESINN RESIN

O AAA- AA2 pAR: O AAA- AA2-\ O-NH2 300c St gy Olc SL ~~S-H RESIN

O AA -NH2 0 302a S RO 30la RESIN 301b + 102 O\AAl - AA2-NH2 0 301c
Step 3.2 O—AA—AA;—NH; O—AA;—AA;—NH;

|

300b Step3.1 301b
S—L S——H

RESIN—\ RESIN—\

O—AA;—AA;—AA;—NH; O—AA;—AA;—AA;—NH,

-

300c Step 3.1 o 301c
S—L S—H

RESIN—-—\

O—AA1—NH2 0

301a
301b +102
301c Step 3.2
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302b p S R 0 RESIN O AAl - AA2- AA3-NH2 0 302c 0 R 0 S7137P2 WD -31 WO
02/ 090314 PCT/ US02/ 14057 HO AAI-NH2 0 303a ' YOS R 0 302a 302b

HO AAL- AARONRIB9@B 14 302c Step 3.3 303b O S R O HO AAL- AA2 PEAASHIEA2408Y 303Cc R
[0106] Reaction Schene 3 describes a synthetic route to the
peptide-pyruvate conjugates starting from-pagvNieusly N Fnoc-protected
resin-linked peptide precursors, such as thpse of For mul ae 204, 207 and

210 (corresponding to starting conpounds 300 whi ch are
respectively illustrated as hawtng a protecte and
AA2, respectively (the projeCting group, e.g., or|ltrityl being
designated as "L"). The rotecting groups are introduced Wth the
correspond amno actd in Steps 2.1, 2.3 and/or 2. It "will be

5.
appreci ate hat any” of am no acids AAl, AA2 and AA3 (or a fourth am no
acid, not>%iown) can ge ?éstel'ne as enﬁ'ch;Té’tﬁ”TﬁAR'éEE'F?on
and 6, to é e the cott®dpondi ng peptjde-pyruvatte conjugatips at AAl, AA2
and/ or AA3. [0107] The_cysteine of a r¥sPn-1i nke eptide/J
300b and 300c, as illuStyated in Step 3.1, is de-p fed by
with dithiothreitol to giv he correspondi ng conpound of For
301 b or 301 c. This is folloWwed by conjugation of the de-protected

HO_AA1—AA2 _AA3—N H2 |O

303c

[0106] Reaction Scheme 3 describes a synthetic route to the peptide-pyruvate
conjugates starting from previously N-Fmoc-protected resin-linked peptide precursors, such as
those of Formulae 204, 207 and 210 (corresponding to starting compounds 300a, 300b and
300c), which are respectively illustrated as having a protected Cysteine at AA;, AA; and AA,,
respectively (the protecting group, e.g., t-Butyl or trityl being designated as “L"). The
protecting groups are introduced with the corresponding amino acid in Steps 2.1, 2.3 and/or
2.5. It will be appreciated that any of amino acids AA;, AA; and AA; (or a fourth amino acid,
not shown) can be Cysteine as employed in Reaction Schemes 3, 4, 5 and 6, to give the
corresponding peptide-pyruvate conjugates at AA, AA; and/or AAs.

[0107] The cysteine of a resin-linked peptide, such as 300a, 300b and 300c, as
illustrated in Step 3.1, is de-protected by treating with dithiothreitol to give the corresponding
compound of Formula 301a, 301b or 301c. This is followed by conjugation of the de-protected
thio group with two molar equivalents of a halopyruvate of Formula 102 by nucleophilic
substitution, as illustrated in Step 3.2. The resulting resin-bound peptide-pyruvate conjugate
of Formula 302a, 302b or 302¢ is then cleaved from the resin under acidic conditions, e.g.,
with 95% TFA (aq.), isolated and then purified by typical methods (e.g., cold ether wash,
filtration and lyophilization) to give the corresponding free peptide-pyruvate conjugate of
Formula 303a, 303b or 303c.
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thio group with two nol ar equival ents of a hal opyruvate of Fornula 102 by

nucl eophilic substitution, as illustrated in Step 3.2. The resulting
resi n- bouwo qepasiide- pyruvat e conjugate of Fornula 302a, QITSoe/1862C is
then cleaved fromthe resin under acidic conditions, e.g., wth 95% TFA

(ag.), isolated and then purifiedgrB¥ctiorPsSdméBt hods (e.g., cold ether
wash, filtration and |yophili zatl on 3 to give the corresponding free
pepti de-pyruvate conjugate of Formula 303a, 303b or 303c. S7137P2 WO - 32
WO 02/ 09R84di# / US02/ 14057 Reaction SCREgE 4 RESIN RESIN O AA, - NHt Boc
p- AAt - NHt Boc 40 Step 4.1 401 a SL S RESIN RESI N O AA- AA- NHt Boc
p- AAi - AA2- NHt Boc 490b '&‘r!)BQF 1 401b S -L S-H RESINFAAA'WM

AA2- AA3- NHt Boc RESI N 4P0c St ep 41 463c™0O AAt - AAZ- AA3-NHBoc S -L SH
RESI N \ O AAA- NHEBRc 0 \402a O S RStegl@l a RESI N4aBib +102 p-AAl - 0

AA2- NHt Boc 0 401c Step Z&s2—31 402b p S S—-H

RESIN—\ ( RESIN-—\

0—AA—AA,—NH'Boc 0—AA;—AA,—NH'Boc
400b Step4.l 401b
sS—L S—H

RESIN—\

0—AA;—AA,—AA;—NH'Boc RESIN—\
> 0—AA;—AA,—AA;—NH'Boc
400c Step 4.1 401¢

S—-L

SH

RESIN
_\

0—AA,-NH'Boc 0

402a

RESIN
401a \
401b +102 >

401c Step 4.2

RESIN—\

0—AA,—AA,—AA;—NH'Boc
0

402¢

|
1
1
J
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0 RESIN O AA -AA2-AA3-NHtBoc 0 402c O S R O S7137P2 WD -33 WD
02/ 090314 PCT/ US02/ 14057 HO AAI-NH2 0 403a ' o S Y'"'.'R 402a 402b
HO AAL- AARONRIDIB14 402c Step 4.3 403b 0 g \R O HO AAl- AAPCAABONIHRSD 403c O
R 0 [0108] Reaction Scheme 4 describes a synthetic route to the
peptide-pyruvate conjugates starting from-Naf-Bee; protgrted resin-Iinked
peptide precursors, such as those of Formul ge 206 and5209 (correspondi ng
to starting conmpounds 400b and 400c). 48ynt hegi s startiqg fram_an
N-t Boc-protected amno acid isstllustrated w fhgr €nce coﬁmund 400a.
[0109] As in Reaction Sche , the cysteine of a resin-lifjked pepti de,
such as 400a, 400b and c, as illustrated in Step 4.1, Us de-protected
by treatin OéNlth dithiethreitol to give the correspondi ng conmpound of

i , 401 b"or 401 c, jollomedﬁl%y conjugation of the de-protected

Formul a 40
thio group With two rm%ar ngv’alents of O3 Har oY e TV ® of ‘Formula 102
‘ - bound pep i de- pyruvate

(Step 4. Zf. “The resul tle%éj N-t Boc- protected resi
conj ugate of Fornul a 2a, 402b or 4092% s then

fromthe resin under acrdi{c conditions, e.g., with -
and then purified by typi calkyethods (as above) to give the

HO—AA1_AA2—AA3_NH2 |O

403c

[0108] Reaction Scheme 4 describes a synthetic route to the peptide-pyruvate
conjugates starting from N-'Boc-protected resin-linked peptide precursors, such as those of
Formulae 206 and 209 (corresponding to starting compounds 400b and 400c). Synthesis
starting from an N-'Boc-protected amino acid is illustrated with reference to compound 400a.
[0109] As in Reaction Scheme 2, the cysteine of a resin-linked peptide, such as 400a,
400b and 400c, as illustrated in Step 4.1, is de-protected by treating with dithiothreitol to give
the corresponding compound of Formula 401a, 401b or 401c, followed by conjugation of the
de-protected thio group with two molar equivalents of a halopyruvate of Formula 102 (Step
4.2). The resulting N-'Boc-protected resin-bound peptide-pyruvate conjugate of Formula 402a,
402b or 402¢ is then deprotected and cleaved from the resin under acidic conditions, e.g., with
95% TFA (aq.), isolated and then purified by typical methods (as above) to give the
corresponding free peptide-pyruvate conjugate of Formula 403a, 403b or 403c.
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correspondi ng free peptide-pyruvate conjugate of Formul a 403a, 403b or
403c. S7137P2 WO -34 WD 02/ 090314 PCT/ US02/ 14057 Reaction Scheme 5 0

RESI N O AxO-0bl3+601 RESIN O AAi-NH R2 500a Step 5.1 50PaT@S0/14857 L
RESIN RESIN O AAl -AA2-NH2 O AA -AA-NO R2 +501 ' 2 H 500b Step 5.1 502b
S-LS-LRESINO OAAA—AAZ-AAS-HHZ RE%%Z 3501 O qq, - AA2-AA3-N R H
500c LI"-- Step 5.1 502c S L S 0ReAEY 92 NH R2 503a S -H O 502a

RESI N 502c Step 5.2 0-~1-~2-MR2 503b KS-H O RESIN
0
RESIN—\ RESIN . _”_—_
O—AA—NH; +501 "0—AA;—NH R?
—_—
500a Step 5.1 502a
S——L S L

RESIN—/ RESIN—— ||
O_AA1 _AAZ—NHZ R2

0] —'AA1‘—AA2—S

+501
500b Step5.1 5020

S—1L S—L
RESIN o)
. RESIN
O—AA;—AA,—AA3;—NH, \ || 2
O—AA1—AA2—AA3 N R
+501 o H
500¢ Step 5.1 - 502¢
S—L
S—L
RESIN—/— o
O—AA1—NH—-|-|—R2
503a
S—H
O

502a RESINT

502b > O—AA—AA;—N || R2

502¢ Step 5.2 H

503b
S—-H
0]
RESIN—\ ”
O—AA;—AA,—AA;—N R?
H
503¢
SH
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O AAA- AA2- AA3-N R2 H 503c L""SH S7137P2 WO -35 WO 02/ 090314

PCT/ US02/ 14057 O RESINR2Z OAA-NHO 504a p SR N 503a RESIN R2 503b
p- AAL- AA2WN 0009BDBc Step 5.3 H 504b p R RESIN R2 O AAA- ARZTAAB2/14450 H '
504c J OSR O R HOAANHO 505a O OO 504a R2 504b HO AAl- AA2-N O
504c Step 5.4 H 505b p 0

503a
503b
503c¢ Step 5.3
504a
504b
504c¢ Step 5.4

/
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SVR O 'Y OR2 HO AAl-AA2-AA3-N OH 505¢c OR 0 S7137P2 WD -36 WO
02/ 090314 PCT/ US02/ 14057 [0110] Reaction Schenme 5 illustrates the coupling
of vari owwoeustiural noieties onto the am no group of tRET/US02/14057

pepti de-pyruvate conjugates of the invention, utilizing solid phase

support f@gbges' S. 5%@?1% SRERQ usg.gsu%{eg tﬁé%g}%gg?%rr duBRetudutdD roRfiRE @RRE t O

Exanpl es at e starting from
previ ousthe amlnmmqprqﬁﬁf@:wﬂlde@ymatel qoﬁkﬁéteﬁ@()thedéV%t'eﬁth@é‘Pg solid phS§s t hose

of Fornu ??S(g@ B FelfétEn SO m;’;ﬂ
500b andgg@ ,ntchgglzl qngs@é&né&mgggﬁég@ﬂgg%sgg%eﬂ t he arr]n no 8r2ﬁb$e t he

pyruvat el@dpl i de i Asélﬂﬁié%t?@w Bippidst. startnglremm prevausly Nabaocsrple te(jur%"?ug DI C

5.0 gggeé@we' fide g&em*sbrst Qucgi ANbELOIFY AR 0| ey m(wﬁeﬂfonﬁm@w| ae

rotecting grou

5.2), fostadwsopompoyw%mae %thii ugéce%rfme@ﬂr@pof aséj @39“0 ‘Pfé%éagé?% é&"%‘e E%Hpand
purifi cabi @B gyrivaf- &ap‘%e i%seffé%%rbyh%ﬁhgaé?@lé%tIWté&HOByéﬁtdr (Lsnr@aac:am Scheme
3 to give the corres onln%&cn%é qsof thelnvg%'%lonl Eéébe g%z
For nul ae dg0ysikating=9sAt) &naive RRA]IREhCASRRRATES 8 "N 228 - H
503a O 58 the pht&ting gfoub isPeAAémbled\ SR 52), followed by pyruvate conjugation (Step

5.3), cleavage, isolation and purification (Step 5.4) as described above with regard to Reaction

Scheme 3 to give the corresponding compounds of the invention identified as Formulae 505a,

505b and 505c.

Reaction Scheme 6

o)
HO—AA1—NH—-|-|—R2
601a
S—H
o)
503a ||
503b > ,
HO—AA;—AA,—N R
503¢ Step 6.1 ! 2 4

601b ‘\
\ S—H
O
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601b S -H HO AAl- AA2-AA3-N-R2 H 601c S -H S7137P2 WD -37 WO 02/ 090314
PCT/ US02/ 14057 R2 HO AA1-NH 0 602a YO 60la IR2 601b HO AAl- AA2-N O

601c Stepw®.2/0b03602b ) 0 S \R O O )R2 HO AAL- AA2- AA3- RCG/U802/682T S R O
[0112] Reaction Schenme 6 illustrates an alternative sequence for coupling
structural noieties onto the am no group of the pti de-pyruvate
conjugates of the invention, beginning wth cleavyge of a precursor (here
a di phenol acid coupl ed conmpound of Formula 503a, RHr 503c) fromthe
resin (Step 6.1), followed by pyruvate gouphApgNH sol atd on and purification
(Step 6.2). These reactions are carried out under condifions simlar to the
respective steps in Reaction Schene %02485713{P2 WO - 38/ 02/ Q0314

PCT/ US02/ 14057 Reaction Sche 7 ~ ™~

601a
601b >
601c Step 6.2
[0112] Reaction Scheme 6 illustrates an alternative sequence for coupling structural

moieties onto the amino group of the peptide-pyruvate conjugates of the invention, beginning
with cleavage of a precursor (here a diphenol acid coupled compound of Formula 503a, 503b
or 503c) from the resin (Step 6.1), followed by pyruvate coupling, isolation and purification

(Step 6.2). These reactions are carried out under conditions similar to the respective steps in

Reaction Scheme 5.
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O L~-OM O Resin-OResin-OOH NH2 L N701 Z-HO 702 A-XH Resin-O A-XH

Z-H Z Resin-O Z Resin-O OH NX ~ N\

HO Z Z Re®0Dm2@3140 Z

~~Ab OL X X703 A 704 A 703a 704
IDI N~ OMNHN X x X A A X Forneca/usofotosul a | A

707 A Fornul a |

RNZ R3-~N OR3 ~

Formula I [0113]
of conpounds of
7. S7137P2 WO -39

Reductive Acylation Al kylation HO Resin-O Z Resin-O Z HO Z
NZ--~OR~NOO ~ X X708 A709 XA AA Formulal

An alternative solid supported approach for the synthesis
Formula | is ill| Reac¢tiare8chéme 7r espect to Reacti on Schene

L\)H(OH
o O
Resin— Resin—Q,
\ - OH
NH2 N N
701
Resin—=Q Z A-XH Resin—Q z Resin—Q OH
N N 'R
0] _— > o - o
: 03 4 704 %
! A A 703a
704
HO, Z z i HO 7
\N\ 0 Resin 8N Z H\N
0 o )/&O > 0
X X X X
A A A A Formulal
Formulal Formula |
Reductive
Acylatlor/ \Qiylatlon
Resin—Q, Resin—0
L t T fﬁ
X
Formula | Formulal
[0113] An alternative solid supported approach for the synthesis of compounds of

Formula | is illustrated with respect to Reaction Scheme 7.
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WO 02/ 090314 PCT/ US02/ 14057 Preferred Processes and Last Steps [0114] The
preferred process for generating conpounds of Fornmula la, Ib, Ic and IIl is
sol uti on woagmowseacti on, e.g., as exenplified for the syntrlaagiss2/ofosExanpl e
1-16. This process represents a sinple and direct synthetic route in which
the A-X in Schene 1 is readPteferrad Procd¥ses aAdast Stepsd process for the
preparation of conpounds, particularly of Formula Il, is the solid phase
supported synthesis approach, e.g., as exenplified in the synthesis of
Exanpl es[ghd4] and 19hé pretetred pbroaéslsdwsgérteratmbQ;ompbtumd)fsi:cmlfnui;tlaulbt leramddBis ned

d t Th | | f
R .
but woul ebpredenizea anﬁileaam@dire‘cbsyrﬁﬂmcswte hrewhsh ttie A2¢ ipeSchameuhis seardily a

ti | t
par | o oGP S sl e b AR LSRRt RFDRRBN A
condi t i otre dotid phamal mmbrtéd syrdhesés appucaahne.gf, @SJ&@(}ErﬂphﬁmﬁﬂhﬁeSyFﬁF@fS@fr ed

t
Subpor i . Exhief 1B ATITIL 1 AlbwRHL G ek BOS RS acfibePUREmOI e
cyst ei n- comugates. nB'llﬁ)epIttlpd‘éfly 8lb>W§cfﬁ[ rerga@r@tiorw\pftmlasgebwml@ﬂ,mfﬁtia@térally divesep A
conpound ecﬁ%rsrﬂélng rélléFQB;S &r?%quBJﬂd AoPhRprERG Rl foF el Synfhesig R pIRdee aci d

to formthe corres I ng aC| dition salt. [0119] A pharmaceutically
accept abla@oaeﬁswfad@mw@ﬁcerapw%# Formula | is cont act ed with a base to

formthe {&H?,j es pon#hﬂ& ih bEE \Aﬂ*é@eiﬁe&kpgetr %L@népynﬁra@ 8id gthiceamaimigs [ 0120]

In a preferred enbodi ment is a natural or substltuted am no acid or
pept i de nuclpephile age saagtedand sibigted te condiionsiigr nuglgpphiligsubsidpion.q gy,
Lys, éoﬁ% and Qﬁoth&sp?éf@hadj b¥pet & sofi8 Phadey Suppettsd @9@vﬂe>conjagétfeh§r

preferred are those conpounds where Ais a natural or substituted di- or
tri-pept CaveREYBNUFYRPORat ural peptides. Mpst preferred is the tri-

pepti de @147¢Ys- A Yn stliGhdier bféf@ﬂﬂi Apech bR s @shorrTRddyaRIM-corainmgeptide
optional [y substituted heter Oa%zﬂ group, especially a nitrogen-containing

opt i onal I'VW%‘M‘%@"F%‘?WB%( and particularly where A is selected

from the@rgyp: | ontﬁtmio@nd bf F@rZrQJIaEI is icohtadied 2ithes preatmdieutivhly, acceptable acid
benzosel enazol e, enzoi m da andﬂgenzot hi azol e. [0122] Furt her
preferrelf f%méa%ﬁ%?sppﬂm 8?' 8“3 odi ments are those conpounds where X

is -S orgopegoval eNpkﬁ@rﬂéceu‘ﬁZél@HBBeM@ble%@id addition salt of Formula | is contacted with

a base to form the corresponding free base of Formula .
Preferred Compounds

[0120] In a preferred embodiment where A is a natural or substituted amino acid or
peptide, A is selected from the group: Ala, Asn, Asp, Cys, GIn, Glu, Gly, Lys, Met, Ser and
Thr, especially Ala, Asp, Cys, Glu and Gly. Further preferred are those compounds where A is
a natural or substituted di- or tri-peptide, especially natural peptides. Most preferred is the tri-
peptide Glu-Cys-Gly.

[0121] In another preferred embodiment, A is an optionally substituted heteroaryl
group, especially a nitrogen-containing optionally substituted heteroaryl, and particularly where
A is selected from the group: imidazole, triazole, thiadiazole, oxadiazole, benzoselenazole,
benzoimidazole and benzothiazole.

[0122] Further preferred in each of the foregoing embodiments are those compounds

where X is -S- or a covalent bond.
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WO 02/ 090314 PCT/ US02/ 14057 [0123] Wth overall regard to Fornmulae I, Ia,
| b and Ic, preferred are those conpounds, pharmaceutical fornul ations,

met hods oWwotmeadsrent and t he manufacture of nedi canments raxiusg2/A4v87

foll owi ng conbi nati ons and pernutations of substituent groups (sub-grouped,
respecti y@i2g] in i witheagraligegardas Fofmplaef,es.abanad |« pofesedagtbogs cognimeinds

' ded h
e R Rt 2l T R LB e P BB
ar al kyl , hayihg Umafbllqwnwbsmbmamm andtperroatations mfrsubsmmmygr@wbs(sutl -grnoeped,

net er 0CyCl bl 0R! [ R@LLng SHESKI AL SEPEYL BabKY bendhigdgel 1Y

substit ul® an op tri- or
t et r a- pepomtieable vﬁmmtm&nﬂuafgrqunmwr)e Ais: an optionally substituted am no

Subst ruted afs BPe sulifed iRy, SlidnalBuelarfiodBhaf Bbrtued | (o
Al a, Asp, Cysaraliy optidnallypubstititedheteedairy, Wtenallyﬁsubstltuteé hetérogyusiy, iagtionally

o Srer % pr sVERS RoBRtak S Postchin U EUmRI Bla, & dtpiHaltr atom
- CH2- CH( OH) - CRbatRyted dindri @HEGHBEPIEED) - N( H) - CH2- COOH) ;  opt i onal |y
substituted heteg Oggwfu@wﬁgﬁeeﬁé i ﬁ?qt@ﬁamggtﬁg@a@m@a Ybid serebehnPAR!

met hoxy) - substi t ut benzoi m | oro, methoxy or

ni tro)-substitut edASBAEYs: Rlwaed Gy, opan Oht&”éﬂ)b%‘-ﬁpweds‘@’r cicheptide the amino

4, 5-di hydr o- t hi azolyeids W whiéh bR %wémréﬁméwbpnc;s oIl sag&Igor phol i no; or an
optlonally substituted di-, tri- or tetra- pepgqﬁ&ué’g I’tICU| arly where X

is -S or or a coval eht PHfREbYIVRGTR Adw theutri-Pep O to the nitrogen

atom of optionally substitut %ré‘%Pe@ér@EMWrﬁéb x¢s E@b&dlé‘rwbeham aeURuNtbr FO
or =N-ORa. o Particularly where Zis -OR R Wis =0 or =N-ORa. o

Particularly where Zis -OR S¥S-NR bR . o Partlcul arly where Wis =0 and Z
is -OR " Preferabl prampeibs %éréAhy@ummne@alkﬂsete@teG&r@hkxtHz-cNmH) OHgef, abl y

e 1 o G R o R S e o
optional |y substi t gbledtegiont: Opgrnzbseenazol- 24, B¢(ottoroe misthetyysazsiituted yH-
benzoimidazol-2-yl, and 5-(chloro, methoxy or nitro)-substituted-benzothiazol-2-
yl; heterocyclyl selected from: 4,5-dihydro-thiazol-2-yl, 2-thioxo-imidazolidin-1-
yl and morpholino; or an optionally substituted di-, tri- or tetra-peptide.
o Particularly where X is —S- or or a covalent bond to the sulfur atom of Cys or to
the nitrogen atom of optionally substituted heterocyclyl.
o Particularly where W is =O or =N-OR®.
o Particularly where Z is —OR or —-NR°R®.
e Wis =0 or=N-OR®
o Particularly where Z is —~OR or —-NR°R".
o Particularly where W is =0 and Z is -OR
» Preferably where R is hydrogen or C, to Cg alkyl.
e More preferably where R is hydrogen, ethyl or n-butyl.
» Preferably where A is substituted alkyl selected from:
-CH,-CH(OH)-CH,-OH, and -CH(CH,)-C(O)-N(H)-CH,-COOH);
optionally substituted heteroaryl selected from: benzoselenazol-2-yl,
5-(chloro or methoxy)-substituted-1H-benzoimidazol-2-yl, and 5-(chloro,
methoxy or nitro)-substituted-benzothiazol-2-yl; heterocyclyl selected
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5-(chloro or nethoxy)-substituted-1 H benzoi m dazol -2-yl, and 5-(chloro,
nmet hoxy or nitro)-substituted-benzothiazol-2-yl; heterocyclyl selected
S7137P2 \WO0-040908Dx 02/ 090314 PCT/ US02/ 14057 from 4, 5-di hy@caruser/awst - 2- yl ,
2-t hi oxo-i m dazolidin-1-yl and norpholino; or an optionally substituted

di-, tri- or tetra-peptjga: 4 VBihGdrBtRbEsI20 Y- MiBoamiaz8lidiS1-yPandmofpholino;
coval ent bond to the sulfur atomof Cys or to the nitr.g en at om of
optional |y substitutedoht ertioaaiy substitytedistiy trhOgtedefiRl9Ghere R i s hydrogen
or C, to G alkyl. " Prefergly/pdhpsily WhkR X B —%or OF azotal¥@Ibednl thmed to
the sulfur atomof Cys or to the nitrogen atom of Orﬁé(i ona*ll}{ sailbstituted
heterocyclyl. o Particul arl ySwiiveompl Gys-er tg i Ritrpge\ROR! PRI o b y
where Rb and Rc are C, to CAsa@ldiilted RetEiogjdiabl y where Rb is Cl to C8

optionally acyl -substituted al kyl optjonal |y substituted aryl, optionally
substituted aral kyl or cycloal K/l Mos%\‘ﬁﬁ#eﬁb% %’Xﬂfﬁﬁdﬁfﬂfog@nﬁf&‘& gb%ylv\,her e
Ro and R together wid hptdigrablytwHegeXR i oSWrictla dovalgntisand tattheasiifed afoor off a
2-optionally substituted-pyr idine ri 0, 6-. e ri ect ed
from 4-optional |y subst gygié%{?qb? plrepg ﬁ{z’%ﬁ 9{093883"3’&85%@@%?#?@@@%

Particul arly whes ePYvticalarhwiBe. W1s POafrerzis-MRURfer e Ra i s hydrogen, Cl to C4

al kyl or al kenyl, pheny r pt.i ongb | uhst A tut nzyl. ™ Preferably
where Z is -ORor -NR b re%rl%&e\m}?tré;%e?é%ﬁyg%n%rté (%dall ‘hydrogen or C, to C8

al kyl . o Most prefer abl Prafembly Wheres RhisdSdgdh, optionally agyl-subbtittied alkyh
Preferably where Z is-N : r i phd to 4
al kyl .  More preferabl y%@ragy %Jsﬁ%@eﬁér?log&&ﬁgwﬂﬁgﬁ% ac&%%g?mi ed

al kyl, optionally substandRéi hydgdgenopt i onal |y substituted aral kyl or
cycloalkyl . and Re i s, NyEABR whdhbRe aRl B RidHe! wii#hienfBod® diich PRFGRe!
gen to Ich they are attach forma 2-optionall
substi t ut ed- attached form a 2-optionally substituted-pyrrolidine ring or a 6-
membered ring selected from 4-optionally substituted-piperidin-1-yl and
morpholin-4-yl.
o Particularly where W is =N-OR®.
» Preferably where R® is hydrogen, C, to C,alkyl or alkenyl, phenyl or
optionally substituted benzyl.
= Preferably where Z is —OR or -NR°R°.
e More preferably where R is hydrogen or C, to Cs alkyl.
o Most preferably where R is hydrogen, ethyl or n-butyl.
= Preferably where Z is—-NR°R°.

e More preferably where R°® and R°® are C, to C, alkyl.

e More preferably where R® is C, to Cs optionally acyl-substituted
alkyl, optionally substituted aryl, optionally substituted aralkyl or
cycloalkyl, and R® is hydrogen.

e More preferably where R® and R° together with the nitrogen to
which they are attached form a 2-optionally substituted-
pyrrolidine ring or a 6-membered ring selected from 4-optionally
substituted-piperidin-1-yl and morpholin-4-yl.

» Preferably where A is substituted alkyl selected from:
-CH»-CH(OH)-CH>-OH, and -CH(CH,3)-C(O)-N(H)-CH,-COOH);
optionally substituted heteroaryl selected from: 5-(chloro or methoxy)-
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pyrrolidine ring or a 6-nmenbered ring selected from4-optionally
substituted-piperidin-1-yl and norpholin-4-yl. ~ Preferably where Ais
subst i t utwo oalobosl4 sel ected from - CH2- CH( OH) - CH2- OH, and PCT/US02/14057

]:CH( CHg)(Cﬁ”O) N( H) - CHZ;] ; optionally substltut ed heteroaryl selected
rom chloro or net Hﬁgq 057
substituted-1 H benzoi mg)%;élz'tglté%z11@z’l‘ggzo\ﬁgd_gél%cV¥P 6 Réto M

t
subst i t ut ed- benzot hi azosubstituted-benzethiazpt?-yl; hef@r@dﬂé'cﬁel‘ﬁq(;;g erImSglﬁ ‘{5163)61‘6'
t hi azol -2-yl, 2-thi oxo- {hrgzglaégl Q%onln%haf?ﬂ&n%l%@'rﬁcﬂ?holﬁb @\'rbrpc%nbﬁélg' Iy

substituted d| , tri- or tetr referably where Xis -
or a coval ent bond to tﬁ@St'&ﬁd“ﬂJr, t'&t%mtﬁ-pwgeor to the nitrogen atom of

optionally substituted hqt e r |
where R is hydrogen or C, N%gé/ﬁeiér?bly {Vh%ar)§ Psuslgrr DNB\/(\:E‘ZsrleeﬂIg%ﬁg%;hgr oéen

ethyl or n-butyl. o EspeC|aSlI”Swat@F@f%%fﬁ@t%"'ﬁﬁier@toﬂkpfé@t'%qyyl 0

Especially where Ro is Cl1 tosgg%t,m@éd m@,loh Cl)gcyl substituted al kyl,
optionally substituted |, optionally substituted aral kyl or cycloalkyl,

and Rc is h'decmeﬂRoral\EBeci ally where Rb and Rc together with the
nitrogen to which Egﬁé’ma”}lp‘%vr@?é ﬂ‘?@ﬁ%r&é&r{@@c Zio‘mta!l@ﬂa' l'y

substituted- pyrrol i dine ered rin sel ected from
4-optional |y substituUt eBafSIICB'éF'Y Hhﬁrelaﬁhyémeﬂo‘?tfi}%cﬂr NRuly| . o Especially

where Wis =N-ORa. Esfe cfaﬁv\g‘%\me?é hvaMRFQreZc1ltac4MRbe N Particularly where W
is =N-ORa. Preferabl ereRb _j subsiltut ed

aryl, optionall¥ Eé@%"d?”&’lﬂ'@ée gr QI%);P %Ppﬂ?/@?')ﬁafgﬂﬂ‘g tg‘r}%b‘:ygf)@i’% " wher e
Rc is: hydrogen or s@stlhﬁed:éryﬁbbbi’énallpEubdﬂtu@écﬁétabclyyor\/dyelbalkﬂbamﬂ° Rhytimgebher
with the nitrogen ko wh||ch L ar peq ) an, opt h|<91 _
substi t ut ed- pyr rol SP"?ﬁéaW"Y{ﬁ %\ &l‘? M 'ﬁ&' YEPIThaMy 8%?porat| ng 0
or N as an additi @fl@dheﬂlfa@h bet@tloaalwrmbanutee@ynolrmrragrmgemrmgsommm tigg
substituted with Ogeelecsztlégito F ona‘ﬁ Cés%%té&&ﬂér‘id?ﬁh%ﬁ QH® morpholin-4-yl.
o Especially where W is =N-OR®.
o Especially where Z is -NR°R°.
= Particularly where W is =N-OR®.
o Preferably whereR" is: C; to C, alkyl, optionally substituted aryl,
optionally substituted aralkyl or cycloalkyl; and
o Preferably where R°is: hydrogen or C, to C, alkyl; or
o Preferably where R® and R° together with the nitrogen to which
they are attached form an optionally substituted-pyrrolidine ring a
6-membered ring, optionally incorporating O or N as an
additional ring heteroatom, and said ring being optionally
substituted with one substituent selected from the group
consisting of acyl and optionally substituted alkyl.
[0124] With regard to Formula II, preferred are those compounds, pharmaceutical
formulations, methods of treatment and the manufacture of medicaments having the following
combinations and permutations of substituent groups (sub-grouped, respectively, in increasing
order of preference, each sub-grouping being intended as combinable with other sub-
groupings):
e R'is: -C(0)-O-R
' o Especially where R’ is hydrogen or lower alkyl.
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consisting of acyl and optionally substituted al kyl. [0124] Wth regard to
Formula Il, preferred are those conpounds, pharmaceutical formulations,
met hods oWoteeasment and t he manuf acture of nedi canment s ha&eirngor/nws7

foll owi ng conbinations and pernutations of substituent groups
(sub-grouped, re,spggﬁéwpwr,érgp‘i.emmgbmg order of preference, each

sub- groupi ng being_inte as_£0 b } : R1
is: -C(O-OR & EEﬁ%edﬁ' %%r'én&" 3%@%8 ﬁéﬂi F?'\%teér& E@?H%@i 7 P2
Efpeé‘?almf)f%g??éﬂ’?““m S AT “’”%”1‘26‘?*0’3’28’52 S
- Z
~CH2- S(O) - CH2- C( W) - C(O)P?“C 'P”%&’gy&f}%@écﬁ@ﬁ (0 -2. A gz;?tlcf:ul)arly
where Wis =0 or =N-CRa. «Fr pfeferablywhsteReisRadicgehpdalglen or al kyl; A

Particularly where Z is r ef by where R is hydro en,
optional |y substituted g??\“arly \gp?re?qﬁl PB 3 r}aﬁt uted cycl oal ky?/ ’

optionally substituted ar)ﬁl meerablptwrmr&iRhs/hyedjb@en optiadhilpsabstiidted alkyl,
B I R L A gy
together with the nitrogen t Opt\nmiatlahsuusma;edaarelkalt tachwed f or m a 6- menber ed
g el eoted Trom . oD g B K B Bk A s
gyczir 2962 8r 1! O\S/rer 2al)k3l/l glgemsvnwaalylvghemm B HydrogearmdmtcaCealkydspect i vel y
those conpounds, phar m.acgad‘t i fefﬁ?@ﬁﬂeﬁggf*gat REF?@F%&?”ETIH% 'Fég%%(ratrr?t ) d t he
manuf acture of medi caments haeyrge bitechived ferm ag-merabéred sing saecteddrom 4-
o e o b oo o oGBS el o
conbi nabl e with ®t Eepedally witepelRl isgsirogenRat i s hydrogen o Especial ly where
R3.2 i's hydr ogeno O%sgéch]gl'y where R® is hydrogen or lower alkyl.
o Especially where k, m and n are respectively: 0,2,1; 1,0,1; or 2,0,1.
[0125] With regard to Formula llI, preferred are those compounds, pharmaceutical
formulations, methods of treatment and the manufacture of medicaments having the following
combinations and permutations of substituent groups (sub-grouped, respectively, in increasing
order of preference, each sub-grouping being intended as combinable with other sub-
groupings):
e R*is hydrogen
o Especially where R*? is hydrogen or ethyl.
= Particularly where R*® and R** are both H or are both methyl.
o Preferably where R*° is: COOH.
o Especially where R*? and R** are both H or are both methyl.
o Especially where R*® is: COOH.
o R*2is hydrogen or ethyl.
o Especially where R*® and R** are both H or are both methyl.
o Especially where R*® is: COOH.
e R*and R* are both H or are both methyl
o Especially where R*® is: COOH.

e R*is: COOH.
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A Particularly where R 33 and R3.4 are both H or are both nethyl.
Preferably where R3.5 is: COOH o Especially where R 33 and R3.4 are both H
or are bowboawtdsyd. o Especially where R3.5 is: COOH  REBCZ/USS2/MpET ogen or
ethyl. o Especially where R 33 and R3.4 are both H or are both methyl. o
Especi al jgr26per e R the inssthddediireafi®end and theRdardufacterehu neditaonends employing

S

02/ 03031 SoPENTISFSFYADEI0 FPOTSR]. HofoTRE S s HOE T e MR offich 1O

rran]tcjf act gfeasaﬁcteﬁlﬁemmmmlmieggr@pbng conpounds according to Forrmula I,
preferred are,those conpou bsg.i f ' : from
Phe fol | ow ngAdtoupRiorAn Skt bt b Puut 3t hruBhalyabanied
ﬁubst i tut Ied aryl , egplkyhoationallp sbestituted weroanaldpﬁbmmmsub@tﬁaﬂewﬂewmgb ut ed

eteroaryl, option b (YA P [ I ptated
het er ocycl oal kyl g@%’ﬁ ‘f%ﬁ"téf'ﬁt“? @%ﬁ%ﬁ?ﬁ%@%ﬁaﬁo gog’a([:ﬂ&i%%bu%%%% éllécl)%aﬂ? I
Eubzt i tut ﬁd di -, t anoptonallpsubstipiernt diddri- o tetea-pepide) -, -S-, or a coval ent

ond to the syl.f.ur_ m_Qf bisuRgeio i
substituted hgtlge'r ocyc yls'\?vgi{g?‘p{%'&g?ﬁ@%tﬂo%;u V4 I@W%@Fﬁﬁéﬁ%@%%ﬁéﬁr@
hydr ogen, opti onal Piorfigpalyi substittted hetarocyslybst i t ut ed cycl oal kyl, or
optionally sv*a ti totgdnabpRkyl; Ra is: hydrogen, optionally substituted
al kyl, optionally substituted aryl, or optionally substituted aralkyl; Rb
i s: hydrogen, Zdgt i SARBIPYyNEUBstituted al kyl, optionally substituted aryl,
optionally sesti hidrederioptidndily eubstiRite@aryl subsutatsd dydloalkyk yeostnkiiy ;  Rc

i s: hydrogen or optionally substituted alkyl; and Rb and R together with
the nitrogen to mhﬁ%%t¥%%§;a@w';attached may forma 5- or 6- nenbered ring,
optionally i nRGE@Oh?derQw,Np@dinamyaﬁbaimtedidlkyli optivinally supstitattdearglabooptioaalty sai d
ri ng being optional l;o/teé.?t{b(itiﬁu,ed wi th one substituent selected fromthe
group consi sting ofUSBAH® ﬁr@k@ft)t i onal |y substituted al kyl .

R®is: " hydrogen, optionally substituted alkyl, optionally substituted aryl, optionally

substituted aralkyl or optionally substituted cycloalkyl,

y

R®is: hydrogen or optionally substituted alkyl; and
R® and R° together with the nitrogen to which they are attached may form a 5- or 6-
membered ring, optionally incorporating N or O as an additional ring
heteroatom, and said ring being optionally substituted with one substituent
selected from the group consisting of acyl and optionally substituted alkyl.
More preferably, the above substituents of Formula | are further selected from the following
groups:
Ais: the tri-peptide Glu-Cys-Gly; and
Xis: a covalent bond to the sulfur atom of Cys.
Ris: hydrogen or C, to Cg alkyl,
R%is: hydrogen, C, to Cg alkyl or alkenyl, phenyl or aralkyl;
RPis: C; to Cs optionally acyl-substituted alkyl, optionally substituted aralkyl or
cycloalkyl; and
R°is: hydrogen or C4 to C, alkyl; or
R® and R°® together with the nitrogen to which they are attached form a 5-membered
ring, or a 6-membered ring optionally incorporating O as an additional ring
heteroatom, and said ring being optionally substituted with one substituent
selected from the group consisting of acyl and optionally substituted alkyl.
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More preferably, the above substituents of Fornula | are further selected

fromthe followng groups: Ais: the tri-peptide Qu-Cys-A@y; and X is: a
coval ent wordiovasit he sul fur atomof Cys. R is: hydrogen @CTsot/o«€8 al kyl ;
Ra is: hydrogen, Cl to C8 al kyl or al kenyl, phenyl or aralkyl; Rbis: Cl to

C8 optio acyl I eSéHB@d
cycl oal kgf' lzl’%n Cmﬁtg\l?é%érﬁ %qagrr?ﬂj éé?)ﬁcpré?éﬁréd)é}g tIIlgsl Ig’gu%g% S%b@t![ltggrg? ﬁ;r

with theWhiChlaf@'éﬁﬁth%d ﬁﬁmdhef @Ying gsoupsi ached form a 5 menbered ring, or a
6-membered ri pGs: Opgu&ﬂ@skéd/alky!@&é@l%%hﬁgd)-lzt?@-i(@m agig-OHpnal ring

el octod Trom i ho GrGHHEEHERLFREG °”§éﬁH§ﬁﬂ8&MH£ﬁépﬁﬁ@ﬁr82ﬁ tuted o
Formui a La, prefer i ﬁ oo CEECC et Lant & of | whi ch are.
: (pg'(ﬂ) ﬁfj‘ ﬁ@hﬁ@%&ﬁ?gaﬁﬁé‘?. tuted al kyl sel ected ?rgm

selected fromthe f
- CH2- CH( OH) - CH2- OH.CH - CH(CH3I(CHIBH) CIBH2OaM, - CH( CHB) - C( O) - N( H) - CH2- COOH,

- CH2- C( O) - N( H) - CH2- CHp- o - .
- CH(COrB) - OHR- (O - %%jm&ﬁ’z %‘%C% b5t %@%ﬁi@ﬁ?‘ﬂ?%ﬁ?ﬁ"m,
substituted heter oamyéthml—‘&d:bermlzoimldazola-xt h-oxae3 4-dihydemraainarainzoyl- 2- yl |

5- net hoxy- 1 I—l-benzBenz %égézoggﬁ atn§t5g%fggéu$dd¢]eltﬁg%% gp;_s P,azol i n-2-yl,

benzosel enazol enzot heterocyclyl
sel ected from t h| heterqcydyltselestes-fram:dhizedli %Hmoxplmldaiﬂﬁhﬁ/fﬂrﬂr%ﬁ@q’ meshakpo, o4n

optional ly substl t%%gtlcg'iakglfﬁtfs'n;ut&fdlt &1 't@t%lbéﬁ%e Ris: hydrogen,

optionally substitu opti ona substituted cycloal kyl: Xis:
-S, -S(0-, RIg0) hydrogen, eptienally éhl?St'blS%alm @rmpt@u?'l‘ylﬁubatfteﬁﬂGVC'@@‘EY'or to

the nitrogen gom af _apsy. 0BeD),Y ?Hléé\t/éléditb‘éﬂd '&?fh@rsQﬁNﬁétMﬂn faye oftd e - OR
Mor e preferab the 'a gj)le sﬁést |°t uents of la | a are?‘ﬁjrsbtgher sgl ected

fromthe foll ovm ng nitigeeptom of griionglly %B?tltﬁtﬁﬁlh??r%’imm et ed di- or
tri-peptide thgganm@p aci ds of which are selected

More preferably, the above substituents of Formula la are further selected from the following
groups:

Ais: an optionally substituted di- or tri-peptide the amino acids of which are selected

from Ala, Asp, Cys, Glu and Gly; most preferably the tri-peptide Glu-Cys-Gly;

Xis: -S-, or a covalent bond to the sulfur atom of Cys or to the nitrogen atom of

optionally substituted heterocyclyl; and

Ris: hydrogen or C, to Cs alkyl.

[0128] With regard to Formula Ib, preferred are those compounds the substituents of
which are selected from the following groups:

Ais: optionally substituted aryl, optionally substituted heteroaryl, optionally
substituted heterocyclyl, an optionally substituted amino acid, or an optionally
substituted di-, tri- or tetra-peptide;

Ris: hydrogen, optionally substituted alkyl, substituted cycloalkyl, or optionally
substituted aralkyi,

R%is: hydrogen, optionally substituted alkyl, optionally substituted aryl, or optionally
substituted aralkyl,

Xis: -S-, or a covalent bond to the sulfur atom of Cys or to the nitrogen atom of
optionally substituted heterocyclyl; and

Zis: -OR.
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fromAl a, Asp, Cys, Qu and Ay; nost preferably the tri-peptide
Qu-Cys-dy; Xis: -S-, or a covalent bond to the sulfur atomof Cys or to
t he nitrogem2arsm of optionally substituted heterocyclyl pCan$oR14087
hydrogen or C, to C8 alkyl. [0128] Wth regard to Fornula Ib, preferred are

those copprdferitie theBbdvetsubsiiteerns of Périla B e S@trec beldcted dront the foitwiwingai ng
groups: Ais: optionally substituted aryl, optionally substituted

het eroar?’lo}lp%pt ionally substituted het erocycl yl, an optionally substituted
am no acid, OoAi@n prmnybdsraddtnynallytshsstltmteﬁadtwlcbaryl seteicteddron ebroptipelyi de; R is:

hydrogen, optional| | tut

optionally substi ?Lﬁ)[sgﬁ'?ai %ﬁwﬁﬁjaza 5%' andﬁéjjgﬁ) w ?&sﬁ?ﬁgénootﬁ’%ﬁéxmgﬂol-zm X

al !<yl optional |y smbgtidnaly smbsamjdd dioor toqpeptideatheyamise beid$ plivkich areasqlgqted X

L Sr 00 %S SR £ G R R ORI Blodiiol By heen |

WD 02/ 090314 RUS/ L@ﬂmgmom to Coalky! or ekeme\mr;enylm@pamﬁ}lé sybysiutpd benayvy apf

Formula Ib arg % ﬁégtﬁﬁ%r%1 tﬁ‘t fq mthe following groups: Ais: phenyl or
stitu

optionally su eroary eI ected from 5-optionally
subst i t uft3@9benzot Withzepard-ty Fomda &, opaferserhaneyiheseramraungg the'substituents of

benzoi m Ig,ﬁi%ﬂl {gmﬁéctﬁé’from%e%ﬂbbﬁvgad JT)lYpstSt ituted di- or tr| - pept | de the

am no ac are selecte romAl a, Asp, Cys, t}/
preferably thAigri Olﬁmﬁll)d@lb@ﬂwi@ﬂk%]%P“OIF@WﬁS'bStH‘}tGF @@érppt'eﬁa'W§“@ﬁ tte yI or

al kenyl, phenyl or C1
R 0120 %\I}\{yl %B?%ﬁagyr/§Ml¥d&%€?ﬁ@?&%ZdHtlonéWC&uletlét;%g hbiégdécgg@n or

conpounds t he subsPP{Qi8li %UW'tUtWeé?foéﬁéoag‘é’I‘ @@t@&%%ﬁugﬂéutﬁiﬁﬁﬂzﬂw Agd. or
groups: Ais: Optlaﬁl@biudhawb@ﬁgntuﬁm afitorltetrapéptieal | y substituted aryl,

L onal 1Y SRSl et ndb e bend R STk AR R Bl o0, heteroary!
het er ocycl oal lpyls; a:!Depimin)Rﬂ |y substituted amino acid, or an optionally
f Egsgm ]ch 'l[”ed dg‘}j L@g&én ,{R%{ gnaufjaﬁ%ﬁn?u‘??\g églaoptloﬁal1y scffbs?tu?e%vaq'{fleglt o&%ﬂgllyt 0
substituted aralkyl;
R®is: hydrogen, optionally substituted alkyl, optionally substituted aryl, optionally
substituted aralkyl or optionally substituted cycloalkyl;
R%is: hydrogen or optionally substituted alkyl; and
R® and R°® together with the nitrogen to which they are attached may form a 5- or 6-
membered ring, optionally incorporating N or O as an additional ring
heteroatom, and said ring being optionally substituted with one substituent
selected from the group consisting of acyl and optionally substituted alkyl.
More preferably, the above substituents of Formula Ic are further selected from the following
groups:
Ais: optionally substituted aryl selected from: phenyl and p-tolyl; or optionally
substituted heteroaryl selected from: 5-optionally substituted-benzothiazol-2-yl
and 5-optionally substituted benzoimidazol-2-yl, or an optionally substituted di-
or tri-peptide the amino acids of which are selected from Ala, Asp, Cys, Glu and
Gly; most preferably the tri-peptide Glu-Cys-Gly;
W is =0, =N-OH, or =N-O-CHjz; and
RP® and R° are C, to C, alkyl;
R® is C, to C; optionally acyl-substituted alkyl, optionally substituted aryl, optionally
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Ra is: hydrogen, optionally substituted al kyl, optionally substituted aryl,
or optionally substituted aralkyl; Rb is: hydrogen, optionally substituted
al kyl , opwoonabdsy4 substituted aryl, optionally substitut edrarsat/kips7 or
optionally substituted cycloal kyl; Rc is: hydrogen or optionally

substituted al kyl; s@éituy aamyiRe /ae8keand R B hiytvegen;tarogen to whi ch they

are attached mpy forma 5- or 6- nenbered.ring, optjopal ingarporating N

or 0 as an adBi ?P%ﬁatogﬁt%gw'tﬁme&'@w%'5%?{ afer?tt?ﬁﬂ%%ﬁ@ ao%PP@Wa?IﬁYy

substituted w th oggbstitubesd-pyrtotidine ringloe atsatiemberedtring sgeatgal fomm diaptiomaly of

acyl and optionally s tjtute | kyl . More.preferably, the above

substituents of Fog?ﬁﬁﬂg‘??dép'ﬁ?rédq?'g'rw ﬁ'éq mMOMNRI&Y f r om the fol lowing groups:

A i's: opfd130p! | y swhisitregarded Famylla Hiepretered dre tose mhepplndenitie subsitydnts ofr

optionally. substituted heteroaryl selected from 5-optionally

substitu ﬁbﬁé%ﬁ%}??{?éﬁ'&"ﬁﬁ?%"OWgﬁ@@Jngti onal Iy substituted

benzoi m dazol R2isyl -C(D)-@rR aydtereoR ik Ihydogers bi oweedlkdi - or tri-peptide the

am no acids oszgai R)Zdr%@n'sel ected fromAla, Asp, Cs, GQu and Gvy; nost
ri-pep

preferably the ide Qu-Cys-dy; Wis =0, =N-OH, or =N-0-CH3; and
Rb and R are Biist 0-CH-SiGHC(WHCIQ)-Z1CHe SEBHBRIAAANZ. acy! - subst i t ut ed

al kyl, optionally §¢ijqs_?{g)ge&ﬁzg?glvXs;Fopf,ter@ﬁ%gﬁ)_@ﬁ;@?&a Bdy-47 WO 02/090314

PCT/ US02/ 14057  substi or cyc yl', and i's hydrogen; or
Rb and R togeRﬁéﬁ‘- Wdragerie nitrogen to which they are attached forma
2-optionally ﬁg?ébshi/ér’dgéﬁjbrﬂbﬁ\%roilﬂ(ﬂ;i ne ring or a 6-nenbered ring sel ected
from4-optionally SubStituted-piperidin-1-yl and norpholin-4-yl. [0130]
Wth regard t¥ Sor A AN-ORpref erred are those conpounds the substituents
of which arezsgl echredrLnrPrRthe following groups: Rl is: -C(O-OR where
R is hydrogen or |ower alk i

Cores s G- & iy bydasen enbrilicalebipd ey S5tonalicsusSuise ety - o 0 - 7,
or - CH2- S(O) - CH=C( ehbiorfa(i{ s utktitutit &rst, ohystiongiBnsubBhitutesl drgidylpgen or | ower
al kyl;  Wis: 0 or =N-OR a;
R?is: ~hydrogen or alkyl;

R%is: C, to C, alkyl, phenyl or benzyl;
R®is: hydrogen or C; to C, alkyl, or
R® and R°® together with the nitrogen to which they are attachwed form a 6-membered

ring selected from 4-optionally substituted-piperidin-1-yl and morpholin-4-yl; and
k, m and n are respectively: 0,2,1; 1,0,1; or 2,0,1.
More preferably, the above substituents of Formula I are further selected from the following
groups:

R'is: -COOH;

R’is: hydrogen; and

k, m and n are respectively: 0,2,1; or 2,0,1.
[0131] With regard to Formula lil, preferred are those compounds the substituents of
which are selected from the following groups:

R*' is hydrogen;

R*?is hydrogen or ethyl;

R%3 and R** are both H or are both methyl; and

R*®is: COOH.
More preferably, the above substituents of Formula lll are further selected where R%2is ethyl.
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Zis: -ORor -NRDbR Ris: hydrogen, optionally substituted al kyl,
optional Iy substituted cycloalkyl, optionally substituted aryl, or

opt i onal Iwognlsi3i4 ut ed aral kyl; Ra is: hydrogen or al kyl ; PRO/USS2/14837t 0 C4
al kyl', phenyl or benzyl; Ris: hydrogen or Cl to C4 alkyl, or Rb and R

t oget her [gAsgn t he Ohk keE&oftefeltes Bompeuhdrifclgddsand ieidwingy as welbasrtheirer ed
ring selected from4-opti ona]LsI ﬁ (iub%tl t ut ed- pi peridin-1-yl and

mor phol i MerrAjgomess, dautpimers, Safts. gn F@“r'@ﬁé&??fvel y: 0,2,1; 1,0,1; or 2,0, 1.

More pref er@abbyHBaazaRmeRos2pstifdnyB Rt sxodirofiohiaaki ety @ster f urt her sel ect ed
fromthe foll ow [ [ m and n

n roups: Rl is; -COOH, R5 is: hydrogen;, and K,
are respect® v§1(§-!\ﬂge@))g’,1 E','b%‘lzo'ﬂ?'@ﬁzi".'z?’@?d@al’]y')W‘P’FP'P"QBéP'(‘} %BP @Bﬁﬁﬂeé L,
preferred grest @-%%&@mmpﬁé}%irﬁibszowaﬁuif%ﬁ)ﬂi@x& ropiticAci@e@ysadterct ed from
the follow ng groups: "R3.1 is hydrogén; .2 15 }/dro en or ethyl; R3.3 and
R3. 4 are bot h3[4-Rihydie@Hi4ithiggingyd.S-digatpoxpig. agid g-e ef More preferably,

h b j .\, :
bty S 4 b g Db Bl e ik Ph SR, AR B Ede. 2 f
preferred oonpddsddinydrolitidioidazok2yisuifan)rgoxcagropienic agisl ethyiester

st er eoi SOnmer s F'_i@%ﬁcy)@ﬁ -inﬁ%zfog-?- %Uf#ar{rﬂc}zg-&ogﬁe)&@—%hg&&b yalc%écg%tg)(l ester

H Benzoi m a'ang sul T any X0-propi oni ¢ acid eth
3- (5- Met hyle 134R-BenaednB dadildr@eyy3-sydroxymydthyi-Petmhydiorfopaneryid-OHeputined-hy |

cthyl ester VRO Rolh BT R LETS 570 chr boxyli b aid 5. et hyl
ester ) 2-Oxo-3—(5-sulfo-1H-benzoimidazol72-ylsulfanyl)-propionic aciq ethyl ester o
RN T S e L DA
:2 ihél diez E ﬁ ;.l gg(isﬁg(rﬂﬁiﬁd—Y‘r,3,-4[tl‘-h'ahiakéﬁZdy’liu)ﬁaﬂﬁ)-ylc&ulpfr@ﬂyﬂic) abid extyl bster 2- enedi oi C
3- [ 2- Ari no-- BEoNiRAdhapzrgmidazoli-YYfR A R PERDGASIT UPYESYT y 1 ) - ok puri n
- 6- yl sul f anyb-@xd2x05-BRERI-PING 8loREdiSzd2hWdulfgsyiBpropionic acid ethyl ester
e 3,4-Dihydro-2H-[1,4]thiazine-3,5-dicarboxylic acid
e 2-Amino-4-[1-(carboxymethyl-carbamoyl)-2-(2-carboxy-2-oxo-ethylsulfanyl)-
ethylcarbamoyl]-butyric acid
e 2-Amino-N-[1-(carboxymethyl-carbamoyl)-2-(2-ethoxycarbonyl-2-oxo-ethylsulfanyl)-
ethyl]-succinamic acid
e  3-[2-(4-Amino-4-carboxy-butyrylamino)-2-(carboxymethyl-carbamoyl)-ethylsulfanyl]-2-
hydroxy-acrylic acid
. 3-[2-(4-Amino-4-carboxy-butyrylamino)-2-(carboxymethyl-carbamoyl)-ethylsulfanyl]-z-
hydroxy-acrylic acid ethyl ester
e 2-Amino-4-[2-(2-ethoxycarbonyl-2-oxo-ethylsulfanyl)-1-(methoxycarbonylmethyl-
carbamoyl)-ethylcarbamoyl]-butyric acid methy! ester
e 2-Amino-4-[1-(carboxymethyl-carbamoyl)-2-(2-decyloxycarbonyl-2-oxo-ethylsulfanyl)
¢ -ethylcarbamoyl]-butyric acid
e  3-[2-(3-Amino-3-carboxy-propionylamino)-2-(carboxymethyl-carbamoyl)-ethylsulfanyl]
e -2-hydroxy-acrylic acid ethyl ester
e  3-{2-Amino-2-[1-(carboxymethyl-carbamoyl)-2-(2-ethoxycarbonyl-2-hydroxy-
vinylsulfanyl)-ethylcarbamoyl]-ethylsulfanyl}-2-hydroxy-acrylic acid ethyl ester

e  3-[2-(2-Amino-3-mercapto-propionylamino)-2-(carboxymethyl-carbamoyl) -

S7137P2 WO -49-



2- x0-3-(5-sul fo-1 H benzoi m dazol - 2-yl sul fanyl )-propionic acid ethyl ester
3-(5-Am no-2H-[1, 2,4]triazol - 3-yl sul fanyl ) -2-oxo-propionic acid ethyl ester
3- (5- Ami nwo[02b9@B14] t hi adi azol - 2-yl sul fanyl) - 2- oxo- pr opi onipcTasoz 1@5Ny|

ester 3-(5-Nitro-1 H benzoi m dazol - 2-yl sul f anyl )- 2- 0X0- propi oni ¢ acid
ethyl ester eff @mrﬁﬂ(z&ymk@ay;dcrjna;,aaldlatmgsteazol 2-yl sul fanyl ) - propionic

aci d et hyl ester dr o- 4]t hi az 3, 5-di b | i '

2- Ani no- 4- [*1- Mawa%%;lﬂré?m XY@&%‘M&%&PV‘] D@zt?Ié‘g*?%Q?fb?”\g%@g’? W(%:‘ﬁf%ﬁiyiﬂw ) -
et hyl car banpyldinyiesr Méméylﬁ&ltﬂlc acid

2- Am no- N-[ 1- (car boxynet hyl - car banoyl ) - 2- ( 2- et hoxycartgI X
nyl)- ethyl - gﬁ@gqmaym@thalcqa@amoyl) 2- YZ -ethoxycarbonyl-2-oxo-ethyls Ifanyl)
3-[2-(4-Am noeﬁmy&arbg%\mmm{nxﬁ amify@)oxg-pheay I RAXYIIBéivsyasaid) Byt aciet hyl sul f

anyl ]-2- hydrox %/ acrylic acid

3-[ 2- (4- Aninod4 é@arb@z@yn%inxlgﬁagnamﬁyﬁz?ymztcee@r%yaﬁfeﬁfﬁw'lEé‘ﬂ*&%\%’ipﬁ‘yg@m sul f
anyl ]-2- hydr Mﬁy@%Wl]Lﬂén%}HQnﬁbpMutyﬁ@é&cﬂ

2- Am no- 4-[ 2- ( 2- et'hoXycar bonyl - 2- 0x0- et h?:l sul fa nyI% (et hoxkjlcar bonyl net hy
| - carbamoyd )4éﬂ+ﬁ9@@aﬂt§ﬁ¢ﬁbx‘ﬂ?¢tﬁﬁﬂ%ﬂ)r?¢(2a%t eXYgREORDYI- %’f%?thylsmfa"

2- Ami no- 4- [ 1- caalBmanbyh k- (6%9@&9—2'7)8 Binteth ¢l LAV 231 DedpibnyRmeinel-ityriel sul
fanyl) - et hyl Car banoyl'] -butyrfic acid

3-[2- (3- Ami no@8dcar boxy- pr opi onyl ani no) - 2- (car boxynet hyl - car banmoyl ) - et hyl su
| fanyl ] -2- by t¥er@ptdeéthylcarbamoyl]-2-[3-(6-hydroxy-2,7,8-
3-{2- Am no- 2- ;mlﬁj ggﬁrbog;f(rﬁérfrté l%fﬁfé(%}@am |r°%2 yc;r g?}%!ﬁtr lgor(lylyzroﬁyydroxy-

vi nyl sul f anyl nra@thxhc@m%v ]pf%Q"PﬁM'aé'ﬂiP?]at?‘rﬂfYr}c Fihydroxy-acrylic acid ethyl
ester o 3- 3(5 Methyl-[1,3,4]thiadiazol-2-ylsulfanyl)-2-oxo-propionic acid ethyl ester

3- [ 2- (2- Ami no- 3- mer capt o- pr opi onyI am no) - 2- (car boxynet hyl - car banoyl )

S7137P2 WO « 4¢- (mmpmgqthlam Yisgtanyrésoxo-nEeRignic acid ethyl ester

sul fanyl]-2; h 3LV h%h ? g8l d ethyl ester
4- Am no- 4- | - )(écaf g‘%}ih'bf%' Y ° wpe'?m%is}cgr yonyI 2- ox0- et hyl sul fa
nyl) - et hyl aaﬂmmm [ 1+-tmethyt- illd wachaziol 21y|su|fany|) -2,3-dihydro-furan-2,5-dicarboxylic acid
- (Car boxynet hyj%t b prI ) - 2- (2- et hoxycar bonyl - 2- oxo- et hyl sul fanyl) et hyl
ca rba noyl] @ ,4-d i hyd roxy-p he nyl)-vi nyl]-be nzoylami
no} - but yri ce a@i2dDimethyl- 3 4 dihydro-2H-[1,4]thiazine-3,5-dicarboxylic acid
4[1(Carboxy I et hyl | 1 724 4~ 3, 4-di hy
dr oxy- phenyl )- %q%)%(f %ﬁ%ﬁlﬁa%&ﬁégcéﬁf%w g Ogéiewﬁﬁgmﬂ J '(gart{o‘}(yﬁéfr(y?
4- [ 1- ( Car boxy metbayioyl)tthdsanydmoyll-3-amimpHukyrcacisony | - 2- oxo- et hyl sul f anyl )
et hyl
car banoyl ] - -9- L§3((% Eﬁg‘/%i‘rygarbo'}yl (§(° ert?yrlr%{lfﬁy)(l) %ﬁ?eé%? rqzmorryl] p|3/ rrglﬁdl'%en)z/ °§FH°F]‘¥)' ¥ bu
tyric 2-Amino-3-[1-(2-ethoxycarbonyl-2-oxo-ethyl)-1H-imidazol-4-yl]-propionic acid

o 3-[5-(2-Ethoxycarbonyl-2-oxo-ethylsulfanyl)-[1,3,4]thiadiazol-2-ylsulfanyl]-2-oxo-

oxo-et hyl sul fa

propionic acid ethyl ester

e 2-Oxo-3-(3-phenyl-[1,2,4]oxadiazol-5-ylsulfanyl)-propionic acid ethyl ester

e 3-(6-Ethoxy-benzothiazol-2-ylsulfanyl)-2-oxo-propionic acid ethyl ester

e 2-Ox0-3-(9H-purin-6-ylsulfanyl)-propionic acid ethyl ester

e  3-[9-(3,4-Dihydroxy-5-hydroxymethyl-tetrahydro-furan-2-yl)-9H-purin-6-ylsulfanyl]-2-
oxo-propionic acid ethyl ester

o 2-Acetylamino-3-(2-ethoxycarbonyl-2-oxo-ethylsulfanyl)-propionic acid

¢ 3-Amino-N-[1-(carboxymethyl-carbamoyl)-2-(2-ethoxycarbonyl-2-oxo-ethylsulfanyl)-
ethyl]-succinamic acid

e 2-[2-Amino-3-(2-ethoxycarbonyl-2-oxo-ethylsulfanyl)-propionylamino]-3-(2-
ethoxycarbonyl-2-oxo-ethylsulfanyl)-propionic acid

§7137P2 WO -50-



cid
[ 1- (Car boxynet hyl - car banoyl ) - 2- ner capt o- et hy[ car banoyl ] - 2-[ 3- ( 6- hydr oxy- 2
, 7, 8- triwetihpbesahr oman- 2-yl ) - propi onyl am no] - butyri ¢ aci @CT/US02/14057
3-(5- Met hyl -[ 1, 3, 4] t hi adi azol - 2-yl sul fanyl ) - 2-o0xo-propi oni c acid et hyl
ester  3- (-5-@1[!2- AR oaidoaz b&ty@+afmus¢9L3-¢ztha>xy2amwylp2 oxn-ethylsuléeniyt)- et hy|

es%er g |(-|§/1dSBVW'Oﬁg%%"{?EIt“ﬁf}&‘{'S“%nylub“tyr ()d - 0X0- propi oni c acid ethyl
ester r

H |t mi dag oI2 .é pr;whéaq}d[)-cé,’rbBX)in(I]z/HhirﬁrdézmaFyl)2et5yldarbarmbylje94(2<etmy¢hrbm;hyéﬂhyI
ester me Q- t hi azi ne-3, 5-di carboxylic acid
4-1 2- 2- ( AdanBfR8 v'fu'fa}'wﬁsﬂﬁﬁ%a?@m@#{v% o ot hyl sul fanyl ] -1

- (car boxymat hyJAm.ﬁ@.mt{m-l(rwbbxyﬁtdﬂWI-ea:robﬁﬂpNJZ}(Q%cwmlenﬂemamonyl -2a0xcd

1-[ 3-(2- Et hox rb eth | f anyl ) - 2- et hyl - propi onyl ] -pyrrolidine
-2-car boxyl i cgt%a](?wga’x'b ifﬁ?%gb I"&456% y car bonyl - 2- oxo- et hyl ) -1

IB-)F |[ 21 ?«'Zaz Elt hA YJP]mlgéﬂtHﬂIPﬂerbaﬁy d rg1H -indol-2-yl)-ethylcarbamoyi]-2-(2-ethoxycarbonyl-2-oxo-
oxycar 0- et Ifan 1, 3, 4] t hi adi azol - 2-yl sul f anyl
” SRy Dbt )4 34 g o

0X0- pr op|
- Oxo- 3- ( 3'~D“2Wﬁ|n6-hr[21[4b@0bady a;mlhy&oxy shdrfygrathyleapbamoyip2-(2-athiodycatioplyl-2st er

2

3-(6- Et hoxy-benzo 2 oxo r opi oni ¢ d et hyl t

2- Oxo- 3-(9H— pB¥q- ﬁtthé'lsy %l)fé%ﬂﬁ#b ??ﬁ 6% 8 e!tohyl es?glr S et

?- [9-(3,4-013 hyclziemnﬁndlmbmoxynamlywlamnﬁb)nawdmonfoarmmylzz-pko—emplfnnyn 6-yl sul
ny

2-

3-

anyl ]-2- oxo-propionic.acid, et est
Acet yl ami noP g’ (‘E‘ %'H?E%Inw{ %5§ et hyl sul fanyl ) - propi oni ¢ acid

A no- N- [,1- Q%ﬁlh@-)fmﬁﬂﬂJ&Wbo&%b@l&bﬂa)no&f)(ﬂ(Zeétlmoystamr)bylwd)x&etbwwIﬁahhly-l sul fa
nyl)- ethyl]- s;\cm nam c I% b’
2-[ 2- Ami no- 3- E%Y UOHYAHGESS.- ox0- et hyl sul fanyl ) - pr opi onyl ani no] - 3- ( 2-

et hoxycar banyb-[2- M%u@dhééb&idx B0 hop3-¢neth ebdnyL 2-6k2- Béh
02/ 090314 PCT/ USD2/ 14 JB0YHaminops ADethoafuarbddy ethQIsubahyio

Q

2-[ 2- (4- Ami nop@P&Wéﬂﬂ@ﬁ]WSﬂnﬁP'Qﬁ%& 3- ( 2- et hoxycar bonyl - 2- oxo- et hyl sul f an
yl) - propi anybatminel4-@4- ( Lﬁyarwémwc;amam@m)m(z -athAxjoatbohyl Aoxd-1
-carboxy-2-(1 Himda )g%é I t¥| car ba{myl ] - 2-(2- et hoxycar bonyl -
oxo- et hyl sul f&WIS)”f%FEyiM“E \ NIPHIGA9E aci d
2- Ami no- 4- [l- fz%ﬁ.hewmwdérbsmxbaoa%ow 200t YAroEN-2rdxorsthylsifary)-
et hyl sul fanyl) - et hyl carha 2y L | o A

ethylcarbamoyl ZnP et oxyca ony 2- oxo ethylsulfanyl) -ethylcarbamoyl]-butyric acid

e 2-Amino-4-[1-[1-carboxy-2-(2-ethoxycarbonyl-2-oxo-ethylsulfanyl)-ethylcarbamoyl]-2-
(2-ethoxycarbonyl-2-oxo-ethylsulfanyl)-ethylcarbamoyl]-butyric acid

e 2-Amino-4-[1-carboxy-2-(2-ethoxycarbony!-2-oxo-ethylsulfanyl)-ethylcarbamoyl]-butyric
acid
e 2-Amino-4-[1-(ethoxycarbonylmethyl-carbamoyl)-2-(2-ethoxycarbonyl-2-oxo-

ethylsulfanyl)-ethylcarbamoyl]-butyric acid

e 3-[2-Amino-2-(carboxymethyl-carbamoyl)-ethylsulfanyl]-2-oxo-propionic acid ethyl ester

e 2-0x0-3-(2-thioxo-imidazolidin-1-yl)-propionic acid ethyl ester

e 2-Amino-4-[1-(carboxymethyl-carbamoyl)-2-(2,3-dioxo-3-piperidin-1-yl-propylsuifanyl)-
ethylcarbamoyl}-butyric acid

. 2-Amino-4—[1 -(carboxymethyl-carbamoyl)-2-(3-morpholin-4-yl-2,3-dioxo-propylsulfanyl)-
ethylcarbamoyl]-butyric acid

e  2-Amino-4-[1-(carboxymethyl-carbamoyl)-2-(2-ethylcarbamoyl-2-oxo-ethylsulfanyl)-
ethylcarbamoyl]-butyric acid
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2- Ami no-4-[1 -[1-carboxy-2-(1
H- i ndol - 2-yl ) - et hyl car banoyl | - 2- ( 2- et hoxycar bonyl - 2- oxo- et hyl su
| f anyl ) - evioykogo3banoyl | - butyric acid 2-Amno-4-[1 PCT/US02/14057
-[ 1- car boxy- 2- (4- hydr oxy- phenyl ) - et hyl car banoyl ] - 2- ( 2- et hoxycar bonyl -
oxo- et hyl syj f Qrp}fﬁ},o.ﬁt[mé(b&%)@%@WI-]caMhb& ) 2-@3-dloxo-3-pyrrolidin-1-yl- propylsulfanyl)
2-[2-(4- Am no- 4- car box utyryl am no) - 3- 22 et hoxycar bonyl - 2- oxo- et hyl sul f an
yl ) - propi onyPHYCADR Wé aB'atyrl c acid 2-Amino-4-[1
- (1- car boxys ebmfh.ﬁar4t{aqeyrbb>3&m(u2y1@bmwmzb@ra&m%fmmwdoseﬂwlmhwr
et hyl car banoyl h‘ybut ric_aci
2-[ 2- (4- Ani no® EQW&WJ@HW‘F)‘?FQm no) - 3- ( 2- et hoxycar bonyl - 2- oxo- et hyl sul f an
yl)- propi onyhaginge.- A%@@S%W-ﬁu@@léﬂnm@rﬁ(ﬂaﬂ%ﬁmﬂwyl -carbamoyl)-ethylsulfanyl]-
1- car boxy- 2- hydr oxy- et hyl car bano t? - et hch\;?%r bonyl - 2- oxo-
hyl sul f anyl )?%prw%@wﬂ}a?wﬂ'?m%at%r %‘Y'acc?fféf’ mgt O-4-11

1- (car boxy WQIA}M.'n qqﬁ Remwk}ne%nﬂ%a%W»@@Q@awhe&mmyﬂwml fanyl) -

hyl car banoyl -et hoxycar bo - 2- 0X0Q- et hyl sul fanyl) - et hyl car banoyl ] - bu
ric acid g r;mp y,h) e{ttiylcarbamoyl]ybutync acid

ty

-[1- car boxy; 22(@?%@%;/@@,@9%&@ déﬂﬁhﬁiyh)d L(hfrﬁémbﬁycamawnczapmfynyll 2-

(2-et hoxycarbo 0Xo0- et h lkS'iT et hy carb? ?/ % Iﬁ yric acid

2- Ami no- 4- [ 1- @HWI?@W"EM)?@%%@Q?E%{PB ?1“3’@36’?8‘0@ WYPEERESNY1 ) - et hyl car banoy
| ]-butyric , agifhino-4-[2-(2- benzylcarbamoyl -2-0x0- ethy{lsulfanyl) 1-(carboxymethyl-carbamoyl)-

2- Am no- 4- [1- et hoxycarbonyl ' net h y -‘car bano - 2- ( 2- et hoxycar bonyl - 2- oxo-

et hyl sul f anyl )eﬂtyiqagha@myﬂ ficRSKut yri ¢ aci d

3-[ 2- Ami no-2- (20/%#\8Wﬁﬁ(webbxﬁﬁéthﬂ@wan@tﬂwdzswxwawbhm@r21>@sao BhORUMATYY- aci d

et hyl ester 2- 0X0- 3- (2-thi'oxo-1 m dazol'idin-1-yl)-propionic acid ethyl
est er ethylcarbamoyl]- butyrlc acid

2- ANt no- 4- [ 1- GearboX wiah %&p@wmam.aoﬁé’-(é’arw@mﬂ%d paBamodl)-BthYtsMifaryriopy |

¥l

sul fanyl)- ethylcarb am)(f1 % yric aci

2- Ami no- 4- [1- UUQ@‘?{%X'W!"D}:%”E%M‘PPW?QQ'E@Cﬁ’ﬂp‘ﬁtmﬁhqsﬂar4 yl - 2, 3- di oxo- propyl
sul fanyl) - YA 6 éﬂbo%é/tﬁyl%a?dﬁn% 1)-2-(2- dlmethylcarbamoyl -2-oxo-ethylsulfanyl)-

2- Am no- 4- [1 car | -'car banoy ﬁl -et hyl car banoyl - 2- oxo- et hyl sul f a
nyl)- ethyl caﬁﬁyﬁﬁﬁmmqydtMW@a&E’u d S7137P2 WO -51 WO 02/ 090314

PCT! US02/ 14055 Amino-4(1-(carboxymethyl-carbamoyl) 2:(2.[2-(4-hydroxy-pheny)1-
2- Ammi no- 4- [ 1- Coar B HaeR o R 2/) {2:]2-(4-hydroxy-pheny

| sul fanyl) - emﬁgﬁh@gp@fgﬁﬁmefhyﬂﬁ@[tggmqy] OXp- ethylsuhganyl} ethylca¥bamoyl) butync a%
2- Am no-4-[ ]- %g&n@gxzﬁlﬁEchBWoxﬁﬁéthﬁ5@%%&1)@(2%&%%3&&{69@-020 egrakdyhsul f a

nyl)- ethylca rc
ethylcarbamoyl]- butync acid

I
- (
et
-
et

| - propy

e 2-Amino-4-{1-(carboxymethyl-carbamoyl)-2-[2-(4-methyl-cyclohexylcarbamoyl)-2-oxo-
ethylsulfanyl]-ethylcarbamoyl}-butyric acid

e 2-Amino-4-[1-(carboxymethyl-carbamoyl)-2-(2-ethoxycarbonyl-2-methoxyimino-
ethylsulfanyl)-ethylcarbamoyl]-butyric acid

e 2-Amino-4-[1-(carboxymethyl-carbamoyl)-2-(2-ethoxycarbonyl-2-hydroxyimino-
ethylsulfanyl)-ethylcarbamoyl]-butyric acid

e 2-Amino-4-[1-(carboxymethyl-carbamoyl)-2-(2-ethoxycarbonyl-2-ethoxyimino-
ethylsulfanyl)-ethylcarbamoyl]-butyric acid

e  2-Amino-4-[2-(2-tert-butoxyimino-2-ethoxycarbonyl-ethylsulfanyl)-1-(carboxymethyl-
carbamoyl)-ethylcarbamoyl]-butyric acid

o 4-[2-(2-Allyloxyimino-2-ethoxycarbonyl-ethylsulfanyl)-1-(carboxymethyl-carbamoyl)-
ethylcarbamoyl]-2-amino-butyric acid

S7137P2 WO -52-



1-{3-[2- (4- Am no- 4- car boxy- butyryl am no) - 2- (car boxynet hyl - car banoyl ) - et hyl s
ul fanyl]- 2-oxo-propionyl}-pyrrolidine-2-carboxylic acid nethyl ester

2- Am no- awWph2pemiboxymet hyl - car banoyl ) - 2- (2- cycl ohexyl car pamaysh2/P406% 0-

et hyl sul fanyl ) - et hyl carbanoyl ] -butyric acid 2-Am no-4-{1

- (car boxynmgt hilknﬁiﬁéhf{@b!érbo%@hﬁ—%arﬁﬁbg &Y[Q%ﬁrk&@b!érbanwhe(nyhtfo-

et hyl car banoyl ) - 2- oxo- et h fan | car ban butyric acid

2- Ai no- 4- [ 2- benzyloxyii ’Eﬂireir&/i%‘)f?”ﬂ %llﬂg%rPWPﬂhP‘Ftﬁﬁr ?%'dl (car boxymet hyl - car ba
moyl) - et hyJ carhgreulb- (blbbﬁiyl&(yﬁ\rﬂhQZ ethoxycarbonyl -ethylsulfanyl)-1-(carboxymethyl-

2- Am no-4-[ 1-(car bOX}/n’Et hyl -'car %Ht)%lca- - (2- hexyl car banoyl - 2- oxo- et hyl sul fa

nyl)- et hyI caF@fQﬁﬁ‘W' -ty anH‘Oé(ﬁ cid
2-{3-[2-(4- Arrwemﬂoﬁqﬁh%léoméfﬁw%amah }«n&(éfeaﬁda@mﬁmwmbmw) ethyl s

ul fanyl]- 2-o0xo-propiQq no} - 3- met entanoi c acid met hyl ester
2- Ani no- 4- [ 1- g& é(@ld H‘E% ’E‘%{%‘%JMW)C aiq 2- d

I met hyl car bam)yl 2- 0X0- et hyI sul fanyl)- ethyl carbanoyl]-butyric acid

2- Am no-4- (1- (car boxynet hyl - car banoyl ) - 2-{2-[ 2- (4- hydr ox ggen_ | )-1-
met hoxycE38hy! - et Hyp@sf,myrqferze%%wépﬁyv@mwwﬁwﬁ{ud&sHi{? PHRGES IWelAS yr |

C acid thejr sterecisomers, tautomers salts and mixtures thereof:
2- Ani no- 4-1 1- (car boxynet hyl - car bano -2-(2-di et hyl car banoyl - 2- oxo- et hyl sul

fanyl)- et myl a(ﬂltjgﬁﬁwpmqﬁ;pyz-y@ulﬁﬂ -2-0X0- proplonlc acid ethyl ester
2- Ani no- 4- {1- @qaﬁmgﬁ M@ﬁ iﬂlc)aé i 4 %tﬂwéstsycl ohexyl car banmoyl ) -

2- oxo- et hyl sul fan yric acid
2- A no- 4- [¢l- @déﬁmmmthwwf%ﬂmfww ZD@Q-PQQHWG;/@W gty ester net hoxyi mi no-

et hyl sul fan r io
2- Am no- 4- [)1/ %3 %éﬁ/ﬁe%ﬁgﬁm Jazgf“'ér%lrsw @5 Zoxgt%rogl%lé: Clgn%}w es‘1ydr oXyi m no-
et hyl sul f anyl 2- cetblf&#(z:ia‘ardxaﬂmyila}ellbmt-yyl)-ormm acid ethyl ester

2, At n0- 4 [ 1 CoannOUEr L S3 HRNRY. i ol SLASHG RS ROAu iy pLdtgryT i no-

et hyl sul f anyl
2- Ami no- 4- [2- (32(4t56[Dhydimttmézdalmymﬂﬁnﬁ)-b@xgmdimﬁqbeidabtiyl asterf anyl ) - 1- (car boxy

net hyl - carbarm yl c rba cid 4-12-(2-
|yl oxyi mi no 24 e‘i/rn@se Qr(ﬁﬁr AN KX’FQH%W{)&) &103(%%5%98‘@%?'?83Pbamy| ) -
et hyl car banoyle} R;amnw]kvmtmblaeldam d S7137P2 WO -52 WO 02/ 090314
PCT/ US02/ 14057 2- Am no- 4- {
- (car boxymet hy’er’E@P%[ﬁj@ﬂb%yr[‘?théqu%m%’r‘)D%F%??th?‘)(c&rt%ﬂnﬁ/'r%°X° -ethylsulfanyl)-
benzyl oxyi m nejnyfiso¥tisathicaield ] - et hyl car banoyl }-butyric acid

e 2-Amino-4-[1-(carboxymethyl-carbamoyl)-2-(2,3-dioxo-3-piperidin-1-yl-propylsulfanyl)-
ethylcarbamoyl]-butyric acid

e 2-Amino-4-{1-(carboxymethyl-carbamoyl)-2-[2-(1-methoxycarbonyl-2-phenyl-
ethylcarbamoyl)-2-oxo-ethylsulfanyl]-ethylcarbamoyl}-butyric acid

e 2-Amino-4-[1-(carboxymethyl-carbamoyl)-2-(3-morpholin-4-yl-2,3-dioxo-propylsulfanyl)-
ethylcarbamoyl]-butyric acid

¢ 2-Amino-4-[1-(carboxymethyl-carbamoyl)-2-(2-ethoxycarbonyl-2-methoxyimino-
ethylsulfanyl)-ethylcarbamoyl]-butyric acid

e 2-Amino-4-[1-(carboxymethyl-carbamoyl)-2-(2-ethoxycarbonyl-2-hydroxyimino-
ethylsulfanyl)-ethylcarbamoyl]-butyric acid

e 2-Amino-4-[2-(2-butoxycarbonyl-2-methoxyimino-ethylsulfanyl)-1-(carboxymethyl-
carbamoyl)-ethylcarbamoyl]-butyric acid

e 2-Amino-4-[2-(2-benzyloxyimino-2-butoxycarbonyl-ethylsulfanyl)-1-(carboxymethyl-
carbamoyl)-ethylcarbamoyl]-butyric acid.
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2- Am no- 4-[ 2- (2- benzyl oxyi m no- 2- et hoxycar bonyl - et hyl sul fanyl ) - 1- (car boxyne
t hyl - carbanoyl) - et hyl carbanoyl ] -butyric acid

2- Am no- 4wpl2(e@iboxymet hyl - car banmoyl ) - 2- ( 2- et hoxycar bonyIpCZyyshem®®yi m no-
et hyl sul fanyl) - et hyl carbanoyl ] -butyric acid [0133] Another, nore preferred

series Of[omjmoundPrégéﬁhIdﬁl@& ﬁrb@rr%el(;l)muwlyaﬁ thepractice of tiieinethetie bEties oner s,
tautoners, salts, res her

H Benzoi mvaatiqﬂ) |szth9 |féh9p/fr‘gr§)¢|n)es of ngﬁfr}gm%@gée?lastgfmonéeﬁ e?utomers salts,
3, 4- Di hydr@mdttuled tHaredft azi ne- 3, 5- di car boxyl i c aCI d 5-ethyl ester

3- (5-Chl or o- benzot hi I I f ' th
S ook ot b 25 RSB e BBt ot o
:2:, (())S(OI\/gt g(z) éthgﬁ@:ﬁ%ﬁg@g%wédagzbm 1- yI) propionic acid ethyl ester d

0X0
cstor 3. Chaming hieori as By SR o e RS il vy
(ZES:[A\GF " (—::'Lthylcarb%moyl] -but r|c acid,
et hg} Qgr BaL%'-?ﬁ‘Fn%;r)ﬁfX nEtoé( t%yI caaanrXos)l)-g-(é gthg%ycgob%y?z-oxo -e QXIIfanyI)f anyl) -

2- Ami no- I\I—[é¢h§|§@;b§.<m§wlm@yda@@,r banmoyl ) - 2- ( 2- et hoxycar bonyl - 2- oxo- et hyl sul f a
nyl)- ethyl]-succinam c

- (car boxy 'ﬁm'”%‘éib@ﬁﬁiﬂxymﬁthé'écagbﬂpwbz'@ ﬁ?rﬁ@ﬁf K2 fthyiﬂu'f%’IVprI sul fanyl ) -

et hyl car barrétuylbarbuwyumtmladud
2- Am no- 4-{ 1- (car boxynet

- b h | -

et hyl car Bandgmnood-bikicag §m§hwﬁ‘%?aﬁlg??']\{°3é)('ﬁ'§é'8@§’ (é?é,leﬁwgpéa@ryﬁ i

2- Am no- 4- [éthﬂgéybbmqujmwacmar bamoyl ) - 2- (3- m)rphol i n-4-yl -2, 3-di oxo- propyl
sul fanyl)- ethylcar barmyl ] - but %I‘I c a

2- Ani no- 2- [ 2-3ptng-hb(aeitapca ﬂ’a%’r{f?%)oxﬁmdr? PSR I 9o P oxyi m no-

sthylsul za[‘él’érbar%%)‘étﬁﬂb?@mw] bgtync/am@ oBtHedHC! saIt thereof,
m Nno- - Car oxyne - carpano _
et hyl sul fang®@ é’a & PRRMSYFYiIT W-Q%ltp%ycgét?@yl et )(/)Iéall anyl?q \t/arboxyrngm qxyimi no

2- Ami no- 4- [é’ar()gmbﬁ @m)‘l@éﬂbbﬁha?'li-batyﬂ@é@@byth@Hm-s%ttm%rsoﬂfanyl ) - 1- (car boxynet h
yl - carbano t hyl car banoy butyric '

2- Ani no- 2- éa(fﬁn%‘ﬂz WWWPWL'@rB@IPM&%z@I%WYC%QW| -SIERRYMN1- (car boxyme

t hyl - car bagm s it ek iR JbuBsit eeide aci d. S7137P2 WO - 53 WO 02/ 090314
PCT/ US02/ 1405¥ X% rcyI%{resent I]y r%st preferre ﬂ |n t he
ulf

arti
practi ce *of Zﬁﬁénq@-t[% Butgxycaphonyl-2-hydroxyimino-ethyls I) 1 ?car (4% ethyl-
carbamoyl)-ethylcarbamoyl]-butyric acid or the HCI salt thereof,

e 2-amino-4-[1-(carboxymethyl-carbamoyl)-2-(2-ethoxycarbonyl-2-methoxyimino-
ethylsulfanyl)-ethylcarbamoyl]-butyric acid

e 2-amino-4-[2-(2-benzyloxyimino-2-ethoxycarbonyl-ethylsulfanyl)-1-(carboxymethyl-
carbamoyl)-ethylcarbamoyl]-butyric acid or the HCI slat thereof,

e 2-amino-4-{1-(carboxymethyl-carbamoy!)-2-[2-ethoxycarbonyl-2-(4-nitro-benzyloxyimino)-
ethylsulfanyl]-ethylcarbamoyl}-butyric acid,

. 2-amino-4-[1-(carboxymethyl-carbamoyI)-2-(2-ethoxycarbonyl-2-phenoxyimino-
ethylsulfanyl)-ethylcarbamoyl]-butyric acid or the HCI salt thereof,

e 2-amino-4-[1-(carboxymethyl-carbamoyl)-2-(2-ethoxycarbonyl-2-ethoxyimino-ethylsulfanyl)-
ethylcarbamoyl]-butyric acid or the di-HCI salt thereof,

e 2-amino-4-[2-(2-tert-butoxyimino-2-ethoxycarbonyl-ethylsulfanyl)-1-(carboxymethyl-
carbamoyl)-ethylcarbamoyl]-butyric acid or the di-HCI salt thereof,
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I nvention) is the follow ng series of conpounds including their

stereoi soners, tautoners, salts, and m xtures thereof:

2- am no- /wWph2pemiboxymet hyl - car banoyl ) - 2- ( 2- oxo- 2- pent yl opgrarsbomps? et hyl su
| fanyl)- ethyl carbamoyl]-butyric acid,

2- am no- ¢- [41[24 @adil @xwmﬁiotmbmaydawl étn@sdlf’énpmxbsmwmémwaf&nmyq et hyl sul
fanyl)- ethyl car banoy ]n% uta/rl C

2- ami no- 4- [Qﬁm('??é'?%%}' 2R MY' ig o the dirHCLEAIRE R  hony | - 2- oxo- et hyl sul fa
nyl)- et Ryl £ArRRIRY]-{ cabd&djﬁ‘lbmyﬁ@érﬂamo 1)- 2 [3 &4 -methyl-piperidin-1-yl)-2,3-dioxo-

2-am no-4-[1-(car bOXf/ITEth | - car E)g }/ 2 car boxy- 2- oxo- et hyl sul fanyl ) -
et hyl car barﬁ59FP¥]'%{f?9¥' -gthygargamoyl}-butyric acid,

2- an no- 4- [ akf-fpx Vine 61 EABEMb))-2(4-Ry@bRANIOB-bRNF piperigor-git hyl sul f a
nyl)- ethyl car banoy I but

2- ani no- 4- [pzome%faﬂxi 9@&%6‘29?!9\03/'&%%{'%6%94 ni no- et hyl sul fanyl ) - 1- (car boxynet h
yl- car bafmz/lt\)nnﬁmﬂ &%Fﬁb@(mé{hbr Qitbarhby)-2.62-diety|cabranidi-2sxblethynsarayi)-

2-am no-4-[ 2- (2-benzy] oxyi m no- 2- but oxycar bonyI et hyl sul fanyl)-1-(car boxyne
thyl - car bastayearbamayl-euyie?fd| ] - butyric acid or the HCl salt thereof,

2- am no- 4- [daffLPpK d&%d%yﬂne I @a’mwb;)lyé’-(ié -dRXB MBS W-pRopYdIRang): M no-
et hyl sul fanyl ) - et hyI car banmoyl J-butyric aci

2- am no- 4- [&hylcarpaimexlbuly - 2- hydr oxyi m no- et hyl sul f anyl ) - 1- ( car boxynet h
yl - car bamoy iki-ayi @&&Mﬁ%kﬂw bérb%bg ﬁz-g-ﬁfetﬁdi?cér@n alﬁhehher eof ,

2- am no- 4-[ 1- (car boxynet hyl - car banp hoxycar bé)nyl - et hoxy| m no-

et hyl sul fan%ﬁhy'C%PWPﬂh?ﬁéﬁﬁhﬂsuﬁﬁﬂmrqt l%égnoyl} butyric aci

2-am no- 4- [ %kg 2 fephafel £ 28)0-bthisGE@iyoXxy me
t hyl - car bagrrégﬁn&-)?t?ﬁwl car iy gﬁrﬁ%’?@??‘%ﬂ%ﬁmﬁ@t he HCF sl at t%er eofyP

2- ani no- 4- {qthﬂ@%[P%SMh@ftM%a‘E‘ir banmoyl ) - 2- [ 2- et hoxycar bonyl - 2- (4-ni t r o- benzy
| oxyi mi nQ) - o Akd- §‘{'i (ﬁﬂéﬂﬂytcﬁ?ﬂ&ﬂd&ﬁ?%%@ﬂyisn% L1-GafsdxPmethyl-carbamoyl)-

2-am no-4-[1-(carboxymet hyl - carbanoyl ) - 2- ( 2- et hoxycar bonyl - 2- phenoxyi m no-

et hyl sul fan@lhylc@wpﬂhiaw%w- butyric acid or the HO salt thereof,

2- am no- 4- [ 1 aALGRLBeX ds%daaﬂnew BABRYbYI)- Q—(ﬁ%&ﬁﬁ&ﬁ#ﬂfmawko%nﬁyl%@mym no- et
hyl sul fanyl) - ethy carbam)y ]-butyric acid or the di-HC salt thereof,

2~ ani no- 4- [ @hyloarpamoyibbutyi§adidno- 2- et hoxycar bonyl - et hyl sul f anyl ) - 1- ( car boxy
net hyl - Qarﬁgﬁm\% 5&%&?@% Yarbarhsy3- g.@eﬂwtcsrb@hdyhzo% etiglsufadyl)- t her eof

S7137P2 WO 0903 / US02/°140
ethylcarbamoyl] butyric acid,

e 2-amino-4-[1-(carboxymethyl-carbamoyl)-2-(2-ethoxycarbonyl-2-methoxyimino-

ethylsulfanyl)-ethylcarbamoyl]-butyric acid

e 2-amino-4-[1-(carboxymethyl-carbamoyl)-2-(2,3-dioxo-3-pyrrolidin-1-yl-propylisulfanyl)-
ethylcarbamoyl]-butyric acid,

e 2-amino-4-[1-(carboxymethyl-carbamoyl)-2-(2-octylcarbamoyl-2-oxo-ethylsulfanyl)-
ethylcarbamoyl]-butyric acid,

e 1-{3-[2-(4-amino-4-carboxy-butyrylamino)-2-(carboxymethyl-carbamoyl)-ethylsulfanyl]-2-
oxo-propionyl}-pyrrolidine-2-carboxylic acid methyl ester,

e 2-amino-4-[1-(carboxymethyl-carbamoyl)-2-(2-hexylcarbamoyl-2-oxo-ethylsulfanyl)-
ethylcarbamoyi]-butyric acid,

e  2-{3-[2-(4-amino-4-carboxy-butyrylamino)-2-(carboxymethyl-carbamoyl)-ethylsulfanyl]-2-
oxo-propionylamino}-3-methyl-pentanoic acid methyl ester,

e 2-amino-4-[1-(carboxymethyl-carbamoyl)-2-(2-dimethylcarbamoyl-2-oxo-ethylsulfanyl)-

ethylcarbamoyl]-butyric acid,
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4-[2-(2-allyl oxyi mno-2-ethoxycarbonyl -et hyl sul fanyl)-1-(carboxynet hyl -carb
anoyl ) - ethyl carbanoyl]-2-am no-butyric acid or the di-HC salt thereof,

2- Am no- 4awpl2Agasas boxynet hyl - car banoyl ) - 2- [ 3- (4- et hyl - pi pemiuwdori4s7
-yl)-2,3-di oxo- propyl sul fanyl]-ethyl carbanoyl }-butyric acid,

2- Ami no- ¢- [AahfRidex yrhemt&awéw@ 4 -@delmeﬁw) $-neathoxgcaibpeyli di n-

1-yl - propylsulfanyl -eth butyric a
2- Ani no- 4- [‘?EW'%%P?JB%HT%‘PH‘%CP%&P@%ﬁ(éﬁ]ﬂ)ﬂ‘?r @f')et(?:'-hmcc%ﬁ’%anoyl 2- oxo- et hyl sul
fanyl)- et @tﬁﬁb&%ﬁﬁl%z@lﬂty}@fdﬁﬁnﬁ)@ @xo proplonlc acid,

2- Ami no- 4-[ 1- (car boxynet hyl - car banoy d|0x03 eridin-1-yl-propyl
Sulfanyl)’ %@*@rﬁéﬁpﬁ%r%‘yq’ E:y%gﬂympgoh@ Mlsul anyl) propionic aci e yl ester,

2- Am no- 3191(823%9 HeR WBé'rbaﬁﬁém &Jlfa%yl[%h@&ro&%l@&wéaa BeHyYéstér, pheny! -

et hyl carba - et hyl sul f'any et hyl car banoyl }-butyri c acid,
2- Ani no- 4- [3!:(t(eoafbﬂﬁlﬁqamlt%ylﬁUlf?@b"bﬁrﬁ%?’rgromoma@@@lﬂb’h@%t?fcar banoyl - 2- oxo- et hyl

sul f anyl ;ﬁ)éfﬁ

2- Ami no- [:g 1?§L%enzy XAI f%ﬁ%)c%?gé g{%ycimc %ﬁtth"Sesier( car boxynet hyl - car ba
noyl ) - ewhy3- @ctba‘mmeln]zeﬂ)wlzylrz-glsdfandl) -2-0X0-propionic acid e_thyl ester,

C o & SRR b ORIk By 2 3 oxo-pr oy
2- ia;n notﬁ l[:&(f{ metHoyperidiyidazelsbasadiahyly- é-o@ﬁ-ped:phqrhcacibamyyéster oxo-et hyl sul fa
ny et hyl ¢

f buty.
2- ani no- &- [3.‘L?1 ggﬂ&ﬁ@ ? l&i'yléﬁfa&é{'gfgiﬁxf -PoRignic AR BIWA PESHy | - 2- et hoxyi mi no-
gt hyl sul fzfa?z:/[h}dr@kyﬂrﬁln@&{-wyuliangtﬁrwmlbmcaeldgn%thy(ljl ester, ; g
am no- carboxyne ca ; i din-1-vl -
Sul anyr). SRR DByt SRy e gt 5 A1 X0~ 3-pyrrolidin- d-yl-propy

2- ani no- [é-nmemm%@bwhs%rnplmybhm%cﬁ?etmbytbsar bamoyl - 2- oxo- et hyl sul fa
nyl)- ethyl carbanoyl]-butyric acid

1-{3-[ 2- ¢4- %8 ﬁ'@iomWB’@)@P%@WW%“&%ZHWIWWW'BW‘Fﬁi‘l’ etk esiefoy| ) - et hyl s
ul fanyl ] 42- %_ﬂ? mmooslgﬁﬁ&qemr@h @nE&n@daCzafQ?%Mllférﬁll)f}ﬁbﬁom@bm(|etr%l$é§ér

2- ani no- 4- [ oxynme -car banmoyl ) - 2- (2- hexyl carb x 2- oxo-ethylsul fa
nyl)- et hy[&a‘rHiyaamgwmldamlﬁylwlfaoyl)jZ hydroxylmmo propionic acnd ethyl ester,

o 2SR g s o by )t

olc acid rret hyl ester,

2- am no- 4- [1L—p(pead|bdxy4+33p-hyylswfanidmmdn)e-’Qzﬁlbndi2 oxime.
nmet hyl car banoyl - 2- oxo- et hyl sul fanyl ) - et hyl car banoyl ] -butyric acid,

Utility, Testing and Administration

General Utility
[0135] Compounds of the present invention are useful in treating a number of

disorders, particularly those characterized by oxidative stress and/or inflammation. In
particular, compounds of the present invention can be used in the treatment of ischemia
including stroke, cerebral ischemia, myocardial ischemia, retinal ischemia, myocardial
infarction and post-surgical cognitive dysfunction; neurodegenerative disorders including
Alzheimer's, dementia and Parkinson’s disease; peripheral neuropathy, including spinal cord
injury, head injury and surgical trauma; inflammatory disorders including diabetes, renal
disease, pre-menstrual syndrome, asthma, cardiopulmonary inflammatory disorders, heart
failure (including chronic and congestive heart failure), rheumatoid arthritis, osteoarthritis,
muscle fatigue and intermittent claudication; and for the preservation of allograft tissue and

organs for transplantation.
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2-am no- 4- (1- (car boxynet hyl - car banoyl ) - 2-{2-[ 2- (4- hydr oxy- phenyl ) - 1- met hoxy
car bonyl -wetoapbasas banoyl ] - 2- oxo- et hyl sul f anyl } - et hyl car bawoglgsebuogT i c

acid, 3-(1 H benzoi m dazol -2-yl sul fanyl)-2-oxo- propionic acid,

2- 0X0- 3- go4| ?i“’ 3, 4(:@&5\%? Q]e%'naﬁéﬁ)é i Actdizedl dy cwda)nvé)émscfau wnmﬁmé goby

ester, (car boxynet h car banoyl ) - et hyl suI fan I I C

aci d et hmyoeagd@rIschensa(ram%@u%fﬁ%ﬁ'em C@I@}@@WP%@WF’% %“ d# Fw aci d
ethyl eshgin fallére((%cld‘d%%%rm é’rﬁiéﬂ ngdstilleHélaftasiire); theew Qf@"@@e@ DﬂﬂlCﬂaﬂ)dWﬂ‘ hyI
ester, 3-(5-ch| oro-benzothia yl sul f an 8 (o] opi oni ¢ ac

ester, caMpangsof 5onHs bWH?@Z\&d? =g %ﬂdé’mel’%%;}% R. é*)?(?ﬂﬁgﬁ)?% c?oﬁ(?:'fj?f‘ et hyI
gz: g; ) S,héréctaﬁi oXRRAV btidsbaAcded: Whrdke, fo@redrz)l-@mm petinEl sohemiacpastet hyl

, h h
ester, Eurﬁﬂﬁé ‘EBS{/‘I“N% ﬂr OfS’t“ﬁ{oS%??/gg {ﬁﬁlf’\"j(uh"?r ?/B%’#pﬁu%gé’rgx) g%ruﬁp {]'Leﬁ o%%i s?rml |
g Egg; gilthcﬁr;lj Wary; Iﬁeétddrﬁarﬁaﬁlcf amgibalpn'aumapamd:naarodlegeneratwe dnsorders mcludmg
no ol.yl'sul fa
- (bochl Blbe s e TR OPS 2. B aft fodtia ptbbry wih compounde
ester, Bf Ryreutexiwiheradv &%GorreNHDRilar]d where Z is —OR or -NR R° Another grouplng of
[} benaor Mo crgraniditbh BRYldaRleAc88L6a ACbBingiMemASGR, andjorufdmmune

FOXYl m no- propi oni ¢ ‘acl d est er
2- hydr oxgomporerits iphlergs: - @alpﬁteﬁlrymai@isﬁaWIpr%ﬂ@BBWﬁiﬁY@ﬁfom&nasmma rheumatoud

Tobt Pert ik hiedaiuhi@! KLUk fREVE, PORBAGndy diliapagord- oxi e, UL LTLY,

Testing mnrstration ral Utility [0135] Conpounds of the present
invention are useful in treating a number of disorders, particularly those
char act eri,g by oxidative stress and/or inflammtion. In particular,
conpound he present invention can be used in the treatnent of ischem a
i ncl udi ng0ta7] oke, Jbissisetinn dessress oW FRBRAAIANA INORITRIAILOMROS|IABS Of G heni a,

myocar di lresehﬂh@érﬁlgh 3re @é]gcté’@ﬁfslr%% Qtondf® Hibd ¥|$in{é}’ ﬁ'fotalél%t ﬁoﬁ@xample and

neur odeg nerative disorders including Al zheiner's,
Par ki nsomrsed s Hesaneutip intenseniions "h‘@[ﬁ%ﬁi‘&f‘ﬂﬁw IW@PH@?%QGSB rﬂkaﬁ @@PH’ heari ury,

head i nj yhikr28%h SY6&Hr&al infaf@idA®; | nf | ammat ory di sorders including diabetes,
renal disease, pre-nenstrual syndroneg, E Hg car di .opul nona
H

i nf | ammad@138] di sor drsulls tabghrain that disrupt its Rioed §HRR)Y A% 1B RCE ST ogﬁ%ﬁ’é@@ve
heart f aig|y5i)as ih RbERER v ofeygfehg bit érﬁ;.xnaC{ﬁb @Qy?g"dnh Irapidy, causel aelrendl ahbglaeceand

BPBSF} rsn ]E ga%qg;gzgﬁgggthkﬁwp C.J., et al 18&9 {e\g/;% etoaq ?éds?l éé(l) rﬁeuro}:ﬁesn?/gﬁy, and
Raven Press, NY). Investigations into the cellular and molecular mechanisms that lead to
neuronal damage and inflammation associated with various types of brain ischemia can be
carried out using in vitro model systems, such as primary cell cultures, that retain the
metabolic characteristics of neurons in vivo. The use of such cell-based models has led to
advances in identification of biochemical mechanisms leading to neuronal death in conditions
such as anoxia, hypoglycemia, excitotoxicity, and exposure to reactive oxygen species.
Neuronal cell lines such as the pheochromocytoma cell line, PC12, are also useful models for
studying the effects of oxidative stress on the structure and function of neuron-specific
proteins that are expressed in the cell lines. As many neuronal cell lines do not express all the
properties of genuine neurons, primary neuronal cultures are now widely used as in vitro
models in which to discern the processes that occur in intact brain.

[0139] In vitro models of ischemia approximate oxygen and glucose deprivation that
mimic in vivo conditions, for example, by placing neuronal cultures into large anaerobic or
hypoxic chambers and exchanging culture medium with de-oxygenated and defined ionic
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condi tions characterized by oxidative stress fall within the group:
nyocar di awoieobesm a, myocardi al i nfarction, cardiopul nonaPgTiushd/asesnt ory
di sorders; and heart failure (including chronic and congestive heart

failure) corﬁﬁ@sﬁ%n@ﬁ@d@ I eRé RtidBVelstiftilaAbh b Héﬁrbnal@ﬂﬂﬁkﬁé@d&c@torgoémb@”y Nwher e
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oxi dat i vEethyFBsparate (YMPA) £eqeplass, coaliby |to P¥W99W'8PFH@P3 'UHH,
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associ at efh [E'arHr'f\F't@%dﬁhéﬂ?ﬁar%ﬁm@ér&él@aééiQﬁ@ﬁé@aﬁ‘cﬁﬁbrbﬂonsﬁlmrs&h@;dlcqﬂﬁstluw ng
in vitro nodel sys such %ﬁéﬁ% ry cell cultures, that retain the

met abol i fre¥ipwh é@ﬂe’f\’?‘éf\f?(é@s@ﬂ@l@ in vivo. The use of such cell-based
nodel s hag4qgd to Irﬁé’k&ﬁﬁ%ﬁtsl dariigtedUt iid smbh(wthﬁprbsmh%hﬁ@i acImcdmmiosrrB

| eading to neuronal Q-:dﬁa pfondltl such as angm ar'ma%g E %g?

exci t ot oxj&dhqdp de %‘8"@3(%8 BRES: PRYA 'is%e’?)'?)‘/‘@éﬁn%”ﬁg Rk ures cel |
lines sugippdsarhpa n@b@mahreugmwtmouadié weiierteste@@ir2heinalslity it prevemfcell deattiel s
for stu t he, ef i.dative stres nctlon
of neurog%gﬁ’g’el‘?si f&“”%?% %Ver%Ct'Y'ﬁ'ap SUPRL MG Y %gggre tﬂ?rﬁz&r&\gﬂege% 'ﬂ%qelgg

neur onal neek lanimanenddil ofctrebrgpisebamial (fsttoke”), sucherthé edddig ceyebral ardermeur ons
primry ney ronab\d‘gxéiw S ar?etsnow wi dely used as in vitro nodels in whi ch

to di scePCHE" occur in intact brain. [0139] In vitro nodels
of i scheqow2}ppr oxiBniafly pumag;ecultmr@ afIhipposampalmeuransiane userhto test compounds

for activity in neuronal protection. Hippocampal cultures are typically prepared from 18- to 19-
day fetal rats. At this age, the generation of pyramidal neurons, which begins in the rat at
about E15, is essentially complete. The brain tissue at this stage is relatively easy to
dissociate, the meninges are removed readily, and the number of glial cells still is relatively
modest (Park LC, Calingasan NY, Uchida K, Zhang H, Gibson GE. (2000) Metabolic
impairment elicits brain cell type-selective changes in oxidative stress and cell death in culture.
J Neurochem 74(1):114-124).

[0143] In order to evaluate the activity of compounds of the present invention, a test
compound is assessed for its ability to protect cells against one or more standard stressors,
including hypoxia, as detailed in the Examples. In general, desirable therapeutic compound
candidates are effective in this model at concentrations less than about 10 mM, more
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mmc in vivo conditions, for exanple, by placing neuronal cultures into

| ar ge anaerobic or hypoxic chanbers and exchangi ng cul ture nediumw th
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death in[g4gjure. Briefly, a nylon filament is implanted into the right carotid artery of the rat. To

effect occlusion, the rat is anesthetized, and the filament is advanced into the internal carotid
artery 18-20 mm from the point of bifurcation of internal and external arteries and a suture is
tightly ligated around the filament for a period of two hours. Two hours post occlusion, animals
are re-anesthetized, and the filament is removed, to allow reperfusion for the remainder of the
experiment. Test drugs can be administered any time during this process — before, during or
after occlusion, and can be administered by one or more of a variety of means, including but
not limited to intracerebroventricular (ICV) infusion, intravenous (IV) infusion, intraperitoneal
(IP) administration, as well as enteral administration (e.g., gavage). Animals are maintained
normothermic during the experiment, as described in the Examples. At a pre-determined time
following occlusion and reperfusion, animals are sacrificed and their brains are removed and
processed for assessment of damage as measured by infarct volume. In general, compounds
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contraction is associated with a rise in intracellular calcium termed a “calcium transient”.

These calcium transients can be measured using Fluo-4, a fluorescent dye which exhibits

large fluorescence intensity increases upon the binding of calcium. This assay is cell-based

and tests the ability of potential cytoprotectant molecules to guard against ischemic damage

and allow the cells to maintain their contractile function.

[0148] Further validation of compounds can be carried out in a whole organ assay,

such as the isolated heart model of cardiac function. Similarly, compounds can be further

validated in additional animal models of disease (e.g., diabetes, renal failure, asthma, muscle

fatigue, inflammation), such as are well known in the art.
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purpose aomp&rﬂ?&/ ap 5 greidgteﬁrnla%eﬁgtgpﬁr‘é?eradlz)pirn Lﬁﬁ(tao%%&e forms suitable for single
administration of precise dosages. The compositions will typically include a conventional
pharmaceutical carrier or excipient and a compound of Formula 1 or a pharmaceutically
acceptable salt thereof. In addition, these compositions may include other medicinal agents,
pharmaceutical agents, carriers, adjuvants, and the like, including, but not limited to
anticoagulants, blood clot dissolvers, permeability enhancers and slow release formulations.
[0152] Generally, depending on the intended mode of administration, the
pharmaceutically acceptable composition will contain about 0.1% to 90%, preferably about
0.5% to 50%, by weight of a compound or salt of Formula |, the remainder being suitable

pharmaceutical excipients, carriers, etc.
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Easton, Pennsylvania, 15th Edition, 1975. The composition or formulation to be administered
will, in any event, contain a quantity of the active compound in an amount effective to alleviate

the symptoms of the subject being treated.

[0156] Dosage forms or compositions containing active ingredient in the range of
0.005% to 95% with the balance made up from non-toxic carrier may be prepared.
[0157] For oral administration, a pharmaceutically acceptable non-toxic composition is

formed by the incorporation of any of the normally employed excipients, such as, for example
pharmaceutical grades of mannitol, lactose, starch, magnesium stearate, talcum, cellulose
derivatives, sodium crosscarmellose, glucose, sucrose, magnesium carbonate, sodium
saccharin, talcum and the like. Such compositions take the form of solutions, suspensions,
tablets, capsules, powders, sustained release formulations and the like. Such compositions
may contain 0.01%-95% active ingredient, preferably 0.1-50%.
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di | uent such as | actose, sucrose, dicalciumphosphate, or the like; a

| ubri canthopicezd ﬁ'ﬁ% esium stearate or the like; and a binder such as
starch, gesgpcaci apaﬂmltefmigzmh.mytrraitmninglgémaralgaihatddtenzeeIbb/udjeaenamtﬂmer

o s Biaco F RS bt PARE AU e
di sper si fgmsetither a8 liGaid Buletlmrmtsuaphramnd,&ifohdém)‘mtnnwteblarfmi soption nasuspensmn
Patcous. dulibairts Yl of o8 shfliorE! SuRHEH sRorish rf B Brdno d Sheftr, sl "
form a sakutosenglgcersiisihansiianthe like. desdditiah, iftdesired tiae nimrmpe@a:lal qumy@gupm on
Subst ancbbs BREe AR {1 At GRS gl Rn TR Bk 30/ aBAY Kifsiaril slorbid
agents, mdttingufrfeenilsifgingggrtts, pin dutféringl ageets s@ublbtx&ﬁbarecer%@mmﬁ e s4gheas
sodi um CIf<§r e@taﬁ‘fple?)égé qu%[e{a'té?%orbltan monolaurate, triethanolamine oleate, cyclodextrins, etc.

[0163] A more recently devised approach for parenteral administration employs the

implantation of a slow-release or sustained-release system, such that a constant level of

dosage is maintained. See, e.g., U.S. Patent No. 3,710,795. The percentage of active

compound contained in such parenteral compositions is highly dependent on the specific

nature thereof, as well as the activity of the compound and the needs of the subject. However,

percentages of active ingredient of 0.01% to 10% in solution are employable, and will be

higher if the composition is a solid, which will be subsequently diluted to the above

percentages. Preferably the composition will comprise 0.2-2% of the active agent in solution.

[0164] Nasal solutions of the active compound alone or in combination with other

pharmaceutically acceptable excipients can also be administered.
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derivatives, sorbitan nonolaurate, triethanol am ne acetate, triethanol am ne
ol eate, etc. Actual nethods of preparing such dosage fornms are known, or
will be apparemsisto those skilled in this art; for exanplCa/UsSzei57

Rem ngton' s Pharmaceuti cal Sciences, Mack Publishing Conpany, Easton,

Pennsyl Vagieg] 15t hF&ghuiatons oﬁ%%ct.{f@@brﬁ;s&m@%rtal sah ntdy dlsy belbarhinsterto thhe
admnistered wll, in any event .contain a quantit of%ﬂtnge a§ ye conpound

in an anfRFRTAtERHERCL P%@”@S%éPH%ﬁOM'Qn fQr Renelylizer @S 6t M °t5e| ng

tr eath ed. .r{sGﬁIEﬁ%n @lbﬁ@@elrf wmmnmmnmeTmﬁnéné omecwunasnamseactm slmh a capeetheent
in the range o 05%.t 0 ,95% t al an

carrier R C'S%"W‘Qﬁ%r t'of@fg%]j'aﬁ}ﬁierﬁP§|es§mﬁnﬁsﬂ;ﬁ oﬁre?érgwgggé@ﬁt cally
accept abhficroesn- t oxi ¢ conposition is fornmed by the incorporation of any of
the normal |y enpl oyed exci pients, such as, for exanple pharnmaceuti cal
grades of mannitol, |actose, starch, magnesium stearate, talcum cellul ose
derivatives, sodium crosscarnel |l ose, E§AMPLES, sucrose, magnesi um car bonate,
sodi um saccharin, talcumand the |ike. Such conpositions take the form of

sol utions, suspensions, tablets, capsules, powders, sustained rel ease
f or mul at I(DIrﬁS] and t fibe follbwlngweﬂarammp@@dtelxemsles raag/gwarmtcaﬁmab@ those sideddnt i ve

| ngr el of o PlShSI U Onder8s 10 R2 M SR} FRLARAS rhe GRLBAZ 51057

[ 0158] Fo a So orm 1 on or susgenm on exanpl e
propyl eneonsmmbaatimltlngéfm@be@f thiel isvetion,rbug mpeely pelBsingiiluisiatarandn v
encapsul in capsule. Such diester solutions, and the

pr epar at ?é Egszfqugbﬂgﬁgg%%ﬁl ation thereof, are disclosed in U S. Pat ent s Nos.
4,328, 245; 4,409, 239; and 4, 410, 545. For a | i qui d dosage form the

sol uti O”Geﬁe&ﬂ CRbr%c%nEé’th%é%@é"e glycol, may be diluted with a suffici ent

quantity pharmaceut| ca accep tabl e liquid carrier N% wat er,

be easi | W?ﬁéhsured%cﬁ%%"ﬁﬂ@ﬂ%ﬁﬁeéﬁf thedalisyingexasnies. iNuelepr Magaelicy or

sem - sol 'F@s@rﬁa'i"lcef(lqmﬁilsﬁéét%er@%’cd?@e&é@Q@r@érWan&l m;jébﬂgmétfer dsiager si ng

t he active conpound oOr salt in veget bIe oi |l s, g col s q&?“'g cerides, .

propy!| enéet@%@{' stanedT M) @s dhe 'BF‘*(S%%’ RENESIFSAS %%/traa‘ﬁ%ret daifig %na% glen

encapsul atp DGII\?IQE%%truﬁ'@nUMlﬁ)@élthﬁr eﬁa'é&@ﬁﬁéy RARatidh (rpasudvemr isefativeg alode) (ESI)

capsul e shel | s. l.ations | nc u ékﬁéﬁ set forth in
a

Loreol gt Ll ot
U.S. Pat &hpEnqepberiGRre S%%Cm@'cadﬂn'ﬁa E?Bép%% eﬁ'é‘f@i]\’e‘fﬂ% tion can be

adm nistered in a single unit dosage form for continuous treatnent or in a
single unit dosage formad libitum 20 %Hef of synptoms is specifically
required. For exanple, the formul ati e admi nistered as a bolus or as
a continuous i nt rravaalaus wihafeus s tiBahzimidazoleet-yloR is iyt eng Xd$ Sst r oke,
nyocardi al infarction or chronic heart failure.

[0168] A solution of 2-mercaptobenzimidazole (200 mg, 1.33 mmol) and ethyl 3-

bromopyruvate (0.20 mL, 1.43 mmol) in methanol (2.5 mL) and acetone (2 mL) was shaken at

20 °C for 4 hours. The solvents were removed under the reduced pressure on a rotary

evaporator. The residue was triturated with ethyl acetate. Solvent was decanted and the

residue was dissolved in methylene chloride. The solution was washed with diluted aqueous

sodium bicarbonate solution and water, and then dried over magnesium sulfate. Removal of

the solvent gave the expected product, 3-(1H-Benzoimidazol-2-ylsulfanyl)-2-oxo-propionic acid

ethyl ester (326 mg, 93%). 'H-NMR (CDCl,, 300 MHz) § (ppm): 7.31 (br. s, 1H), 7.24 (br. s,

1H), 7.15-7.05 (m, 2H), 4.32 (q, J=7.1 Hz, 2H), 4.29 (br. s, 1H), 3.90 (br. s, 1H), 1.24 (t, J=7.1

Hz, 3H). MS (ESI): m/z 265 (M+1, 100).
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[0162] Parenteral adm nistration is generally characterized by injection,
ei ther subcutaneously, intranuscularly or intravenously. Injectables can
be preparwod i2znosenventional forms, either as |iquid sol uticansown4os7
suspensions, solid forns suitable for solution or suspension in liquid
prior to injection, or as enulsions. Exdnbrid e eXC|p|ents are, for exanple,

wat er, saline,. dextrose | | jticon, if
desired, the pRAPHALRY ﬁ?@d& sy%ﬁ]ﬁggo?(y—qyrhenzmgqu ég?ﬁ rﬁélﬁ gtEéIJPEGaq' %Fsgso
contain mnor amounts of non-toxic auxiliary substances such as wetting or
ke, sul8aE®F o BN of 2ottty 2asnhetB it (DI E2 mpfard iy
triet haﬂ@lfb&bmdsmjrmJaw((BZO my.c1.08 exhol) insnetbamol (2 {rmlesc]l amtn?er 6 mbrwas shakgewt sed
appr oac Qr, parenter n

sl ow r el BR0LE an rt%af?}rnéﬁowéi ;rgé 88@%@? sew%eb #g‘fj of tﬁgcr)%&sch?\ P%gglfee o
dosage i sotargienapirated. TIBemsiduegvas ti tUuStewezttl@nthyI\apetae7§9lvegt5~asr¢ﬁ@ap@ﬂ@@ﬁt age

of activ ergsggé)wagd&g)@gga ASflethilerGilloRR FHE SERlio P AEPABEAIANM bifndy 9Nl ¥

dependen e specl ereof, as we as the act|V|t%qof t he
conpoundaquedus hedlnedd@arb@natﬁeolsm anet watep@ed dien driggryeniagaesiyn syiqtey e

| nor edi eRbrlaidr e vt §8vE tHQ eSbaidd HBAAEICa CTRIBNAD] 1 barRntibloLbe  hi gher

if the conposition is a be subsequently diluted to th

above pyisaitanyi@esxo- mﬁgﬁ@lcablﬂwthwhésféb@giﬂg |8§8(o)wulﬁ tNMB (B:GQR. 3POMbiZy 3 the
active aggiy.yRoshl U197 10lAGGHa BR3nd, 139! 6104 @9-812 10 1ACA bY & SRR

al one or “I'n co Pharnaceutlcally accegtable exci pi ents

can al so2bp 4adinfbniss 1 H).e491 @71%7!12 (bs3s.\A0). 0029 God1a1 PeTellls02/ 14057

[ 0165] FR/TS”(#S’T‘}W §7@§M,tipe|og)[;t| ve conmpound or a salt may al so be
adm ni st er to t espiratory tract as an aerosol or solution for a

nebul i zer, or as a mcrofine powder for insufflation, alone or in
conbination with an inert carrier suq:_h(a@@act ose. In such a case, the

particles of the fornul ati on have d ters of oRs,
preferably | es§OMRdA 'E’lWherﬁl%'tso'Sn'g'eth pREmI 3'8?3‘7”'% EWPSW’ %ds s
preparations and exanples are given to enable those skilled in the art to
nor e clear understand a ractjce.t i nventjon uld
not be der edAa%"qt‘P%O??ﬁ@et hY- b g?zcﬁﬂtg F%’g e' Hrﬁ'ﬂ?l) %B&é?“?/@
bei ng il bktﬁﬁ ﬁ;;éﬁb @b mL%ﬂ@&mlﬂhlnveihédw(&mL) aﬁ:aemme @vatpeaseshakan abn

hod f the foll I
YL R RkETCuso PR oNERS et by haipeiioa e a e P ine 81 °

spect r onedtary evaporatort Fhe m@ddew_l/astntlmated witNVBYhyhscdtate. iSoivenhwhs dedaatesang nass
spectra ‘{Fe res%Bcta %ag%cljssglr\}eélpn rﬁ‘gt'hk/@ﬂé chloride. The solution was washed with diluted

aqueous sodium bicarbonate solution and water, and then dried over magnesium sulfate.
Removal of the solvent gave the expected product, 3-(5-Methyl-1H-benzoimidazol-2-
ylsulfanyl)-2-oxo-propionic acid ethyl ester (300 mg, 92 %). 'H-NMR (D5COD, 300 MHz) &
(ppm): 7.19 (br. s, 1H), 6.75 (br. s, 1H), 6.69 (dd, J=2.3 Hz, J=8.8 Hz, 1H), 4.30 (q, J=7.1 Hz, 2
H), 4.29 (br. s, 1 H), 3.93 (br. s, 1 H), 3.69 (s, 3H), 1.24 (t, J=7.1 Hz, 3H).

MS (ES!): m/z 295 (M+1, 100).

Example 4
Preparation of 3,4-dihydro-2H-[1,4]thiazine-3,5-dicarboxylic acid

[0171] To a solution of I-cysteine (1.00 g, 8.25 mmol) in water (20 mL) was added ethyl
3-bromopyruvate (1.61 g, 8.25 mmol). The pH of solution was adjusted to about 4 with
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110 LG/ MSD i nstrument using either electrospray ionization (positive or
negative node) (ESI) or atnospheric pressure chem cal ionization (positive
or negatiwe mogs)4 (APCl ). Exanple 1 Formula |a where A isPLT/US02/14057

H Benzi m dazole-2-yl, Ris Ethyl, and Xis S [0168] A solution of

2- mer caph@iiE isodidmizudarbdridsstation] ABSr stiield)at &gt ednperatBre for 30opyutesdhe

0.20 m, - d t
50" C 1 or s vl weshet B el forper v ARl e Mg Birpe e T
rotary ewspoested wrdryfdss unelsn |g|omlmson cortditioas e Thevmeithanohsolutinneaf shexobtgived ent

d d th o\
1o el eiSeq RSB T aSC Rtk AR B dRBre bR o e
wat er, aNWR (DrCOdy, 360l MH2 B pmgn@gaxmmzatemmrawal J=6'I‘1 Hzh2H s 8186ddd, gave
th
(e xDeqLen il el Jal 4 A BR0RG! M0azBlag Mol Al R PSOBI 0E
s, 1H), Rz29H) BICNER (25 Hz, DLABY: 3.(08m): 77 2H)164.6, B0.9,d03D-82.8, 5.7, 268, 1447.29
(br. s, 1 H, 3.90 (br. s, 1 H, 1.24 (t, J=7.1 Hz, 3H). M5 (ESI): mz 265

(M1, 100). S7137P2 WD -64 WO 02/090314 PCT/ US02/ 14057 Exanple 2 Formul a
|l a where Ais 5- NEthoxy 1 I-I-benmmdaEmaf_r_@eZSyl Ris Ethyl, and Xis S

030 o SOl o B 4B B ARG PR, )

acetone (3 rrL) was shaken at RrisbinandeXiea SovalentBend4 hours. The sol vents
were renoved under the reduced pressure on a rotary evaporator. The

residue was triturated with et hyI acet ate Sol vent was decanted and the
resi due Y@#92{li ssol ¢ e henzenBut i on NSSSREISIFEPTwI t h

di | ut ed ﬁ;ﬂgﬁgﬁoé&ﬂk gl rrfgaﬂ&rﬁtnﬁao 26%[9%5%%0%%9{ an RBWatdrati Br&dinever

magnesi um'su e sol vent ‘gave the expected product,
3- (5- net ktHoymMy) wasb@dﬂzecltmﬂdmuﬂpezswmgmgfhmyrmz MsbcﬁilﬁmpTBﬁPe'Oheﬁ QJO'@WM

?Sagr a(ngggo%%s?%%ﬁeg The %é@%rrﬁpﬁ f?r 0 rr(o‘?é’mmutgs Qn(\;’d ﬁwléh I\\IfN— ||:||)Z
2H) 4 SHjuidpropySeth)’tlalh‘I)ne (3 2dq. cbr360giL) and-lg3,,4 E|33metbbxym®ho>g|-ghenyl)-m;eﬂ(qnol J= 71
5 et hyi (AP ehbs ATB: AL ooy PR R Hirdadednd Lo ot Fffed b fvon,
of 5- met R ¥tight %aénbmltdﬁa?soétm*ebla@b °CZ@:03mmm Befdrk diued)withsthgtether. After
nis. ShakBFeBed Wit AR AP TSP £ R e MeRE-rRvaPe el el
under thgaiehsRt $UiaFesidee. Prification by silica gel column chromatography (eluting with ethyl
acetate: hexane 3:7) rendered 180 mg of thick oil (yield 62%).
[0173] (3,4-Bis-methoxymethoxy-benzyl)-triphenyl-phosphonium bromide
A solution of 4-bromomethyl-1, 2-bis-methoxymethoxy-benzene (1eq) and PPh; (1.02 eq) in
toluene was refluxed (oil bath 100-130 °C) overnight. White precipitates were collected and
washed with cool toluene. The solid was dried under vacuum and the yield was about 90%.
[0174] 4-[2-(3,4-Bis-methoxymethoxy-phenyl)-vinyl]-pyridine To a mixture of (3,4-
Bis-methoxymethoxy-benzyl)-triphenyl-phosphonium bromide (800 mg) and 4-formylpyridine
(130 mg) in ethanol was added lithium ethoxide solution (1.5 mL, 1.0 M in ethanol) over a
period of 130 minutes. After additional 30 minutes of stirring, the solvent was stripped off by

rotary evaporation under diminished pressure. The residue was dissolved in water and
extracted with ethyl acetate. Back washed with water, the organic solution was dried over
magnesium sulfate and concentrated on a rotary evaporator. Purification was carried out on a
silica gel column using gradient ethyl acetate in dichloromethane (5-20%). It led to a semi-
solid mixture of E- and Z-isomers in ca 80% yield.
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rotary evaporator. The residue was triturated with ethyl acetate. Sol vent
was decanted and the residue was dissolved in nethylene chloride. The

sol uti on wev2mashed with dil uted aqueous sodi um bi car bonatreTdasbuid4oon and
water, and then dried over magnesium sul fate. Renoval of the solvent gave
the expected product, 3-(5-Mthyl-1 H-ben20|n1dazol 2-

yl sul fani/(g)f - 0XO0- Rr?
300 MHz) ppn) : —F
Hz, J 8 Broide 1 H) A sélufﬂi@n ()q4 [21(:\74-b|shlnethaxyri1®tho>4' ;ﬂﬁznylbwmyt}; pyrldlmg (703n9X}ar(dbr

160) Sg‘ﬁﬁll %bé?rrfgrpé{ggpgﬁ (;2691 ug* in 1 4- dloxane (103% was sérr ScJ gt 90”1120 %géveg'%&t

3, 4- di hygth@mai {:dloﬂle]$f§o&mbﬁﬁ:r3ed3mch rawh@xdlsomeasanyd Rrédipitaté appeaet.utThen of

3- b omopfPLVE L B 5TegeB 8 sy PEnTRrsre g e FRRSE Bl wesee,
about 4 wektehsiveby WA ByVéhe SV R 2Ur0@0 Barfica@iH, IS0 digsived inmetmre! €0dnlkim
bi car bonat c%lseﬁ%%t%mqﬁﬁé‘z tahc@%éusr ?oq%tﬁhr gmp%ﬁ&w& rn%b'u@edf Hite? Qi 4t 6Sm ¢ he

m xture 8 ne " c eous phase was separ at ed
and thentermmamrem\@mgm fbllgwed by tamyal ofysopient bszmarmvmaﬁlqn. S\WGS'II*H%W%

met hanol ¢ |g§n {/é?Y wgghéd\ﬁltrpgt?@' ik, ethg?cg ?Z%o%rﬁéﬁgné Nrfuadh arisd indep gel

pack, resu ure’ pr (D3CCD, 300 MHz) 8
(ppm: 6va_®u(m| Trﬂsgavpuhzexmeqtpd pepdod, 4-4R-(J4-dihydegxy- pizﬂ)yl)-\snﬂb1 (@d, J=2.7
T.Zéoj (? %H@%yc I§§E§-e§‘?/§%m I\/gh Wbron%dgaas(%raﬁg@saldﬁéa 33?%3 HLNMF’{")
129.9, 1(300\HBDMSOSH) ¥ (PAre); 883](f4d71 Eﬁaﬁﬂl*éz)58 i‘@rrﬂ%%(mwméﬁé o= |1s‘5
4-[2-(3, 4@%})’?6?%1 '7)80 HYJLBF@/HBO!'H‘&)UW f%%’rﬁwcﬂ '$1b'(nﬁr618?<(d 9 a

Coval ent s-'et hoxynet hoxy- benzeng A

suspensi &6r8.dHz), ¢ ehy‘l13gﬁ16§)pl4|3|4e-‘( %Q“Pr@)sﬁ 'n3é”§éff‘6,n1 P2r1d5(md e NMBRs
cool ed op, g &CSM‘Q@L? 3968 15’9%‘%@7 1chG0 1Bk Vg2 afldos! 148.2 g oSyigpensi on
é syrihge w Gl)l % e 0

t hr ough ‘col or bromne soon di sappear ed
The sol utldbh, masg st31r3, 6812t 128. 3: 1281, 186801 26. i 132 b 280 12hén1 .6 I\‘L19 0,
di i sopropyg ge 21 99 AL 533082 0, 61.7, 12.6, and 12.4.
(3, 4-bi sqﬁ%Phg@}%ﬁ?ﬁgQQgﬁenﬁf fq’ianol ?22 my, 1 ed. either neat or in
CH3CN sol ution) were introduced at 0 C. The resulted solution was slightly
basic. It was stirred at 0 C for 30 @&@Qre diluted with ethyl ether.
After washed with saturated sol ut1on over I\/’?¥O4 and
evaporated to dr$nibSDihydro- 15'3@%!%%%@}@3/9&@@ W@B‘PB'G@C'C‘F’?I £8€4¢ti on by
silica gel colum chromatography (eluting with ethyl acetate: hexane 3:7)
I 0,

rendered 80 i 1a Wheraa % 4.5 DS 183dazol-2-vi, R is Ethyl, and X is S

[0176] A mixture of 2-imidazolidinethione (1.02 g, 10 mmol), ethyl 3-bromopyruvate

(1.95 g, 10 mmol), potassium carbonate (1.38 g, 10 mmol), sodium iodide (10 mg), Adogen

(200 mg) in N, N-dimethyl formamide (15 mL) was stirred at 20 °C for 15 hours under nitrogen.
The reaction mixture was diluted with water and then extracted ethyl acetate. Organic phase
was dried over sodium sulfate, evaporated, and chromatographed (silica gel, dichloromethane-
methanol 9:1), giving the expected product, 3-(4,5-dihydro-1H-imidazol-2-yisulfanyl)-2-oxo-
propionic acid ethyl ester, as a brown solid (1.8 g, 83%). 'H-NMR (CDCls, 300 MHz) & (ppm):
4.36 (d, J=7.1 Hz, 2H), 4.25-4.00 (m, 3H), 3.57 (d, J=11.2 Hz, 1H), 3.50-3.35 (m, 1H), 3.25-
3.10 (m, 1H), 1.37 (t, J=7.1 Hz, 3H).
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[0173] (3 4-Bis-nethoxynet hoxy-benzyl)-triphenyl - phosphoni um brom de A
sol ution of 4-brononethyl-1, 2-bis-nethoxynethoxy-benzene (1eq) and PPh3
(1. 02 eq)womz/ov@hauene was refluxed (oil bath 100-130 C) owemrnisghi4osihite
precipitates were collected and washed with cool toluene. The solid was
dri ed ungpr OtieerGompoudds bEFormellallanas about 90% [0174] 4-f2-(3

B o et RALT movy SRy IR b PRslihoor Fhaen AP pled
4-f or ny| pymiddizolieine(HiGe witf) 2-amirsd-84 ﬁMlmrdaBoldd)d)@(bnlommml@ntb@ﬂﬁd&ﬂbﬁ@lngdl utl on
(1.5 nm, ;amgPI\g [It1 . g&%@bﬁé@( ,)gﬁrlh%gzoq)g %Egp,%,gg@,@_s Af ter additional

30 minuté irri was str| rotary evaporation
under di m ni shed pressure. The reS| due was dissolved in water and

extracted with ethyl acetate. Back wasgaghewth water, the organic solution

was dried over_  magnesi umsulfate an ncent r at ev orator.
Purification waBY&axypeldHotidasal %ylsgﬁqqyg'é‘%h%%fﬁﬂ#ﬂgiaﬁ'g 0@%@6 et hyl

acetate in dichl ororrethane (5-20% . It led to a sem - solid mxture of E-
?827% | Zi)qrrerls 'n C%\ SO utlo o? JB.H Im%?a%g’IZA thV\P(O ? & ¥\9 n?r%él?gquyjf% bFr)gr:rlw_{J;gJﬁgvza/téL 4057
g Di h)éer’O(iYT thYrﬁmolylamyjItﬂletﬁylér%rrﬁt(bdxyf)an IMBQH/CPLOM .8 iy 1 . 5-rply)rin dlcappmjd

rom de ol u i S- et hoxvne i ne
(70 oy dalvetiiin 3! oo GRpRIR uE S PR, FBF it AR e el

stirred %ré?ﬁlséol\ﬂadﬁn enatinyiérghthloridélemdiloaded aintatbledop e sifed gelicolwmmurbdedni nt o

b d L '
ot 1 ppod i PTBAEETRET T Slehe Pl PR Gite L Brop LA BB ARG oo o
ext ensi vebiyi sulit 82 irigy B5%). htH-NMA (DT, 3‘00rMH1a3r6 (ppmi:f1. Eh(ti ), 1037 (hedsl), 4.12

di ssol ved in g & (48% aqueous sol uti on,
10 drops?i nfh??%%-geaﬁggﬁwgp ‘ggﬁaﬁfqg@n}éﬁ)‘%m ‘enper at ure overni ght,
foll owed by renmoval of solvent by rotary evaporation, the residue was
successively washed with ethyl ether,ggthylgacetate, dichloronethane, and
then dried under vacuum This gave tErreHg'p'ect ed product,

4-[ 2- ( 3, 4-Hi2Amdinox9y { P A edityidyoxyi alpndroxymethyl- tetrahydro -furan-2-yl)-9H-purin-6-ylsulfanyl]-

et hoxycar bonyl - 2- oxo- et hyl ) - py. an orange solid (83 ny,
87% . 1H NVR (300 Mz, DMBO d%%’% 9’(’3%% et 318 7.1 H), 8. 76
-855(n) 8.22 (dd, J = 1.5, 7.0 Hz) 810-800(n) 7.80 (dd, J =

6.2, 16. 3pHz) Fo mui 13 wﬁeéﬁ(@s- [Ariho-9- 3,300ty Rboxy B 8 trémelnyl-fotfens drHﬁ)ran-‘lNK/ZR

(g, J = _ ~86 -

(75 MHz, D|V5029 PR l R E‘ thyl, 2 0 S154 8, 148 4 148. 2 145. 3, 145. 2,
144.9, 13&7@] 141T%a§o'ﬁﬁro% ofﬁ-@ a?nnné%lmé’rcaétgéurﬁwe rib%&dé (1@(251980 3826mdl) in
122.1, 1 121.7, 121.

, 14 0 13.

113.6, 94, N-digsthyl f%@am'dedz mL) Was. %’deaﬁa‘yh%bhom@/é%lee d6O ik, G3 %)l"?%’r o-1

H-i m dazQhadr irGdtnt aer btirfePXR0PORY @MoGr, ¥6d éaBlidhyhixRFé Has diluted with water
and then concentrated on a rotary evaporator under vacuum. The residue was triturated with
ethyl acetate. The ethyl acetate phase was concentrated and chromatographed (silica gel,
methylene chloride-methanol 100:5 to 100:10), affording 21 mg of the expected product,
3-[2-amino-9- (3,4-dihydroxy-5-hydroxymethyl-tetrahydro-furan-2-yl)-9H-purin-6-ylsulfanyl]-
2-oxo-propionic acid ethyl ester. 'H-NMR (D3sCOD, 300 MHz) & (ppm): 8.13 (s, 1H), 5.87 (d,
J=6.1 Hz, 1 H), 4.70-4.60 (m, 1H), 4.35-4.30 (m, 2H), 4.20-4.05 (m, 4H), 3.90-3.70 (m, 2H),
1.20 (t, J=7.1 Hz, 3H). MS (ESI) m/z: 414 (M+1, 100), 432 (M + H,O + 1, 84), 446 (M + Na,
45).
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6A. Formula |la where Ais 4 5-Di hydro-1 Himdazol-2-yl, Ris Ethyl, and X
is S[0176] A m xture of 2-im dazolidinethione (1.02 g, 10 mmol ), ethyl

3- br onopywovatogo3i4 1. 95 g, 10 mmol ), pot assi um carbonat e ( PC3AIY2/1487 ol ),
sodium i odide (10 nmg), Adogen (200 ng) in N, N-dinethyl formam de (15 nlL)
was st i r ggd Qaerdfbribdunds dEFdrowisiaunder nitrogen. The reaction mxture was

di luted wth water _an racted et . Was
dried ovmw&)dl um §lﬁmg5¥e nf8@%¥ﬂ59 g}eeodoceéﬂge coﬁig(%a%ggsr%ﬁ@g t'ﬁ‘{alﬂ@g gzel
di chl or oamirvetenercaptdparioe n@osi(}le wigh therfgllawieg:expect ed product,

3-(4,5-di hydrf H i mt dazol - (yl sul fanyl) 2- 0X0- propionic acid ethyl
ester, as a bFSRAYSARIGPYega%% 8309 . ' H- NMR (CDCI 3, 300 MHz) 8 (ppm:
gr 38 gdB J=r. @—)-Hzmer'éhbtgplﬁlr%&fbgs(ﬂe (m H;BH) g 5(7 (d, J=11.2 Hzi—l)l gl)

. 50- 3. 1 H). 1 m 1 , 1.37 (t, J=7.1 Hz, 3 7137P2 WO
67 WO o%&ﬁ%ﬁ&#lﬁé&ﬁ Jordds7 6B. Qther Compounds of Formula la [0177]
Simlarly, by2fdib13DQMﬂ|ngtnt@—yIBﬂ|mdlprcﬂﬁorwé adix athy! atérAaaand substituting
2-im dazol i di net hi one

there is obtadriddd 4?'%@8’ %h{'dlro’(ﬁ"%?ﬁ%maqﬁoﬁ %Y%ég) ‘g Wﬁ(y)l jfarffo

H-i mi dazol - 4- ysk&, RIpRIPI A€ eyl gbterExanmpl e 7 2- Hydr oxy- 3-

(1Hi m dazol - Psul fanyl ) -5-0xo0- hex-2-enedioic acid diethyl ester [0178]
A sol ution of 3H—Im'dazo|e 4-thiol (0.1 g, 1.0 nmol), ethyl 3-bronopyruvate
(0.31 g, 1.6 mml) and triethylam néExghhpke @l) in MO/ CH2CI 2 (1.5 nL/1.5

) oo o BB a5y A PO SRR S UL oo s

chloride and | oaded onto the top of a silica gel colum. Elution wth
ethyl acgpate in 0 (J 0%, 0 o U§t|s (E?h fiana W ibwat e
conj ugat &r—as 1 59 VR VH D _(ppM:
1.19 (t, [Gt] 1 37T@ta,scﬂm)on oﬁmeercems) Szbgnzumida;zple( qulfozmacumsq,igjrpgalt(@ )mg,
4.68 (d, ,

(3, 4-di hygpr @(nfl)én %cf'(f? mnéth%slagget ra %?%n@y@ﬁht‘%%jgo ml—ll'- 1u1r9| rRmoI);Jlngcarl fanyl
] - 2- oxo-njiragpnoithe rﬁuiteld GOIht}dn\&asalfrﬂlat 2pSErton hhowr éfﬁéWAS rem@edundas no- 9-

3, 4-di h d
(Et hyl | : &g n¥ g?@fé&f%ﬁ@%%d’s \RIO %%tﬂ@%@é%ﬁé’ rz:'%d gve)f Is))dlgllﬁ' nsgr‘rl“féfaenth@pdﬂr)?nﬁg i's
ri bosi de semo@n wgs edaBBatathtd dryness wadefvatiuget hilis gaverddd me (Q%h@)‘)pr%@t added
et hyl [ QRPDYELYR- ?H(&n%ﬂm id4zol-5) |§7|fdﬁgﬁ'p}opuémé’§éud Biry O18Msodfinh SAlt, Siidhf ed

at 20 C our, e reaction q dwith water and then
concent r atascutfivieatly purerty bewispd mithaut furthes puritaationn ' HTWMR (B¢ @De30RMH2) 3

triturated W g 44, J=0.6 Hz, J=1.5 Hz, 1H), 7.95 (dd, J=1.5 Hz, J=8.6 Hz, 1H), 7.74 (dd, J=0.6
Hz, J=1.5 Hz, 1H), 4.27 (q, J=7.1 Hz, 2 H), 3.93 (d, J=14.2 Hz, 1 H), 3.81 (d, J=14.2 Hz, 1 H),
1.30 (t, J=7.1 Hz, 3H). MS (ESI), 367 (M+1, 28), 345 (M-Na+1, 100).

9B. Other Compounds of Formula la

[0182] Similarly, by following the procedures of Example 9A and substituting 2-
mercapto-5-benzimidazole-sulfonic acid sodium salt with 6-ethoxy-2-mercaptobenzimidazole,
there is obtained 3-(6-ethoxy-benzothiazol-2-ylsulfanyl)-2-oxo-propionic acid ethyl ester.

Example 10
Formula la where A is 5-Amino-2H-[1,2,4] triazol-3-yl, R is Ethyl, and X is S

[0183] To a suspension of 3-amino-5-mercapto-1,2,4-triazole (116 mg, 1.0 mmol) in
methanol (3 mL) was added ethyl 3-bromopyruvate (0.150 mL, 1.19 mmol) under nitrogen.
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ethyl acetate. The ethyl acetate phase was concentrated and chromat ogr aphed
(silica gel, nethylene chloride-nethanol 100:5 to 100:10), affording 21 ny
of the exwewmeeh3ps oduct, 3-[2-am no-9- PCT/US02/14057

(3, 4-di hydr oxy- 5- hydr oxymet hyl -t et rahydr o- f uran- 2-yl ) - 9H puri n- 6-yl sul f anyl
1- 2- OXOTﬁé e&@umng@o@ab:dwet btyr’reo%itZE)WC fbH1 Ny (A3Ieai0l @0 WadAprnted aiterjabo8t 13

$ 0 4 o@omﬁ‘ Mg%ané' r§mf’dé‘é H?ggzﬁfél““?’%'%ﬁ’?ﬁl &@ﬂ%%ﬁﬁé'dgéﬁﬁcﬁ/%e |)2 K

m z: 414ptdwrd NMEORYicatéd 2h4tIg-(5-dri@ifb-RH1[1, 284 trigkd6 3{yMuifariyd); 2-0XbpropBikl&irdethvio

-68 WD 02/090314 PCT/ US02/ 14 8 0]
Si ni | ar | §Stebyas 8¢ BWﬁG‘aéWé’rB‘? dﬁr’ﬂ@gﬁ @:}&%ﬁﬂ@% é){?ﬁmgu%g{)l tdl?a(l n%]‘%
(-)-2- agisnqbOsNBAKABOQRUET NeHZ,i3BYsi de with the fol | ow ng:
(-)-6-nmercaptopurine, and (-)-6-nercaptopurine riboside there are

obt ai ned the follow ng: 2-oxo-3-(9H purin-6-ylsulfanyl)-propionic acid

et hyl ester, and Example 11

3-19-(3, 4- Dlhydroxy 5- hydr oxynet hyl - t et r ahydr o- f ur an- 2-yl ) - 9H puri n- 6- yl sul
fanyl]-2- oxo-propionic acid ethyl ester Exarrple 9 2-Oxo- 3- (5 sulfo-1

H benzoi nn,dafotmmatdwhérbaﬁnrsIS}A' , ad i Ar anchyii salt 9A
For mul a ere A4 S

Et hyl | h(gw%]l s S T[’%ﬁ’f? f%rﬂ%gzpé mtﬂ%QQOIgQ%IOPGgB% 5136 fmdi ih

2- mer caphtett&rioé@zml:r) \d@&@d@dsallh)ﬂ éfhr@mamrrdv%wﬁ 150 k| 1.19 pmpolhgnder pitPggfol ) i n

water (3 S RPYL
nit rogenT T %swﬁé‘gtﬁofgg P t'rir%dngt\r/vas St Iﬁﬁggﬁat 95%5%)% Viz{;@ur. ?r:aaril)g%s
renoved 4aein. Memamohwamubmdved uegérdaeuvmsgivng vO® maeefieplid bie 81 %t eldDriretenover

o S e rficolclSnRY AR BingSP,30A BB AR2SIGREND £8xS BroffofRERT) RGIRSster
H benzoi wadanelof %W'WMWWWMQ wﬂlwét&(pbmw 34 28dmuBH 868 (dhi ch

was suffi.cjen d t hout further purification. 1H NWR

( DBCOD, ﬁjﬁi‘ﬁl%” f%m)?e’l‘]’;“g ?% 320.6 He, J=1.5 Hz, 1H) . 7,95 (dd,
J=1. 5 Hz, J=8 Hz, 7.74 (dd, J=0.6 Hz, J=1.5 Hz, 1H), 4.27 (q, J=7.1
Hz, %ﬁhr z}]dg y 3.81 (d, J=14.2 Hz, 1 H), 1.30 (t,
J=7.1 Hzém—-%v%%%#ﬁ—g‘gg%@ 28), 345 (M Na+l, 100) 9B. O her
Conpound$0185] For mulSimilagly] oy @owiap the piotgdures offkxample htA afdsyhssituting Seamipe-
Exanpl e 2’%} E‘ﬂﬂ?ﬁy%%é bttl’ﬂgl'vﬂgw %‘SZ QfﬁBﬁﬂ:@Ftﬁn?ﬂ ?Qibzétﬂlllgé‘l?éﬂyﬁ'[ﬁguﬁtﬁﬁﬁ%zé\c?.' ghiol,

sodium s %/ rcapt'obenzi m da
there is obtained 3-[5-( ethoxycarbonyl -2-0x0- ethylsulfanyl) '[1,3,4]thiadiazol-2-ylsulfanyl]-2-

oxo-propionic acid ethyl ester.

Example 12

12A. Formula la where A is 5-Nitro-1H-benzoimidazol-2-yl, R is Ethyl, and X is S
[0186] To a solution of 2-mercapto-5-nitrobenzimidazole (195 mg, 1.0 mmol) and ethyl
3-bromopyruvate (0.150 mL, 1.19 mmol) in methanol (2.5 mL) and acetone (2 mL) was added

imidazole (68 mg, 1.0 mmol). The resulted solution was shaken at 20 °C for 4 hour. After the
removal of solvents under vacuum, the residue was triturated with ethyl ether. The ether
phase was discarded. The residue was treated with sodium bicarbonate aqueous solution and
ethyl ether. The ether phase was washed successively with sodium bicarbonate aqueous
solution, water, and dried over magnesium sulfate. Evaporation to dryness under vacuum
gave 200 mg (65% of yield) of the expected product, 3-(5-nitro-1H-benzoimidazol-2-ylsulfanyl)-
2-oxo-propionic acid ethyl ester. Proton NMR showed the product was sufficiently pure to be
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there is obtained 3-(6-ethoxy-benzot hi azol - 2-yl sul fanyl ) - 2- oxo- propi oni c
acid ethyl ester. Exanple 10 Fornula |a where A is 5-Am no-2H[1, 2, 4]
triazol - 3wglo2/oB3is Ethyl, and X is S [0183] To a suspensiPam/s02/14057
3-am no-5-nergapto-1,2,4-triazole (116 ng, 1.0 mmol) in nethanol (3 nl)
\ggi 33%26%&1 \ggrho&ngmnpgrwcgmg{. é/r(bmmngg?, %oamm:(bpmnﬂe% amdt8. ogyebr. s,

- e resul ti o) i 0 )
stirred é\l")'ﬁﬂg&)ﬁgégﬁoié?' 7&%?@??3@2% bt Fowrs\r\és‘&f(g*r‘ir:gg‘pgf’t}ew'éb@u 330
mn. Met hamol.os\ws. g, @ MVESD [Nk 1 Hac3HIOMS (E3M)i mig: 810 @2FINP®f solid (99% of
yield). Proton NMR indicated that 3-(5-am no-2H1[1, 2, 4]

triazol-3-yl sul fanyl)-2-oxo-propioic acid ethyl ester was one of the mgjor
pr oduct s 128 HOWSR GdoRsduinds 80Borvidig 1a8 (ppm): 4.30-4.20 (m 2 H), 3.51 (br.

s, 2H), (t, Jzi.1l Hz ] | 1.1 1AF e A s

5 A ho- fT8 51" ¢ Sl Bbyind RO achfre o BRRGR Ah oty YRy 2
susEens: azercﬁpt(;séaﬂﬁmﬁnﬁja&obMiMhaidlbwmget hiol (133 ng, 1.0 mol) in

met hano 3 was ,added et hyl. 3-br.omopyruvate (0.150 nL, 1.19 nmol) under
ni t r ogen. ‘rﬂé'ﬁ’@@%ﬁfmﬁr&a@&pﬂ%% Caé‘g sfiyrred at(20 Cfor 1 hour. A )cl ear
sol uti ogo\ga.s fzca]:mmd-lsas(‘jmfmlyl mbpiohic adld, mM n. Met hanol was renoved under vacuum
gi vi ng ng of sol. in 81l %yield). Proton NWR indicated that

3-(5-am no-1 1,ZQ’WPolsFﬁ“gé'i‘ﬁ?Eﬂp-'oé‘-'%%%I%‘QnyI ) - 2- oxo0- propi oni ¢ aci d et hyl
ester was one-gbtyEminG-3Rherddst propidmiddid (D3COD, 300 MHz) 8 (ppm:
4.35-4.20 (m 2 I—% $.58 dd,  AB system 2H), 1.31 (t, J=7.1 Hz, 3H). 11
B. O her NRABLRICINEE tedp g’ 4 [0185] Similarly, by follow ng the

gr gcid% _esdpf ZEeli?ﬁﬁgb?(ﬁJelﬁbx@B?ﬁﬁmtdxbtﬁthMIfﬁny’dm)mionic acid and 3-(2-amino-2-

, 3, 4-t hi adi azol e-2-thjo .

5-(2- et hoxycaPB'EPH?Y'?@-V@Rk@&)%m@ﬁ?ﬁyﬂwhf?fﬂeo“,‘yzi]eftl’?f'adi azol -2-thiol, there
i s obtai ned, 32lfmihg-3efluposgadrbemy2:cottitarsliha)plopiavic)add. , 3, 4] t hi ad

i azol - 2-yl sul fanyl ]-2- oxo-propionic acid ethyl ester. Ex le 12 12A
Fornul a | a Wheranipoids(2sthexypybenyli2xqAdhanegy! Y'-)zp-r?,‘?"?“'@ai:'a'n%t%yl , and X is
S [0186] To, a ' f € D-doletRrRINahy)-grdpRin )5 , 1.0
nmol ) and et hyzfé&z3 -éb@gﬁp(gﬁ%e&(gg%w rrLé, 1. 19hﬂ}rrglf%)é iﬁ:dncie'?hagl (2.5 m)
and acetone (2 nmL) was added imdazole (68 ng, 1.0 mmol). The resulted

sol uti on was shaken at 20 C for 4 hogxa%ﬂetﬂy the renoval of solvents
under vacuum the residue was triturated wth ethyl ether. The ether phase
was di scarded. The residue was treated with sodi um bi carbonate aqueous

sol uti on 13ad Fophiiklia @hBeJ A isTRPhEtVIET, 3 RidRadiaxsh2-YCFS eEthgluaneXds 8el y with

sodi um bi_carbonat e uequ
[0188] A SI8ton of 5-phenyl-1,3,4-oxadiazole-2-thiol (178 mg, 1.0 mmol) and ethyl

3-bromopyruvate (0.150 mL, 1.19 mmol) in methanol (2 mL) and acetone (2 mL) was added

imidazole (68 mg, 1.0 mmol). The resulted solution was shaken at 20 °C for 4 hour. After the
removal of solvents under vacuum, the residue was triturated with ethyl ether. The ether
phase was discarded. The residue was treated with sodium bicarbonate aqueous solution and
ethyl ether. The ether phase was washed successively with sodium bicarbonate aqueous
solution, water, and dried over magnesium sulfate. Evaporation to dryness under vacuum
gave 209 mg (72% of yield) of the expected product, 2-oxo-3-(5-phenyl-[1,3,4]oxadiazol-2-
ylsulfanyl)-propionic acid ethyl ester. Proton NMR showed the product was sufficiently pure to
be used without further purification. 'H-NMR (CDCls, 300 MHz) § (ppm): 7.90-7.80 (m, 2H),
7.60-7.35 (m, 3H), 4.41 (q, J=7.1 Hz, 2 H), 3.44 (br. s, 2H), 1.26 (t, J=7.1 Hz, 3H).
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solution, water, and dried over nagnesium sul fate. Evaporation to dryness
under vacuum gave 200 ng (65% of yield) of the expected product,
3- (5-ni t rwo2B3eNz0i m dazol - 2-yl sul fanyl ) - 2-oxo- propi oniPCTaASOH 1485y |
ester. Proton NVMR showed the product was sufficiently pure to be S7137P2
WO -70 W0260R0 Sbinddtndd Si02drAdR54 used without further purification.
"H NWVR ( , ppm.: 8.35 and 8. 2 Preass By A2 (d,

- Seniahy by, oWt .pr%9€%5f%§)°?%zf;ﬁ'£%(1q3,’* %“z%‘?‘f%f‘ﬁgzgm, 4. 41

3=8.7 Hz[0189}y)

(K)/Ir : 1s, . Béﬂ}yl-1:fik;zﬂ@<a(dlmﬁoles2-trﬂol klith mr&?yllézt’z'@?@d?zm-’z'tﬁw"thsws isl( ﬂﬁfmedrﬁ L %0310
+1, . r. 7 L. ,
Fol I ow n%—&w@e@%&aﬁiﬂxég'a%ﬁf%ﬁﬁﬂ%ﬁgﬁe@x%éﬁ‘;aci‘q,%@wh%% hg o oY

mer capt o- 5- ni t robenzi m dazole with the follow ng: 2-am no-3-nercapto

propionic acid  2-am no-3-sulfinyl LQni,c acid, 2-am no-3-sulfonyl
propionic acid, and 2-acetylam no- %;E&%alg%o propi,pnic acid there are
obt ai ned the fol | owi ngFormula Ill where R* to R** are H, and R™” is COOH

2- am no- 3- ( 2- et hoxycar bonyl - 2- oxo- et hyl sul fanyl ) - propi oni c acid and
3-(2-am no-2- carboxy-ethylsul fanyl)-2-hyd roxy-acrylic_acid ethyl ester,
2- ani no- §0192] et hox o ardohriph opLoyefeiveiaAd gul mma!) inpradei (GA L) a@sgdded 3-
2-am no- g: (25 - | 202mAeH- RFHFRA0M WitPSRRAD T ve @6arcol AiBH
2-acetyl gﬁérgn%?’é‘n@cgf{%%%a%oﬁg%ﬁagwﬁ et ﬁ{rll sul flanyl é}érggi oni ¢ aci.d.
Exanpl e 18nddgoudsogradually] Aftanetirangfor 2 hoursiaifgem tamperatys. 4e wWHise Precipitateg, j s

Et hyl , b ; j | - } lof F3rralia ol
( 17% nga%r%fllﬁn%r}%i%ﬁ%& \g%[ﬁw%té?%d&dr% WhePvdemY I This gave-Pedahdmalof Farmhilla o

. ( yl  3-bropopyruvate (0.150 L 1. nmml) in

net hanol 1§ aheme)A igrcustainet whish cyclizey W\)\%E‘%&T&b@f Pﬁg’waéfat?cﬂ%ri é‘s?]‘ﬁ*ﬁ ,COTPé“’r‘HTBﬁ ).
The r esulegAuig i, 4t4-aRydR2HE a4 emaahe-305-dichAoxdlickrid, as Afdrey pbader predaaval  of
solvents under vacuuni the residue was triturated V\nw ew& e%r.g;ggg
ether plada onsa%Hi StEMR@MIPres 300 M2 3RRM A0 (o Wi th TSR §rl B & nat e
aqueous Yolu yibe e S5 y28 883 Reds surxmessi vel y
W th sodﬁﬁ%%?@aﬁmﬁ’2‘2’qu%g\ﬂ\£ﬁmsl\glg%eb§ﬁﬁm%j?gr, a);lvggc?ri ed over nmagnesium
sul f at e. 168&panc1720. MS (BB méss! 0t HvARQUum gave 209 ng (72% of yield) of
t he expected product, 2-oxo-3-(5-phenyl-[1, 3, 4] oxadi azol -2-

yl sul fanyl)-propionic acid ethyl ester. Proton NVR showed the product was
sufficiently pure to be used w thouEX@WREREY purification. 'H NVR (CDCl 3,

300 MHz) b (ppn):Fozma%'@vﬁ@rémis«y?(?DprsYGI?Q?Ys B5arddX isdCovdledtBdd, J=7.1 Hz,
2 H, 3.44 (br. s, 2H), 1.26 (t, J=7.1 sz 3H) .
an
Formula Il where R' is COOH, R? is H, R®is CH,-S- Pyruvate,
R*isH,R%isH, kis 0,mis2,and nis 1

[0191] 15A. To a solution of glutathione (2-amino-4-[1-(carboxymethyl-carbamoyl)-2-
mercapto-ethylcarbamoyl]-butyric acid) (3.0 g, 9.76 mmol) in water (34 mL) and methanol (4
mL) (degassed and purged with nitrogen) was added 3-bromopyruvic acid (1.63 g, 9.76 mmol)
at room temperature. After stirring for 3 hours at room temperature, the mixture was
concentrated on a rotary evaporator under the reduced pressure. The solution was then
washed with methylene chloride thoroughly. The organic layer was discarded. The aqueous
layer was evaporated to dryness under reduced pressure. After drying under high vacuum for
48 hours, the expected product was afforded as a yellowish solid in quantitative yield. NMR
data indicate that there exist two tautomeric isomers in the product, namely the keto form, 2-
amino-4-[1-(carboxymethyl-carbamoyl)-2-(2-carboxy-2-oxo-ethylsulfanyl)-ethylcarbamoyl]-
butyric acid, and the enol form, 3-[2-(4-amino-4-carboxy-butyrylamino)-2-(carboxymethyl-
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S7137P2 WO -71 WD 02/090314 PCT/ US02/ 14057 13B. O her Conpounds of Fornul a
la [0189] Simlarly, by follow ng the procedures of Exanple 13A and

substi tutWDg)zmosphenyl 1, 3, 4-oxadi azol e-2-thiol with PCT/US02/14057

3- phenyl - , 4- oxadi azol e-2-thiol, there is obtained 2-oxo-

?E>X ({i 3- pheeé/rbaFd(i;é |)?e1411/@&wa1ymm50w1a%W||t@6&1'4)1Hmmpl(lmmDammelzh&(ppest&Hg (()sj .
I nmu ar (0]
a ngut i BAHY6-43-B81(BY ﬂ\é@@%ﬁg%mZBH}n%%(s ﬁ*%&t@@?%ﬂﬁkﬁmggi

bronopyr pMj, @na @i 1d-£.37 &4, 24). 20 Mol ) at room tenperature with stirring. The
clear solution turned cloudy gradually. After stirring for 2 hours at room
tenperature, the white precipitates were filtered, washed with water, and
dried ungss. mwmaampﬁums glf@malaclanpound of Formula la where Ais

tei [ ch t.h | tl
compoundlyb For m Py, 5ol rEHeotu b Bl oo bbsliiing | L5, o
aci d, asghatagiieye WmN\/dystelpe dbleretare oBtah2d @-(2586iho- ZJQarN)R-G(ﬂDNB@aUYB )-2380- MHz) 8

P Sl oS sty i ekt 88,5 5 (1,

and 172. 0. IVB (ESI') mz: 190 (M+ H, 100). Exanple 15 Fornula |l a where A
isy-Gu-Cys-@dy, Ris H and |sa Bond and Formula Il where R
is COOH, R2 is H, R3|SCHZS— EQé(rﬂl@”l%sH R5is H kis 0, mis
2, and n is 1 [6a9d]la bwhergd nayéﬁjh&ysdﬁiyo‘k nSgEtbylaarm ¥neea Covalent Bond

(2 am no- 4-[1- (car boxymet hyl - car barmyl) mer capt o- et hyI car banoyl | -butyric
acid) (3.0g, 9.76 mmol) in vat er 4 ni and met hanol 25 (degassed
and purged wi t h Formpledemherady ISa@@@dH Btﬁ*UanvrQN'zi'%- %)GPYPtQEtWB gter.o. 76 nmml )
at room tenperature. After §“t|h"Hr RAG i W isD, RPES aRd nli@em tenperature, the

m xture was concentrated on a fotary evaporator under the reduced
pressure. The solution was then washed with nethyl ene chloride thoroughly.

The or gag@@eh ayer 4% Ql&%ﬁrﬁgﬂtatﬁ iBie AR [1L(@¥%xyva§thgvmrﬁéw¢ to

dryness reduce ressur After yi under hig cLbl ?
hours, t mr@m@@tmt@ameamyatbuwg agifly Gﬂfeﬁt 265 EMRY) i cmte;r(f»% ane Hﬂethano (10
quant i t ag) W;?%é'da%.&é’d aMVEi:rge'@mh hlﬂr@béﬁ)t\ﬁast Mdtm@hgseéthﬁpyruwe {(RUT 6.5 C

i somers in roduct namepé Ket o ? |

ani no- 4- le@bafrfl@@&vﬁ@mwur&a Sﬁﬁiﬂ 3ddgtiop»! @Q’%Q)F“@"M%"aé? 108 €8rPany1 ) - et hy
| car banoy|,dperBidhiiingd & yéllowdhdranbiRcam@imbLiinBtantly. After stirring for 2 hours at room
312 (4 ?Qné‘é’raﬁré: E%rqeb %)l( urgl{/&gsr%lngengtrna?gd 02n g r&gr?/oex porapo¥|undert g’ ngzucgp 2

pressure. The solution was then washed with methylene chloride thoroughly. The organic

layer was discarded. The aqueous layer was evaporated to dryness under reduced pressure.
After drying under high vacuum for 48 hours, a white solid was obtained as the product (g, %).
NMR data indicate that there exist two tautomeric forms of the product, namely the keto form,
2-amino-4-[1-(carboxymethyl-carbamoyl)-2-(2-carboxy-2-oxo-ethylsulfanyl)-ethylcarbamoyl]-
butyric acid ethyl ester, and the enol form, 3-[2-(4-amino-4-carboxy-butyrylamino)-2-
(carboxymethyl-carbamoyl)-ethylsulfanyl]-2-hydroxy-acrylic acid ethyl ester. 'H-NMR (D5COD,
300 MHz) & (ppm): 1.17 (t, 3H), 1.93 (m, 2H), 2.11 (m, 2H), 2.75 — 3.28 (m, 2H), 2.29 (ss,
1.6H), 3.93 (s, 2H), 4.09 (m, 1H), 4.25 (q, 2H), 4.83 (M, 1H), 6.43 (s, 0.4H). "C-NMR (DsCOD,
75 MHz) & (ppm): 14.1, 26.6, 32.1, 35.6, 40.0, 41.4, 53.2, 54.6, 62.1, 62.7, 100.0, 113.4,
139.7, 163.4, 170.8, 172.3, 174.1. MS (ESI) m/z: 422 (M + H, 100), 440 (M + H + H0, 42).
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WO 02/ 090314 PCT/ US02/ 14057 car banoyl ) -et hyl sul fanyl ] -2-hydroxy-acrylic
acid. 'H NVR (D3COD, 300 MHz) 8 (ppm: 6.45 (s, 0.4H), 6.43-6.48 (m 1 H),
4.06-4. 10wOrop/0203iH) , 3.95 (s, 2H), 2.80-2.93 (m 2.6H), 2. ®QTAIGH1487 2H),
and 2.14-2.27 (m 2H). 15B. O her Conpounds of Fornmula la [0192] Simlarly,

by following the procedures of Exanpgg,19443nd substituting glutathione
with cysteine, there are obtained Efarfipie 12

3-(2-am no- 2- mmwwwaemsmm@lﬁa RB inHoR® s Sriieto-Ryiuyatg fihy! Ester,

3- (2-am no- 2- car boxy- et hyl 's)Cﬁ %SOt acind h & pci d. Exanple 16
Formula |l a where Ais y- GIFSq Haw ﬁls Et §/ , and X is a Coval ent Bond
and Fornula Il WnereRllsCOO—| R2|sH R3 is CH2-S- Pyruvate Ethyl

Ester, tﬂl H, RAﬁmkt%erf%Ah%o% [mdaﬂ)o?(ymém}l ébrbém IJ- mﬁa}ho;pcaab@m gtion
of gl ut at ( 2- am no- 4- [ 1- (car boxynet hyl - carb

ner capt 00¥- ﬁWV@H‘fWH{?}‘MC%Qﬁ’S}?M']cb%IC(ﬁC d(@ 9ng. a"%’ té ﬁﬂ%ﬁlﬁlfo[“ﬁ agidk @P MBYP )

and net hﬁ«{b%an(ail@ 00 ) wade@assad rémst feurDed Thetsaveht wagtheh evasoraddand the
br ono- 3- et hc}/ pyr uvat
us

5.17 omt eratur on the
addi t i onresidusWasgiried é’t“él?’i g g@%{“@ tota}{g@l%tfg?"e‘gﬁ@s ik 'E'(ﬁ?“ri% F 0
yel l ow Satﬁo&@dmdwﬁ%x@-leﬂw&mfamtaoﬁétyoxyeémoenylmtethyr-casrgamoyl) -Bthiycarbsmayllr oom

tenperature, the m xture was conce ted t he
r educed bHW@%@GP@ethﬂéS@bl%ﬁq WO‘O(EE ﬁwf\/@sh@i‘("% (@ﬁé@t 3@‘?&%%6&’%8} 24
t hor Oughl(d' J Th@swzgarzw) h ayars s@smdi Bigar 150.91 e 3 &)UB06 %s, 13y B.666%57 (m

evaporated to _dryness _u ed f e

vacuum f 8rilag 5I1|(§%r3sH) éﬂfﬁe%% ofﬁﬁ'ﬂmgégéb%aﬁ&ﬁ) éqphpé% g%H?dl - ?&?Qm NVR
data indiggqate that there exist two tautoneric forns of the product nanel y

the keto form

2-am no-4-[ 1- (car boxynet hyl - car banoyl ) - 2- ( 2- car boxy- 2- oxo- et hyl sul fanyl ) - et
hyl car banmoyl ] - butyric acid ethyl estgampier® the enol form

3-[2-(4-am no- 4-car boxy-butyryl am no) - 2-

(car boxynet hyl - car banoyl ) - et hyl sul fanyl ] 2- hydr oxy-acr ylic acid et h%‘j
ester. 1HSAVRFOBRASN. wheB®®' I-2POBI, R janhi: 3-ketoth pteRBecyhEster) R 19 Hj 1
(m 2H), 2.75 ‘5|s3H2l§ ( 2 n4 1(ss 1 6H), 3. 93 (s 2H), 4.09 (m 1

H, 4.25 (q 43 (s, 0.4H). 1SC-NI\/R5D3CCD 75 MHz) 8
(ppm : 1401]35]26 6, A3mixure eBS@rorn@ymwmacndLQOngz degyl agcohgb(3P0mgp apd 100. 0,

113.4, %ﬂ%rgép&sé%ﬂg acuﬂgg@@&v%ene%éb r%Lb\Né hdeRka tdWefiux b2 H iltre bhrk100) ,

440 (M + 2/090314 PCT/ US02/ 14057 _ Exanpl e
17 FornulAitersolvmrr@nm@l,nbe CaRue3vasrehrergatpgrareq & affgrd 320 pg ¢f ofRar Ul MREL hy |

Ester, indicated the product contained the desired compound and small amount of excess alcohol.
To this obtained intermediate (320mg) in methanol (degassed, 50 mL) was added an aqueous
glutathione solution (250 mg in 5 mL of water). The resulting cloudy solution was stirred at
room temperature for 5 h. The solvent was then evaporated and the residue was
chromatographed on silica gel with methylene chloride/methanol (7:1 and then 1:1) to afford
198 mg of the expected product, 2-amino-4-[1-(carboxymethyl-carbamoyl)-2-(2-
decyloxycarbonyl-2-oxo-ethylsulfanyl)-ethylcarbamoyl]-butyric acid, as a white sticky solid.
'H-NMR (300 MHz, DMSO-ds) 5 (ppm): 6.50 (s, 0.50 H), 4.53-4.47 (m, 1 H), 4.12 (t, 2 H), 3.77
(s, 2 H), 3.75-3.65 (m, 2 H), 3.19-2.83 (m, 2.5 H), 2.53 (s, 2 H), 2.40-2.33 (m, 2 H), 2.02-1.97
(m, 2 H), 1.65-1.59 (m, 2 H), 1.26 (s, 14 H), 0.87 (t, J = 6 Hz, 3 H). MS (ESI) m/z: (M + H")
534.
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R4 is H R5is CH3, kis O, mis 2, and nis 1 [0194] A m xture of

2- Am no- 4-[ 1- (car boxynet hyl - car banoyl ) - 2- ( 2- et hoxycar bonyl -

0x0- et hyl wolkamyshij - et hyl car banoyl ] -butyric acid (200 ng) @®ad/US02/14057

p-tol uenesulfonic acid (30 ng) in methanol (100 nL) was heated to refl ux

for 72 hqgghetselomBounds of F&mueviapor ated and the residue was dried under
hi gh vacuumto affqrd the desired tg)roduc

-am no-4:[2- _—
et hoxycaf®®8y| - 2- o§5“'5’t”ﬁyti’ysf9|'9"ﬁﬂglf q"?"’fﬁ’é‘f%@%ﬁ@%ﬁ%ﬁé%?TQS(@%'B%HSW)-eth
yl car bamgpbhol vatt yri c aC| d met hyl ester, as a yellow sh sticky solid.
1H NVR (D3COD, 300 é ppm: 6.24 (d, J = 10.5 Hz, 0.22 H),
4.49- 4. 4. 33 ( RFtageqy alc h% 3.91 (m 3 H), 3.76 (s, 3 H), 3.65-3.57 (m 2

M, 351 (s 3.4 oé’yl%lné’thﬁa?cyélﬁhe%n& H, 2.45-2.43 (m 2 H, 2.10-1.92 (m
2 H, 1.13-1 (pr . Exanple 18 18A. Formula Il where RL is COOK R2

is H R3 |5°CFMCI®GI0&® Pyruvate Decyl Ester, R4 is H R5is H kis 0, m
is 2, and el:ha[]gl%] A m xture of 3- brom)pyruw c acid (200ny), decyl

al cohol (300 ), and p-toluenesulfonic acid (20 ng) in benzene (80 ) was
heated to refbutantlor 8 h in the dark. After sol vent renoval , the residue
was chr omat ogrd gg)%g po afford 320 ng of clear oil. NVR indi cat ed the

pr oduct cont ai' R desired conpound and snmall anobunt of excess al cohol.
To this obtei hexbrioht er medi ate (320ng) i n net hanol (degassed, 50 nL) was
added an aquequs athione solution (250 ng in 5 nL of water). The
resulting c! 0389 E%Putlon was stirred at roomtenperature for 5 h. The

sol vent ms-th%hﬁmpmatam and the residue was chromat ographed on silica

O et SR B STl A58 AR R Ao 6 BB 91y ® ™
decyl oxycar bome)t}adécale@n Hwyslubéraa[b]p)'ueeammeua?r-blarmyl ]-butyric aci d as a
UL R bl e A Sp s NSGRAD) (PEM. 3 20 (50150 1.
3.19-2.83 (n 22arﬁ|nbi)4 [1Q{C{u'Bokwnetﬁde)a;baﬁwoé«[)—ZQ(ZQﬂ:ta(dqcylﬂxye)arb(ﬁly@om-Q7 (m 2
. 1.(&5;1%9 Deufrairaspusiophonibuldlestitadaiy’ per LSos) 14057 185, | Ot har
Conpounds of Podriubal-{1(chibbhetByiriattmmoy))-L2-Rasdpmopyhg-métbylpr ocedur es of
Exfgg:oreoégf a”ggS“bs fosd “tt'eﬁ{@%%% oth A GRAN- ety I Brbanfih 3TEFE ach K 1Rs1)

m/z: 532 (M +H, 100)

e 2-amino-4-[1-(carboxymethyl-carbamoyl)-2-(2-cyclopentyloxycarbonyl-2-oxo-
ethylsulfanyl)-ethylcarbamoyl]-butyric acid, MS (ESI) m/z: 662 (M +H, 100)

e 2-amino-4-[1-(carboxymethyl-carbamoyl)-2-(2-oxo-2-pentyloxycarbonyl-ethylsulfanyl)-
ethylcarbamoyl]-butyric acid, MS (ESI) m/z: 464 (M* +H, 100),

e 2-amino-4-[2-(2-butoxycarbonyl-2-oxo-ethylsulfanyl)-1-(carboxymethyl-carbamoyl)-
ethylcarbamoyl]-butyric acid, 'H NMR (D,O):  0.83-0.91 (m, 3H), 1.29-1.39 (m, 2H),
1.60-1.67 (m, 2H), 2.12-2.18 (m, 2H), 4.47-2.60 (m, 2H), 2.80-3.0 (m, 1.5H), 3.04-3.20
(m, 1H), 3.21-3.33 (m, 0.5H), 3.82-3.98 (m, 3H)4.14-4.28 (m, 2H), 4.46-4.70 (m, 1H),

e 2-amino-4-[1-(carboxymethyl-carbamoyl)-2-(2-isopropoxycarbonyl-2-oxo-ethylsulfanyl)-
ethylcarbamoyl]-butyric acid, MS (ESI) m/z: 436 (M* +H, 100),

e 2-amino-4-[1-(carboxymethyl-carbamoyl)-2-(2-hexyloxycarbonyl-2-oxo-ethylsuifanyl)-
ethylcarbamoyl]-butyric acid, MS (ESI) m/z: 478 (M* +H, 100),

e 2-amino-4-[2-(2-sec-butoxycarbonyl-2-oxo-ethylsulfanyl)-1-(carboxymethyl-carbamoyl)-
ethylcarbamoyl]-butyric acid, MS (ESI) m/z: 450 (M* +H, 100),
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cycl opentanol, pentanol, but anol i sopropanol hexanol sec-but anol

1- et hyl propanol, and 10-(1, 5-di nethyl-hexyl)-10a, 11

a- di met hyWo22890816, 6a, 7, 7a, 8, 9, 10, 10a, 11,11 a,1 1 b- tetr adaaseydoe? 1

H cycl opent a[ b] phenant hren-3-0l there are obtained the foll ow ng conpounds,
respectively: 2-amino-4-{1-(carboxymethyl-carbamoyl)-2-[2-(1-ethyl-propoxycarbonyl)-2-oxo-

2- ami no- 4- [ 1- b hyl - car b 2-(2- decyl - 2- OXO-
ot hyl oul 1 any! IR TR RhaRSvs 4t @n8*, ot mooa ta o2 X

- (car boxynet hﬁl-an@iﬁ@hé(ﬁt(yérboﬁfnﬁ&hﬁ%artﬁﬁwyp{zy& (364 Barhethyl-hexyl)-10a,11a-

cycl ohexyl oxycar 800 d 5 & 0xpzeL WA GHL YL 112 kb GakRGRHH- but yTi © aci o

M5 (ESI)

2- ami no- 4- [ 1- cyaodenainiphéydntoani3ayioytarbanyR2-oye-kiysalfaiydetivpedsoaryoy R - oxo-
et hyl sul fanyl%) £t |h§ qar bamoyl ] -butyric acid, Ms (ESI) nlz: 662 (Mt +H, 100)
2-am no-4-[ 1- o} (3155 xyrret hyl - car banoyl ) - 2- ( 2- oxo- 2- pent yl oxycar bonyl - et hyl su
| fanyl )- ethyl carbanoyl]-butyric acid, Ms (ESI) nmlz: 464 (M+ +H, 100),

2-am no- 4- [ 2- (2- but oxycar bonyl - 2- oxogt, fanyl)-1-(car boxynet hyl - car bam
oyl )- ethyl carbanoyl ] -butyric acid, 0): 0.83-0.91 (m 3H),

129139(m 2H) 60-1.67 (m 2H), 2.12:2.18 (m 2H), 447260(m
: v R _, 3a|éHBB<91d5

ul fanyl)- eth 1IV5(ESI) Mz 436 (Mr +H 100),

2-am no-4-[ 1- - (2- hexyl oxycar bonyl - 2- oxo- et hyl sul
fanyl)- 4@t8f]carba ( ESPYowing artAgepgniged Prpcedurss,

feyhlila 208 where AAj @ GIWs
2-am no-4ql. ?ng)ﬁ @gt?tgctQU@Ki@ﬁ?‘f Q@qé’Hlsgolﬁ?é(d)lnqj(lfmlaﬁfl|cf)ﬁﬁ)5ie}i'v31ﬂ{[§©€l@@8%gtmé ca

r banoy| ric acid
S7 137>|:/>2) \WEsenee gis gatalyt gm@urpi@fpjym olgmq.;tpe F-moc protected anyhdnde correspondlng

2- am nosg? f&rnﬁﬂé‘w@m%ml is @%hégwl d)'(étyLIQHI@ﬂqoé‘)E the BRINIPISY 88/ pp6red (18- 0XO

- ethyl - et hyl car banoyl }
2 ami no- 449} i6- %SQFVSBWPQ%W WE'&PWF’)D'GZ @?q[ 'i‘(?”(ai' ROANS WY PUTHRSy THE 10a, 11

resulting mixture is stirred for 1 h to give a clear solution that is then added to Wang resin (1
eq, pre-swelled in DMF) in the presence of DMAP (0.1 eq). The resulting resin suspension is
shaken for 1 h, and then thoroughly washed with DMF to afford the resin-bound, NH-Fmoc-
protected glycine corresponding to Formula 203, which is carried forward without further
purification.

[0198] Formula 204 where AA, is Gly The Fmoc protected, resin bound glycine
of Formula 203 is de-protected using 20% piperidine in DMF followed by DMF wash (5 times)
to give the corresponding resin-bound glycine of Formula 204, which is carried forward without

further purification.

[0199] Formula 206 where AA, is Gly, and AA; is Cys The resin-bound glycine of
Formula 204 (1 eq) is contacted with TBTU (2 eq), DIPEA (4 eq) and NH-Fmoc-protected, S-
t-butylthio-cysteine (2 eq) (Formula 205), followed by DMF wash (3 times) to afford the
corresponding NH-Fmoc protected, resin bound di-peptide of Formula 206, which is carried

forward without further purification.
[0200] Formula 207 where AA4is Gly, and AA, is Cys The Fmoc protected, resin
bound di-peptide of Formula 206 is de-protected using 20% piperidine in DMF followed by

DMF wash (5 times) to give the corresponding resin-bound di-peptide of Formula 207, which is
carried forward without further purification.
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dinethyl-2,3,4,6,6a,7,7a,8,9,10,1 Ga, 11,11 a, 11 b-tetradecahydro-1 H

cycl opent a[ b] phenant hr en- 3- yl oxycar bonyl ] - 2- oxo- et hyl sul f anyl } - et hyl car bano
yl)- but ywom2aegizd4s Exanple 19 19A. Formula |la where A is yCHUsy®3* 3y, R
is H and X is a Covalent Bond; and Forrmula Il where RL is COOH, R2 is H

R3 is CHg 2@1J<et 0- PFbtmvidd Qoﬁwhgﬂe /ESJI@GIX, Aﬂgk Cgs. NdRAG S Gl k | Shdresin-i s 2,
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d
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wi t hout her purific n, E and AA2
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TB;I'U( I(: 2 e@?awewlbym%( BTEr tammir M-reFmye-the bbetyithiel progecting igraup, effierdingytke ei ne (2
eq or :

corres po?é"%go%ﬁazﬁp réé?ﬁ lb?%%@? X%Itmrlzoé\g?’ﬁn é%’rqgl& 35?*% } ﬂﬁrgtlﬁ{eéﬁ \Qla:%tié@ Itart‘ DZ'\SF 3

whi ch i stlmls)amjDCNb(tSvtam@)vm t hout further puri f i cat ion. [0200] Fornula 207
wher e AA, 0% Ay, d
di - pept i (ﬁ% 1] For

f ol | owed Toythe Ridin-bagtd t(lﬁemunmet ronnmJI@;BQ‘e: ﬁh@olmﬁ tné%MBnla |8h>glly @dﬁeﬁ qﬂmﬁd

di
our 1 cattafop YR Bl 10 bR SR Efind RSN IR AP e A,
209 wher supgtitution isipppexby filgaiysaftes ddopp® afforg the rasnnrmunééﬂ pertids FrEjUgate

ga) pe gg' 4P FOImT BHRL, Whih s (Whsksh witSDRENB iRteaS! DM 1T EBRES) Bn@moHRRIfes) 4

and dried under high vacuum for 10 hours.

[0205] Formula 303c where AA is Gly, AA is Cys, AAgis y-Glu, and R is Ethyl

The resin-bound tri-peptide conjugate of Formula 302c¢ is cleaved from the resin by treatment
for 3 hours using a cocktail containing 95 % TFA (5% water). The solvent is partially removed
and 50 fold of cold ether is added to the mixture. The clear supernatant is removed and the
precipitate washed with cold ether (2 times). The resulting solid is dissolved in water, filtered

through a pre-packed C18 short column, and lyophilized to afford the title compound of
Formulae | and Il i.e., 2-amino-N-[1-(carboxymethyl-carbamoy!)-2-(2-ethoxycarbonyl-2-oxo-
ethylsulfanyl)-ethyl]-succinamic acid, as a fluffy white solid. 'H-NMR (300 MHz, D;0) § (ppm):
4.63-4.47 (m, 1 H), 4.27-4.17 (m, 2 H), 3.96 (s, 2 H), 3.26-2.91 (m, 6 H), 1.30-1.23 (m, 3H).
MS (ESI) m/z: 408 (M + H").
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NH- Fnoc- protected glutamne (2 eq) (Formula 208), followed by DMF wash (3
tines) to afford the correspondi ng NH Fnoc protected, resin bound
tri-peptiwe wbyBas mul a 209, which is carried forward w t lremusoem4o8er
purification. [0202] Formula 210 where AA, is Gy, AA is Cys, and AAB is
y- G u ThegEN0Othdp Ungwiuads of Rsrinideddaddir i - pepti de of Formula 209 is
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Il [0206] Bysfipl izewm (fnhez Y, 22 2&n 0F HE4PWlt &) 195 BAG 9N DEEI(EST) inrg: 422
For mul ae 202 205 ‘and/ or 102 to introduce the desired, correspondi ng
noi eti es at Mkl %&2 AA3 and R,

e 4-1- (Carboxymethyl -carbamoyl)-2-mercapto-ethylcarbamoyl]-4-(2-oxo-propionylamino)-
buyric acid.

e  3-[2-(2-Amino-3-carboxy-propionylamino)-2-(carboxymethyl-carbamoyl)-ethylsulfanyl]-2-
hydroxy-acrylicacid ethyl ester.

e  3-{2-Amino-2-[1-carboxy-2-(2-ethoxycarbonyl-2-hydroxy-vinylsulfanyl)-ethylcarbamoyl]-
ethylsulfanyl}-2-hydroxy-acrylic acid ethyl ester.

e 2-Acetylamino-4-[1-(carboxymethyl-carbamoyl)-2-(2-ethoxycarbonyl-2-oxo-ethylsulfanyl)-
ethylcarbamoyl}-butyric acid. 'H-NMR (D20, 300 MHz) & (ppm): 6.41 (s, 0.3 H), 4.56-4.38
(m, 1 H), 4.20-4.05 (m, 3 H), 3.83 (s, 2 H), 3.19-2.72 (m, 3 H), 2.27 (m, 2 H), 2.12-1.77 (m,
2 H), 1.85 (s, 3 H), 1.13 (m, 3 H). MS(ESI) m/z: 465 (M+H", 100).
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there are obtained the foll ow ng:
3-[ 2-[ 2- Am no- 3- ( 2- et hoxycar bonyl - 2- oxo- et hyl sul fanyl ) - propi onyl am no] - 2-(c
ar boxymetwglo2/0e@idbanoyl ) - et hyl sul fanyl ] - 2- oxo- propi oni ¢ a®cd/Esohydosest er .
1IHNMR (300 MHz, D20) S (ppm: 4.70-4.15 (m 6H), 3.96-3.92 (m 4H),
3.19-2.86 (m6H), 1.36-1.26 (m 6H).EMmpléB6lI) mz: 510 (M + H+).
3-[2- (2- Am no- 3- ner capt o- pr opi onyl am no) - 2- (car boxynet hyl - car banoyl ) - et hyl s
ul fanyl]-2- oxo-propionic acid ethyl ester. 1H NWR (300 MHz, CD3QD) 6
(ppm : 4268- 4F&mnulan whebe R’ i6.CLI0M, R?ls(IMG xy2. D 8-ttimett@Hrhro - )-83 (m
5H), 1351120 m BH)
4- Ami no- 4- [ 1- BERFBE Ot i
nyl)- ethyl canhm‘rmyl] butyrlc aC|d 1H- NIVR (300 M—Iz CDBCD) 8 (ppr’r)
. 1 1. 3

4 683428?%2%?]2 Eorlggu%ag %:elgégr gﬁé(,_

( m 2 H HydroQﬁZ(LTB trinethyl-cBrarizan-ByiHpropidByl ESA yesit- “pountpei pe(pwerd—ﬁc)rmula 500c

gt g;'} car Har L st L s B PR L PRl FRaE Mytsieptii

0 (s, p&-éﬂlvah&i HOBtk%M (BIY ag dehyﬂyatmg apent) vith 3- (ﬁ hmrm)y-2 4.8ggmethob (m 1

zl) f gg I%r%maﬁ ﬂl%p%péglcg%wdlﬁ(% ?E% o@Foﬁﬁw%Z%ﬂ)? Ivgtﬂéeor spdrding2 (M 2

-[1- (Caabmoyst@tstnt}atedcraﬁb-@@uw jri-pentide oh perorwa B3¢ ar bam)yl] 4 (2 0X0- propi ony
! ?m n?z A(%béi)' ¢ aCF rmula 503c where AA, is G AA is Cys, AAs is
| ]

3 ca - yl -car anoyl J - et hyl su
; i r . The resin-bound tri-peptide of Formula

y N
3- {2 Ai %gﬁzls Ee]%(r:\gﬁl{;éﬁ"/z nﬁ?caeptt&ﬁﬁ%/ BW)T& d“B(cSUrQWndwed by 10% DTT for 1

nyl sul fan -2-hydroxy-acrylic acid ethyl
ester. hourto remove the t-butylthlo protectlng group, a fordlng the corresponding resin-bound

2- Acet yl ?@Heaﬁdehof{ ﬁorﬁwﬁ%fém&ymtr fﬁwans@éhélwayﬂ\ad@m( @wt(b (ﬁmé%yéﬁwom @-thex) et hy
| sul f anyl yl car barmy butyric acid H- rr)
6.41 (s, [Q203]H) 4 Fegnula 3€ relsG A4 R

3.19-2.73 7(

(m 3 H

PCT/ US02Forrosa sommp@em ME\. |srsb}wkm%de|dletw&érl@omopwg\'%ﬁ@rm'q %02 “where

3- (6- Hy diQxyis Brdm8 ahél 'RnigrE'ﬂé)l) © 'éb?”’ﬂﬁb Radlédphilie! %Q@étmﬁﬂbh |B§tob§ed by filtration after

CH, - S-Ket o- pyruvate E R4 is H,
1 hour to afford the resm bound tr| peptide conjugate of Formula 50§c whuch is washed’i wﬂw
DMF (3 times), DCM (10 times), and MeOH (2 times), and dried under high vacuum for 10
hours.
[0210] Formula 505¢c where AA, is Gly, AA, is Cys, AAs is y-Glu, R is 3-(6-Hydroxy-
2.7 8-trimethyl-chroman-2-yl)-propionyl and R is Ethyl The resin-bound tri-peptide
conjugate of Formula 504c is cleaved from the resin by treatment for 3 hours using a cocktail
containing 95 % TFA (5% water). The solvent is partially removed and 50 fold of cold ether is
added to the mixture. The clear supernatant is removed and the precipitate washed with cold
ether (2 times). The resulting solid is dissolved in water, filtered through a pre-packed C18
short column, and lyophilized to afford the expected compound of Formulae | and Il, i.e., 4-[1-
(Carboxymethyl-carbamoyl)-2-(2-ethoxycarbonyl-2-oxo-ethylsulfanyl)-ethylcarbamoyi]-2-[3-(6-
hydroxy-2,7,8-trimethyl-chroman-2-yl)-propionylamino]-butyric acid. 'H-NMR (300 MHz,
CD;0OD) & (ppm): 6.33 (s, 1 H), 4.43-4.35 (m, 2H), 4.20-4.14(m, 2 H), 3.93 (s, 2H), 3.35-3.05
(m, 2H), 2.98-2.83 (m, 2H), 2.71-2.65 (m, 2H), 2.45-2.37 (m, 5H), 2.25-1.73 (m, 11H), 1.30-
1.19 (m, 6 H). MS (ESI) m/z: 668 (M + H").
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nis 1. [0207] Formula 502c where AA, is Gy, AA2 is Cys, and AA3 is y-du,
and R2 is 3-(6- Hydroxy-2,7,8-trinethvl-chroman-2-yl)-propionyl A

resi n- bouwo oenopo3pepti de of Formul a 500c (nade, e.g., as @esarsnbedsabove
with respect to Formula 210 in Exanple 19) is coupled, using pre-activated
HOBt ester (DI C as dehydrating agent), with 3-(6-hydroxy-2,7,8-trinethyl-

chroman- 2-yl) rogl oni ¢ gci ia iﬂhen | acid of Fornula 501) to give the
correspo%géng—&ﬁ# de P 8 ound tri-peptide of Fornula 502c.
[0(208] Fgmwj a SOBBym@wmgMe picsedirgs o%mﬁe@A,anMBbstﬁkutV}gGGﬂmUhB@OW i's
3-(6- Hydrox ro vV,

tri-pept pgba%a}/or,:}ﬂ%ltgprgrodg@%ﬁﬁq cgesir?%ﬁogas%r{dﬁ'%ga@e r%:tM OA{)‘ﬁan& (n

for 5 hothese isfobtdirmstetie fllod@fgs DTT for 1 hour to renove the t-butylthi o

For mil a. S04 -GPSRV P RROUR A S ATR T S'”e%%“ﬁ%@@ ahiEedfe @f

ti rrgs).6 [322{119[]2 -(Bardiydrosostenyieing!]-BénzoymmBhao}bulie acil. CSNMRA300 dHz, GI uI R2
[ - (6- 2 7 T
the el n- oG PBERY ts7 8P Unea kT 2o gndn o B SR IS A 4Papaltly, ™
Edﬂefl et gylz la),hrTmpw(mval-B,_ Cf.l_?&)(d]ul=a4._2®&, M)y B 17-Bel4d(m, gkgrz)fﬁblzzaaﬁc(rrRzHﬁ f

t trat t

I hout to @ spdoime 2Rk pebotna e M B R AR Yo For mi & s0dc
wh:jcg |sdwasrd1ed \r/]vltﬂ DIVF (3ftirres) EDCI\/I(lO tirriss) anld MeOH (\ihtlrres)

an ri ed under high vacuum for 10 ggE@ 410210 Formul a 505c ere AA is

Ay, AA is Cs, AABis y-Qu, R is droxy- 2 7
8-trinethvl-chroman-2-vl)-propionvl and Ris Ethyl The resin-bound

tri-pept ;ﬁ’Rf ?gnﬁﬁlgﬂtvﬁwe% RFY bR, ROACH-1253H-GiRYEHxy-HIRRyh ehyiIaRInBofIYR? is

treat men frours usl ng a wcm art- COI’L.Ia nrng 95 % TFA (5% water). The
sol vent is pa 8- % ; & is bl K is0.HB/s 2.candHi8dd to t he

mxture, (g cl e FSHRAL B9} @@heaemwew%a%dckhsnmqsw & SRS e th

cold etln 2t| Of TO TS dissolrved in water, filtered

t hr ough MB@M&U urmA resi-boyrsb HipEpidedoftRormpipROgCt he
expect ed ﬁé?ﬁ&?b‘car g;a mﬁ% rgél d%%;z- dibedA ElxémPFe A]) isfcléaved from the resm by treatment

( Car boxy t hoxyca 2- 0xo- et hyl sul f | ) - et hyl car
bamoyl | - ZGr[Ith(Lﬁs using a TFA cocktail (TFA 93. 5% Tis 1 %, EDT 2.5%, water 2. 5%) he solvent

hyd | b I\/R
200 e ® Jaéﬁﬂ%@m r;fétf famacsrc%mvétmerng aBbanYlBahhalreb it dear agpsinataht

H, 3.93 rqrgoveng)nd the 95&03)“@@ qu,lﬁed 2\14;1 co@ eglgerz(Z gggee}n thq_DesuQ%g: golisl |§glsea}l|vé(g] H),
2. 45- 2. 31y {yBer Efmredahr%ﬁv\%ﬁ a_7}>3e bgd:kelijd“l)& shbrt¥tunin, B8d (yophiizdd to d¥ord hSltitle ! z:
068 (M + T, ( 031r#etﬁqlz:/a%saorr% 1‘)49 §17erca2 o-ethqcal%amoyl]
Conpound$oaPowRst eh flasula:bURd-g 44 1-(carboxy y p
2-{4-[2-(3,4-dihydroxy-phenyl)-ethyl]-benzoylamino}-butyric acid. 'H-NMR (300 MHz, CD;0D)
8 (ppm): 7.77-7.68 (m, 2 H), 7.24-7.15 (m, 2 H), 6.85-6.43 (m, 3 H), 4.62-4.56 (m, 2 H), 3.95
(d, J = 4 Hz, 2 H), 2.90-2.86 (m, 2H), 2.78-2.73 (m, 2H), 2.53-2.45 (m, 2H). MS (ESI) m/z:
548 (M + H").
[0213] Formula 602c where AA, is Gly, AA, is Cys, and AA; is y-Glu, R is 4-[2-(3.4-
dihvdroxv-phen_vl)-ethvl]-benzoyl, and R is Ethyl To the tripeptide of Formula 601c,
dissolved in DMF, is slowly added ethyl 3-bromopyruvate (Formula 102 where Halo is Bromo
and R is Ethyl) (2 eq). The nucleophilic substitution is stopped by filtration after 1 hour to
afford the resin-bound tri-peptide conjugate of Formula 302c, which is washed with DMF (3
times), DCM (10 times), and MeOH (2 times), and dried under high vacuum for 10 hours, to
afford the title compound, 4-[1-(carboxymethyl-carbamoyl)-2-(2-ethoxycarbonyl-2-oxo-
ethylsulfanyl)-ethylcarbamoyl]-2-{4-[2-(3,4-dihydroxy-phenyl)-ethyl]-benzoylamino}-butyric acid.
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[0211] By follow ng the procedures of Exanple 20A and substituting Fornul ae
500, 501 and/or 102 to introduce the desired, correspondi ng noieties at
AA, , AA2, WAA3/09R24 and R, there is obtained the foll ow ngPCT/US02/14057

4-[1- (Car boxynet hyl - car banoyl ) - 2- (2- et hoxycar bonyl - 2- oxo- et hyl sul fanyl ) -eth
yl car banoyl ] - 2-{4-][ 2- (3 4 di hydr oxy- phenyl) vi nyl ] - benzoyl am no}-butyric
acid. 1H NI , ,- ; : 2 H, 7.20-7.09 (m 2
H , .2.-6 9?) : 18 (m 2 H), 3.88 (d, J
= 4.2 Hzjo234) 337 fdﬂo‘ﬁmg(tm pr@b&durés 6ﬂE%n4;3e QmA aﬂH-I)SubSt@JtB@ @rmma@rﬁDOZH)

ihi’f’ﬁelégﬁ)équéo T R S o TP R MR Tt vl AREALSUR, TR o

CH2- S- Ketmfeparlewbaalmedaihbydﬂloﬁstger R4 isH RSisH kis 0O mis 2, and nis

1. [0212] Fo I where d g.d u, and
R2 is 4-}2-4'@2(1& %&XHWB k?ﬁ%ﬂ@@l f‘ﬂﬂY‘? ﬁ@@iﬁ%ﬁ%@?ﬁr@@&% (7S ‘pept i de
O}‘ Forgu:catﬁraamyl &fﬁérﬁﬁmeﬂ)rprbnbn)&mrmb] Butyr&s?]cddis NIMRI(300 M])dar@ﬂ’e@EB@A) i's
cl eave rom:t in 3 ' [ TFA
3. 5% Ti 5 BPEDHER. v SRR 2y ey 2 Berf RSB G B s e
and 50 fol d.78 (maH), 2435 @n, amlﬂ;ezlzso ashien, BHYt U221, TBH@, 6|+e)aﬂVI&@$ib ezt i s
r enoved and(yt )prem pitate washed with cold ether (2 tinmes). The resulting
i‘Ssol ved

solid is di in water, filtered through a pre-packed C18 short
col urm anoh I1y(m@i’bdxymeﬂhyt-carbérhoylHZI(hetrtoxydaebonybchw-ﬁmytsiJlfW)Fﬁjhxdct’ﬁbamcyll

2'?21’ [2- (3 éxﬁ%ﬁvﬁi’ a4 éﬁﬁ‘%w% W%&ﬁf@ﬁgﬁé‘ Mo&?‘?/n B 1 R

(300 MHz, QPRQQarbdxyknethy)-carBamdyl¥26fer¢anto-Bthicarbanioyl] 2-{BH 2¢(fd-dthydroxy-

(i 2k (p?%gnw !;ngl Berusuipmipihgt a6 PSR (fmpieceiq)s ey gtk

[0213] For nwi Joaczgvamgnﬁsﬂm 464G 5 rAAZH)S'B a5, 2&nd3/.xas2 865 (ny,-2B)U2.582 i s

4-[2-(3, 4- %0)'%51 Y 2B i s, E§ T SR B o Y haded oty

tripeptide

3hbr Ormloyru% pLeE aﬁﬁﬁdgﬁ‘iéhﬁll &&Baﬁbﬂy@dﬂaétboxwarﬁbaym -oanethysultan@#)-hyl ) (2 eq).
The nucl eophjlic su i Itr n. ur to
afford the § ?"H’ ‘B’Bfiﬁfib 'éé f’ﬁﬁ% vgwyh e%é))la 'ngg%l?gnclvé!(i?ch is
washed with DVF (3 tines), DCI\/I(lO tlrres) and MeOH (2 tines), and dried
under high vacuum for 10 hours, alig d Jhe title conpound,

4-[ 1- (car boxynet hyl - car banoyl ) - 2 (2- bonyl - 2- oxo-

et hyl sul f anyl ) - Bsrmulcantempli$ 5:Mdthyl{ P.3 (43 thiadidzel-arvb R/isfieylyand- Xisny | | - benzoy
| am no}-butyric acid. S7137P2 WD -80 WO 02/ 090314 PCT/ US02/ 14057 21B.

O her Conpounds of Formula 601c and Fornulae la and 11
[0215] A solution of 5-methyl-1, 3,4-thiadiazole-2-thiol (264 mg, 2 mmol) and ethy!

bromopyruvate (0.264 mL, 2.1 mmol) in methylene chioride (10 mL) and acetonitrile (10 mL)
was stirred at 20 °C for 3 hours under nitrogen. The precipitates were filtered, washec_i with
methylene chloride, and dried under vacuum. This gave the expected product, 3-(5-methyl-
[1,3,4] thiadiazol-2-ylsulfanyl)-2-oxo-propionic acid ethyl ester (450 mg, yield 69%) as a solid.
'H-NMR (300 Hz, D;COD and ds-DMSO) 8 (ppm): 4.22 (q, J=7.1 Hz, 2H), 3.78 (d, J=14.1 Hz,
1H), 3.71 (d, J=14.1 Hz, 1H), 2.74 (s, 3H), 1.27 (t, J=7.1 Hz, 3H).

Example 23
Formula la where A is 5-Chloro-benzothiazol-2-yl, R is Ethyl, and X is S

[0216] A solution of 5-chloro-2-mercaptobenzothiozole (403 mg, 2 mmol) and ethyl
bromopyruvate (0.264 mL, 2.1 mmol) in methylene chloride (10 mL) and acetonitrile (30 mL)
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[0214] By follow ng the procedures of Exanple 21A and substituting Fornul ae
500, 501 and/or 102 to introduce the desired, correspondi ng noieties at
AALl, AA2,WPA3/09R24 and R, there are obtained the foll ow n@CT/US02/14057
4-[1- (Car boxymet hyl - car banoyl ) - 2- mer capt o- et hyl car banoyl ] - 2- [ 3- (6- hydr oxy- 2
iv|74’z 8- C}Dg %E@epm%ﬂagmﬁ Mburs D?@é}* i egznvé}lh@]??bmmed satid aisdilterbld; whﬂmeédagmm
: ppm.: 6. S, , 4.54-4, m : = 3. :

2 H, 2.9ethylegs C{‘Eﬁ"d%%”,edz{"%if- Vaz‘:ug%- (s w,th‘?gw@%ﬁlﬂﬁ%’%ﬁﬁ'?ﬂ%@zs- 1. 68
El m 19H)Céb%nz%aﬂézoal-ﬁ-ly(smfargll)bﬁ-o?dvﬁé)bléglc)aoﬁld écthylﬁe%gér (42|M rhgHyigld 54%)|as a ?olid- | ]

- - t - - - - et - - - -
yl Lo E)amw OB, BREBREN 4. 5S3) St oy 3L @R X ey RY! UL - et

Z- % i E ?;; mgﬂrw E,, |J=281 Ht&),i mt.élmk,-ﬂ%r @.fmmd,?q,y}l:irlW@DEW.HW??"Q,Q{-ZG)% w(&ié &l ag! ﬁ'
- - rooxyne -carpano -Z- r -e car pano -2Z- - - , 4-dl
dr oxy- ph'énlh)(b3@i5)r/(91v]=-18e1n'2'6§1|*§n12-ﬁg§t4g%ﬁ/ﬁzcg'g{id. 1H NK/R (300 MHz, CD3CD) )é
(ppm): 7.40-7.08 (m 4 H), 6.79-6.46 (m 3 H), 4.64-4.55 (m 2 H), 3.97

(s, 2 H, 3.22-2.86 (m 2H), 2.52- 2542 {lmEIZH)’ 2.40-2.02 (m 2H). M5
(ESI) mz: 546 (M+ H+). 4-[1-(Carb | - car banoyl ) -

2- ( 2- et hoxycar bongbmalsi®kowieérb is 4l 5-Biytino-thiazol-2-yl, R is Ethyl, and X is S

et hyl car banoyl | - 2-{4-[ 2- (3, 4-di hydr oxy- phenyl ) -vi nyl ] - benzoyl am no}-butyric

1 O A Bl SOt g
ﬁi_ 4- t2 h;a%@h{e; 2.;1%:'11?}1&{) irgrgﬁﬁhme’ge _cglgﬁmnig)%a)’ndasaswlen a?é@ﬁﬁ[i«iyrr&lmalre u(’l@EFZG\ZLa .
stirred attroﬁé”'C?F%PB@%ﬁg&Pg&ﬁ'ﬂ%@kerﬁ?’g"\‘a&%‘%“Attfﬁge%ﬁée:n% %ﬂérg{eééﬁ%\éﬂ% We{ ered,
washed \évivbdswrmeTHﬂy beveethe relx;r)]ecttelda pradgcl, (4 6diihyddethiazak Rytsulfami)s2-gxoreroplesic
expected product, 3-(5-nmet = 4] . . 1 .
t hi adi az SE'S*f%;M?E#P'F %‘%@’ﬁgvéﬂ%‘i@%g%? SR, HNYRBRD 2R P0) 4P W4 631y ¢
559‘;/0 lasHZ G='42519|1iHi, 1H)l,l4r.3ux4'\?35ﬁaoim’g H§'1m?$135”?ilm(d 33:)1 ﬁngazn-}z, iﬂ;.zmzsagil)(
=7. , , , J=14. : , 3. , J=14. : , 2. S,
3H), 1. 2’?‘1/%:{_'2?34\@'7@1&@; 3H). Exanple 23 Forrmula la where Ais
5- Chl or o- benzot hi azol -2-yl, Ris Ethyl, and X is S [0216] A solution of
5-chl or o- 2- mer capt obenzot hi ozol e (403,09 o m(’)rolm) and St hyl brom)lpyr?vate
(0.264 m., 2.1 mmol) in methylene ch ' -) and acetonitrile (30
m-)  S7137P2epBaticlon\ARIPHG 9D 3 1-metiy Usoidazabd yisuianybiak-dinydro-fa@ne?.eor 3

hours under nitrogen. The obtai hd shiy@istrli edt&r ed, washed with
met hyl ene chl oride, dried underdllr}"%g%% m 'll' I'S gave t he expected product,

3-(5-chl oro- benzot hi azol - 2-yl sul fanyl ) - 2- oxo- propi onic aci d ethyl ester
(425 ny, [yiﬁlld 54%p &t bifercapto-1-methylimidazole (228 mg, 2 mmol), ethyl

bromopyruvate (0.266 mL, 2.1 mmol), and imidazole (150 mg, 2.2 mmol) in methylene chloride
(6 mL) and acetone (2 mL) was shaken at 20 °C under nitrogen for 4 hour. The solvents were
evaporated under vacuum. The residue was treated with ethyl acetate and the liquid layer was
discarded. The residue was then dissolved in methylene chloride. The solution was washed
with aqueous sodium bicarbonate solution and water before dried over magnesium sulfate.
Evaporation and chromatography (silica gel, methylene chloride-methanol 100:3 to 100:10 as
the eluents) gave 20 mg of product. 'HNMR (300 Hz, CI,CD) & (ppm): 8.13 (br. s, 1H), 7.01

(d, J=1.3 Hz, 1H), 6.91 (d, J=1.3 Hz, 1H), 4.65 (d, J=10.4 Hz, 1H), 4.57 (d, J=10.4 Hz, 1H),
4.35 (q, J=7.1 Hz, 2H), 4.09 (g, J=7.1 Hz, 2H), 3.69 (s, 3H), 1.38 (t, J=7.1 Hz, 3H), 1.21 (t,
J=7.1 Hz, 3H). *CNMR (75 Hz, CI,CD) & (ppm): 171.2, 159.6, 147.5, 138.9, 128.8, 122.8,
117.2, 85.8, 80.3, 62.2, 62.1, 34.0, 14.2, 14.1. MS (ESI) m/z 343 (M+1, 100), 365 (M+Na, 7).
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"H- NWMR (300 Hz, D3CCOD and d6-DMSO) S (ppm: 7.92 (d, J=8.6 Hz, 1H), 7.90
(d, J=2.1 Hz, 1 H), 7.40 (dd, J=2.1 Hz, J=8.6 Hz, 1 H), 4.20 (d, q, J=2.1
Hz, J=7. lwHa2/02Hd4 3.96 (d, J=13.1 Hz, 1 H), 3.86 (d, J=P8TIUSH140%7 H),
123(t J=7.1 Hz, 3H). Exanple 24 Formula la where Ais

421, Di hydr o-t hi azol 2-yl, Ris Ethyl Ex@ﬁge)gai s S [0217] A solution of

5-
. ﬁé?h?ﬁ%eéra&%ﬁ’%ré’%@ e S A e e
ni f}lrgg_enij Thg obt a| ned sol |hd was filtered, washed with nethyl ene chloride,
an ried _under cuut Thi ave. t he cte pr%gH% d
3- (4, 5- dI9A/8} Chi 19 6150utign oL HPRAGH mﬁ‘egggg %A water 3 M an
g, yi el dc&&ﬁ@?lle’iﬁl raL pwas ak?deﬁl-dztwl/ﬂvt(rz:ﬁﬁpyﬂavatamg] ;)nrll.:sgecbmg 2. mmG@I?)(s@?A}Iye 5&%42
09 . pieapsuiegmhBet haoch spilopdThe difbepds Botubretf he pHBguce 08y
( 1- met hy IAcdtohtrilerivda zerhoddyrsiat Yanuyin) argl, ok mpmwatﬁuwaﬁagdqsi T:ne(fa}hﬂ@iawq%
actd o eLOM Gl oAk chiorBb Tho labl oRalhgapldndri Bl oo - dadohiick 225

yruvat e , and i mdazole (150
mg, 2.2 highlVacuum nﬁhhyesecw@\taﬂmrometog(a@hﬁd)(sﬂmacgebmtbﬂen% ohigde-mghasglaken

at 20 C UpdRfadil 100081 hAbodoiosto gﬁﬁelsé%dsmr%dmr(ﬁeld%mm‘ﬁmm (3oderz,

vacuum € residue was treated 'w acetate and the uid | a er was

di scar de®@;COR & (EEn)i&ia7 wad Hea3 (. s’§6l1\)'é% 2H) FEQ Hy1Ehe %{s@ﬁhbé 3trihel=

sol ution e S [ 1 er
before dH\lagHm% @aﬁe kll?] 3?531 eegd@%éﬁ ?on anﬁ%}ﬂgﬁg?gg?gp%i
(silica gel2 4meth&BereZchﬂbpprdeM&(EfSihMIZZGB)(M+N@, 1000246 1. 8he el uent s)
gave 20 ng of product. 'HNMR (300 Hz, C13CD) S (ppm: 8.13 (br. s, 1H),
7.01 (d, J=1.3 Hz, 1 H), 6.91 (d, J= 1.3 Hz, 1 H, 4.65 (d, J=10.4 Hz, 1 H),
4.57 (d, J=10.4 Hz, 1 H), 435(q\§3mm|_8|ﬁ2|—|) 4.09 (q, J=7.1 Hz, 2H),

az GQCI( ZCD;BH)S 1. ﬁ%pgﬂayiﬂ 87 4- %%—Eiz-g\d%h‘)anta% ‘?&%In(etthoxyéarzoré/l)tﬁ’-ox@b?\?/lslliéﬁy‘ | -gg?&

80.3, 62.2, 62 1, dearboxymetiy|-cathamoysthyiearyamayl-2zaminomiyricests) . 365 (MNa,
7). 87137P2 WO -82 WD 02/ 090314 PCT/ US02/ 14057 Exanple 26 Preparation of
2,2-Di et hyl - 3, 4-di hydro-2H-11, 4] t hi azj ne- 3, 5- di carbox lic a 0219] To
a sol uti d62200 L- ped @'llltloarﬁfﬂé MgP fpdmantanyl-yeiiangl é‘l’m?'é’? :qmméﬁguw
ﬁﬁglt ?mslt :?'\?Jdezé %d@?ﬁ‘?‘fg?gﬁ?g gﬁbé}wbnévkg %Bﬁﬂ@}z} el veiuR uaBer2dzedtropid86ndiipn Br O
sol ution Gttp%|2 nm{peﬁqtrggg@@tngosphgexkﬂer coV\ﬁing ahe s&ven?gvlagrpertr)llc)\(/:ea bodqe"rire%u%gé' eous
pressure. The residue was chromatographed to afford the bromo pyruvate ester intermediate.
[0221] The above prepared pyruvate ester intermediate(1 mmol ) was dissolved in 5-
10 mL of acetonitrile. This solution was then slowly added to a solution of 1 mmol of
glutathione in 10 mL of deionized water under vigorous stirring. Upon the completion of the
addition, the resulting mixture was stirred for 3 — 8 h. The reaction was quenched by adding
50 mL water and washed with ether (3x20 mL). The aqueous layer was filtered through a C18
pad and freeze-dried. The crude product was chromatographed using reverse phase column
using a manual gradient from 100% water to 70/30 water/acetonitrile to afforded a white

sticky solid. MS (ESI) m/z 542 (M+H, 100), 560 (M+H;0O, 40).

S$7137P2 WO -83-



Acetonitrile was renoved under vacuum and sone nore water was added. The
solution was extracted with nethylene chloride. The water phase was

separ at edwerd/odpweeze- dri ed under high vacuum The resi du®@CEAS02/14057

chr omat ogr aphed (silica gel, nethylene chloride-nethanol - acetic acid
100:5:0.3 to 100:10:0.3) to give 150exgmmé 2Br oduct (yi eId 319 . 1HNIVR (300
Hz, D3COD) S (ppm 6.17 (s, 1 H, 4.23 (q, J=7.1 Hz, 2H), 3.79 (s,

Lo Babaatugh o @EbgbeBnhe fthv?sgﬁanz'% W%@n@i@vmm'

ppm Ms (ESI) mlz 268 (M-Na, 100), @ga&boxXyl d¢cid5). Exanple 27 Preparati on of

?'c[a?géi'y&@ﬁ?ﬂﬁf‘ézmé oFPLURLY PR g BTGBy sbadibel Eramplg o.
sol uti on'lpNMR)(3D0HZ, m‘scanoaeqpmpmauylom)hanal(qd FHIDR1 Gf, 2bh).oHD3 ﬁyr&h&)y c

Aot éggsfgcoia% ot gt @ o8 R0 Tt 1§ B I USR] gy= 322

cool i ng, (Mhed,si@oyent was renoved under reduced pressure. The resi due was
chromat ographed to afford the bronmo pyruvate ester internediate. [0221]
The above prepared pyruvate ester internediate(l mmol ) was dissolved in 5-
10 nmL of acetonitrile. This sol uti onExample2On sl owly added to a sol ution of
1 mmol of glutathione in 10 nL of deionized water under vigorous stirring.
Upon t he np f i
3.8 h gj_,lgre_lb laPRioRof DNEming Y Shpar (
et her (3x20 nethylcathamey(lbytydc paider was flltered through a C18 pad and
freeze- digAd 4 The_shde, oAy aseu8d S AIBLOODARBST dibdig.- - eualiseyrhase
Sl

col um a manual gradient” from 100% water to 70/ 3 w%) cetonjtrile
t o af f or cetcaptankihylsarbapoylpreryl-p@mMoRisnt: @éIUPrqf?QetBt&ﬁ?mmB §> 5‘6’60'? W+ H20,

40). Sr1 71F?lce\/galtn§ nWélej @%%ngaley%fJg{h I‘B}éﬁ\op@m@4%8pﬂ:)’r Emérré’édt'@'m of
1-[ 3-(2- Et hoxycar bonyl - o-eth fanyl ) - -rret - propi onyﬂ%q\a%/rro i di ne

-2- car bmylaﬂ@wqtiOcstl[’GJZZZ]OUThefng:kt)Wﬁéémpﬁ%am @6 Widh eigesi ter phase
8r ggedur ?a%??é{r(%@%mufbr@( ?Hf‘&%& é‘shl_?)rt %‘Il&'%ﬁaéé&ﬂur‘ﬁﬁ an@g@@a} ol ttﬁeplS?ﬁihdﬁ,lzél?_Q (s,
2.21 ( m oterright @, Yeid (Mite SRYpta 51(5§ Mg.195%ayig!d). 1HEHM|3 @90 H-P:CRB) éié@“)‘) 685 (332
(M+ H, iq%)car%gm ﬁ—é)zﬁzz% & 215 8RA (AL HFW 2043 — 3.30 (m, 2.4H), 2.56 (m, 2H), 2.17 (m,

2- Am no- hoxycar bonyl “oxo- et hyl'sul fanyl') -
et hyl car Ranol31 (tb@ﬂ)yrl c acid

29B. Other Compounds of Formulae la and ||
[0224] By following the procedures of Example 29A and substituting 1-carboxy-3-(1-

carboxy-2-mercapto-ethylcarbamoyl)-propyl-ammonium,; trifluoro-acetate with (2-amino-3-

mercapto-propionylamino)-acetic acid and 2-amino-4-[1-(ethoxycarbonylmethyl-carbamoyl)-2-

mercapto-ethylcarbamoyl]-butyric acid, respectively, there are obtained the following:

e 3-[2-Amino-2-(carboxymethyl-carbamoyl)-ethylsulfanyl]-2-oxo-propionic acid ethyl ester
White crystals (97% yield). "HNMR (300 MHz, D;COD) & (ppm): 6.42 (s, 0.36H), 4.61 (m,
1H), 4.14-4.27 (m, 4H), 4.01 (m, 1H), 3.95 (s, 2H), 2.80 -3.20 (m, 2.56H), 2.60 (m, 2H),
2.20 (m, 2H), 1.26 (tt, 6H).

e 2-Amino-4-[1-(ethoxycarbonylmethyl-carbamoyl)-2-(2-ethoxycarbonyl-2-oxo-ethylsulfanyl)-
ethylcarbamoyl]-butyric acid White solid (41% yield). "HNMR (300 MHz, D,COD) § (ppm):
6.42 (s, 0.36H), 4.38 (dd, 1H), 4.28 (q, 2H), 2.95 - 3.54 (m, 2H), 1.27 (t, 3H). MS (ESI)
m/z 293 (M + H, 100).
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[0223] To a solution of degassed and nitrogen purged

1- carboxy- 3-(1-carboxy-2- nercapto-ethyl car banoyl) - propyl - ammoni um

trifluorowaaetadses (50 ng,, 85% 0.12 mmol) in 1:1 acet oniPOmiuse2/ad’ wat er

(2 nL) was added of ethyl brono pyruvate (14.6 L). The reaction was

allowed to stir for 1 hour before it was stopped and extracted with ether.

The water phase was then directly f t hrough a short solid phase

col um and placed on the Iyopholyzertk&ﬁlg%ﬂght to yield white crystals (55

ng, 95% yi el d).' EMVRING30B0-(EarborBEey-caranmmy))-2(23athexycarbgnyls3-hydraxygpingy

1H), 4.23 (q, 2H), 3.92 ( 44 2.56 (m 2H), 2.17
0B eplor) BTt A Pupfe

(m 2H), 1.31 (t, 3H. ornmulae la and |1 [0224]

By follow ng the procedures of Exanpl e 29A and substituting 1-carboxy-3- (1-
n of i T URR O=ofrehRd e RYst D

2-am no-4-[ 1- g yhoxycar bonyl rret hyI car bam)yl) 2-

er capt Oé&tzrﬁ' car b3 hb4 LSy ARt chBRRRTH 2B ethoy B&bBnf okt @i ned the

follow n

3- [ 2- Ani ethyRulfarey)ketyicabingoylehutirimanid §1-Gramyl) svals diasghved in- Hk el pradefi trviichaci d
6. 45 (o WGE 3giph. f afiblehh Rotoprtfird Y sBlflgn ot (FMingep Sedffggroiiiie ) (EPEL” o,
2H), 2. 8bydraciabridem THe, Hixkire was @gitgtag faridp hrs. Q.CQMS(qﬁthezqq)acthn unm |p&|c%tp51

2- A - - th
J1 <l a1y SRR At fiﬁ’i%t@%@?%”?'?idégi?ﬁaﬁf?&?ﬁfw "EERNR
H)

(300 Mz coDBOGDY egutes pith acetgnilrie pad watesmach cantaming 2% T4

2.95 - 2 0 Q (8%137P2
o -84 V\B‘E%‘g;] g%% 311@{0 SéT rﬁ‘ﬁjs%dz /;; fﬁg%?‘”h%g&% 70 mm 2089 %acetdnitrilg). The bactl

2- Ami no- 4oftainingapuse ggmeeund W@&rﬂ@QWSyYE)CUEm(dZSt@?% 8% & I5RnA fogrttp]%f,hg)yﬂumeno_

St gytsg&@ﬁ&h%%ﬁﬁﬁ@é&reg%wdg%%é Qs%%ﬁ‘m':s%ﬁ”m a lb where Ais

H. R Et 022
2- Ani no- 4022B] ( car b3k mints/ TEA salb e §malpin 29 -rek ﬁb‘%;"r&g‘ﬁ’%@?teé Wd)‘%c? o
et hyl sul fa‘ﬁ}%'() O%)mépﬁrob@g%ﬁ d)}]e Pégu}f%%léé&: kQufich QMéézeV&%de%@lﬁlﬁd in 10

nmL wat er i ent tenperature, a sol uti on of

(1. 2nmol desipetylticropamround sAramino-hijidicatonynethy-catirmaenzd- (Frethpasasipnylsded for
24 hrs. %&@ iffind- g’tﬁ%lg E/ll) %fhﬁa?ﬂﬁﬂ%l]%ﬂ@n@%&ﬂdas b hite @BIY. &4 NMR @b, d)he
he oade

reaction. m Xt ur onto a rever sed- phase coI umm and

el uted wisth2&ed=on Hei 3k, 2r1Q-2:8% 67, 2Ha2 R0 @ RAH g2-82-390 2H). 364 (® nin,
5% J=15.0 Hz, 2H), 3.97 (s, 2H), 4.06 (t, J=6.0 Hz, 1H), 4.29 (q, J=6.0 Hz), 4.58-4.64 (m,

1H).MS(ESI) m/z: 437 (M+H, 100%).

30B. _Formula Ib where A is y-Glu-CysX-Gly, W =NOR® where R® is H, and Z=OR where R is
n-Butyl
[0227] Similarly, by following the procedure of Example 30A and substituting 2-amino-
4-[1-(carboxymethyl-carbamoyl)-2-(2-ethoxycarbonyl-2-oxo-ethylsulfanyl)-ethylcarbamoyl]-
butyric acid with 2-amino-4-[2-(2-butoxycarbonyl-2-oxo-ethylsulfanyl)-1-(carboxymethyl-
carbamoyl)-ethylcarbamoyl]-butyric acid there is obtained the following compound: 2-Amino-
4-[2-(2-butoxycarbonyl-2-hydroxyimino-ethylsulfanyl)-1 -(carboxymethyl-carbamoyl)-
ethylcarbamoyl]-butyric acid; compound with HCI; 'H NMR (D,0): & 0.60-0.75 (m, 3H), 1.05-
1.22 (m, 2H), 1.40-1.55 (m, 2H), 1.92-2.15 (m, 2H), 2.35-2.55 (m, 2H), 2.26-2.27 (m, 1H),
2.80-2.92 (m, 1H), 3.43 (g, J=12 Hz, 2H), 3.80 (s, 2H), 3.85-3.99 (m, 1H), 4.01-4.15 (m, 2H),
4.40-4.55 (m, 1H). MS(ESI) m/z: 465 (M+H, 100%), 466 (M+2H, 25%).
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acetonitrile; 10 to 50 mn, 60% acetonitrile; 60 to 70 mn, 100%
acetonitrile). The fractions containing pure conpound were pool ed, vacuum
distill edwato2®%3Cit o one fourth of the volune and |yophi IPpcCzabor/o406Dt ai n
the corresponding oxine as its TFA salt. [0226] The oxinme TFA salt (1.0
mol ) i n3ge. ntomﬁulavai\i‘mm Rtreated with 1.2 mols of dilute (1.0 M HC

SE} s?r eCd arqzlzﬁage C(r)(rarg [?'\9 f% rwn%g(]) lhuetp;r(o)é]edvﬁes off éx%(ranzp e %A Sﬂd %Qbscﬁgftlﬂb n the

2- ani no- Aydrdxyiarainb ¢1GI mith anbthea slitEsinyged hyzir¢:diaptine theoaateorbjaingd the following
hydr oxyi m no- et hyI sul fanyl ) - et hyl carbanoyl ] -butyric acid, as a white solid.

1H NVR (BRBPOUES1 28 (t, J=6.0 Hz, 3H), 2.10-2.27 (m 2H), 2.50-2.59 (m
2H), 2. 82- 3 06-Amino2H):(c&bbxdyniaihyl-carbhmod){2z(2-e2h)xyc@rbOmyl{2smedBlkyimihoo6 (t,

J=6.0 Hz, 1 =6, 0 4.58-4, _ | 37

(MHH, 1009 . 36‘%'5“§%J}Y$?ﬂ#t'ad?%b%mg¥qﬁb%¥rlc a%}"d%@é%g% 3@95&203%% Ra i s

H, ang Z= ORf wRelne2. EB (rA, 2rm) ltmya 5Q @azz-]) Si7042.89 (ny,, 1H)y2.85643LaBrm d H) 1e57-3.64

rocedure o
2 [ 1- (car boxy ?ﬁg %ca ﬂ&/? f drﬁ}g §5i%onylo '32 3-4t5ﬁ13‘/1rosijlfar2yl) eth
gl car barr?lyl[-]2 Egmlgmglm[w(ﬁar@oxyr?é'tgyl carbamor)]/I) -2- (2I efthoxycarbonyl -2-phenoxyimino-
ani no- ut oxycar - (0] et Su an t -

car banoyl ) - et ﬁW@&FMo%W)ﬁC% %fp?lr'lcg‘ﬁ&ffcoa‘%q\éP@pPEX%%F%ﬁﬁgg“m%g@f‘WW g

ZOFrz)Ol(Jgdb t2 A mﬂagHz 3H), 2.0-2.14 (m, 2H), 2.21-2.50 (r|nf2H) 2.65-2.80 (msz) 2.81-2.98 (m, ;
ut Oox -4 a [ ar pa

noyl ) - et hyl céﬁga}é@?f ﬁ"u)t é%&%x%dc%%% ‘H}%C} %ﬂ) %%5 Qi@ (Mmﬁzg{b 3

(ZJ.H§SO (23 gg (2 mSéral('BH) MSK{ESI)lnf225’(31(lM+2-I-|)100%)£K]~4J(NBaH( m)%gH) 1.92-2.15 (m(

J=12 He, 23‘*'%0(4:?2 @ﬁi}e”Z)S'O’Q’B“'B‘g%get%%'gpcirbﬂ?y' e%‘ygit‘?f nﬁ)?' '((?ﬁr%%“ﬁ *

V0 -85 5’% 62} T S TV o AT VR I OO

|
Sinilarly, byJF80IzBHY X%Z&Pd%éb‘ égrzgﬁ %‘3) 33”/3 %Z?ﬁ( %’ng %%ﬁj’ (m,
hydr oxyl ani ne 2H§! 3 po-Bl1saRrQ LRG3 6040 36i(inuEEY 4rty|d4 68 yinanHn 6. aaw(erm)as@mmmu ned

éhin:c ﬁl)l Z\M[ ggér@agggiﬁggnﬁl-zc%%%ﬂ*ylwp%)(?—%‘W&&/gg(gonyl - 2- met hoxyi m no-

atz hyl?)a;ﬂ f agyl )Ozghhwlmr (earey) hethyit s 2 2- etthvab@a;acem @itrd~ 28 (t, J=9.0
1

2.95-3.05 (m bfnﬁ)'oxygmsfﬂ Q‘ﬁﬂ“'fa(‘m e@#bcar(bﬁ”@xﬁ%’yty”i aFft: P1sRTpOx'Y (hP8 &) |

4.32 (g, J=9. Q=biHiz, H),2.6L228-(h, BHY rasslzbt»(m 2H), 2.62-2.76 (m, 1H), 280310(m

C o 00 a1 NG gRRIR R E@E{;‘)ﬁ . 500 & LB SRS TP s, 2P 2 Yo

(D20): 6 1. 15 HZ bH),J=80 @, 1i29.03H) 2HR MB(BSD4n/emb72 kit+H 21k R 538 (NA2H,2380%).

2.65-2.80 (m 4- [ED(Q-AIIonxylmmo 2- gthoxycarbonyl ethylsulfanyl)-1- (carboxymethyl -carbamoyl)-
ethylcarbamoyl]-2-amino-butyric acid; compound with di- HCI; "H NMR (D20): 6 1.20 (t,
J=7.2 Hz, 3H), 2.08-2.20 (m, 2H), 2.45-2.60 (m, 2H), 2.65-2.80 (m,1H), 2.90-3.06 (m,
1H), 3.50-3.64 (m, 2H), 3.90 (s, 2H), 4.10 (t, J=6.9 Hz, 1H), 4.22 (q, J=7.2 Hz, 2H),
4.49-4.54 (m, 1H), 4.70 (d, J=7.0 Hz, 2H), 5.15-5.30 (m, 2H), 5.80-6.10 (m, 1H).
MS(ESI) m/z: 477 (M+H, 100%), 478 (M+2H, 30%).

e 2-Amino-4-[2-(2-tert-butoxyimino-2-ethoxycarbonyl-ethylsulfanyl)-1-(carboxymethyl-

carbamoyl)-ethylcarbamoyl]-butyric acid; compound with di-HCl; 'H NMR (D;0): 5 1.10-
1.20 (m, 12H),2.03-2.25 (m, 2H), 2.40-2.56 (m, 2H), 2.63-2.75 (m, 1H), 2.90-3.16 (m,
1H),3.56-3.78 (m, 2H), 3.88 (s, 2H), 4.20 (t, J=6.9 Hz, 1H), 4.30 (q, J=7.2 Hz, 2H),
4.40-4.56 (m, 1H). MS(ESI) m/z: 493 (M+H, 100%), 494 (M+2H, 30%).
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2H), 3.6 (brs, 2H), 3.65-3.99 (m 3H), 4.10-4.21 (m 2H), 4.45-4.60 (m 1
H, 6.84-7.30 (m 5H). MS(ESI) nmiz: 513 (MH 1009, 514 (M+2H 309 .

2- Ani no- WP220M3benzyl oxyi m no- 2- et hoxycar bonyl - et hyl sul faﬂyll)soﬂl(os'ar boxyne
t hyl - carbanoyl ) - et hyl carbanmoyl ] -butyric acid; conmpound with HCl; 'H NWR

20, 1 Ealiyrod bty fiod {4t g 2

5H), 4.31- 4. 5ethylayifanyd)- etrwloeﬂaa(nsoyl]Myncac%cmwnd(vmh @QC' Mét* ()029923 527
(M+H, 1009 , Zs r(%y&wmﬁgﬁ@ 149 IQ)HZZ ), 1.1-1.30 (m, 2H), 1.50-1.62 (m. 2H),

2- Ami no- 4- {1- carbon njitr
benzyl oxyi ni na))72ét3'7y dl"f)a?l?’rq 1Qe@1hy1lf't)a2 Ba y’FPJ'But%W 1296 ra ) (13 %@20)

8 1.08 (t g
Lh. 2. 80-3, ?5;21 384 mafy, 3B 6T mat), (@ BTN 00%) ?‘13?3 (orer

1 ,516(5 30%)27(d J90Hz 2H), 7.80 (d, J=9.0 Hz, 2H).
MS(ESI) nfz::572 (M+H, 1009, 573 (Me2H, 3099 .  4-[2-(2-Al 1yl oxyi

m no- 2- et hoxycar bonyl - et hyl sul f apyl ) - 1- (car boxynet hyl - car bam)yl) '
et hy[car%ﬁwﬂ%@éﬁ%@%ﬂ;ﬂam d; conpound with di-HCl; 'H NVR (D20): 6
(1m22H§t 5023817 2 Hzgirdighy, b%ff@ﬁbvﬂn &e(d?fbceﬁb% of Exbnple SOA Gy s@d)itutidg @5anEinG0

J=6.9 H I (Wbow‘%ﬁ‘y &afbggﬂ‘?y'g?lfg ﬁwca('g‘if‘yﬁg) °Z°1§H‘y%r‘f‘.farly'l)z—ﬁw‘y'ia”?%’%?@ J=7.0

TSE)%?H) 4t7agt yA©a&id 3th Cramidbil-[252&tdky ddbdrnyl-2-bxbhethyl MBS ) -(cafrzoxydigthy-M-H,

2- Ani no- &afP%mPZ‘T FE}YMH'R‘(Q bH{yHBaﬁ'd&nﬂ&9?§¥ thnleCIthy N SUF3t'tLite?car boxy
&ewkhzlI[)éo??drgwm?gkﬂﬁrbwe:wtbmwwqfounwlyg compaunds: conpougd with di-HCl; '"H
2.63-2.75 (m 21O %‘i.%gé'&’nl%ca(%“ylg 6%5 E'Qg}’?ﬁ‘%“'fg'}y 1&55‘8?9&”%%

4.20 (t, J=6. aaﬂdémoiltl)-@hylcégb%@ndyqsbu@ﬁﬁiaEndHﬁH NAHR (DM8O4AL):4 G680 (tm)=6.0 He, 3H),
MB(ESI) mz: 493 (M 280%%:.1 72 tn (M2 o531 (m 232 26243 (P ar 8255430314

PCT/ US02/ 140572
2- Ami no-4-[1- (rﬁaﬂbpsmsgym iy, bmgzxmzzre)z3est5kmayma4+bbmn|2-22@(moady), fidfe

et hyl sul fanyl ) - et h b t\h di -HCl; 1H NMWR
(D20): 8 1.18 6?’t("¥j%$ @é@) ']B‘ﬁ) HJ}% ngafdo%) W W’ 1,10 1. 30 (m
?H% H; 5f2J le 6?. /gghoah[)z (2- bbniﬂoxynr&ﬁo{zmutdxybarboayl@tr@ﬂsmarqm1 -{carhgxytheiyl-( d,
, S

3.55-3. 26 (m Cifbﬁy‘oy'&zs ’%ﬂba}w%(bﬂ%'céﬁﬁﬂﬁ‘mwg%bdl) %@%%@%23}5’8
For rm: alb Var1>gong4§(rang|-|)Ra 520229 (m, 3HY R.aol(yrs, bhy), BAOFD9S (g, 2He2B6ex@b(me of
Exanpl e 30A and) sUBSKIEYN 1), 3. 405 98 (me 2, 3 425EP XY SR, D7 BRI AT 0-4.23

(m, 2H), 4.45-4.68 (m, 1H), 5.28 (s, 3H), 7.30 (brs, 5H). MS(ESI) m/z: 555 (M+H,

100%), 556 (M+2H, 30%)

Example 31
Alternative Synthesis of

2-Amino-4-[1-(carboxymethyl-carbamoyl)-2-(2-ethoxycarbonyl-2-hydroxyimino-
ethylsulfanyl)-ethylcarbamoyl]-butyric acid

[0230] A mixture of bromopyruvic acid ethyl ester (390mg) and hydroxyamine
hydrochloride (1.05eq) was stirred for 3 h at rt. The white solid was filtered and washed with
water and dried (420mg). To glutathione (307mg) in degassed water (10mL) was added
above made oxime, 3-bromo-2-hydroxyimino-propionic acid ethyl ester (1eq) in small portions.
After 3 h, the reaction was washed with EtOAc (10mL) and freeze-dried to afford 2-amino-4-[1-
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butyric acid with

2-am no- 4-[ 2- (2- but oxycar bonyl - 2- oxo- et hyl sul fanyl ) - 1- (car boxynet hyl -

car banoyl woakhyisaar banoyl | -butyric acid and hydroxyl am ne PETIUSae/t405anot her
substituted hydroxylam ne there are obtained the follow ng conpounds:

2I Ami nob {ca{rt?o)@ﬁmﬂg]ﬂ leamsrgbmaxiz-e&rdmdnwl mhp@roeyuhmiosethfnam;dnw-l (car boxynet h
yl - car bano -e car bano 0, (t,
J=6.0 Hzethy rbanpyé@ugyngfgcn(d?/ﬁs azﬁ;#y whitg s?hdigﬂgrﬁ 42%39 Ig?é;_p)( an Z%Aj(

:2% 5(5) i gQ émHz413+)+ 221d3223 (ﬁ%32HX, msolzbb(m32r4y§e3@93 Qar(mam) 3847q.3-83. (XHz 2H)

2- Ani no- 4- [2 (2 benzyl oxyl m no- 2 but oxycar bonyI et hyI sul fanyl) 1- (car boxyne
t hyl - carbanoyl) - et hyl car banmoyl ] -butyric acid.,"H NVR (DVSO-d6): 8 0.90 (t,
J=6.0 Hz, 3H), 1.30-1.45 (m 2H), 1.5z 2H), 2.10 (brs, 2H),
2.30-2.55 (m REH2-@- Mﬁna-%rmany-bmyryhmmb) QQeab@B/"Gthyl’_cam)amogl)wﬁxlﬁuﬁans(l]m

e el S, L0

(NHZH 300/() Exampl e 31 Alternatlve Synt hesi s of

ethylsul"-v O : Xture o
br onmopyr uvi c 5dmdmberhdlAcels$L®stntﬁ®@m and hydr oxyani ne hydr ochl ori de

i TR il S e
was itri irean @elba Pa 3¢ AG 13 f amigei d
ethyl est 8Iru (&%ﬁ{%& rhgﬂdas rﬁol)ow(ﬁ étf?l:fq U&ﬁ (%frmﬁztnm defse fri fr@ﬁ'ﬁltdn?ﬁb "t\ﬁesréé’ﬁlfﬁh&d

wth Et reeze- am no- S7137P2 WD
WO 02/ OQGB&pBrPC]T/V{as(}aZIpWLtQ)sm for 5 min and stored in the ice bath.

(car boxyg@}bﬁ I-car B3R! g ga §1gtd?%ﬁifﬁ&ffyw&cu@d@&’&w&f%'Snﬂnﬂ‘éfSééwrlnﬁﬁﬁ |f1%fr\y|)

- ethylc -butc?/rlc white solid (17 10m) ..
NMVR ( Dzo)ce twtllwgg added sigwly toe pbovegigpared gmur@ arid. (Worgqq? cogwpge(yog og@e( '”‘ZH)

2 8213 Ogcﬁir‘gdd%?}w EScgt: 6& a.melhﬁénﬁob%gyn) élahylé’ar&?dufrﬁde r%)d}ochf’ori%)(é@s mg=4.20

) oo o ahoiio ey SA PRI HOBioKS sLrRg: TBaI RIS ot hy! s
ul fanyl] Ter%o@@armmelnqﬂwe}wﬁ/élroweu% @ﬁ‘f@ri@(&mbmw{ lmmdum;kwumhed by3 2A.
Formula I ¢ wh \% ntﬂ l%g%bﬁFE n;}.n a

5- Menber @@dlﬂsﬁo rglugg\e@tphg%qjtrﬁrwéture as extracted W|th e ylacetate { h

organic layers were dried over Na,SO4 followed by solvent removal under reduced pressure.

The residue was chromatographed using hexanes/ethylacetate (2:1) to afford a thick yellow oil
(473mg, 46%).

[0233] A solution of glutathione (2-amino-4[1-(carboxymethyl-carbamoyl)-2-mercapto-
ethylcarbamoyl]-butyric acid)(368 mg, 1.2 mmol) in 5 mL of water was degassed through high
vacuuming and argon purging. To this solution, the above prepared amide in 1.5 mL
acetonitrile was added with vigorous stirring. The reaction was monitored with periodic MS
checking until the glutathione was completely consumed (3h). The reaction was quenched by
adding 40 mL of water and the resulting mixture was extracted with ethylacetate (2x30 mL)
and hexanes (2x20 mL). The aqueous solution was then filtered through a cotton pad and
freeze-dried to afford 1-{3-[2-(4-amino-4-carboxy-butyrylamino)-2-(carboxymethyl-carbamoyl)-
ethylsulfanyl]-2-oxo-propionyl}-pyrrolidine-2-carboxylic acid methyl ester; compound with
HBr;as a yellow sticky solid (642 mg, 91%). 'H-NMR (D20, 300 MHz) & (ppm): 4.85-4.70 (m,
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[0231] To a solution of proline HCl salt (452 ng, 3.5 nmol) in a m xed
solvent of 3 nL of acetonitrile and 5 nL of DCMin an ice bath was added
dropwi se wOmhiobd3ed triethylam ne solution (353 ng, 3.5 mPor)uSez/14057
stirring. Upon conpletion of the triethylamne, the resulting suspension
was al | owstH), 814i7+4.38(m,51.5rH), 308I(tsd eBeRiHEM H))ES. ssc(e D&Y 13.66-023dMm, Bo FN@.91g (4

I f ' f I
path as288qBueHonts %ﬁaﬂﬂoéi‘?g\ﬁzwaﬂﬁg%ﬁ@ 2 SOSHEH B9 Sompl et fon o
th i d addit
(1-e(gfndim% ﬁ;cli:@ﬂatpglgr\lpﬁﬁonlhg NoRE | hyl car bodi i m de hydrochl oride) (806 ny, 4.2
nmol ) wa in small portions with vigorous stirring.
The ice [28A] was Bimiavpdbyanitbwingethei procaderenefSxalmpianeen a@c?gwbsmttﬂla@ poalingi n at
it. The %ﬁﬁ%bﬁﬂ r%?rogﬁe%nﬁ?%mége léggia'}%d‘me fBioRing Fr%uﬁ&d the m xture was

extracte acet ate an| c layers were dried over
Na2S04 f ol lsow@dhniipo-gel x(earboxwmlvsé-lca[hadwl)ﬂe[étjémﬁtm@m@@ 1-yIFRS-di@d-due was

chr omet ogr aphd Sl BRIRRSRLFAINAREE AR (2 e 28] 506 e BRbsi: ueh! ow

oi I (473ny ion % tathio
(2- ami no- 4[ 1- (at Idmxly‘rﬁb# nga|(man-ba3re§43)91z(mwér+¢)aﬁt7d-3 @Q tw. bﬁ#ba?nﬁ?ﬁ]ﬂdm vric

oLl R ToTTR AR Tk IR ET RS i) Bt

vacuunmi ng and &argon purg ove P ar ed Qm de in

1.5 L acet onilt7oH1. é?WH&ideQMmt%)/iO@@rQ)&%(fﬁﬂ H)-iM(ESTHe/z dd8tMER WHS)-
t d t |
consuned. ( oh) 2AHREo A A Bro R cabalthhna o G B RORAR I IRBPISRIA,

resul ting mi xbthyteaﬁmmogb}-tbuamtedldv\]kt NMR (D2 60 MHz) 0ArAD):M.36 (ddnd =HeXdnts
(2x20 ). TN afusouss®d Vb, 149, 5880, hf 8R! NHOUEE: & FOLleRz PAA), and

freeze-dried

1- { 3- [ 2- (4- anBr6-(B-Joab Bdlay 21t §.00 (ddvidro)4.0-§.¢ &zbdk)ndBRYAd, dar hbo/T Hz, 1

et hyl sul f anyl - n i | ester;
comound wi ¢ nPTREEIE 2 M) ATE o BY £60 B R MSEs, e O 6 500
MHz) 8 (ppni) 24ArBi5o4i- ne:(cqrbpxynmm&tmamynx%(wwmmaem&z3fd®v</0tn$gwqueayﬂ) 0.5

50’66434313 (m &‘%a#ﬂaﬁ“’g}]%@rgéggtw&@ EB’ZB 5@3 RAL(.-HH%& 8,5 (232021H230 (m 6
gl mNISg rEIS| ) .gf 2: Ar5|65-4e[|:]/44(barpomme)thyl Sadanteyh)12u(2:3- fuoxwammmgmwmopmmw)
proline yvm t%e&l)(lﬁ:?ﬁ) %@?’é’ﬁ’é@f@ﬁl ?Qﬁ‘l’lé\){e ﬁ?ﬁg @-s'%(?)ggpgﬁg dk%)ﬁltdl TJ g\?ﬁ- cr)1g
S?m"n‘gdi (1 Hz, :H) 3.69-3.61 (m 3.5 H), 3.41 (t, J 5.7 Hz, 2|4t|) 328(t| J=55Hz, 2H) 2.92 e
i 0Xo- propyl s&?@é{ ﬁ/geftf QH armyﬁd) 6ut yri (@%g?qui 3?/3(“ gfg 21%6& M‘%zz) S
(ppm: 4.51 (@ H4, ), 14371174&(rm36 tHin MS(ES)), mz; 961 3Ve " (*rﬁo)s H) 3.71-3.60
(m 1.6 H, 3.55-3.42 (m 1 H), 3.09 (m 1 H), 2.98-2.90 (m 1 H),

2.85-2.72 (m 2 H, 2.48 (m 2 H, 2.13 (m 2 H),
Example 33

2-Amino-4-[1-(carboxymethyl-carbamoyl)-2-(2-dimethylcarbamoyl-2-oxo-ethylsulfanyl)-
ethylcarbamoyl]-butyric acid

33A. _ Formula Ic where A is y-Glu-CysX-Gly, W is =O, and Z is NR°R® where R® and R° are

Methy!
[0235] To 185 mg (1 mmol) of bromopyruvic acid dissolved in 2 mL of DMF cooled in a

ice bath, was added slowly a solution of N,N-dimethylamine in DCM (43 mg in 2 mL). The ice

bath was removed and the mixture was allowed to warm to room temperature. To this mixture
was simultaneously added Bop-Cl (Bis(2-oxo-3-oxasolidinyl)phosphonic chloride) (279 mg, 1.1
mmol) and triethylamine (106 mg, 1.05 mmol) with triethylamine addition slightly ahead over a
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1.70-1.57 (m 3 H, 1.06 (m 2 H, 0.85-0.83 (m 3 H. M(ESI) mz: 475
(M+H+, 100).

2- Am no- awWp12pesiboxynmet hyl - car banmoyl ) - 2- (2 3- di oxo0- 3- pyr Pelriuson14syl - pr opy
| sul fanyl )- ethyl carbanoyl]-butyric acid; 'H NVR (D20, 300 MHz) S (ppm:

4. 56 (ddpedodofdlsamin5.Upontiae cdmpletiondofGhé¢ teagént:acﬁiltﬁml-me reéa¢fon \I@S%O(Vs(,i tCQSﬂFI)

? dgg SS foy n fHéthegzgﬁéBeff ei_Bemgz&é#Fcpg@ b;'ﬁgddlt@ 47846@% a%f%ﬁhy%ce‘g%e 300
H) , 2. 19A(tm stLanhg for 2.n80, thenlayérsHyereBp&8ted, thezorgaaq I%/mwas wagied, with water

- Am no- ith ethylacetate (40 mL
(car box§2 ?:rz]idr e cor’r]bjneﬂ a(qgeous 'a%e'r" "5 r%bacik eidr?ctgld ggéo epr)(l)ap])cyel astﬁ I(f arr?y? ) -

1
et hyl car Efamywnpmbdtoygamp layere wemqvmf) 9venN@zS%anq sengentraied) The crude product

2- Ami no- DRy £yL- Y1 - propyl
sul f anyl é’-a é:t Wt%gﬁr%ﬁp% Eﬁ)?( ric a%% d@a&&dé ﬁ‘z@b\ﬁ OQ(SQ%M!;—I?GH/ ppm :

4.49 (dd[o2B6}: 8. 3, Aaso@tlompf glytati)lonfa 186.na0, @155 mMoB) i 2L owater W@S dggasssd 7

52’772 ( mthrﬁugﬁghlgﬁ va&Jumlﬁg?_gnd'gr’gog ptH |r§)2 ﬂ?thls(éiﬂltqu amllié (@28 mg0o Uémrri]ol H) ,

2
H), 1.57Plepamed ag atepve)in 1NB¥@8¢1PHM'% Waaeﬁd%wmv'gﬁm? Stigs amfﬂ‘% f%%c""’" Was
|2 n@?&hg@g%&ﬁ%ﬂ%ﬁg&'&%ﬁﬁk@mi the ﬁsﬂ-l?wds F:%rgpletew cobnsumreld é1 2) The
For nul a Ir%ac\ﬂﬁré?”ésﬁl”?%"'\‘?d@y@d@,ﬂﬁg)?%(ﬂxlyéf Wtieégmgg'ea{ﬁgﬁt}ild @'Xﬁlﬁéﬁaﬁﬁéﬁﬁgﬁw‘b}ﬁd
5 mc'itr ef racletallié)&&éd) mL9 aﬁu&ﬁe%eélZXMhD)dgfhethmE\?\AWSMWw ad tledfiteretived in
o] cooled in on._.Q

N N medhgrang fetorpastand fepznaren S 8Tedt = Wi Vo Bl ol felett 2B and < ne
m xture \omb@lyh@w,dcémamylr)mt(a-dﬁmethyltmbpmbﬂtmom efﬁplsﬂlfartyl)mthyﬂaa_rlmmwyda]s _
(275 g, BUvRe SpRaVSORranEy ool Ropari et pB TEob o shle Bt s Blrtei )
tri et hyl dyiRRLAGMD tcooverteditg M yalhbsiagla 6vieM HC! s8itliar. Ftheworifigd praduotwa@n 0314
PCT/ US02/ 14057 eri od 5.mn.. U 0 N
addi tion, % raesgaCP?ISHekl%s]th 8@\}% Bg\'n'gFRBZBf g(lrj)d gltr’f,o? ﬁé&&’ﬁ)&ug‘sr@@g‘fo?e BEI ng
]9uen(2:hed |-tzy1 adjdli it (nJ &76.8 61z H)yel 88 (saddH)AB6e3IBA (m;léteat-lé, 2. 9?A2t7&r(mst2|H)r2t E@

or m e er e ¥
wter (R PG RSB ES M 181 IR T S R L
et hyl acetmt))a (40 m.). The conbined organic |ayers were dried over Na2SO4
and concentrated. The crude product was chromatographed wth Et OAc/ Hexanes

to afford a pale yellow oil (88rrg 48% . [0236] A solution of glutathione
(170 ny, &EMQ@M&LMQIM&B\AM er was degassed through high vacuumni ng

o) SO0 15, A, B AL 9 R A R TR SpORTEb RN, o
was dimethylamine with another amine there are obtained t e following compounds:
e 2-Amino-4-[1-(carboxymethyl-carbamoyl)-2-(2-diethylcarbamoyl-2-oxo-ethylsulfanyl)-
ethylcarbamoyl]-butyric acid 'H-NMR (D20, 300 MHz) & (ppm): 4.45 (dd, J = 8.4,5.2
Hz, 1 H), 3.92 (t, J = 6.5 Hz, 1 H), 3.85 (s, 2 H), 3.66-3.64 (m, 1.7 H), 3.27 (q, J = 7.2
Hz, 2 H), 3.19 (q, J = 7.1 Hz, 2 H), 2.92-2.71 (m, 2 H), 2.44 (m, 2 H), 2.08 (m, 2 H),
1.07-0.97 (m, 6 H). MS(ESI) m/z: 449 (M+H", 1005.
e 2-Amino-4-(1-(carboxymethyl-carbamoyl)-2-{2-[2-(4-hydroxy-phenyl)-1-
methoxycarbonyl-ethylcarbamoyl]-2-oxo-ethylsulfanyl}-ethylcarbamoyl)-butyric acid; 'H-
NMR (D20, 300 MHz) & (ppm):7.13-7.07 (m, 5 H), 6.81-6.76 (m, 2H), 6.29 (s, 0.1 H),
4.67 (dd, J = 8.8, 5.4 Hz, 1), 4.52-4.46 (m, 1 H), 4.03 (t, J = 6.3 Hz, 1 H), 3.97 (s, 2 H),
3.72-3.66 (m, 3.4 H), 3.17 (dd, J = 14.4, 5.0 Hz, 1 H), 3.00-2.90 (m, 2 H), 2.78-2.66
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nonitored with periodic M5 checking until the GSH was conpl etely consuned
(1.5). The reaction was quenched by adding 30 nL of water and the

resul ti ngwoioztonn3e4 was extracted with ethylacetate (2x20 mCr/Eog1dvexanes
(2x15 ). The aqueous solution was then filtered through a cotton pad and
freeze-dried (m, 2H),02.56-2.49g1me 2yl RA® (it R ERyMSESIPMEE: S71a(M+ib, 207)1589

(car boxymet hyI [0
i met hyl car ba yI1C'Iq -%)'((bwéi h@%@’ (Tﬂ/ler%/'_li Hé%M carbanoyl]- butyric acid

hydr ?br gm ge B2 L-Bimy4- c@Bﬂixy—bellearmﬁé)-%lc)arb&dymemybvgbpmd‘l)reth)'lwli?nyl]-
urifie 0

‘Fl)'he purifi eé gf‘)’ xh&) ?HM%'Y@ g%ﬂeétgﬁggﬂ gné'glatgldqﬁ‘%tﬁgvs% tseQ| %l ’\Wh' 2% é@t{_’_l\/l%

I(—IzD201 E{;)O ?l\)/Hg)S (Bprop@rHe. (dd, 415 8(5)d,1 Bz~ 8), 32864 20(nHzI H1 3185; 382911 3H), J66= 6. 6

(s 35 2 asqam 34 Zpedrdieanth. Sep2ded HHy 252 by %ﬁg St

mz: 421 (IVHrH{-m 1 H)0).35-338. (anrthuna5+1(:0Mamyi Hy ONIRLIRT! [(mZQY'!) BB amizy, 535y

fol | owi ng the(ﬂrﬁcel%%?wghzgx_g‘nqcﬁ me%]ql ﬁaugéf ituting of N, N

di met hyl am ne H an er am ne there are obtained the follow ng
conpounds: e 2-Amino-4-[1-(carboxymethyl-carbamoyl)-2-(2-octylcarbamoyl-2-oxo-ethylsulfanyl)-

Fanyl ) et hyl EXPISARAIR IS AR ﬁBWP%%%% i
(dd, J = 8.4, 439(m,HzH), 3.783.68(H23 Hl) 3.3B (n,@.5HKA. 133 6p,(n3 289, 2.80-282Hm, 1
2,0%,2,50, T i dobsotnd 1o . 2 o (i o) 1dAgstya o My
I\/B( ESI) nmlz: 4492 HYH28-1180m, 10 H), 083 (t J = 13 Hz, 3 H). MS(ESI) m/z: 505 (M+H 100)
r2ref\hmo>r<]§cgr één&?%’?%??@?gg ﬁwéc?%ﬁ§§suff gﬁyri/d;?)%l ggregglrri)yll) but yr [
c aci d; ' H NVR-Abi0;4-Beatiexymehylimanantoyl)R-2-etiyl¢arpamop)Z-os-ethylsulfay()m
B 03 (1, 9 - anpcapamplgtnfioio s @sfm=: dinsiyiod) 525 T 100 ba,
J = 14.4, 5S¢0 2Hxing- 441-(carto8yrAetHgl-qathantoy) 2-[22( 1BethoRgart®nyBFpenyd - 90 WO
02, 030914, PCTRREAND 1188y by Sl i oy, 1B @2t o
2-{ 3- [ 2- (4- AniMitz)4-(Ppmb Tx8B-BIOB MY b &t 6183 (szqaﬁaﬂb_éﬁ,zncbféwh & 0 et 13p- (m fyl s
o U T R e L (i
H), 3.85-3.8229%-2.87 i, 18)6584-2,561(n, H)324413 36 (M, IOHR 27112 0@( m:321+)l—l)/l (ESI)
2 12,92 (I orbos 3080 0w 1 IBffonh gy L 3% 1,25 (m
100) ( MEH2 O+ IHAMROY4-[ 1€ (Wridogyiméthyl-caghamoyl)-2-(2-cyclohexylcarbamoyl-2- oxo— ,
ethylsulfanyl)-ethylcarbamoyl]-butyric acid; "H-NMR (D20, 300 MHz) & (ppm): 6.18 (s,
0.05 H), 4.44-4.39 (m, 1 H), 3.94 (t, J = 6.5 Hz, 1 H), 3.85 (s, 2 H), 3.65 (s, 0.6 H),
3.54-3.41 (m, 1 H), 2.97-2.71 (m, 3 H), 2.47-2.41 (m, 2 H), 2.12-2.03 (m, 2 H), 1.66-
1.1.42 (m, 5 H), 1.22-0.97 (m, 5 H); MS(ESI) m/z: 475 (M+H", 100), 493 (M+H,0+H",
52), 507 (M+MeOH+H", 15).
e 2-Amino-4-[2-(2-benzylcarbamoyl-2-oxo-ethylsulfanyl)-1-(carboxymethyl-carbamoyl)-
ethylcarbamoyl]-butyric acid,; 'H-NMR (D20, 300 MHz) & (ppm):7.26-7.16 (M, 5 H),
4.69-4.36 (m, 1 H), 4.30-4.27 (m, 2 H), 3.91 (t, J = 13.2 Hz, 1 H), 3.81 (s, 2 H), 3.64 (s,
0.5 H), 2.86-2.80 (m, 2 H), 2.70-2.64 (m, 1 H), 2.06 (m, 2 H); MS(ESI) m/z: 483
(M+H’*, 100), 501 (M+H,0+H", 64), 515 (M+MeOH+H", 52).
e 2-Amino-4-[1-(carboxymethyl-carbamoyl)-2-(2-hexylcarbamoyl-2-oxo-ethylsulfanyl)-
ethylcarbamoyl]-butyric acid, 'H-NMR (D20, 300 MHz) & (ppm): 6.19 (s, 0.02 H), 4.47-
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2- Am no-4-[ 1- (car boxynet hyl - car banoyl ) - 2- (2- oct yl car banoyl - 2- oxo- et hyl sul f a
nyl)- ethyl carbanoyl]-butyric acid; 1H NWVR (D20, 300 MHz) S (ppm: 6.20 (s,
0.02 H), wodzn9e8189 (m 1 H), 3.78-3.64 (m 3 H), 3.38 ( mpCa/i&or4057
3.15-3.05 (m 2 H, 2.90-2.82 (m 1 H), 2.65-2.55(m 1 H, 2.49 (m 1 H),
2.32-2.25 (m 4210I-¢)n 11H)93:90-%85 (M) 3 B),19)65 (, 46-215 BiZ, 0.61H), 2 1543,051(n2 & H), 2D7¢ m

1010083 (rr s ol Hng Padn A 559250 f, 295, {352 0 Den, 138 08 (m,

2- Ami no- 4- [ 1- 6dy Oﬂﬁyhﬁ tmy,| 3 H R MS(ES) n)/z2 47 2l HY; 1 168), bASEOM £H08K0 - 88)hpPS ul f a
nyl)- ethyl car'ggmg ric acid, MS(ESI) mz: 421 (MH+, 100)

2- Am no- 4- {1 oxyrreth | -car bam)yl) 2-[2-(1- et hoxycar bonyl - 2- phenyl -

et hyl car banoyl ) - 2- oxo- et hyI sul fanyl ] - et hyl carbanoyl } -butyric acid; 1H NWVR
(D20, 300 MHz) S(pprr) 23709(m le 415(3 005H) 463458

(m 1H, 4.48-4.33 (m 1 H), H), 3.86-3.80 I-%
3.61-3.43 (m 32ﬂ)nln<3421(@rn@<ymhykcwamozl) @7(2*21y9mxxlmln013ﬂ)<° 3zplraﬁttd2'- %l (m

3 2.44-2. 36 2
575')(NHH20+H+, 38” 58;')(M+|\Eylguliggylf%l%ar'ﬂhmoWﬁE@héacuﬂf z: 555 (MrHF, 100),

2- Am no-4-[ 1- (car boxynet hyl - car banoyl ) - 2- (2- cycl ohexyl car banoyl - 2- oxo-

t hyl sul f t hytly
g 1% ?g [@éﬁé@)) e 4%%6 k)@éﬁd@{i)w%f@sblr&noéﬁd\&\/&n&W@ssé@o@é*%g%(pprf)

2 H, 3 Gsetpeltrlle)(%mlﬂ) was gdderl @ peetcqoigd (10 14)), sorjytlgr,mﬁplpgnq:n? ((334.1)9 G00¢7mol) 41
ﬁ/g( ESI) nf) enic :7? '?‘%,ﬁﬂ_@‘/ly%éﬁ-wls%gogﬁnhﬂ%&ﬁm%s':’ h@h’adae%mgh Wse(cmrlnﬁ sH) ;
2- Ami no- 4rip2nehe Endtyrecasslivisgat ﬁmeosameetenwegajumefﬁmq oin. @ael o ﬁgqm)bar ba

Erg)F/) In; - 763‘;(5»1@8?&6@?6@* kdrngthiviFd. %@&cﬂrng%dﬁ%%%ntﬁwwkoﬁ wattla_ni') extractlon "

= 13. 2 With ethylagetatg (R (rgL) fgllqmr)ed by cgncqrgratlor@agd ﬂﬁsh @rg@at@gm@hy Ichverzsu}q)a

(ZMzaZagibe(é&oréed'%e d(%spegt/ie M‘SUU& Slbrond>4 BRleridi Zyl-pt8pane Metdtoneldddd brod oil.

2- Ami no- Ihpprqu@r waﬁyﬁr@femrwemam%mt stepWithoul 335es51BA WA 8L I et hyl sul fa

nyl)- et r bano 9
Vel 5 AT o Bt ey 108 R0, Wt gt (=

3 90- 3 85nl()rwa33adq53d bgar@g)y(lanc acid-amide (pEtanr@déroH) thegabj?ge gqugor()rw aéetp_ﬂltrllg?@?

i Zé (1 mo L 'é)owly?dﬂ) v@sé‘@urﬁr(f)@ 5 RﬂrH)and Zhelhindur® &tilréa atthElsamé. te@pdraide €an1 it H) ,

( M+H20+Hwa”gé Iy ‘gegned(Ww@iﬁ_rpg_ rrar% arl;%&qma <§ gt}frmg overnlgzt. Q_WI\l/I_E |nd1 ca?gd th%95

formation of the desired product, 2-amino-4-[1-(carboxymethyl-carbamoyl)-2-(2,3-dioxo-3-
piperidin-1-yl-propylsulfanyl)-ethylcarbamoyl]-butyric acid. The mixture was purified by MPLC
to obtain a pale yellow solid as its TFA salt 400 mg, (43.7%).
[0240] 2-Amino-4-[1-(carboxymethyl-carbamoyl)-2-(2,3-dioxo-3-piperidin-1-yl-
propylsulfanyl)-ethylcarbamoyl]-butyric acid as its TFA salt (400 mg, 0.696 mol) was dissolved
in 8 mL of water to which was added 1.3 eq. of solid NH,OH.HCI at 0 °C and the

" homogeneous solution was left standing over-night. LC/MS indicated that the reaction was
incomplete. An additional 1 eq. of NH,OH.HCI was added at room temperature and the
homogeneous solution was left standing overnight. LC/MS indicated complete conversion of
the starting amide to the corresponding oxime. The aqueous mixture was then passed through
reversed-phase C18 column using water and acetonitrile mixture as gradient eluent. The pure
fractions were pooled, concentrated under vacuum at room temperature to one fourth of the
volume and finally freeze-dried to obtain 2-amino-4-[1-(carboxymethyl-carbamoyl)-2-(2-
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2- Am no- 4-[ 1- (car boxynet hyl - car banoyl ) - 2- ( 2- hydr oxyi m no- 3- oxo- 3- pi peri di n-
1-yl - propyl sul fanyl)-ethy[ carbanoyl]-butyric acid [0238] To a cooled (0 C
sol uti on wb 02xbmsesropyruvi c acid (0.835 g, 0.005 nol) in &catusaz/i405t e (8
m.) was added a pre-cooled (0 C) solution of piperidine (0.341 g, 0.004
mol) Ny rR.n&% c%)a ébew\é.u-ﬂ&n BRopYistRarfiiLdtRgcRbarsyil-fubdEivesd adrnTRAdeN

pi nch- vmse he m'xture was stirred at the sane

t enper at (898 nFQ)r9511(3/°)m n and the m xture slowy warmed to eoom tenperature.

Quenchi nfozt qu the r*?@stcbeladvéb Bb)éQqurén &fth€ absvarmt £ Balt @Qt)fn@gItOGHZ mikiot)fin 10
et hyl acetate” (2x25 agi) foll concentration ano| da% chr omat oqr aphy
dg ) and the

over sil n'tban\A@éqf wesfagdeda RW’réOQlé‘é ?ﬁl&PUEH(’)‘H'd@E (0.662 mo homogeneo
3- br ono- ‘|9ﬁo‘?u%é§1ﬂrébzé -dfied RS BPRMEhE HE! Qél@Bﬁthé%ro’ﬁubfmmlté soild{360 pigoduct was

carried torward next step t hout asse h 0239
To aI cooﬂwt'@)w@) B@lﬁﬁ'tupﬂée W;SQI %ﬂv}nﬁ?’ﬁ?%ﬁ’@th?'%d?plwgg 'ﬁﬁég‘“ﬁﬂﬂ?u 'ﬂt%gt Ear (1]5
m.) was @9@)2% Mﬁmexﬁawmm@ eam—eemets@l(gem)fBcsm:it&(ramesnem’rsl oR), in

acetonit S| ow urin m xt ure
stirred 29Xl %r?éﬂ)t%ﬁﬁé’rﬁﬁm e?"Po? 1(11Ifﬁ9("h )51 ‘(‘)@vﬂtﬂf wﬂ'ﬂmsd to room
tenperature and continued stirring overnight. LC/ M5 indicated the
formation of the desired product,

2-ani no- 4- [ 1- (car boxynet hyl - car banoy EX@@Rle353_ i gy o- 3-

pi peridin-1-ylspf- b@*yh{ea}ﬁwéa)rbah@r)lemrshﬁamwz] hyalibsyacyli@acid ethyhesten xt ur e

was purified by to obtain a pale yellow solid as its TFA salt 400 ny,
(43.7% . [0240]
2- Ami no- 45A1- Eomiex/wrdrb\A is i B 8li andZ di n-1-yl -

ot} vas 1648L of veq A SofteR AR gtE §p‘§ﬁ¥'§%ﬁm‘“§‘c¥£ﬁ-ﬁ“§d% fe“r'gfc'n va
NH2 OH. HCbrcmﬁo;ﬂrLﬁiand mihe. 1hmnn@,69®é’epsrlt$)oh acetonitrilg $30 ) was atiftfidaj room
over - ni gh m&erg{are L&gj&‘?g@&%ﬁ of tlﬂg 5é§3ﬁtt irQte¥BSe whEaRIBVE f-a rﬁﬂﬁd solvent

addi ti on& room tenperature and
honogeneofisthans!t5 D'lh.) wad whitef (15mbhditey toe piriwagtadjusted e -8 nith saldetiabibfl et e

conver si %glgﬁ’%rh ' é(Zl}srgg\;a's%rr fRohfre Er tﬂ*@ro%rﬁ’i | e RIUOR wak BeideR8US

m xture hro rever hase 8 col um usi ng wat er and
acet oni t pH 2 mlthtcan@rﬁrgtagirfa/dr@hto”éIaelérﬂnd th‘?fbfoﬁ)ﬁﬂ evagaraled tQ AYNeRs: eMMsool ed,

concentr ?% %"Fr eezﬁur‘ﬁ@&Bg%ﬁhﬁﬁ%é@gﬂéﬁﬁ?&!&f& with efoad guhgh of the volume

and fi nal e-dri

2- am no- /-B-[[I 1cqrbexymmtipearpamoxigthyiswigny)l-2bydroxygerylic peid @iyl estengs YPHPW St 4

PCT/ US02/ 0 MR (COCI 30016 MH 5 (ppm): 9.10 broads 1H), 722.(d, =
hydr oxyi &116883}/'8”(?333-/&) pH N cﬁéu 1 Z) %pp ) ( ) (

g - et hyl car arm S%_ibut%ric
acid as iOtSHZFA)s462 (d, (J3‘=9®7 fgiz, 95 ]f’f (d, PGZWl"] H?o“’é) 6@§I(8dj td-dzhud
of the a &3 Tgé§@?tHz( 3&? 1188 %oOJ@GGZZWiDBI)i) hriy 1190 (Tl =Of 1 vt &), Wasnmgded a

pr e- cool a ueous eneous solution was

freeze- dr(caalstaswwﬁdzmat(mnmvwal 165044, tﬁ@%r% 139 29, P63 13411880
g, 14.45 and 14.09. MS (ESI) m/z: 260 (M — OH, 100).

35B. Formula la where A is 2,3-Dihydroxy-propyl, X is S, and Z is —O-Ethyl
[0243] Similarly, by following the procedure of Example 35A and substituting
N-(2-mercaptopropionyl)glycine with 3-mercapto-1,2-propanediol, there is obtained the

following compound:

e 3-(2,3-dihydroxypropylsulfanyl)-2-hydroxyacrylic acid ethyl ester. 'H NMR (CDCls,
300.16 MHz) & (ppm): 6.70 (d, J = 1.1 Hz, 1H), 4.23 (q, J = 7.1 Hz, 2H), 4.17-4.11 (m,
1H), 3.82 (d, J = 5.1 Hz, 2H), 2.99-2.88 (m, 2H) and 1.30 (t, J = 7.1 Hz, 3H). MS (ESI)
miz: 205 (M* — OH, 100), 227 (M" - H,O + Na, 51) and 431 [2(M" - H,0) + Na, 29].
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guantitative). The structure was in agreenent with its LG M and 1 H NWVR
data. 1H NV\R (D20) S 4.57-4.40 (m 1 H), 3.59 (t, 6.6 Hz, 1 H, 3.58 (s,
2H), 3.52w8.2B9(3my 5H), 3.15 (brs, 1 H), 2.59-2.51 (m 2HCI/UK0AD40R7 32 (m
2H), 2.10-1.59 (m 2H), 1.45 (brs, 6H). Exanple 35

3-[ 1- (Car boxynet hyl car banoyl ) et hyl sul fanyl ] - 2- hydr oxyacrylic acid et hyl
ester 35A. Forrmula la where Ais NLpropiaqnyl)glycine, Xis S. and Zis
-0-Ethyl [0242] A solution of N-(2- ngg%@&?égropi onyl)glycine (1.17 g, 7.17
mol ) and et hyR-Oxer 34 pys-8adikydrd-qoibazdlinL7ylsaifany!)-p siqnin adiq pthiyirester
acetonitrile (30 nm.) was stirred at room tenperature for 3 h. After
renoval of the solvent, the residue was dissolved in a m xed sol vent of
et hanol [0234hL) andnhatmegefddusrsblutionbt 2mertaptpBHvauinaadiini4toee (1:808- 8 with

over i gn 1 ESHPY D bibBuE EmiRs T GoR kBT DRSO R s
hydr ochl stirrexd atabam aemjperhhme faytoalr. yTrmklafbmlaeé@nth)V\@s@ﬁé@%to tivp soluties arfli®ewas
purified u:%%#rg@irr%gr %ﬂ@%ﬂéﬁj@f F%jhw'l'ﬁg_ t%(wéﬂi é(dl(ﬂﬁled to pH 1-2 with

3-[ 1- (carboxyne car fan roxyacr l1c acid ethyl
est er ascqrmehaateg@w@chlpuc e@dgnd me@lreta&ee\@w)ratq ihg residiee Wes Mz) S

( pprT) 9 éx% é&gﬁ?}g@o@mnlc%matﬁg%%hg/ @luteh with @t&d‘%vmétﬂ@ titIeAcoﬁ%o(xﬁd ad yé!loSW 7

d,
J 6 2 golidl (9.231 g, vield) 11.0%%8'H HMRy( %O@s,@ MHM(@@oé 09| wda J= 7791& 1(42
13C ?Nm) %%%%H)si 84§th!]*1-)8 §&(P9'il?z L 5@55 }ﬁ% 23|4|z %07% (td13Q 725

120 20, 14,45 and g e h'é
100). 358.1.4bniia4i2d (Whére? Hz.2H), %5&(%yh'? 6%?%?6 1 3.46¢(d, é-s12% ) s

- 0- Ethyl fal\é’%%]'\& ?'2-“3' 133, ¥ b3c \RIR 8.4 s 86 PFEN(Sorhf 168 08P1s0 SIRA and

substitu propi ony cine wt

3- ner captl69. 262149(057[3&6@@301 26 Q»’héﬁ@ 7ﬁs1 &ilA8§9t ﬂb33-fQﬂ 1% 193 26ndotiniS

3-(2, 3-d u nyl)-2-hydroxyacrylic acid ethyl ester. 'H NWR
(CDC 3, k%‘ﬁ@%m?’éﬁ('&%@;y %s. 70 {d, Jy— 1?/1 Hz, 1 H), Z. 23 (q, J = 7.1

Hz, 2H), 4.17-4.11 (m 1 H), 3.82 (d, J = 5.1 Hz, 2H), 2.99-2.88 (m 2H)
and 1.30 (t, J = 7.1 Hz, 3H). I\/B(ESE)(am 237205(|v|+ OH, 100), 227 (M -

H2O + Na, 51) and 431 [2(M+ - H20) S713 VP 93 WO 02/090314
PCT/ US02/ 14057 a:}r@@zgﬁlenazol -2- yIsquanyl) 2-0X0-propionic ac:d ethyl ester

2- Ox0- 3- (4- oxo- 3, 4-di hydr o- qui nazol i n-2-yl sul fanyl ) - propi oni c aci d et hyI
ester [0244] An honogeneous sol ution of 2-nercapto-3H qui naz
(1.30 g, [024517 nmoiTy asHsPersign ofF-BRERpIAbeBESEIqNEZAE (418mgs %Wmo "@6 ri ty)
in DMF ( dﬂ-%nd‘@%L @dlém&gnﬁihahémt\/@ms@hmr@ W4 addeld . drdpgwisd, lylyami ne (5
m.) was added he sol ution and the
bromopyruvate (290 mg, 2 mmol). The resulting mixture was stirred for 5 h. It was allowed to
settle for 30 min and then filtered. The solid was washed with EtOAc/hexanes (1:1, 2x8 mL)
and dried in high vacuum to afford 3-(benzoselenazol-2-ylsulfanyl)-2-oxo-propionic acid ethyl
ester as a white powder (582 mg, 89%). 'H-NMR (DMSO-d6, 300 MHz) & (ppm): 8.14-8.10
(m, 1 H), 7.95-7.92 (m, 0.7 H), 7.75-7.73 (m, 0.3 H), 7.52-7.45 (m, 1 H), 7.36-7.30 (m, 1 H),
7.07 (s, 0.7 H), 4.69 (s, 0.6), 4.37-4.27 (m, 2 H), 1.32 (t, J = 7 Hz, 3 H). MS(ESI) m/z:

330(M+H", 55), 348 M"+H,0, 58 ), 362 (M"+MeOH, 100).
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m xture was stirred at roomtenperature for 36 h. The mxture was acidified
to pH 1-2 with concentrated hydrochloric acid and then rotary evaporated

t o dryneswo 0Zheonesi due was separated by col um chromat ogcapgrsp2/eloat ed with
Et OAc giving the title corrpound as yellow solid (0 231 g, yield 11.0%. 'H
NVR (DMSO-d6, 300. 16 M—lz) (ppn’) SERam Qldct J = 9&14 Hz, 1 H, 8.01
(s, 1 H, 7.81 (td, & 1. Hz, 1 H, 7.46
(td, J =7.5 &1.4 , T , J = 12.2 Hz,
1 H, 3.46 (d, J = 12.2 Hz, 1H) and118(t J 71Hz 3H). 13C NWR

( DVBO- d6,, 735 48 0 b4, 29126, 149. 07, 135.98,

126. 85, 2674 , : and 14.31. Ms (ESI)
mz: 293[(12!%] +H 1(1)69 follemlgphaieGa?ls are employed

2 suspens: dn Beosba R ORUIcreafioRABiR LRI FoROhAuBoghissPicto. G 4gh

and 4 nL of dnyaBlzwsomédnanmthmlgen) 9 v & -glditamirien g5 wivkL-glidic dcidpand & x

et hyl  bronop ruvay 2 mol ). The resulting m xture was stirred
for 5 h. It waS"@'n &ﬂ(e?@??"ay%ettle for 30 min and then filtered. The solid

w?fs wgsget(ibw Hanks Eés/cfsl%neaml |o(1%?BSSZQBIMy_f)ee)amﬂredaliedd)yi prepargy Waldanks t o

af f or - (ben nazol - 2-yl su r est

2 uhi te pondoENTEtabeg SupdeeR R aBE . 800 Th B3R E Bishele 1318 107
(7 m?)617l—%b 7.9%0 35%2 1P erficilin/Bjreptémybin 7ark31 (nMMEI\/BscN)lqmbyEQ/atB 45 (m 1 H),

. 36- 7. m 4 4.37-4.27 (m 2

1.32 (t, . "V§"ﬁ)(ggl(}%( Eé%oulﬂ“o) %‘gb%’ﬁ?ﬁﬁﬁ'”t' 348 M++H2g) 58 )H) 362
( M-+MeOH, 1.003, ,ﬁ@y@gm@s@mmmy 090314 PCT/ USOZ/ 14057 Exanple 38

Det er mi nati on of Act|V|t Ut|||2|n Neur o h res S

| sol ation ahdPtasti Gﬂ”@“r@f Fsks (b} p?fo%f" W‘ag‘i’e"l@ V@rﬂtﬁteﬁg?é@ “%/tafj?@] Drhe

fol | ow ng mat ¢ydind &,?;rng Sipb@yado). Neur obasal / B27i : Neur obasal medi um

(avai l able fromlInvitrogen, San D ego, CA with 1x B27 suppl enent

(I'nvitrogen), 0.5 ML-glutamne, 25 p.ML-glutamc acid, and 1 x
F’emCIIIIM 43 ept Omysregn antl‘dﬁﬁdﬂeﬁnoﬁaél(m&m)|§eh1tlbmm§d(vlﬂBSQ2 fctidvdy By ee) i s

oH 7-5) . bRt A BPcihit e  Reprloneo T & g BRI RRRRE, Mk b s ) T

I\/EM s_odl W EWdLviah éhe sdepbiyd (el enstirpenid Biagrsaremued arulimsnersid) in B0 @/ @)
sol ution. Bufferedgéwqtcgoll?tlo%%-l%% Cg}Mg h‘géﬂﬁfe fgp%nologles) in a small petri dish.

Hippocampi are then removed from the brains under a dissecting microscope and placed on a

paraffin-covered dish. The meninges are stripped away and the dissected hippocampi are
collected in a small petri dish in HBSS. The hippocampi are transferred to a 15-ml centrifuge
tube (normally 10-12 brains) filled with HBSS. The tube containing the brains is centrifuged at
1000 rpm for 2 min in a tabletop centrifuge. The supernatant is removed, 2 ml of HBSS is
added to the hippocampi in the tube, and the resulting suspension is triturated 2 times each
with long-tipped siliconized glass pipettes having progressively smaller apertures, starting with
a pipette with a standard size opening (approximately 1.0 mm diameter), following with one
having an aperture of half standard size (approximately 0.5 mm diameter), then with one
having an aperture about one-half that size (0.25 mm diameter). The suspension is then
centrifuged again at 1000 rpm for 2 min in a tabletop centrifuge, the supernatant is discarded,
and 2 ml of Neurobasal/B27i (with antibiotics) is added to the tube. The trituration procedure
described above is then repeated on this suspension.

[0248] The density of cells is determined on a small aliquot of cells using standard
counting procedures and correcting for cell viability by trypan blue stain exclusion. Using this
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Plastic Culture Flasks (T75 cn2) or 24-well cell culture plates treated
wth Poly-D- Lysine (Sigma, St. Louis, MJ. [0247] A pregnant femal e nouse
(E18- E19)wionemishani zed with CO2 foll owed by renoval of trag/uson4s7 which
is then placed in a sterile plastic petri dish. The enbryos are renoved
fromthe @@édurantaeteh@e&émwrdr& 8 xbodi Gis 10teaNgBehimnCelsarertsedaddeddo POLE 4C)

AT TP T e RS PN e 2 S T

m cr oscop@® cens (TY5atz8k) arabaut pwmcans/mWef aa4diediiplatdh Blatesh¢alig @se iapebated

di sh” - RERRE ARE ATGBiEie g 0y PR RE el rgRpleR el s i Renabag
(normal | pralilGF|fl®|trbfre$hm¢urbbaSadiBZWntdedrmonTmmng ahd edasiag Arahinoske (Breahs i s
o S AP S R A e

super nat ISt ocanﬁ in the
t ube, andrit bed repdacing with arueqahemount of fnersh N&hmbeaa@zimr%d@abw QttAfa-C).

| ong-tipped siliconized glass pipettes having progressively snaller
apertures startrng mnth a prpetre wth a standard si ze openi ng

(appr oxi Bath 8 Reoxyoenation|Gathlieath 4B3aY. one havi ng an aperture of
hal f sta si ze NAtibR irPEfturddavi ng
o oSO, L TGP IBL O\ .5 STl IO

he susfél)enm on is

then cehippptangeal nagrenal cglls. 106 Cpmﬁpﬂrdﬂ‘s e goded o %?S?%P%t??ﬁ)’ PeERGCYge, the
Ssuper nat ggarnéﬁs&feﬁﬁé‘mﬁged nétéhat cBll inRiry Aedéditrsd./ B27i (wi th anti biotics)
0

i s added tube. The trituration procedure described above is then
repeated on this suspension. [0248] The density of cells is determ ned on a

smal | aI E) of cqfhg:;o”éﬁ,rd@gngtba@garéjemggywr ng procedures and correcting
vr a

for cell ility by trypan blue stain exclusion S7137P2 WO
-95 WD 02/ 0903teyrgbesal . Nassneurgbsabagia, B %gume@t@%dﬁ}g@qp me 105-

6 x 105 cel | sihh@l Ro (Fotlo§edr € then added to PDL- coated 24 well plates,

flasks or Met Tek dishes in Neurobasal/8271 at a densjty of aboué 1.5 x 106
cel I's (T75 €1 Alskyobspalfizgunedion, ipprgpated vdinge B2omiis \ﬁ/éPFP'e'B?'&‘e 5Mdred

cells are i ncyhpdfle adl 0DEX ép,,@rh/gt}émﬁyt%e of 5 % C02/ 95 % 02. Media is
renewed afterlQS dgys by re%l acing half it with fresh Neurobagal/BZ?m

nmedi um cont arQﬂ"rTgacﬁiepﬁrQ%ﬂt%%ﬁ CPiéa'a‘F%HP'ﬁd\é‘i"ﬁ@'irﬁr g% and aiGeho M sgiulien Wasy s

fromthe initial c4 frbha0 MR Gl bbford g8eWed again, by removing one-hal f
or it and repla iaécpang V\AbH[:] an equaquam)unt of fresh Neurobasal/BZ?m medi um

(wi t hout Are- (JoG-NBurobigs gertaipa NofesirenaRabRy G mRluHh ScaM glyseae 1P hehl:

[0249] This a ming dﬁg@dzgppémgmﬁ,gtr%@h@eha by anoxi a-reoxygenation in
cul tured hippocanpal neuronal Test conpounds are added to assess

pot ency ande effrimsay hippocpmnad nemr§e¢i@ﬁilawerﬁonre@are%éa¢%¢rag tetemetheds y and
cel | death. described above and were cultured in poly-D-lysine coated 24 well plates for 10-11
days prior to use.
[0251] Deoxygenated LoG-Neurobasal medium (100 ml) is prepared by pre-
equilibrating the medium in a T150 cm? flask in a hypoxic chamber overnight. Following pre-
incubation under hypoxic conditions, the LoG-Neurobasal media is lightly bubbled with 100%
N, for 30 min to completely deoxygenate the media. An additional 20 ml LoG-Neurobasal is
pre-equilibrated in a T75 cm? flask and 100 ml Neurobasal/B27AQ is incubated in a normal
incubator (5% CO,) overnight. Reoxygenated medium is prepared by placing medium
overnight in the culture incubator (5% CO./95% O) prior to use.
[0252] Existing culture medium (Neurobasal/B27m) is removed from the cells by
aspiration. Cells are washed once with 2 ml/well (24-well culture plates) of glucose free-BSS.
Neurons are replenished 10-11 days after initial culture with deoxygenated LoG-Neurobasal
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[0250] The following materials are enployed: Neurobasal nedia, NoG

neur obasal nedi a, B27 suppl enment and B27 Suppl enment m nus AO (Invitrogen).
Neur obasawbB2/m9osedi um i s prepared with 2X B27 m nus AO suppirarsezi40s0. 5 mM
L- glutam ne and 0.25X penicillin/streptomycin. Cell Tracker G een was

igt mvl ned({ TP;S@r'WHIIg@r;éaiil vmmaszwl N%atby.g’&ébt;ébﬂnﬁoqusi ava added dipratipéo eathf r g_m
ol us 0. sWRRILFReBRER RS of i compapte B RS VRcTo5 2 Roin TPl BEBERsL i n
Primary boppeaarieped disseivernial100% DEISOe cengeneationsdiraadjostedsgch that the fimat hods
descri bed above. an cultured in poly-D-LyskRe C : | Ades
for 10- 1i°nC83§f§t'°ﬂr$gﬁ$§ "l‘JE1 .CeElgfg n‘%&&éﬁ‘f&gﬂé@g% /T_'o%ﬁf\efggcro é z'as'a# Eelrrlg I um
(100 m) tdss conpmands cirdoplapedin selnypiokic lshamberdfot S withdhlaislids aji@r ThRgonamexial ask
in a hypaxi,.c, c [ i . I M re= ine j iC
condi {1 ORI 8P BRI R Doffionc Lot ne ol B fecitr iy ARcRD dpR TR OV B T
30 mi n tandtwemlaedd septicest jrybe avemallvglturedncubatan faiddirt iAdteab hpof ypoxia, the

LoG Neur 3 LS. - L t i T .

Neur obas S LB R [PEFEE eIl 4 ahd o ofnell Rold gt rofiiftiated)
Reoxy genhleatbbasaliB27A0sis peeeshioerpchyvelll Ibp samadest srmpeayrdsinythe semethe cul ture
| ncubat %or(?ré(é‘g%%(sférg@%d%%?fnté fP:eh':%?res;{&\a lwensi Pldtéareplddédan FRMeim

( Neur obasal , s renoved fromthe cells ?/ aspiration. CeIIs.ar&é
washed ofdituredincHbatof 5 ae02/96%Onand reQuygenates 0&@8;%% ¢ Affel ErpXeoenalien BEs,
Neur ons 3p&41RPIveHeahRd atQqddntfadE ughd Ble deNitratikdr gpedr ikesiehbe ARtoggenat ed
LoG Neurobasal S7137P2 WD -96 WO 02/090314 PCT/ US02/ 14057 (1 m per well

for eachdgegribedpelgwos wel| plate). Test conpounds are added directly to
each weld253p concepitgstoren vlébiliiyhéxiﬁmgmwm@ Rbdismpoaspiiatel tanteach wektath i n
triplicate). Mst test congounds aée i sso.k vgd Ii E ﬁggo/ Bf? ewar

concent r 41§ ghwelplates AR peHIONS AR Wataed Phies Witha Ml oLl n(%) T FRIMBEED i n
the cel | 308P@). MRY&icheratias dededoremil fleabeS pivoelaT ackey Grekh fluovestent test
conpounds, are pl [ hypoxi ¢ .chanber, f.or j t | i For
nor noxi a d'SEB'H?$@ﬂ§§§%'r E'-aZ%ﬁﬁleipﬁﬁ?SF ght%ﬁc()jlg%?(ti rgo%g@ﬁ%{?@égg@gﬁ 4&@9?&%’?‘{5"“
added t o tiemokasket Iwithftwo eilliliters cliBSISheOmd siliditarof HBSSas dhen addeddo maehwel,

cul ture incubat or for,5 hr : f ' hex: LSt haal S
car ef ul 1 PRadDR PRl CBlyare sau ol Bing a usfEsceiitioRods] Siafitéarhy Rt Reh e
Neur obas alabBR7daOdasectbdeatroloceda istindieative of b @rafectivetcenpodatpounds (i n the
sane the concentrations) are added back into the correspondi ng wells.

Plates are placed in the cell
Results

[0254] When tested as described above, compounds of the present invention,

including:

e 2-amino-4-[1-(carboxymethyl-carbamoyl)-2-(2-hexyloxycarbonyl-2-oxo-ethylsulfanyl)-
ethylcarbamoyl]-butyric acid, ‘

e 2-amino-4-[1-(carboxymethyl-carbamoyl)-2-(2-ethoxycarbonyl-2-oxo-ethylsulfanyl)-
ethylcarbamoyl]-butyric acid,

e 2-amino-4-[1-(carboxymethyl-carbamoyl)-2-(2-carboxy-2-oxo-ethylsulfanyl)-
ethylcarbamoyl]butyric acid,

e 2-amino-4-[1-(carboxymethyl-carbamoyl)-2-(2-ethoxycarbonyl-2-oxo-ethylsulfanyl)-
ethylcarbamoyl]butyric acid, '

e 2-amino-4-[2-(2-butoxycarbonyl-2-methoxyimino-ethylsulfanyl)-1-(carboxymethyl-
carbamoyl)-ethylcarbamoyl]-butyric acid or the HCI salt thereof,
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cul ture incubator (5% C02/95% 02) and reoxygenated for 20-24 hr. After
reoxygenation for 20-24 hr, live neurons are quantitated using the cell
tracker gwean/oddsuor escence met hod, described bel ow. [025CTNAs02/€857 f or
cell viability, existing culture nediumis aspirated fromeach well of the

24 well pl %tﬁﬁ|§8qg[g-é?$€ﬁ%gﬁﬁlﬁ mﬂ%@cé’rﬁﬁﬁyl%ﬂyﬁuﬁaﬁgb P{carftx$mepiyl-7. 4,

prewarnmed to h well 1S add one mlliliter of 5 pM CeII

Tracker G serbamaybredydeaanayd-budirisasidadhe Hq_@gthe;go tes are placed in the
dark at Iogﬁ@ﬂaﬂg@&éﬂb@xy{ﬁt?ﬁ%%%ﬁ% ABaé‘fﬁ'o@E:@rbohﬁ@ﬂan th two

mlliliter ter 0 S 1S then added to each well,
and f | uor estirulferyl}-ethyeasbemart-dyis?¢idy a f1 uorescent microscope.

Si gni fi cant), %/mfne%r @%%%Py&g.m.nb @béthégxar@enﬁ%&%uﬁfﬁnﬁmmbo@ﬁkhﬁﬂ i s

i ndi cative o protect ound esul HJOfV\b“len tested as

descri bed sBthamoybwipdraiermm]l- Q%é!'c;?rcé’s@ﬁf‘e f"ﬁ:vé'ﬁ% ihg i ncl udi ng:
2- ani no- 4- [21 rgfaeu %ﬁ%g}{-ﬁetﬁ?régmdy)) zZrz(éin&%aﬂb@xwza(mﬁwbeazwns@mehdmyI sul

fanyl) - et hy car ba c acid no-4-11
- (car boxynﬁﬂhmulfé@)r%%thﬁ?ar))a@oﬂ?b@b’%%i}@ar bonyl 2- oxo- et hyl sul fanyl )- et hyl

ca rbarmyl] thyl-carbamoyl)-2-[3-(4-methyl-piperidin-1-yl)-2,3-dioxo-
2-am no- 4- [ - car‘H) (CQFHOE rlne g ar amo;s) [ & car 05)(5 oxg et hyl sul fanyl) -

et hyI car barmwy]mmjalyyl chﬂ@argamoyl} butync aC|d

2-am no- - Ltk ieg%tayﬁneﬁgqr&@mw) - 24 Ry bhine - oy bipdrigna-gt hyl sul fa

nyl) - etﬁyl ca arm I
2- am no- 4- [[Ropyisufandketb beﬁvlp)/'hb%'ﬂ%é@é‘}l m no- et hyl sul fanyl ) - 1- (car boxynet h

yl - car bannym}fﬁ)mé{zgcgg%gﬁx B%:T&‘r'l’éé’rﬁbﬁ) @gz GiefyichRfanidi-2 2bletyRIgaf)-

S7137P2 WD <9 /' US02/°140
2- ami no- 4- [ezhxlqarb@ngx}] ytyrioAdithb- 2- but oxycar bonyl - et hyl sul f anyl ) - 1- (car boxyme

thyl car bangl)x no_{).gv_ oﬁg@%&i ég%’&b@wfz?@!a%d% -3 BBerti-15Rbioph RERAY1,

2- ani no- 4 car 2-(2- et hoxycar bonyl - ydr oxyi m no-
et hyl sul fargthy)lcafbmybﬂhbtﬁmﬁﬁ}qlq,- butyric acid,

hyl - caf oeb) T Ry rEn e fﬁj G SR PERIrCH Al Eauh: L. (car boxye
2- ami no- 4- {azhxlwbmwhaohwtw ;ﬁtbw@f?ﬁn%'}hwy&?%nyl 2- (4-nitro-benzy
|2?2)r/nl nmoflo) HW p%'c{}x%m@{hgyi W% k3- c%l@ﬁé&&l@ar?l‘éhfg?llp% roi(?j :etrt]wylsulglan)yl) 2 g
i 0XO- ethylcarbamoyl] -butyric acid,
e 2-Amino-4-[2-(2-benzylcarbamoyl-2-oxo-ethylsulfanyl)-1 -(carboxymethyl-carbamoyl)-
ethylcarbamoyl}-butyric acid,
o 2-Amino-4-[1-(carboxymethyl-carbamoyl)-2—(3-morpholin-4-yl-2,3-dioxo-propylsulfanyl)-
ethylcarbamoyl]-butyric acid,
e 3-(1H-benzoimidazol-2-ylsulfanyl)-2-oxo-propionic acid ethyl ester,
e 3-(5-nitro-benzoimidazol-2-ylsulfanyl)-2-oxo-propionic acid ethyl ester, and
¢ 3-(5-methoxy-benzoimidazol-2-ylsulfanyl)-2-oxo-propionic acid ethyl ester,
provided protection against stressor-induced cell death in at least about 30% up to about 85%

of the cells tested, at concentrations ranging from about 1 to about 350 pM.
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propyl sul fanyl ] - et hyl car banoyl } - butyric acid,
2- Am no- 4-[ 1- (car boxynet hyl - car banoyl ) - 2- ( 2- hydr oxyi m no- 3- oxo- 3- pi peri di n-
1-yl - proppleobdanyl ) - et hyl carbamoyl ] -butyric acid, PCT/US02/14057
2- Ami no- 4-[ 1- (car boxynet hyl - car banmoyl ) - 2- (2-d
| et hyl car banoyl - 2- oxo- et hyl sul f anyl )E &by Bgar banoyl| ] butyric acid
o

X
2- Am no- 4-[ 1- (car boxynet hyl - car ba | peridin-1-yl-propyl
sul fanyl ) - ethyl carbanoyl ] - rcrcp% 'HZC %ractllﬁjy Rssay PP yioprony

2- Am no-4-{1-(car boxyrret hyl - car barmyl) 2-[ 2- (1- et hoxycar bonyl - 2- phenyl -
et hyl car barm | ) -2 I I Gal banoyl }-butyric acid,

2 ME BB ) =gy cl ohexyl car banoyl - 2- oxo- et hyl
; uIAf anyl j 40253} hyl cam@muww]ngbnatyrralsamoerdmoyed
rmylm) I’IOet h£,| c Z)E)glﬁggzy)ﬁjlscs?ﬁ{? a (gfb%) con lns%e %qung can r?IXI({;*BIrI‘IQshEaI ba
2- Ami no-4-[1- E@aéwe)fmawlea:amw)& RadFOp2;pblatose; 40yKCI24:3Mgs0@x d- pHopy |

ﬂ%;ﬁgg! |)ﬂ daza | Caé?%z?ygﬁwy fétreI Ctgﬁgzragfm 813d|ﬁﬂ'ed q ():f ter sPIutlon 10 mg phenol
3-(5-nitro- beremsaddlattmleazmﬁlosmmmlbtalyslc)fnﬂadmrm prop| onic acid et hyl ester,

and 3-(5- net hox enzoLm.dazo ' I
ester, provi di %6?’%@?4)%3\’"&% SHI&(aé?fag) 569 |n uc‘cé]%1 og%[?ggé;f[ehu ng?g%ggst
about 30% up t@w@bﬂuﬁion&ﬁ%mgﬁrnlnmassuelcU@re@m@dNatat concentrations ranging

Eeampi o 30 wDUFERE2r dMRMER piier {7 oAt doighine af By’ ol o

of Primary Neaymabawldyl}dmc(yat/mmble[fﬂﬂﬁﬁife Teehrblogiesiv Tig onatiter eguivalemteof deppayyded:

10X Heart Disse I | /1
't seue or RARCAD JhaefiriiEErbREsAY 96 gl B 106 SR RRRARER 550/ 1)
KCl, 4; MySO4mlbf tigskle catijrasradte waterwith stipringor Theopliliig adjusted &g 7-Rivitt iIMHChE
diluted (1XH ?%d %@LH\te'a%Qthe]ootoWQItQh%gl Itﬁﬁﬁlls'fﬁte?‘gl@ﬁﬂzerdofdﬁ&ﬁ& the addition
mlliliters o ransferrin ang Bovine Insulin (available fromLife
Te::hnol ogi ez) 0fi2.6 mias dsémtdEansterria, 25Quh dangtmidnsdin ast 30. 1ol i n ti ssue

cul ture grade F12 - DVEM F12, powder, 1:1 containing glutam ne
and pyri doxi ngro %f{?roo-\(:ﬂgﬁrlxr de (avail abl e from Li fe Technol ogi es). To one
liter equival GMENIF1REE, pBSdealso prepared for pre-coating the tissue culture plates and initial

suspension of the cardiomyocyte pellet.

o Collagenase solution—-57.1 mg of collagenase is resuspended in 140 ml 1x HDS.

[0256] Tissue culture ware is pre-coated with DMEM-F12-5%FBS by incubating 50l

per well of a 96-well plate and 0.5ml per 24-well plate at 37°C.

[0257] Two-day old rat pups are removed from their mothers and placed in a sterile
container. Pups are dipped quickly into 70% alcohol, then decapitated and the body placed in
an empty sterile tissue culture dish. An incision is made starting at the neck and progressing
towards the belly, cutting through the sternum. The heart is removed and placed in a tissue
culture dishes containing 1x HDS. The atria are timmed, and the remaining ventricles are
placed into a separate tissue culture dish containing 1x HDS, where they are sectioned into 3-
4 pieces each. Ventricles are then transferred to a sterile 250ml glass flask and the 1x HDS is
removed. Twenty milliliters of pre-warmed collagenase solution is added to the ventricles,
followed by incubation at 37°C with shaking. After 20 minutes, the collagenase solution is
removed and replaced with 20ml fresh pre-warmed collagenase. Incubation is continued for
an additional 20 minutes. At the end of the incubation, any tissue chunks are allowed to settle
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I s added 2.43g of sodium bicarbonate and 10 ml of 100X
Penicillin/Streptonycin in 950 m of tissue culture grade water wth
stirring.wohe/opH14s adjusted to 7.2 with 1 MHC  and vol weeg/isdp/ugsed to 1
liter. The solution is filter sterilized, followed by the addition of 2.5

m  of 42%””' rﬁ&ﬁgeﬂhé'ceualg%ﬁgée }%BE{ammd tﬂ%%dlé’te@@&d%@nyﬁcmsﬂfom the dusrupted

br onode I ne FBS Is al so

tissue cligsugmpiecs afl B&isqlated myeqyias are adpectht %g ;| F"’l"Fﬂé‘ tt’g‘? 8&5}%9%@%@1%5“ et .
Col I agenas@ns Sk BS)7 The 'F&nélfnn@@ﬂs&@é)ﬁ@@é%ré%ubﬁ&t@d e adedoriddigglioniby 1x
HDS. [0256] Tissue culture ware is re coat eﬂ Wgéﬁ]é Srllﬂé/
i ncubat i ﬁ@d'%?omH@Sh\M?Maﬂf‘edoF@@gﬁ%"f‘ Hddperbafige 65 gpﬁve ef vVe{%? plate at
?an [S ?ggﬁoga\ag;gﬁ?u th?érdcernmfu@m 1800 rpsrarr@\&mr&;:tw(taum:p centtifuges Ered pl aced
ai ner re e % al h
decapi tafeéH't'ﬁglauQ?TBatBBHfldEPgéjgg %gﬁelgﬁ%té & g??qrgg(at“zﬁs)'sgu@ cu turet degh
An i nci siiitihg c&ﬁ&%p&h%ﬂi isNfackd if tre inewatad 3T gTIEs siepds rdpeateddeverak
belly, cutting through the sterr’%m Th heart is renoved and placed in a

tissue addivenabiges ipdengstaddiie S. The atria are trinmed, and the

re”f“ ni nEt)z\Q‘iB]1t ri cl pgrcell gradintc4rd préfaediby afdng R Snil s $eeHDBIto Qﬂéndloéﬁercoll
con alnlng

h
Vent r1 ¢l Aedhesnasiasiestahanismpinersh Sk ot Splatt FiEBeRY fockany
HDS is nampwedDSY uedByttor IGradiettesotutioh (18nal- Rmcaile&todoamchbehbsld05ba@tlon is

added to the ve ricl
e it e SR e, 1
fresh pr Eanen tibds c Thicagmritititees ofithe Bbaom@adlenwlutlonumulaceﬁ in eggh &g Y onal 20

h
cettle: Eohi Gfode iRy RS KB R b BB BInG 1R BRSO,
col | agengaas9] cont aihitredigésds (& arapeaed mratiedidy Epices fulie @ eandrifges @b ed
tissue p?]ag)?pgérac eﬁfgbé%k@é/@gﬂ%@?% ﬁ?’ﬁ%%f ﬂ?ﬂ%eﬁ%t%t@%ceﬁéb@%d%@@ell

cont ai ni er um e remaining tissue pieces are
subj ect edelﬂefo Isaresemnde@mg‘e'&mlloéﬂlx bipS. atvn miliiterae! theceh spsrengigp ipedded to the

col I agen | 3998% @1?%‘6%3 RS théf c@htﬂfﬂg@& at 3500(§5rpn$ﬁﬁ<30¢mﬁut§§3t i's

t hen cent ugeglgat m nutes (table

resul ti nglltbglpidﬁfmfn%ma B%C'Waib%l'teéé?oe cenfugh GHe)-$A f%gl)ef ol %”‘%%g?fé?fﬂgﬁf'% th

4ml FBS. s s@%ﬂépéﬂeqﬂo(mb sh&HLRRAS bORe info MterREs] hé fuwver pandat e tad 37C.
This step 1s re

several "additional tines . to harv z% B nal
mat eri al ba[“l’.ﬁZ@@P“F’Eqdcf@T cargipRyPenes the'e isF %?)aﬁéﬁ"‘w% |9?Be'2ag %tF o gliheps
gaéfeﬁm%f uﬁ%g : %r bar(dAh‘Icgﬂrla_r%@h&gﬂtllﬁGbIQﬁ% ani bfh;ﬁh?m-ﬁgrd(dﬂwacpﬂeb $heaker Top
er.c
G adi ent Pegioptof 818 gradipnt '@é?@fﬂ? Ot?’ﬁﬂc?%?ﬁ? %ﬁaﬁ)ﬁgi' %yéealggerBo[t e

cardiomyocyte layer is then carefully removed along with the pellet, and the two fractions are

pooled in a sterile 50ml Falcon tube, along with corresponding fractions from additional
gradient tube; then 1x HDS is added to a total volume of about 50ml. The tube is centrifuged
at 1000 rpm for 10 minutes. The supernatant is discarded and resuspended in 10 ml 1x HDS .
A further 40 ml of 1x HDS is added and the centrifugation step is repeated. The cell pellet is
resuspended carefully but thoroughly in 50 ml of DMEMF12-5% FBS.

[0260] A small aliquot of the cell suspension is counted in a hemocytometer. The
DMEM/F12-FBS coating medium is aspirated from the tissue culture dishes. The
cardiomyocytes are added to the dishes at a plating density of 7.5x10* / well per 96-well in
200pL and 6 x 10* /well per 24-well in 1ml. The cultures are incubated at 37°C with 5% CO.
overnight. The original medium is removed, and add fresh DMEM/F12-5% FBS is added to

each culture, prior to incubation at 37°C with 5% CO, for a further 48 hours, before use.
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prepared. Four mlliliters of the Top G adient solution is transferred into
6 x 15m sterile Falcon tubes. Three milliliters of the Bottom G adi ent

sol uti on we oplogosed i n each tube by inserting a serol ogi cacTaisopi4067to the
bottom of the tube and slowy adding the liquid. [0259] Al the digests
(6) are pooled in one 50m. Fal con tube and centrifuged on a tabletop
centrifuge at 1000 rpmfor 10 m nutes. The supernatant is discarded, and
the cel | B_§ontractiityAsse¥uspended in 12ml of 1x HDS. Two milliliters of the

cel susmw on ist ﬁéj%ﬂ&gbg&t‘é}gﬂa'é 9,@,-_9{, 1S gradient. The gradient tubes

are then cen rifuged at for 3 mnutes w thout braking in a
Beckman Al I-egCamSIenthﬁMEiM b2 QM,EMZJ:@AP‘P\M@%) 1 cppiaining glytasung ng 8@5’9?"8?\

the cells segy g% orl t(Qvénl‘éBle%Rﬁﬁ Q,f@%@ﬁo;bg,egh¢n\hﬁ°&gelnﬂ_t|1@f‘rfe%ﬁﬁ>c§iog|3§]e | ower

band of thet Is enriched for ca re s .al

car di omyocyt eCQ@haé‘t Céi Pewdessuifisianbio Rrﬁ%aretotﬂﬁr%ter?m”fl%ﬁé‘ 9P, Sga'gmi ched

for fibrobl asB@ar%BFlat@t@ﬁﬁxe'aQrﬁlo%Dﬁ'ﬂ 6MSSGY E@ifure dRRIeWRRET Tl'téqﬂ-l iscutjusted the
gradient is aspl rated d above the cardi owg rf.\cHII ayer... The
t

car di onmyocyt e 123’9'3?1"?"%"(1' ﬁ@ﬁt%'ﬁgﬁﬂ'”%/w?téﬁﬁ QIS Wing &t | and

the two fract \@AG-AbS 1olPr9Q>|r 00X Peicifih&itiehfonBiiL 2M5mhl ep BrrigirETrandfem, %cmn
corresponding fractions from additional gradi ent t@g‘?ﬂ raf‘gﬁb%lx HDS i

added to a t ofEg/midnsiiie apg 3omE of biaModeREywiding gre a Ixture Is‘1000 rpm

for 10 m nut e, Jieq SHPPOWHAM udess di scarded and resuspended in 10 ml 1x
HDS . A further g mP OF:”;% x HDS is added and the centrlfuqatlon step is

repeat ed. The1cminlqm$¢€tDMEM i aupdefont BYEMWERQH (Lyolyigming, ¥4 B%ra“gPOP?r 50 m
of DVEMF12- 5%,k F&t sbgéﬁpdyr&a;{gvbuéﬂlé fisRtLiefrebhfolégéd). suspension is counted

in a henocytonete S coating nediumis aspirated fromthe
tissue cul tur @gMdtess: Gelepermanentary osipr efFlug-d (avpilableds a ¢y Paveede bgt a

pl ati ng denSI t%iec]cn?t 2&1’%9]%# MUI’ ehlapplrobgg gﬁg&né @R)Z%%|®P&C@n%%g§|lémel l

per 24-well S are 1 nc ted at

over ni ght . Theenmm@. amdl shoeldibhermade urefresheat, 1neMdn BYSCG pryio prelg rreveridightps j s
added to eacla grlyd%hl(% prior to incubation at 37Cwith 5% CQ2 for a
further 48 hodr ore use. S7137P2 WO -100 WD 02/090314 PCT/ US02/ 14057
B. Contractility Assay [0261] The following naterials are enpl oyed:

Conpl et e F12: and
pyri doxi A@Emdr ochlori éa(?raval W sa%r‘%orlr%tﬁl ghgéédgﬁﬁg ag%\?insﬂ-% | nvi tro en
Li f e Teclacliagycestes aGaplatsdn 96 @m)l formaiduacksiiearitottemed pates)ab acdensie! i

of buffer, ag& Well &Imﬁ%’r'% ysHh ﬁéfé?ééé%@ of §°/JFB@9nd>rrtbQ1585Dtﬁ& a8bayl. i ssue

culture graewater I's adjusted to 7.2 wwth 1 M HC and the
remai ni ngo263] er add’éwsml@gwald&cf@m@ isesimulpted| nglFRng ﬁhletcéFd'orEY%V 8si!2 8P on,

10mM of 100X BRNinGidbk} bSD, efon R 039 CG% &M% 0H,) ANOIEM doneisihgn fivngluesdel
Positive control cells are treated with DMEM-F12 containing 25mM Glucose, which protects
against the anoxia.
[0264] The test compounds are made up in DMEM-1mM glucose in 96 deep-well
mother plates and appropriately diluted for use in the assay. The media is removed from the
cells and replaced with 200p! of either DMEM-F12 or 1mM DMEM with or without test
compounds. The plates are then placed inside a 37°C incubator in the anaerobic chamber
and incubated for 16 hours. The plates are then removed and reoxygenated by the addition of
pre-warmed DMEM-F12 containing 5% FBS. Since the anoxic treatment may damage and/or
kill the cells, causing them to dislodge from the bottom of the wells gentle aspiration of media
is required at this step. The cells are then placed in a normal incubator at 37°C and incubated

for two hours to allow the cells to reoxygenate.
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4mg/ M I nsulin and 30.7 ng of bronodeoxyuridine are added, and the m xture
is incubated at 37C prior to use. 1 mMglucose in DVMEMis nmade from DVEM
wi t hout Lwgloatgnsisae, w thout glucose, wthout sodi um pyr weatEsot/aoai | abl e
fromLife Technol ogies). 20pM Fluo-4: Cell permanent AM ester of Fluo-4

(avai | abiegf a dr X vRNAG SolliforPst 20511@?%-41% addB&to reavarMeleixHBSS. Aheless -
Eugene, This fluorescent dye is light sensitive and shoul d be de up

fresh atare loadedwithNBa#riydirstremawiag mdmfm the ¢gllgiend replagingwith 600 1 ef2
neonatal G 2 P63 Rt dep@bAl £ ?atgé.nﬁ’@?&r(ewmﬁhmg aloFe Al cells are then

cardi onyB are ated 'n ack clear-bottoned pl ates)
at a denmcmyat@d at73'Bfoor AW himees. v%fbreafhdre;nem measwperdents armmade tphe eslisrare of

5% FBS th |
o1 il at oHeRpd R iRt e Bad i dhpse) feEmaye kb LB B ndreleBiL Al Baciaiss
85% N2, &ith Gelcek sLiffcd-2FelisnarOMEM mmmamdrfpngn addifiongl 4Q prutes glgepmi ve cont r ol

cells ar treted i
agai nst 1% é% agg%‘:gf% M’Iuﬁc;rg%&g\?é ?oﬂ%%%‘ﬁ‘?ﬁ ar@h‘écﬁ%ﬁm é’%@lt&t%npcfn‘a &@hﬁ\
gl ucose emu@@ndﬁeppmed)rh a mioohlate fﬁﬂumregteaﬁducuﬁj@né“brTf@f@PyaBWS{ﬁr@dOVor use in

the assayeisHIE STBSic). ERpi GARIGHad RO Gk S RairkeasbaRgchat ohaRE! of

ei t her or wthout test conpounds. t

The
are t henfrpindbe fusrimetaeand Sintiatad therrsfact by adritionr{drdBP %fﬁ&ﬁt?@?ta'na
ncubat e r he
| neubat egapS 5@@%%%%%@%?& IR hipBfes! QEESHd ANGkeSEMEK SERMEH theh

contai ning 5% FBS. Since the anox]c
t r eat mentakeny Differenge inpdy vy pok stimulatien @e@n%cewamgadﬁ@g%'ﬁé?ﬂlqaa\/%jp%@%@é from .
the bottomof the wells gentle aspiration of nedia is required at this
step. The cells are then placed in a normal incubator at 37C and i ncubated
for two Results to allow the cells to reoxygenate. S7137P2 WO -101 WO

02/.0903 Wioi%gg/ USOZWﬁé?ﬁZsteE%g%l;cri%e%blsvmcoﬁ@buﬁdm 9 pr%@eMMemoA; i s added

to pre- 1xHBSS. The cells are first renoving

medi a fr @fminidered|at §°'éq¢ﬂtr?@1ﬂsétf@|%@“tvﬂlopﬁ’?vﬂe?03qoubi‘O(gb“Lmi\}f‘ﬁPé'894 Unl oaded
control gel}. §gﬁ{oe? Ef %F&ﬂyh@th’?ﬁé&ﬁlbérﬁ&yl)ﬂﬂ giloiéibﬁgﬁtyﬁix%wmrﬂl kthgBLifsnydr e t hen

i ncubat ed at m nut és. Before fluorescence neasurenments are made,
the cells aetbylcamaern@ﬂ] Pwyf"héﬁ"éator free medium (HBSS) to renopve any dye

that is non;speiif o aéa}%x%§@13| &fr88moy-2-p-biexg@kbongHe-bre-ethylealfargar e t hen

i ncubated for an additional m nutes at room tenperature. Basal Fluo-4
fl uorescenc%thvlgafhé@§ﬂ]'€@f)’[%?¢\@, t he 485nm excitation and 538nm eni ssion

filter pgir,Qpde-Hif(eRbSYmettyREsBERbAL-2(EkumbekapibMiditheyipropyRhrastens Oy,

ethylcarbamoyl]-butyric acid,

. 2-Amino-4-[1-(carboxymethyl-carbamoyl)—2—(3-morpholin-4-yl-2,3-dioxo—propylsulfanyl)-
ethylcarbamoyl]-butyric acid,

e 3-(1H-benzoimidazol-2-ylsulfanyl)-2-oxo-propionic acid ethyl ester,

e 3-(5-chloro-benzothiazol-2-ylsulfanyl)-2-oxo-propionic acid ethyl ester,

e 3-(5-nitro-benzoimidazol-2-ylsulfanyl)-2-oxo-propionic acid ethyl ester, and

e 3-(5-methoxy-benzoimidazol-2-ylsulfanyl)-2-oxo-propionic acid ethyl ester,

showed the presence of calcium transients in about 25 to about 90% of the cells, with amounts

indicative of ability guard against ischemic damage and allow the cells to maintain their

contractile function.
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Hel sinki, Finland). Each well is read for 60 ns to obtain a baseline
readi ng, then renoved fromthe fluorineter and stinulated to contract by
addi ti on wbD 0200B86 (whi ch contains 1.3 mM CaCl 2), foll owedThysoz/mmabati on
at 37C for 90 mnutes. A second fluorescence reading is then taken.

D:cffe{ enc;e I n Ere ?/s Foz%GSt{N]rrul ati gRarhpleapescence readings is indicative
of activity. esul s en teste ri v ounds of

the present inveatMgdle Sﬁqahﬁg?@rcé@?"étonémsﬁ%ﬁ) ﬂg g ajg)sgﬁg 0 pMto

about 1000 pM i ncl udi ng:

2-am no-4-[,1- ¢ rbox t hyl - car banoyl ) - 2- ( 2- oxo- 2- pent yl oxycar bonyl - et hyl su
Ifanyl)-Ze{—%]y-q('—@g—mI -butyric acid,

2- ia;n no; rqezl[ﬁz’(q ( cl;ar b tviayematistyd racsaHadamyIN) waighige30Rea60g ard corpmoply ased étthesesul f a
ny e car

7 A no- PRTIRT RRTS P EaREliti prcese o et g somgersil odent diefunder

- y| - pr opygtapdbidamydratoryetdngitioas. bRooiyltgmberature & raginthjned at 20-23 °C and room
gufg‘anyl A[Iu[fmq&@ﬂ’sg&rgéggb E{H%EEW%%HZA%%@ LRQLdifvattzed foneratlbR Sy PT oPY!
H benzoi ehdfmeden?5yo 3 ubispydr)te theostodyp nop fastadc(vatbifebecichgsds tosrater) overnight
3-(5-chl 38%6benzot hi azol - 2-yl sul fanyl ) - 2- oxo- propionic acid ethyl ester,

3-(5-nit RZ8F W dazol - 2-yl sul fanyl ) - 2- oxo-propi onic acid ethyl ester,
and 3- (5- et hoxy- benzoi m dazol - 2-yl sul f anyl ) - 2- oxo- propi oni ¢ acid et hyl

ester, g"iﬁugdlteﬁ r%rﬁ?ﬁgﬁﬁgd&lugiﬁhgkﬂ%ﬂans' ents in about 25 to about 90%
of the of abil guard agai nst ischemc

damage afieR68] | ow t Aeestbesia is maintainaddyrinhaietion ofI@d%-/%psgpﬂyrapg Aerrans: 6PNt S7137P2
VO - 102 BQF%A%?%g%P&T é@ %é‘r%?:ls E??WQL%\AQ aﬁatstéwnﬁiéﬂ BefGiel gpaFlon Ar t ery

QOccl usi on ral Ani mal Preparation [0267]
Mal e W stBedy texterétdeas ara conw;lled/@ng mainjaiped abB0E° Gk degresaexieed heatithese

experi ”Egké co@[ﬁ:qggaelvg gr ?oH e‘?‘fﬁedbg ﬁ@m?&%ﬁﬁé érf?m?é‘@ta?é plRBEY MOERIiRY BharhigEtent

di et und ‘abor at ory ons. Room tenperature Is naintained
at 20- 23 tigatanes icedercodl |cqu:+atrrmalro nTHFQUQmUhthQZSIUPZ theybedy tegperateens eaperded

Ani mal s %%ﬁg%qgh{ggﬁattur%qg %;S’oﬁd'@? BB Adaforl NBLY ifHERd &&Qtaﬁeaﬁlssatﬂhé or

to the stud ree access to water) overni bef ore

surgery. liBe oIMGAQ besrasmithe ratsheylgerhiadess RN @depe R taTedd the body

temperature via a pocket scanner (BMDS Inc., Seaford, DL). The body temperature can also
be taken by inserting the temperature probe into the animal’s rectum. Body temperature is
recorded every hour for 6 hours post-occlusion, but temperature is measured more frequently
to facilitate maintaining the animals’ normothermic temperature.

[0269] Animals are subjected to two hours MCAO using a modified intraluminal
filament technique, as follows. A midline incision on the ventral part of the neck is made to
expose external and internal carotid arteries. The right external and common carotid arteries
are ligated by a suture (silk 5/0, Carlisle Laboratories, Farmers Branch, TX) and the right
internal artery is temporarily ligated using a microvascular clip (Fine Science Tool Inc., Foster
City, CA). A small incision is made in the common carotid artery. A nylon filament, its tip
rounded by heating, is prepared from a fishing line (Stren Fishing Lines, Wilmington, DE) and
is inserted from the right common carotid artery. The filament is advanced into the internal
carotid artery 18-20 mm from the point of bifurcation of internal and external arteries and a
suture is tightly ligated around the filament. Two hours post occlusion, animals are re-
anesthetized to allow reperfusion for the remaining of the experiment by removal of thé

filament.
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[ 0268] Anesthesia is maintained by inhalation of 3.0%isoflurane (Aerrane,
Front Dodge, 1A in 0.8%oxygen. The animal's neck is shaved and

steril i zewolefoursas operati on. Body tenperatures are contr ®draksoams7

mai nt ai ned at 37.5C +/-1 degree via external heating and cooling devices.
To | ower the body tenperature, animals are placed in a cooling chanber
that uses ice to caqol circulating air. Throughout the study the body

t enper at glign s ng a tenperature transponder (BMDS I nc.

Seaf ord, (ﬂqb i mpl amégd;omﬂ@gmmédmatstetréwby bihyef a)thurfvﬁh‘k@fhmlteeeucm he rat
shoulder bl ades [ oms the user to.r bo re v a
pocket s@%ﬂ%ﬁé’?sfr% eP’P’l"c -OrgRORNgp §an EE)admlm erﬁgh‘??qr%rfg%@gtoﬁn@g H’zg%gb‘lagibe
t aken byapmﬁrétem@tﬁemobeaperature probe into the animal's rectum Body

t enper at rec ed every hour r, 8. hours . t
terrperat 3‘52&1 S ma?ﬁ!ﬂg@—%mgﬁgﬂ%ﬂ(@mc ovent ! Infusio aci ?ﬁ?%’t‘%q*ﬁ%&%@ gﬁ'r‘ﬁa%é Fflif)f:eed

ani mal s' onerswetbiaxiciapparatgseiHatvareAppHats) SAﬁm‘rchJ MAR T Snestigsécis exhintgineddy

mal 1o TREPRPRA SAPRA T (Al tFoRDodce! LF0Iec BEh HiBug fRs LR it 4

ext er nal paovedinet dihraicalpas shaved and eteriized price to $ng@We>@t reidiine sagital m*ﬁlﬁih
carotid B&ﬁ‘trslnc‘}ﬁ ch}@ i€ th?%ﬁ&ﬂty@éhfﬁd%@ e tf> %kﬂ:é%eﬁh@ sk THeSIKEI Isaéb%;%%ihes

Far mers ranc I nternal art ery 1s te orarl |gated
usi ng a Rmiroudessndispatus ﬁOﬁempvenéerszﬁt@hé@mp@b\re hﬁsée A pale is plapgd 16mM A

smal | i nﬂééﬂgpq rhi ed?i@f@‘ﬁo“?) th@?ef@é?’ih@ﬂre?ﬁfa% 'n%rl@fﬁe%ﬁ( latdéralNVeritid. 'A%I’Hﬁﬂt its

tip roun repared froma fishing |line Stren Fishi ng

Li nes, Wﬂfhﬁ'%qulﬁjﬁj—gﬁﬁd Alzag P?hs‘étot EQ) isripsRriedt man’ﬁedeM% helgr Jfq
artery. EaerédA@Wf?@tadj@tmeeﬁmg@b@cér@mﬂnetcanmé Tﬁ@&éﬁndﬂa atttaa’fé,d t&& £0 mm
fromthe point of bifurcation of Inte Eﬂ\ \tf\ngE artegme %

sut ure i $m§ilgpiq %ﬁﬂl‘qt@a@'@!ﬂx MedigAdne- hQaTH"lt%H?e ) HRIaCe YL} g5t Icﬁgﬁeﬂh

ani mal s iﬂk@ta&%eméﬁteﬂbhetdmmt)omé b@t%tree;semthursatwmé@toabﬂmeeaammmlumib t he
experinment by renpval of the U&p&? @g 103 V\DOZ/tOQO e for
P Usoa Plessl suSediargoud ABesn <bs Sbisr pBSss{or petpen S8 e

adm ni st ergp@drttnfugioy. of a nunber of routes, such as those descrl bed bel ow.
Conmpound be a ni stere hef or urin or_after as
apgfoprli?%o t he “ Siie Alithg Miiatini 10 e

| nf usi on The anest heesthesianantalmai tpyllahﬁahoncni %%useflemnaXAerraxmoErcutt us
(Harvard r Kk Al e I |on
o 5. 0% IEBBPUPA I pRep Gk fouciRle B AT gl M MRSl stdiRgaRb, 10
entire ;steymmutnesfore'ﬁperamal A millishiavisidn aschade en ithe mttrabpart)of thensdf@ery A
mdline sg ets%< lu@ﬁla k&ﬂ Tﬁ?%‘ih |$3|38Ig'{e|doéhgw'g§ﬁmﬁ1 Stk H8healsit he eyes

to ex pos§ I'S SCr
Laboratories, Farmers Branch, TX) rostral to the point of the incision and a microvascular clip

(Fine Science Tool Inc., Foster City, CA) is placed close to the heart. A small incision is made
between the two ligations. A 2-cm silastic catheter (Helix Medical Inc.) attached to a PE-60
tube (Becton. Dickinson and Co. Sparks, MD) connected to an ALZET (Alza, Palo Alto, CA)
pump is introduced and advanced 2 mm into the jugular vein toward the heart. The

microvascular clip is removed and the catheter is secured in place with a suture (silk 5/0,
Carlisle Laboratories, Farmers Branch, TX). The pump is placed into a pocket made
subcutaneously between the shoulder blades, allowing the catheter to reach over neck to the
jugular vein with sufficient slack to permit free movement of neck and head.

[0273] c) IV infusion via femoral vein Anesthesia is maintained by inhalation of
3.0% isoflurane (Aerrane, Front Dodge, 1A) in 0.8% oxygen throughout the entire procedure.
The exterior site of the right femoral vein is shaved and sterilized prior to surgery. A 3-cm
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a rounded end spatula to renpve periosteal connective tissue. A bur hole is
placed 1.5nm lateral, 1 nmposterior to the left of the bregna to nmark the
left | atewalozwenstsicle. A brain infusion cannula (ALZET PCAluSay/148at o Al t o,
CA) is inserted 4 nmdeep into the hole. The desired depth is adjusted by
at t achi ngncidiscie nsadedn therighagroin fogiochehdtBe farheral adint Bddwated 0 Asmibll inaisisn Isast i ¢

h I Lt h
T kA R
at t ached ddarcepr pO‘lYBih)Osrra)(ﬂEGW)wametqyl(Becﬁdn Didaingomped Col Pparks Mden Thee

houl d bl, a
st on a6 5 spratih PR RS R, sl Saordles, Paméts B, T
i ugul ar Vidrerothehreed oh thei @thetemammede@lalsynmgd'falbawtbrﬁhe)hemrm%ﬁ salinelfpaihe
(per T ane o[ MbetioR® Wik d Almblal 2 BeuORR4L BY @%@uasng BF (RSt S RAS ©-

The ani n& ril ation
i nci si on sogherBBeathetarteanberrought paita thefexteierization peint at—:&pcﬁ@é% ot the nedlylrar

Th |k 5/0, Carlisl
! abor at orhg! 4'pbid nligh gﬂ%ﬁ&‘*#g@f“a%?? 9 bfaoptbtifint X P norsi on and
a nicrovd82iflar cl ighlnt ectign| | né\n, aV\RK§tfétr'S beldyn aglandad r;b”l"&ced
close to dpedifidhia z@sﬁi@h edlé‘f%.' @b@t@d irffo mqwen@nw@a«érm tﬂé’bibd'oh%tﬂagﬂﬁle

2-cmsilastic catheter I cal attached to a PE-60 _tube
(Bect on. PEritoRPABOSIGARYO e 'SIS%\’I“RSTO R)[S'd eﬁﬁ@ﬁéﬁ‘j?@tﬂ’“t EB‘ed%‘Pf)&EZEﬁ*h?AV%Qe i®Pal o
Al to, CAkligithBalleSbhdk NPASIHEE isARith eV g EorderitIdr tHel Yrih§€ is] dedvdrad int@the
toward the héart. The mcrovascular cli p is renoved and the catheter is
secured iaRd B'F‘!i@éc"\‘/\ﬁ'tt’h a suture (silk 5/0, Carlisle Laboratories, Farners

Branch, Tg7zs)The plémdvaq@fe@amd Imﬁam@@%f@bvé@a@bew@va&mshq e} seen
t he shoul der b] ade t he c heter to eck to

j ugul ar \AYRRNGH R iﬁ? FYquEH?' SYURGE- ¢ @ep?é\"ﬂ‘?' IS P‘?'gg’yﬁ%%ﬁf’éﬁ ergya H%'E'ﬁgand
head. [ 0268itios.) The/féedfngtiioanis\placeti dntotrad muehnheQmamaheed antil & readhes thened by

i nhal ati on_ of 0% i sof | ur.ane err A 0% gen

t hr oughot® P3Rh éfﬁ? éO’ﬁ'F‘S@éB?ﬁf*é‘;“ t@ gg}e agD?rle%g%rfed %’8} {rai tg%?eé;dg?r%r al
vein is sShewdteandf the aytingezie dlioptyi dnllveredsandgberytheAuBe swith@vavdi7P2 WO - 104 WO
02/ 090314 PCT/ US02/ 14057 incision is nade in the right groin region and
the fenoral vein is isolated. A small incision is made on the fenoral

vei n, terfpoBemaviorallAsgsassgenti th a m crovascular clip, to introduce and
advance yet hyl ene t ] rks
VD) - he 1PBR ot o L el Eha AT, HE SimaliE BLA, TR by 5 A G Sotchyp R

Labor at orfore§mbeaxioer $h@n thecnimanig plachn@n theffloor ok dfisenied f@hwaits,mgrpattgm
attached f S

i njecti onén L@e%ﬁfﬁéfﬁ@%é&d{;@@ o‘g{'tfaé;g&@@rsg‘r?&aaﬁg@ s?u cu@ghieég‘usﬁflmgﬂﬁteﬁgﬂbgck of
t he ani nedtudyso the PE cat heter can be brought up to the exteriorization

poi nt at the nape of the neck for Table 1

Bederson Grading System for Neurological Evaluation

Neurological deficit Grading Behavioral observation
Normal grade O: No observable deficit
Moderate grade 1: forelimb flexion

Severe grade 2: forelimb flexion, decreased

resistance to lateral push

‘grade 3: forelimb flexion, decreased
resistance to lateral push,
circle to paretic side
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either a bolus injection or a continuous injection by an osnotic punp.
[0274] d) Intraperitoneal (IP) Injection An awake rat is held in a standard
hand holwopesd®ion, a 23 3/4G needle is injected into thecraser1457ht
gquarter of the abdonen past the peritoneum slightly off the mdline. To
avoid organ injection, the plunger of the syringe is slightly pulled back.

If no fluid i M t hdr awn he content of the syringe is delivered into the
abdomi na%@—%&%@w ge feeding A standarg rat gavage tube
(Poppler &)2?7]13 | nc TweiyYourshoued pcmmm Oordorgec & soypoekpenimentsy animgs arehe
animal is ulder n be is
pl aced | 574 ?ﬁ%gﬁﬁﬁhﬁ ﬁrﬂ%wtlgﬁ \(/ |ce %Bnla?r?i uf?:?@ r&r’n&%}d ng'rﬁ tﬁ@ I l?sﬁg

appr oxi nataadandgeotedares| emgdhin ohlllemsalma Iselutiers amd@ﬁﬂ:ﬁé@nmfabbfa!rbtl&shé slicer

feedi _ng) ASIIRG N 5.8 vénhf-rrﬁX o rd)nsal §Ikc% lioksE br@i‘?\%sﬁr@i‘r@zérhe
AL A o2 Ik ordrt e e BT AT ERC

tube is r after t he
ani mal i blagesit 1|'I9e piges atgnmm@secaimo &%csam@w@dmgdw% ot Hn%nylteéfﬁmhmemen

th h fI
the ani maniefide BTt TSRR AR Sior s MOTANE odlied A48 AH i tor ol Y
:Enc: udfdsommhlhtes. ist udy. I Tgtb:c el Bede(rjson G adi ng System for Neur ol ogi cal
val uati uro I C G
orade 0 NP78bser vabier SanTE: e asat aics s PREN e Shetl wiP B MG T caMherd BT, o
?r adle r2Tb Teotiredldgis, Clagwhigh jis dim:;tlyeaeméctetdtete iagteaktop Pbtol Gapturalang aave thgrimege 3:
oreli 1,00 ecr esi '
oo | Sophea i 56" 5 %%Sg%é@%%ﬁséﬁ%%?s%E.ﬁ*%’ésa@h%ﬁ fuerdutRRng! ! ©
Ische_m ca%nmger{bﬂﬁécﬁna'gmogessmursyﬁemr (MeparserpMCAO, or | onger in sone
eXpert rrerféﬁ?lglam maks n%a% eth! rég‘?ﬁe P%élo% nﬁét%lgylé's@fgbfég Jstliga fr&éi")andThe

brain is kly remove tom t st an cedures, rinsed
in chil | edlestn tnel, el area tsrautcan@thpll)a@lemd bys%iectmgaheunﬁasweéommaf@r The A

i nstr unemeasMe}nenﬁe%?q: a %Bh&gf RS ate RH tﬂ@u%ls%ﬁérec Hztft HenREPHRAE Mol ai n
usi ng razor he are 1 nmerse . 9% sal 1 ne containing 1.0%

2, 3, 5-t r infarshplbeartical @Fajﬁfetotal penumbra and subcortlcal penumbra After all regions of
interest are measured for all seven slices of the brain, they are sorted by slice number and the
corresponding regions of interest using an Excell macro called statistic final. This macro also
calculates the cortical penumbra, cortical infarct and total ischemic damage for each slice; the
corresponding areas of each rat brain are added together to produce a single measurement
for each area. Since the ipsilateral hemisphere is swollen following MCAO, edema volume is
calculated and reported as the volumetric differences between the right and left hemispheres

of each brain slice. Using the % of hemispheric swelling all the volumes are corrected for the

edema.
[0280] The volume of the damage is determined using the calculations below for each
rat’s brain.

' Measurement Equation ' Corrected Value(s)

Cortical Penumbra (C.P.) Total Penumbra- Subcortical | Total Penumbra (T.P.cor) =
Penumbra (T.P. x %H.S./100)

C.P. cor=C.P. - (C.P. x
%H.S./100)

S.P.cor. =S.P. - (S.P. x
%H.S./100)
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chloride (TTC) (Sigma Chem cal
bath for

wat er

30 m nut es.

[0278] After staining,
phot ogr apWwed2mwdstd a TMC-7 canera (JH Technol ogi es,
connected to a desktop PC to capture and save the inage

Co., St. Louis,

of each brain
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Ca) weicThusoy14sT ect |y
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S7137P2 WD -106

) EHbmaDlukie02/ 14057
r. =T. 1. - (T. 1. x
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-(C 11X

Cdtheivorimetnid differendest al

lb@Rﬁere%tthmrﬁ o/f F18@and3-
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the edema volume.
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Subcorti cal

-(S.1.X

% Hemispheric swelling
(H.S.)

Edema x 100/left hemisphere

F. Statistical Analysis
[0281]

measurements representing the same region of interest in seven slices of each rat’s brain are

Sample size is chosen to achieve a 90% probability of significant results. The

added together to yield a single measurement for total infarct, subcortical infarct, cortical

infarct, total penumbra, subcortical penumbra, cortical penumbra, total ischemic damage and

edema in each animal. Group data are presented as means +/- SEM. Differences at the level

of p<0.05 are considered statistically significant. Between groups, comparisons of each

region of interest are carried out by unpaired student t test (between two groups) or one way

ANOVA followed by post hoc Bonferroni's multiple comparisons or by the nonparametric

Dunnett’s test (between control

Results
[0282]
including:
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%. S./100) Total I|Ischem c Damage Total Penunbra + Total T.1.D. corrected =
T.1.D. - (T.1.D. X (T.1.D.) Infarct %1 S./100) Total Volune (mm Each
val ue i s woloziopisied by 2 (the thickness of the tissue). PRBdarmso¥odoane The
volunetric differences between the sumof right and [eft hem spheres

det er mi ngs , %.ﬁﬁ,gﬁgﬁg@aﬁbek |stharﬁ,@®B@ r?si {i&a'rtS&yEQ-%&B-emyiéﬁﬂérh)ﬂ!)tt

hem sphere St a nal’ys Sanpl e size is chosen to
achi eve a mw%‘awllrhqtywcﬁc@u gni fi cant resul ts. The measurements

representi rigghmg é@@?rﬁ)ﬁ%rﬂ&h lca t%trﬁ'd h2- %—&rﬁ&&@oﬁd -bhgBuRdnypach rat's

brain are erto |e e neasurenment for total infarct,
subcortlcaleth)f*ﬁaabafﬂo)"]ééWﬂFQQﬁ infarct, total penunbra, subcorti cal

benunbr a, COLL G {BEBNR AetntiQUelar AR EndR/EBRnAElox 2EMyBLIhyBaC

ani nal . Grou dat a resen as nean SEM fferences at the | evel
of p<0.05 aaﬂeylwm@bé]bé rigggidi stically significant. Between groups,

COMPar | $9n% GBI (LERLAR Bon}yBl AERRyAIE ARIBRRH oIS St udent

t test (be one % | owed by post
Bonf er r oni c@rbnmnqwl)pﬁt@yl@as pylEtyiccl 9fthﬁé‘|q1\éﬁ'|53}eé€?fgtrlc Dunnett s test

(bet ween, conL e @Rt oM 22 A BERAT FAHBhYIS 1-(E4BBImANEN (oot cd

as described a ove resent 1 nvention I ncl’udi ng: S7137P2
WO - 107 \Aoc@azbanwmathxn@rbusgﬁm:iwram or the HCI salt thereof,

2-am no-¢- Lo hRrdp Q/égfotog%rhetﬂ?«f&%m%m - 214 &nBERAHRYCARPRBYimRrOX 0- et hyl sul

fanyl) - eth carba
2- ami no- 4- [ﬂhﬂ&&fﬁbﬂk?ﬂ‘ﬂﬁbﬂ@lﬁﬂ@aﬂ-@u%?Iayldz (2- car boxy- 2- oxo- et hyl sul fanyl ) -

2. an no- ga%%_’] faes Cgrb%gwethg N g A oy S oXo- et hyl sul f a
nyl)- et hylefhyissdinoy)- ]atblulcgrrhamoa&bdtyrlc acid
o1 o b TS P REEE Ky fﬂﬁ?@*é'é%%@'“ﬂ‘e“bﬁéﬁfgﬁae{ gy oy
propylsulfanyl) ethylcarbamoyl] -butyric acid
e 2-Amino-4-[1-(carboxymethyl-carbamoyl)-2-(2,3-dioxo-3-piperidin-1-yl-propylsulfanyl)-
ethylcarbamoyl]-butyric acid,
e 2-Amino-4-{1-(carboxymethyl-carbamoyl)-2-[2-(1-methoxycarbonyl-2-phenyl-
ethylcarbamoyl)-2-oxo-ethylsulfanyl]-ethylcarbamoyl}-butyric acid,
e 3-(1H-benzoimidazol-2-ylsulfanyl)-2-oxo-propionic acid ethyl ester,
¢ 3-(5-nitro-benzoimidazol-2-ylsulfanyl)-2-oxo-propionic acid ethyl ester,
e 3-(5-methoxy-benzoimidazol-2-ylsulfanyl)-2-oxo-propionic acid ethyl ester, and
e 3-(4,5-dihydro-thiazol-2-ylsulfanyl)-2-oxo-propionic acid ethyl ester,
provided a reduction in total infarct volume of at least about 20% up to about 80% at doses in

the range of less than about 1 pg/kg to less than about 10 mg/kg.

Example 41
Model of Myocardial Infarction: Left Coronary Ligation (Rat)

[0283] Male Sprague-Dawley weighing 250-320 g are allowed free access to water
and commercial rodent diet under standard laboratory conditions. Room temperature is

maintained at 20-23 °C and room illumination is on a 12/12-hour light/dark cycle. Animals are

S7137P2 WO -108-



2-am no-4-[ 2- (2- benzyl oxyi m no- 2- but oxycar bonyl - et hyl sul fanyl ) - 1- (car boxyne
t hyl - carbanoyl ) - et hyl carbanoyl ]-butyric acid or the HCl salt thereof,

2- am no- awph2pesiboxymet hyl - car banoyl ) - 2- ( 2- et hoxycar bonylPcZAlsy"140XYi M no-
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Cor onary remogdaa |stamdemdte)ad[lbﬁ@§] TigIserasa sidgiis W@W%@'@"PPP@V%GDQQGK'@ are
al I oned £y g?\’f‘a%% dver W@t fBca g@'?)%rctﬂgﬁefs@'lﬁbrcbgfi?%ac@' %e%@ Zyﬁéﬁﬂgéléﬁ

| abor at ory con itions. Roomt erature is maintal ned at and room

i || uni naeredissesteshwith gare 1@am®the| latgrR! thpsagic vsie) te expegenthe éntafﬁesta's!?@ﬁﬁz WO

-108 WO §2¢ Qﬁ@@tjeﬁwﬁﬁyeh@@@cl thidiRh th@ﬂmS‘“ niﬁfe'r@cﬁ%ﬁbl EPadeh @nd BRROREEION ¥xpanded to
envi r onnent prior to the study and re fastetﬂﬁa?%r? gg@t kprlor

to surge@ow F@Q@KP“%?fdh%HParPr B%B‘iﬁ‘:@r‘?“ﬂf‘ ISERRNE é?ﬁm%
anaeft hetsgﬁjﬂ?wgﬂ%bh%ﬂéfr%’ébé@% pe{sl‘eaaﬂouﬁdfmd |Eﬂ)corc55@hﬁarw¢heéletmrgat, whizhilies
mai nt ai ned a anket cal, area.is aved,
ond ' verl saltacrginie e ataR T pidase G0k ebof oM T LERnE BRG oS of iR,
ar ea. Adwt %Iﬂtcﬁrar éE;E&@)age.SAmumeﬂ tubing |I9€plajceg olarthé sutuseltd foirs Bnax:cloderofThe
onpound an ma| nt enan e esi a. C
14 16- gatgeRBA" G qcﬁﬁ‘s%@&ﬁ?hémnﬁtﬁ r%ts nq €, Hé‘ ﬂ%/ad@s {hg%giaﬁé'qmn pl ace as
an endot restétaade it fdieandTiddiag it implaceswith aveskuilar danght The BCEr iaimandengdtfen®y and
initiall ythg%%%rqdlg v o'f_l%[:Nee%% A(?t%} 56 mlﬂtewtﬁ@o&lﬁdeﬁﬁg re%k/HquQ):n;’théguture
in place. The ECG is monitored for the first 10 minutes of reperfusion. The rat is transferred
to the pressure control ventilator for the remainder of the protocol. The rats are ventilated by a
small animal ventilator with a peak inspiratory pressure of 10-15 cm H,O and respiratory rate
60-110 breaths/min. The heart is allowed to reperfuse for 90 minutes.

[0285] Surgical procedure for 24 hour study: Rats are anaesthetized with
Ketamine/Xylazine IP (95 and 5 mg/kg) and intubated with a 14-16-gauge modified
intravenous catheter. Anesthesia level is checked every 15 minutes by toe pinch. Core body
temperature is maintained at 37°C by using a heating blanket. The surgical area is shaved
and scrubbed. A ventral midline incision is made to expose the jugular vein. A catheter
(PE50) is placed in the jugular for administration of compound and maintenance anesthesia.
The animal is placed in right lateral recumbency and initially placed on a ventilator with a tidal
volume of 5-10 ml/kg H,O or a pressure controlled ventilator with a peak inspiratory pressure
of 8-15 cm H,O and respiratory rate 60-110 breaths/min. 100% O is delivered to the animals
by the ventilator. ECG electrodes are placed to record a standard Lead Il ECG. The surgical
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ECG el ectreaimentPretqzbBced to record a standard Lead Il ECG The surgical
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to avoid (o) t t . The
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opened 1 Qogaose REAGAT L. Adias Sid &séafo%lg b‘g"gta Oade. | Bdfin BREAEQUAney BAS S L

around t artery near It |I'es in contact with
the left tmtt’g&rﬁ vary withethe study. A standard rat gavage tube (Popper & Sons Inc, NY) is attached

to a 3-cc hypodermic syringe. The animal is held by the shoulder in a vertical position. The
feeding tube is placed into the mouth then advanced until it reaches the stomach (the
approximate insertion length of the tube is measured prior to the feeding). The content of the
syringe is slowly delivered, and then the tube is withdrawn.

[0288] [V Treatment A ventral incision is made to expose the jugular area. A
catheter (PE50) is placed in the jugular vein for administration of compound. Animals are
dosed by bolus injection and/or continuous infusion. The time and duration of treatment varies

with the protocol.

S7137P2 WO -110-



pul ronary cone, at about 1 mmfromthe insertion of the left auricular
appendage. A piece of tubing is placed over the suture to forman

occl uder .wohe/oesionary artery is occluded for 30 m nut esPoy/usb/diosy t he
tube towards the heart until resistance is felt and holding it in place

wth a v@gg@pafcegg.@p. The ECGis nonitored for ST changes i ndi cative of

i schem a. fer 30 _mnutes, the occlu i eavi u e in
oo SIdeEbe | o AL Baruian Seeha A oeivan 200 R Nepalh REyridtE odtrd -
i nci si onah&stdsisatt ihe Helrteerdnayied and ]Shﬁedi Vn coid kstiner After rereoval/the ooron'atynnel ed

o1 0od wi SHE ARG L AT S ARy Poe TR P i oRLED sharmhBlh ' O o

to venti ba;ba&atms ant! sEvammB|ue'Byed isahﬁmsed delmetitelthe edeaeatdnsked’bedae@di isdthemclitdati ng

pad. Onc [ ur t.heir receive
Bupr enor ﬁyﬁ T&hfﬁ 8% r?ﬁ %f%&)ﬁb?@o t%%st Tﬁgg’ﬁéaet%?a\;%mgna esia. After

t he desi grp@taayjtetrewtufrushlmdet(TﬁF@) n29%maling for B8 minitaart3Ake T&H@S@'W@t iegeld and
t he hear I et
an ol o it NP Bt Bten P R h RS en=] g balg Bl hctco s alicld

| engt h ofed cadertandrthabia easily d\mtm@wshﬁ@ faarathe miao@@@pdeeméa'rtﬁﬁmpmqﬂé%@d on
the average ¢ &Qnsy Eﬁgé(ﬁ’a?éﬁ su&édﬂﬂﬁlnotf\e I@Sfja Qﬁl‘éll QétY. disH foRtha(aifify pAdcedtrat

wei ghts are nonito consuned Iis weighed to
est i mat e Toehstiemptof tie dish @@Iaqed@serr] th@élmséo Aﬁ?ﬁrﬁ‘leﬁ‘ fBate THB SHCESGTRI | y by

gavage. bﬁ&ebﬁépﬁaﬂi rf 6@&W%iﬁxép@{ to Barseamwm\b b&8E YidwiUph méearéésl@tynfa&téd andar d
r at gavage t Ube

Son tached to a poderm c
syri nge. ls$e, a‘?ﬁar?él”sﬁén‘{’]med”we leﬁé’eﬁﬁ |:-H%,de‘eﬁrngegéjlspg@aqor%§§r{zleéH'na%e
feedi ng bHAPsis SysbmC: Qﬂeltétbﬁbrbbﬁ)r@bﬁ Fedidlﬁe a@dé’@wgedweutﬁ give attotaEfacineentifee
stomach (the ln?ﬁ_@rqm mate ins on | en

red r
the feediRgY. L IghE &Expregreq hd a§?rqeﬁ%“é‘t?9§ %fﬂ%wf@angﬁ‘?' Igragawedﬁr&a é%k t he
tube is \gftétfgdds@mmyLZ%] |V Treat rrent A ventral incision | S made to expose

2 ni SR8 “of  Confibuma. eRisran el g ansanctoot). one Ve and o

conti nUOltt%ainﬁ‘Efrtﬂgi'dmps a'll'élma‘de memgmmumm wttln prx @b5 t:omndlefredlslgnmcarﬁs Posi fide t he
protocol . S7137P2 10 VWO .02/ 7.1l ssue Processing
[ 0289] P@Pa?SeOﬂéﬂ‘ﬁYs‘? Wad%ggﬁg Sﬁheﬁy%ng{% e\l/g'ggzié%%%ntfa ts of heparin IV

under gener al anesthesia and the heart is renoved and placed in cold

sal i ne. |{Srem)val the coronary artery is ligated with the suture that
is al reaﬁf;rn' place. The heart is placed on a perfusion apparatus and
Evans Bl (i@29iyed i s Wdrutestdd@sldeneritted abhee, oswounds ¢fdke presentieegntion.s t hen
cut into

including:

e 2-amino-4-[1-(carboxymethyl-carbamoyl)-2-(2-ethoxycarbonyl-2-oxo-ethylsulfanyl)-
ethylcarbamoyl]butyric acid,

e 2-amino-4-[2-(2-butoxycarbonyl-2-methoxyimino-ethylsulfanyl)-1-(carboxymethyl-
carbamoyl)-ethylcarbamoyl]-butyric acid or the HCI salt thereof,

e 2-amino-4-[2-(2-benzyloxyimino-2-butoxycarbonyl-ethylsulfanyl)-1-(carboxymethy!-
carbamoyl)-ethylcarbamoyl]-butyric acid or the HCI salt thereof,

e 2-amino-4-[1-(carboxymethyl-carbamoyl)-2-(2-ethoxycarbonyl-2-hydroxyimino-
ethylsulfanyl)-ethylcarbamoyl]-butyric acid,

e 2-Amino-4-[1-(carboxymethyl-carbamoyl)-2-(2,3-dioxo-3-piperidin-1-yl-propylsulfanyl)-
ethylcarbamoyl]-butyric acid, and '

¢ 3-(5-chloro-benzothiazol-2-ylsulfanyl)-2-oxo-propionic acid ethyl ester,

show activity in the range of about 15% to about 55% infarct size reduction.

S7137P2 WO A11-



five 2-mmthick transverse slices fromapex to base. The slices are

i ncubated in 1 % triphenyltetrazoliumchloride (TTC in 0.9% saline for 20
m nut es awoOIZ@o3Tetrazoliumreacts wi th NADH i n the preseatasoi/ 14057

dehydr ogenase enzymes causing viable tissue to stain a deep red color and
that is easily distinguished fromthe infarcted pal e-unstai ned necrotic
tissue. The slices are placed apex side down in the lid of a snmall petri

di sh for the staining procedure. ThEX¥BRIBA of the dish is pl aced over the
slices to keep them fl at. TigamhiicitofBefsorphiboBegtaioed i n order from apex
to base, with the base side up. The areas of infarcted tissue, area at
risk and the whole left ventricle are determ ned using a conputerized inmage
anal ysi SAS)F%?@QM Hinglirhd Gaip ar%th‘wst&alehtsregi on is added together to give a
t ot al entire heart

t
of the t I vent r ARSI exEbar Epranfaiesa B RERSER ortRhtaiy SnBE G001
G oup dabécliisiort ffthe siddle derabraederg (MCA) Sﬁn/shabompanratezbms drettestedh forigripat ment

d h
01 oUPS, 34EelES daha SR e st ARGA BB oG, uffs' hoc
Resul ts C[oﬁwbgb}'lzyménptseshgth Metedios Batshi@uabblond MOdahﬁ@hwdediﬁStNﬁ@fﬁﬁ esent
t
IZ?;%nnl)o OHAtpcar E‘?)xymat hyl - car banoyl ) - 2- ( 2- et hoxycar bonyl - 2- oxo- et hyl sul fa
nyl)- et [QEIQGhr banpyhintals gei roowediinto the testing room for 30 minutes before testing. Prior to
2-am no- e (e%c{?ﬁgﬁggg;g%ﬁd AATPLAG KhdlyPAehiBABhE apYArbiud 1 sudhexigret h

yl - car bam) utyric aci salt thereof
2- am no- Jhe[Qze(CZ anémaly aeseyding deémlfé@téﬁ@‘y%msﬁéﬁjﬂnsefrwF@Gl“’f‘ﬁﬁiﬂaf“rfn(e@%ﬁ?ﬁxyne
thyl - cay Q @B?ﬁh? w@%ﬁ%lrﬁéépﬁW{&sﬁHtp)éék fode 'tcherézet e ré’Qm?é& thetstiBjeeoi,

2- am no- car boxymet hyl -carb 2- (2- et hox carbo ny{drox I m no-
et hyl sul pg gwayt frm Q[W{ ]T Elh‘t"@ e mgasyrements are carrie outwnt he me er in

2- Ami no- ‘t‘he[éonéﬁréésl%?% SER hyde ardeasmd aeaamg As helsuiert’s hidpebs diepuliies lover opy |
sul fanyl) - thylcarbarml]-but rica

3- (5- chl diehasdewaarhessiers Earl aP'mHg?C’)a”é h&&‘g’yp%mv&ﬁ figaty s puled, pastdiag gie
ShSW ?Ct ip¥tst Més7”]1_ gtggﬁmét@ﬁﬁi@“ﬁ @%805%%6 C?_b@ghd}i%gn;&bao gtasﬁlt!zegnp bars.
reducti on, -

Eval uat i 692948t Send65iNedE G?r”vgﬁélé?’bf’os %Pef?-ta'lee‘JJ 49 rﬁaf’?tﬁgxﬁan%ﬂn%t rength

Test in Raidomized fashion, twice weekly for a defined interval. Typically, three successive readings
are taken for each animal with an intertrial interval long enough to record the data and zero

both meters for the next trail.

B. Rota-Rod Test in Rats

[0295] Apparatus: Rota-Rod Treadmill for Rats (7750 Accelerating Model, from UGO
BASILE, COMERIO-ITALY).
[0296] Procedure: Animals with cerebral infarction induced by transient or permanent

unilateral occlusion of the middle cerebral artery (MCA) and sham-operated rats are tested in
this study, using a Rota-Rod Treadmill for Rats (7750 Accelerating Model, UGO Basile,
Comerio, ltaly). The animals are moved into the testing room 30 minutes before testing.
Every rat receives 2-3 training runs of 1-2 minutes at intervals of 2-3 hours before testing.
[0297] The cylinder on the apparatus is set in motion before placing the rats in
position. The motor is set at a constant selected speed in 7700 on RESET mode, and the rats

are placed, one by one, in their sections.
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[0292] Animals with cerebral infarction induced by transient or pernmanent
unilateral occlusion of the mddle cerebral artery (MCA) and sham operat ed
rats are woreehsfior grip strength, a standard nodel of necTarsuzcwbar
function and sensorinotor integration, using a Conputerized Gip Strength

Met er forroResp (DuatesthgidcMastebut oﬁcﬂo@fmgr%rﬁg%ﬁ%# E@ﬁgg§peate@kﬁ@§g‘@or o
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readi ng e subj C°§“FmUH P Epé‘“rsé biayerign soey activiy when tesiodbyithise

net er. Eavéthadi nal is hand-held by the investigator as pulled past the grip
bars, using a consistent technique, |leaving the fore and hind linbs free to
grasp the grip bars. [0294] Testing is carried out on postoperative day 2
and repeated, in a blind- random zed f aEkaraple 48M ce weekly for a defined

interval. Typically, three SUCC%&dngf 5@%'5{'] %??J{Fﬁ'bs‘ aken for each ani mal

with an intertrial interval |ong enoug Yata and zero both
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t t ted
oo by ool B FRRASS B JreRRo A B T QAo G bR 28 R $0s
(0298] Tédbpaigd with @glir 16sgruge medifieshistrayeapus rathetenyAnesirsia lepelas ehtcketbp
bli nd- r asslpiRtr e@oﬁe&ﬁiﬂy@é}npérﬁlu?@ls%mabﬁeﬁ Qf 3?“’61@)? M?r?éja 'h@%ltﬁ{g’t'?lénnkt TYH4|—,83| Ly,

t hree su%cesm| vre rea“ 8 are taken for each ari nmal ertri

i nt erval SR 8198U3R1APED 2BE SFybberh e animabis placed indght 'af@taéwumbﬁnwdnext

trail. initially placed on a ventilator with a peak inspiratory pressure of 10-15 cm H,O and respiratory
rate 60-110 breaths/min. 100% O is delivered to the animals by the ventilator. ECG
electrodes are placed to record a standard Lead 1l ECG. The surgical site is scrubbed with
surgical scrub and alcohol. An incision is made over rib cage over the 4"-5" intercostal
space. The underlying muscles are dissected with care to avoid the lateral thoracic vein, to
expose the intercostal muscles. The chest cavity is entered through 4"-5" intercostal space,
and the incision expanded to allow visualization of the heart. The pericardium is opened to
expose the heart. A 6-0 silk suture with a taper needle is passed around the left coronary
artery near its origin, which lies in contact with the left margin of the pulmonary cone, at about
1 mm from the insertion of the left auricular appendage. The coronary artery is occluded by
tying the suture around the artery. The ECG is monitored for S-T changes indicative of
ischemia. If the animal develops ventricular fibrillation, gentle cardiac massage is used to
convert the animal to a normal rhythm. The incision is closed in three layers. The rat is
ventilated until are able to ventilate on their own. The rats are extubated and recovered on a
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[ 0299] The conpounds of the present invention show activity when tested by
this nmethod. Exanple 43 Mddel of Congestive Heart Failure Experinental
pr epar at iwo O3B 225-275 g nal e Sprague- Dawl ey CD ( Char IP€3/URDY €057 r at s
are used for this experinent. Aninals are allowed free access to water and

comrer ci ahedting @at. Ankhals Reder L
1 enper at UI’ee i g@’ma(ént ala atvegﬁb?gg hﬁ'ne % cﬁ’lé@ﬁ% @g’lgng.{f?rgﬂﬁ} %d%g%ﬁve

12/ 12- hou?"d9%5#7t/ 9arae rg‘emfﬁ f?éwfﬁe%mh%@agemﬁnmjs k¢ mAvitarethdaibvtior y
envi r onnesignSoftinfedtisteyrifidser Infectéder mbhishhd ahitRald Bl @ltharfz&y. f/?rﬁrtnﬁg are

over ni ght to surgery. [0301] Aninmals are anaesthetized w't

ket am ne/‘%@ﬂﬁ%‘fﬂ ce(%yge /kg and 5 ng/kg) and intubated with a 14 16- gauge
nodi fied intravenous catheter. Anesthesia |evel is checked by toe pinch.
Core bod s maintained at 37C by using a heating blanket. The
sur gi cal yz%é{oﬁpﬁ%ﬁ{?&gd and scrubbed. The aﬁ. mal is placed in right

| at eral ri@802ibency Ianad Amimalsaré Yedod aﬂmﬁn@mt@nmetatdrlaﬂéﬂéormérhh@ati@;ﬂah‘he

te 6
br ot o/ neHopE RS BrPhi g8 Bif e SR s BB e Agrege e
el ect r odeepnaumpiitreefdeed pendayoRat weghsaianwitoad duringEG@ stithe Fasdgigtal site
i s scrubbgg anhsvgéiglgéoctﬁlesﬁﬁétébﬁoﬂggn@m%oﬁg%% An incision is nade over rib
t

cage over t e 4 | nt'ercos underlying nuscles are
di ssect ed03P3lh car Gavagavoi d Arfmallsan'@dmedtdwlyam gavege.nlergih a&dﬂeq@ertcb@f

'nterCOStt?éatrﬂblﬁanﬁarymﬁ tﬁé‘?l%y %éltbﬁé'arb?at?(%&/%é%e éRF%{S’ VI&S%J%H Q%lt NS of ¢ he

i nt er cost al space, he 1 nCi sl on expa
heart. THt aﬁ@q o %hce ﬁvm%ieap@ﬁeﬂngeb Tr@@wel is heldtydhe shoulder(n sivekicsiut ur e

with a tapgrioReTrs @eédﬁgﬂ@ﬁé%‘blé’de@%\g tﬁ@ﬁ\opﬁftﬁeﬁ%\%ﬂ@%& %mtﬁrlttrgééﬁeg?l”fg ' ts

origin, which ljes in contact wt nonary cone,
at about SAMARH @Weo?ﬁ&f%ﬂ?%@?etﬂ'%'eagthtoﬁ@a tebe 'Sdn‘ﬁa&’slm(hpﬂqmpéwdag@ng)Tﬂibe

coronary chte®t ¥f the sym‘deu.d@Bwtg/Ydent/é'rbaQar{dhﬁeﬁ%l{nS‘e %rvﬂme%v&rhe artery. The ECG
I S noni tctbg(ﬂﬁfor ST harwes i ndi cat Ive of ischem a t he ani nal

devel ops Iri cul a@—”&l—ﬂw—fﬂl—ée t i on,CaRAAUNE carplsp be dinsslyaddn the diisking water.
convert tWeteabbrisainption & fﬂ@rﬁnf@éd rlh%&ﬁése-rd?% Blt'ﬂé}'téétﬁﬁ cb%p%hﬁé Qfgvbﬁr;hegtébre‘ﬂ?s

| ayers. Theratq({?géi) enti| at unti | le to ventilate on I I~ own.

The rats 5P walgr o vé‘?’?éﬂeaﬂg é{eatsﬁﬂm Vtheicese wbngoluble0314

PCT/ USOZ/cimﬁbﬁﬂndshednblwn@a@ntMambénsé@G% 0@15%%@%5!%}@@15(/94&%& 05 ny/ kg
SQ for Bﬁfsoperatlv? anal%%st g <—i: g are returnedtothelr
cage. 1 are § 9“'1”8?‘ ca% g P "E.‘ﬁ""*“ij HF'BE @PeRticdpchiigues drdg the

| nf ect ed peritoneuinton subatamlsly aekine tid shnukietbladed. MBUMPSaR impRineladkipce a

week. Isoflurane anesthesia. Serial implantation can be used for extended studies.

Measurements

[0306] In vivo After 6-12 weeks the animals are anesthetized with
Ketamine/Xylazine (95 mg/kg and 5 mg/kg), and a catheter is placed in the right carotid artery
and advanced into the left ventricle for hemodynamic -measurements. The catheter is
attached to a pressure transducer calibrated against a mercury manometer immediately prior
to use. Recordings are made by a DATAQ data analysis system. Pressure traces are
recorded and analyzed for heart rate, left ventricular systolic and diastolic pressure, left
ventricular developed pressure, and dP/dt max and min. An average of at least five peaks is
used to determine values for left ventricular systolic and end diastolic pressure. Left
ventricular developed pressure is determined by subtracting end diastolic pressure from left
ventricular systolic pressure. Heart rate is determined from the frequency spectrumof a 5
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Treatment Protocols [0302] Diet Animals are fed a customdiet prior to or
after coronary ligation. The length of treatnment will vary with the study.
Doses ar ewoakmomizat ed based on the average consunption of pcedasopesstay. Rat
wei ghts are nonitored during the study. Feed not consuned is weighed to
esti mat esémwéﬁtdl@mm@trﬁéasufém&l afeadiRern 2Vl BIGddSis agraowbaisard macd| iy sérym
gavage. Le }h agg%ef rfequen treatment will vary with the study. A
standardaF‘ 365\? stﬂf)gos(s%%ﬁ%qjys&? Sons Inc, NY) is attached to a 3-cc
hypoder m[@307yri nge Exhe ani rmrtet @n’iw!aldtHEWeTahes plaoed iherold saliae V@ stop dizd
position. The f{eedin tub aced intg . the til it
reaches {Dﬁgt'"gsi Hgﬁrﬂ %‘2 ﬁfg Q"i’%@éﬁ Prgggﬁé%g%h%glf@%@%%ggg@s
measur ed pprdentagt of tctad bbdyadrergg) Affdreemovaioétie hefartt liegs gand livgs aresweigbed gnd
delivered . and th ¢l 0304] Drinking Water Conpound
can al 50%8898}’%*'85”8 Q&ewﬁ%mn of ett%(g&/avl\?ﬂ Wat er consunption is

moni t or e@0308h t he JThsdeatt issslibed aad sltoaﬁ3iis|'gmobatp6mh% triphenyitétragolige shisrideray
be added é'H; iR, W%SI neq’B E(gﬁ{%uYgshét(éﬁ a'?gtréio(ﬁartr‘le?gaaé g’dHNAdI-rI" o ‘he gF&%ﬁc@Bf

i nsol ubl npoun Izin eﬂt? use

cr ermphOIdebydDQ@baae eommgs caupingO&bletissue tCF’@tmﬂsa %@é’@dﬁeh’p@aéﬁrﬁ%éy i npl ant ed
using as %%lttl erﬂﬂ%sinfapété’d FQ@ un%fdeﬁ%@ﬂéﬁb %s@uh‘h‘été’ﬁf?@%%édéd%@k BRjet he

shoul der S are using Isoflurane anesthesia. Serial
i mpl ant atdiewn "(tﬁ\ﬁ? Ilﬁ@famllfp@fr i @ﬁ'ﬂ @ﬁ@ﬁstg'ﬁlﬁ‘ﬂl%gced%%sm%%md hedEb)s I n vivo

After 6- %?ac\é@%bértweu.&r\bmeb&n%@ BRESEO &l protshriprdd. TiRiREad 6 irfatced fuéd5
ng/ kg and rag rg a catheter is placed in the right carotid a{?ée{'ry
and advaﬂﬁfb@ﬂ ¢] V?WEC'P@deQ}BW'P?QP%"Q BPOWBHGH acgﬁ@g@l}’ls@r?é‘ﬁt@g‘ IfaEC

cat het er sjzg is 8k réﬁé@%sté)pe'#cé?ft@@eséﬂtﬁe tdtél%dﬂﬁ@l@f TQ)@éI bk&a&tcﬁ%@galanatngm mer cury
manonet er i nmedi at el g%rg %)_P? to use. Recor

Q data
anal ysi s V§9’§'F'§rﬂ"e piea é‘?f@%'”'&géethoé‘é@F%lag'dﬁadﬁ%Hﬁhw@d6$ﬁ?ntﬂg§FF8r ate,
| ef t ventiozemtct TBRARS ald glutatiibridl k. i ¢ pressure, left ventricul ar
devel oped pressure, and dP/dt max and mn. An average of at |east five
peaks is wused to determ ne values for left ventricular systolic and end
di ast ol i StatistisslWnalysiseft ventricul ar devel oped pressure is determ ned by
subtracti nd di astolic essur.e fraom Ntr
oresour o DRI | atofR baR AL pb BRen - safy SR HiBins ek} Feptipent
S7137P2 \§dbupklate WA 2sDGONAV RETH S8 2 mzldewmmtrpﬂ’eﬁt hae tcemparisons

measur enment. s S
h
pl asma tdﬁgse't %rﬁ)ung%glgt% Sgogkg'lp%ltgs{ Béﬁ%yﬁg\/ Vi Vofb&ﬁgr%fjed X rﬁéﬁa t he heart
i s pl acedPrism. diﬂr@asfaxl\/taélet(bmsl Brisrn hbows the fraction still alive. It also shows standard
error. Prism calculates survival fractions using the product limit or Kaplan-Meier method.

[0310] The compounds of the present invention, administered in the drinking water in
concentrations ranging from 10 mg/L to 1000 mg/L with treatment initiated 1 week following
ligation, show activity when tested by this method.
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beating, then trimed and wei ghed. Heart weight is presented as total

wei ght and as a percentage of total body weight. After renoval of the
heart, | uwov2apas14iver are wei ghed and dried overni ght f@ecTdsvensvsnati on
of wet to dry ratios. [0308] The heart is sliced and slice #3 is incubated
in 1%triphenyltetrazoliumchloride (TTC) in 0.9%saline for 20 mnutes at

37C. Tet razol iumreacts with NADH jn the pre e of. h nase enzynes
causing 34K e ¢t s@&@ef'@ sy inyept ‘?sel?f% eSFrcqerqd’{"”'\ rg?eéé O@? &Specific
di sti ngua’emb@@lnfeh&rthér’eef ntrshamatb@dmﬁeds&:ourwtmgmmeem thiei art thatearieus Thangeki ce

I d d the, i .
Lo BE i e SRk E bl B B BB Pt ol g 0
flat. Th@cdpbldfme invertioh 0 ¢t adulitiesh, mEhg madéieatiats may be clade to adapte, partlcmlfatr and

right ventri.cle det er m.ned Wl stem
nfarct - beEn oRefal GBREEE b MRl o STHp A SRP TG, R SpleRe
ar eas of spititearidefcopantitheipgérent meenttonclﬁdi sacte modiisatiang arq ndendeddd he M@h@ébe i ons

ol ut at i ek A arPReclcre AN LR Bey0 BRERR 180 23R oy o

means +/ mc@EMat@bhpwfe:rsoms bet ween treatnment groups are made usi ng ANOVA
wth p < 0.05 considered significant. Post hoc conparisons use either
Dunnett's test or Tukey's test . Survival curves are generated using G aph
Pad Prism For each X value (tinme) Prismshows the fraction still alive.

It al so shows standard error. Prismcal culates survival fractions using
the product limt or Kaplan-Mier nmethod. [0310] The conpounds of the
present invention, adm nistered in the drinking water in concentrations
ranging from10 ng/L to 1000 ng/L with treatnment initiated 1 week foll ow ng
| igation, show activity when tested by this nethod. S7137P2 WO -115 WO

02/ 090314 PCT/ US02/ 14057 [0311] While the present invention has been
described with reference to the specific enbodinments thereof, it should be
understood by those skilled in the art that various changes may be nade
and equi val ents may be substituted w thout departing fromthe true spirit
and scope of the invention. In addition, many nodifications nay be made to
adapt a particular situation, material, conposition of nmatter, process,
process step or steps, to the objective, spirit and scope of the present
invention. Al such nodifications are intended to be within the scope of
the cl ai ns appended hereto. Al patents and publications cited above are
hereby incorporated by reference. S7137P2 WO -116 WO 02/ 090314

PCT/ US02/ 14057
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WE CLAIM 1. A nethod of treating a manmal having a condition characterized
by oxidative stress, conprising admnistering a therapeutically effective
amount ofwe eompound of Fornula I: 0 A X Z W Formula | PCBES0mi4057 A i S:
optionally substituted al kyl, optionally substituted cycloal kyl, optionally
substitugﬁgcghuﬁq optionally substituted aral kyl, optionally substituted
het er oar onal |y substituted heteroaral kyI optionally substituted
heterocyclyl, optionally substituted heterocycloalkyl an optionally
substi tuyed ”!él%élﬁédl Qﬁreeﬁ‘nﬂg a%éhﬁ%ﬁﬁéﬂng%’@&ﬁduﬂdﬁhﬂhdraﬁi@rﬁ@d ®9 'Odldam stress,
optional Iy substituted di-, tri- or tetra-pep t|d - ({5& E>R‘ or
- CH=C( Q_B:or@r@n@q:mmls;@ring -a thN@Retytlcally gffectlvge@?unt o g(r@p'ipou
coval ent bond to the sulfur atomof Cys or tm the nitrogen atom of
optionally substituted heterocyclyl; Y i ionally substituted aryl,
optional Iy substituted heteroaryad |y substituted nucl eoside,
an optionally substituted am no \rgl, ? optronally substituted di-,
tri- or tetra-peptide; Wis: =0 =NOR a, |[FN-NR bRc, or -N(OH)-Rd; Z is:
-OR, -SR, or -NR bRc; R is: independently sel ected from hydrogen,
optionally substituted al kyl, optlonall Pbstituted cycl oal kyl or
optionally substituted aryl; R is: hy , optionally substituted al kyl,
opti onal lergiisti tuted cycloal kyl, optionally substituted aryl, optionally

bstituted | kyl t i
SUbot Tt uted Lo 2Bl SRl ALt BRSO3 ety
optional Iy substit gisdithied aryhoptoraty lswstntumd amlkyhpdhmgd;yu subgtitutexhbetesparyl,
bstituted al kyl |1 t i tuted
ararkyl - or al kony PSPty StostiBetioroHlaity Battna DRt ARRe Ve RICREM. 1 ©
optional ly substi tupmhanyai;msmutemmetenmayctlgeIkw,mmntrpuallycsuést}tutedcmlple@ﬁd@ |ap
L ed ar 2l kY oo RinefiphoAThdd GBSl uh Blicref s@ldiiheq ol

i ndependent|y sel eC ogen or stitut eﬁ aIkyI and
Rd is: hydrogen, atstta-paptidet %&(W%Qb@t tart ez (Q)H) C(en-O-R

Xis: -N(R)-, -S-, -S(0)-, -S(O).-, -S-Y-S-, or a covalent bond to the sulfur atom of
Cys or to the nitrogen atom of optionally substituted heterocyclyl;

Yis: optionally substituted aryl, optionally substituted heteroaryl, an optionally
substituted nucleoside, an optionally substituted amino acid, or an optionally
substituted di-, tri- or tetra-peptide;

Wis: =0, =N-OR? =N-NR°R°, or -N(OH)-R"

Zis: -OR,-SR, or -NR°R’;

R'is: independently selected from hydrogen, optionally substituted alkyl, optionally
substituted cycloalkyl or optionally substituted aryl;

Ris: hydrogen, optionally substituted alkyl, optionally substituted cycloalkyl,
optionally substituted aryl, optionally substituted aralkyl, optionally substituted
heteroaryl, optionally substituted heteroaralkyl, optionally substituted
heterocyclyl or optionally substituted heterocycloalkyl;

R%is: hydrogen, optionally substituted alkyl, optionally substituted aryl, optionally
substituted aralkyl, or alkenyl;

R%is: independently selected from hydrogen, optionally substituted.alkyl, optionally
substituted aryl, optionally substituted aralkyl or optionally substituted cycloalkyl;

R°is: independently selected from hydrogen or optionally substituted alkyl; and

RYis: hydrogen, acyl or optionally substituted alkyl; or
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S7137P2 WO -117 WO 02/ 090314 PCT/ US02/ 14057 Rb and Rc together with the
nitrogen to which they are attached nmay forma 5- to 7 nenbered ring,
opt i onal Iwoieempor ati ng one or two additional ring heter@atrass2/1408Dsen
fromN, S, or 0, and said ring being optionally substituted with one or

nore substit uRhhsq RAERREREAth e ﬁﬁb?‘&ﬂ%@vﬁlémﬂﬁb { B gteHpd eRiySorei & Bgtool- =
=S, acyl, optionally substituted ken

t
(opti onal I y subst memb@(jeda”r!&a?%'mlbtﬁﬁ rﬁ)oragﬁ 0'(‘§F9fa L‘%‘%ﬁﬁj{}?ﬂ%t%ﬁ 'i“%{ﬁ'iog
am tnO) car ?Otnyl : i Bﬁdslédlflfdﬁl Ni sgdxeotawtsame:rﬁg bammgmnan;ﬁsmnmmmmm @mredor
m xtures of tautoners anc
accept abl e salts t AGFesf sh&ea EOI quergét‘:?%&rqrg %036%%%%%%? é is
OH, ﬁ\ [ sznolt 62am_|_ﬁo,f| %Fﬂ'ﬁdalfy}sl?lbgm%ﬁ afkenpinaptionakysrdistitutedeatiyhH{eptidnpHy
pyridin-2-yl. 0
Substituted al kyl , SER e 'FW%%%@?’H &Pg\ém&Py%'ﬂ’ slifliod 'hg’r% T
ﬁr ?I kyl , nmmﬂirgrmrhdlg/tasxtmmmlmmg}elstee&cmmryland omtur@awlftqut@‘uerstahﬂ@r ed
eterocyg . I
neter ocy ts!g}éédésrﬁn‘r?]egé agﬂ@ké §h§%%%bﬁ¢é§l?9c«{él‘a¥a%ﬁe°%éft% tl‘?&lagﬁ’ bﬁ)vﬁ:@d Wt 'v%?é k¥s
t et r a- pepd-, Weis 30,iand Z @ ,-A is-rit 6 amln<a3c50dﬁ©Ma@ﬁt4 @@h@ﬂ&”ﬁ Sﬂh@'tlﬁﬁfﬂ PD‘P”YQt om of
Cys or tngrygrogen atom of optionally substituted heterocyclyl; Wis:

=0 or = OR, or -NR bR, R is: hydrogen, optionally substit ut ed
al kyl, substituted cycloal kyl, or optionally substituted aralkyl; Ra is:

hydr ogen opt Q%étb{oo‘s&l@éﬂrﬁ pt\p,qer@hkyl opti onal Iy substituted aryl, or
opti onal stituted ara optionall Sk {[ gt ed
e

al kyl , optl onéqlﬁy sotienally ﬁ@@@{éﬂ/?'kyloﬁﬁtpﬁﬁlbﬂ% St'tgl?Ss%rY' ?Rt@ag'a'r%ﬂ RUtp

opt i onal | y substityt | b@aﬁlk/léﬁbstltlﬁéd héterdeﬂr@Qi%ﬁaW subBtituadaleterocyclyl,
substituted al kyl; an i ch.they

et h
are attached may f@PVR”@"%SUQﬁm%ed W%‘B@Yﬁ%‘a"ﬂi'r‘?@ Fg'ﬁf’%hr%‘l%gvuﬁeﬂéﬂ'ﬂ%?%{gﬁ{g N
or 0 as an additi onaloptibrdly shiestutedtio ti- mdtr@@eplnde ng being optionally

Substi Lo WL OIS et SRS D 45 SRR Bl
PCT/ US02/ 14057 of optionally substituted heterocyclyl;
Wis: =0 or =N-OR?%
Zis: -OR, or -NR°R%;
Ris: hydrogen, optionally substituted alkyl, substituted cycloalkyl, or optionally
substituted aralkyi;
R%is: hydrogen, optionally substituted alkyl, optionally substituted aryl, or optionally
substituted aralkyl;
R%is: hydrogen, optionally substituted alkyl, optionally substituted aryl, optionally
substituted aralky! or optionally substituted cycloalkyl;
R®is: hydrogen or optionally substituted alkyl; and
R® and R°® together with the nitrogen to which they are attached may form a 5- or 6-
membered ring, optionally incorporating N or O as an additional ring
heteroatom, and said ring being optionally substituted with one substituent

selected from the group consisting of acyl and optionally substituted alky!.

S7137P2 WO -118-



3. The method of Caim2, wherein: Ais: an optionally substituted am no
acid selected fromAl a, Asp, Cys, Gu and Ay, or an optionally

substi t utwo odiososes tri-peptide the am no aci ds of whi ch areT/tset/ewsed from
Ala, Asp, Cs, Qu and GQy; 4. The nethod of Claim3, wherein: Ais: the

tri-pepthde GrHs fetdd of ClaRt ¥Hefsin2 coval ent bond to the sul fur atom of
Cys. 5. The method of daim4, wherein: Ris %n or C%IS ?Jlkyl
Ra is: hydrog8ns: canepticaiysystituizd amipgagid Seﬂﬁ?é‘?ﬁfjl'lrorﬁ FEPKGYS: G L Eher ¢ o
C8 optionally acyl oﬁékb@ﬁtldndﬂ;eﬂm@htb}éd,dlﬂc&tthibaailde)/thélabﬁrha acitieof witieh &gl or
cycloal kyl; and R is en, or {;'éfcar?goé‘l kyl'; or Rb and Rc together

ro
with the nitrogen F?Je%ﬁfjg'ﬂmt @;/‘%&&Yat Yorma 5-menbered ring, or a
6- nenbered ring optionally incorporating O as an additional ring

het er oat sai d tionally substituted with one substituent
sel ect ed fro ﬁlﬁﬁ@e&?‘?ﬁ{ﬁﬂg@ #’é’ﬁl ﬁ% of acyl and optionally substituted

al kyl . 6. TheAn®t hae tafpeflide GlUsCysa3st endh t he conpound of Fornmula | is
selected fro

2-am no-4-[ 1- c%r b8>?39‘r’r%?rﬁyt1°”85? hgr%lf%atam(qg-cﬁb- 2- pentyl oxycar bonyl - et hyl su
| fanyl)- et hyl car bamoyl ] - butyric acid,

2-am no- [1- @%Wﬁt(g%tﬂgavmé@émyl) 2- (2- hexyl oxycar bonyl - 2- oxo- et hyl sul

fanyl) - et hyl car ric acid
2- am no- 4- [ 1- Rdar bbxgragemon c@r@aaﬁ#%l) 2- (2- et hoxycar bonyl - 2- oxo- et hyl sul f a

nyl)- ethylca W droBar, X, it6 casik I,or aIken hen Ior aralk l;
2-am no-4-[ 1-(car bok rﬁg - czg}rg 9 d(g y 0X0- hay ﬁlﬂ fanyl) -
et hyl car banoy it @n 1Q;Ca@ptu>nally acyl substltute alkyl, optlonally substltuted alkyl o

2-am no-4-[ 1-(carbeg @ﬁ)hygndcar barmyl) 2- (2- et hoxycar bonyl - 2- oxo- et hyl sul fa
nyl)- ethyl carh arm}/\ é{ ric acid
2- ani no- 4- [ 2- f2iHuty B'b?lyﬁo ZW%xyl m no- et hyl sul fanyl ) -1-(carboxyneth

yl - carbamoyl R®eh8 R tajdaarmith]thdhitrpgérn toaghich tiey aheatt¥dhes &rin 4 Benambered
2- am no- 4-[ 2-(2- benzyl ox ut oxycar ul fan r boxyme
thyl - carbanoyl ) - ef'R§ %é) %efe‘&ﬁ%/‘? t'é’nﬁlg' |ay%portaﬁﬁég g(ﬁs aé]a dd)tioﬁgi( gg*f
S7137P2 WO -119 V\Dh@fé/r&ﬂﬁﬁlénd:’ﬁﬁ kil Béitg Bpfonally substituted with one substituent

selected from the group consisting of acyl and optionally substituted alkyl.

6. The method of Claim 5, wherein the compound of Formula | is selected from:

e 2-amino-4-[1-(carboxymethyl-carbamoyl)-2-(2-oxo-2-pentyloxycarbonyl-ethylsulfanyl)-
ethylcarbamoyl]-butyric acid,

e 2-amino-4-[1-(carboxymethyl- carbamoyl) -2-(2-hexyloxycarbonyl-2-oxo-ethylsulfanyl)-
ethylcarbamoyl]-butyric acid,

e 2-amino-4-[1-(carboxymethyl-carbamoyl)-2-(2-ethoxycarbonyl-2-oxo-ethylsulfanyl)-
ethylcarbamoyl]-butyric acid,

e 2-amino-4-[1-(carboxymethyl-carbamoyl)-2-(2-carboxy-2-oxo-ethylsulfanyl)-
ethylcarbamoyl]butyric acid,

e 2-amino-4-[1-(carboxymethyl-carbamoyl)-2-(2-ethoxycarbonyl-2-oxo-ethylsulfanyl)-
ethylcarbamoyl]butyric acid,

e 2-amino-4-[2-(2-butoxycarbonyl-2-methoxyimino-ethylsulfanyl)-1-(carboxymethyl-
carbamoy!)-ethylcarbamoyl}-butyric acid or the HCI salt thereof,

e 2-amino-4-[2-(2-benzyloxyimino-2-butoxycarbonyl-ethylsulfanyl)-1-(carboxymethyl-
carbamoy!)-ethylcarbamoyl]-butyric acid or the HCI salt thereof,

S7137P2 WO -119-



2-am no-4-[ 1- (car boxynet hyl - car banoyl ) - 2- ( 2- et hoxycar bonyl - 2- hydr oxyi m no
et hyl sul fanyl) - et hyl car banoyl ] -butyric acid,

2- am no- 4wWp22M3but oxycar bonyl - 2- hydr oxyi m no- et hyl sul f anplCraset/c@sboxynet h
yl - carbanoyl ) - et hyl carbanoyl ] -butyric acid or the HCl salt thereof,

2- am no- 4- [ﬂfr&%wﬁxoé%b%etﬁ LdarsERydy)) ﬁtz(éheiﬁﬁmbﬁﬂfélwbxyﬁmﬁﬁi hoxyi mi no-

ethyl sulfa - et hyl car banoyl ] -butyric acid

2- ami no- 4- [@hwgﬂfaeﬁtthaswbmwll DUtR8XYcar bony! - et hyl sul f anyl ) - 1- (car boxyme
thyl - cagb -2yl Yoy BniRé-ethyRUIFAHYD- HCartsdx@nethier eof

2- am no- 4- ?ilrg Ln)gr ym@&@g&%?% XIy -l %@y Hggrtgﬁ;l " -((a4bn|tro benzy
| oxyi mi no) -cagkamaBAthy P‘]‘m@('h%tﬂéﬁ%%;ﬂﬂ‘; "%Rf1 d,

2-am no- 4- [ X LR 24 2Bk REMAA DARoXFMEN XY i no-

et hyl sul fan231/ §1 ‘ﬁgl %gﬁgg%etﬁ?- utyrdl)yc) a(m d orﬁ?he Cl salog(%t her eof ,

2- am no- 4- [@W@&@BH%?WWWW&H‘BHWB??9‘ 2- (2- et hoxycar bonyl - 2- et hoxyi mi no- et

hyl sul f agyl aTgb%tﬁ@é%eﬁ'gg&)]lmP\Btzléthﬁxﬁﬁidénﬂfetﬁﬁmﬁhﬂb‘-'@(cérﬁbiyn’iétwﬂOf

2-am no-4-| I'm no- 2- et hoxycar on)( -ethyl sul fanyl)-1-(carboxy

12 Cﬂmmm@hﬁwbﬁmﬁﬂhbﬂmcmw & Fidislet Blerede di - HOI salt ther eof,
4-1 2- (2- b
amE)yI § oY hél%car bﬁo@afb"%%ewf’@im%mf‘ﬁ]é!t'hék&‘cfa?d?ﬁ‘\wz la-hieBrRAXEB Ib)- car

ric acid or the di-HC salt thereof,
2- Ani no- 4- {@hi(letdflabrﬂkin'tcﬁﬁblan‘@éﬁ}'@aWﬂ‘}Ia?'dZ [ 3- (4- et hyl - pi peridin-1-yl)-2,3-d

i oXo- pr i -
2- Ani ng gpy -gthcr%r Jcaﬂ}o%ﬂngﬁgr garm &'I)bélkzlét'hﬁg)ﬁ:?g%glylrﬁ ﬁg?ncixg)r(ncl)no pi peri di n-
1-yl - pr opy¢tbﬂ$u|@ﬁylb PUUKHSHWB@HWPFC'H@F i’ﬁ HCLggltdhereor,

2- Am no- 4-[4 ﬁ:rﬁ)r‘?-gfﬁgc%gc% heﬁ?(&"?‘%ﬁ@l)‘@(i 3th@x¥)carbon I-2-ethoxyimino-ethylsulfanyl)-

i et hyl car barmy I 'su et hyl car army -butyric acid

2- Am no- 4- [qthzle@rbbrmyl}rbwtmma@fépb@ HCI salf erolli oxo- 3- pi peri di n- 1- yl - pr opyl
e

et hyl car banegrbamoyipe ylé@rhﬁ\m@wl b'atmw ?C"éPhSP‘Ie ﬁ%‘W‘}e e%;Ut yri cyaC| d,
gulA][naggl ;1_ [}l#;]a% Q%E%’Hﬁﬁcf‘fe%rﬁc?g&#g@y ém?rs&@arwm(eb%x%ﬁé\thp@dwdmc%n)ox0 et hyl
2- Ani no- 4- [chylgarbem@yll E@rmmrbytvuqa@%r@@WH&P?'&WF%OM (car boxymet hyl - car ba
oyl ) - et hy%%ﬁ gd?ggi' %Qﬁiﬁﬁ A I@Er'bgmo 1) 2 13- §4 methyl plpendm -1- ){I) -2, 33d|oxo-

2- Ami no- 4 [ r banoy di oxo- pr opyl
sul fanyl ) - E'lohylsld@nblé-ﬁﬁwc]aﬂb@mthb@wﬂé|aé'd
e 2-Amino-4-[1-(carboxymethyl-carbamoyl)-2-(2- hydroxyimino-3-oxo-3-piperidin-1-yI-
propylsulfanyl)-ethylcarbamoyl]-butyric acid,
e 2-Amino-4-[1-(carboxymethyl-carbamoyl)-2-(2-diethylcarbamoyl-2-oxo-ethylsulfanyl)-

phenyl -

ethylcarbamoyl]-butyric acid

e 2-Amino-4-[1-(carboxymethyl-carbamoyl)-2-(2,3-dioxo-3-piperidin-1-yl-propylsulfanyl)-
ethylcarbamoyl]-butyric acid,

e 2-Amino-4-{1-(carboxymethyl-carbamoyl)-2-[2-(1-methoxycarbonyl-2-phenyl-
ethylcarbamoyl)-2-oxo-ethylsulfanyl]-ethylcarbamoyl}-butyric acid,

e 2-Amino-4-[1-(carboxymethyl-carbamoyl)-2-(2-cyclohexylcarbamoyl-2-oxo-ethylsulfanyl)-
ethylcarbamoyl]-butyric acid, A

e 2-Amino-4-[2-(2-benzylcarbamoyl-2-oxo-ethylsulfanyl)-1-(carboxymethyl-carbamoyl)-
ethylcarbamoyl]-butyric acid,

e 2-Amino-4-[1-(carboxymethyl-carbamoyl)-2-(3-morpholin-4-yl-2,3-dioxo-propylsulfanyl)-
ethylcarbamoyl]-butyric acid,
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2-am no- 4-[ 1- (car boxynet hyl - car banoyl ) - 2- ( 2- et hyl car banoyl - 2- oxo- et hyl sul f a
nyl ) - et nwboanbhesmoyl | - butyric acid, PCT/US02/14057

2-am no-4-[ 1- (car boxynet hyl - car banoyl ) - 2- ( 2- et hoxycar bonyl - 2- et hoxyi m no-

et hyl sul IarkYé.—%“nSMh% (gg\beﬁw?é/th,h cgamyqyﬁ-zﬁ@-%hgcaébamoyl -2-oxo-ethylsulfanyl)-

2-am no- car I 0x0- 3-pyrrolidin- i-yl - pr opy
Izsul fanyl )etferﬂqaybabfmydiahmquacmat yric acid,

am no- hyl
nyl)- etl.‘l l[z(%%éﬁau @ﬁ}f%ﬁ)%rhetﬁﬁrcg?%wﬂy) g(ﬁ&h&&%ﬁfﬂbﬁﬁyl@ﬂ@bﬂw@mﬂ?@ ethyl sulfa
1I #3 [|2] (421wmlmanylb@thﬂ@wpamvlybwm%) 2-(car bf)xymet hyl - car barmoyl ) - et hyl s
ul f any - r r .
2 am o 5. [ D e Rl R o Bl e w1
gyl{ é : gt hy |etiayidsatranoy-tatyrigracid. aci d,

4-

(2oL A RGN B by )
2- ami no- 4- [elh)ﬂmbm]rhéﬂwwa%chr barmyl ) - 2- (2 d

i met hyl cgr(lmg %m&gﬁ@dg @%% fgﬁﬁmxérbamwfewsaﬁé j-and

2-am no- r boxymne 4-"hydr oxy- phen - I-'met hoxy
car bonyl - axnﬂrwmmmno]udlze@mrmxm %Qﬂ 'F@HBY ?St%'t hyl car banoyl ) - but yri c

acid. 7. T Y\?ﬁﬁ
substitufed ar y%@@@%%}% &héuqb dt?l)rh (%?ét 'rcgiablréy I-%ggg‘ri,g@r{??b%nxl) or
substi t ut ecbtlhmaebammdll-wmmd 8. The method of O aim 7, wherein: Ris:

hydrogen or Ea Qamn@ﬂ(c)ét'b x?%ulglﬁ%arnmg[]ﬁ-g% &htﬂ%l @rb@H&%ll)-etH'}rsuﬁ‘é@I]k#l Rb

is: Cl to optiona or c oal kyl'; and Rc
is: hydr ogenxocnm;ﬂpnwmm} &-Iﬂkqﬂhyl -pentappic anid m@hyl@g her W|th the nitrogen to

2s an aod F BHEE4 ’&%Sﬁ)e%@f‘%“’g?'amWééi’zad'ﬁe@wﬁ%ﬁ“‘ﬁ“%&X?‘Sﬁ“;}’*‘ﬂfw'ﬁt' "0

subst i t ut ecethyl¢catbameylsbutwid adib@andsel ected from the group consisting of

acyl and,ond LaNALA V- GuRRSd mithGleatbdiiby)- Sy ¥R bhbnior HdRSgR bony-

PCT/ US02/1
ethylcarbamoyl]-2-oxo-ethylsulfanyl}-ethylcarbamoyl)-butyric acid.

7. The method of Claim 2, wherein:
Ais: substituted alkyl, substituted aryl, optionally substituted heteroaryl, heterocyclyl,
or substituted heterocycloalkyl.

8. The method of Claim 7, wherein:

Ris: hydrogen or C, to Cs alkyl,

R®is: hydrogen, C to Cq alkyl, or aralkyl

R°is: C;to C, alkyl, optionally substituted aralkyl or cycloalkyl; and

R®is: hydrogen or C, to C,4 alkyl; or

R® and R° together with the nitrogen to which they are attached form a 6-membered
ring, optionally incorporating O as an additional ring heteroatom, and said ring
being optionally substituted with one substituent selected from the group
consisting of acyl and optionally substituted alkyl.

S7137P2 WO -121-



9. The nethod of Caim8, wherein the conpound of Fornula | is selected

from 3-(1 H benzoi m dazol -2-yl sul fanyl) - 2-oxo-propi onic acid,

2- 0X0- 3- (WoarRm9@B14- di hydr o- qui nazol i n-2-yl sul fanyl ) - pr opi eaiTawsaziwset hyl
ester, 3-[1 -(carboxynethyl-carbanoyl)-ethyl sul fanyl]-2-hydroxy-acrylic
aci d et hy| L metho% o%f?d%% Wherbﬁmle -oBmpbofikd bAFBHUta2r i9serepteamionni ¢ aci d

ethyl ester, 3-(1 H benzoi m dazol-2-yl sulfany Id) 2- 0x0- propioni c acid ethyl
ester, 8- (%(WI‘#PW@W%?MSHE@]YD?9>f°sQ!PP'§ﬁ5¢I3F 2- 0X0- propi oni ¢ acid et hyl

ester, ) 3- 6_3(0- -LA{ BX@genzam'&g&lﬂé%c%n-}Ql )ﬁélhffa?rg)’bl)o %n@@ﬂ@étﬁﬂ'é&fh‘rc acid ethyl

ester, oxy- azo -2 0X0-p gtzl oni c acid ethyl
ester, -3 M- (Earuoanmbyl{cartmrmyl)zﬂwlwﬁamﬂr&hydrgxm@vlpr@m Vieestdi d et hyI

oLt oy DARLRIES S e 2L SR Al st & e ot
e b i on 21 o
I?Lsfog:l20| o C@@Qw\m&iﬁ:ﬂwﬁﬁaglz)ylﬁggylpmo&o@mmbrﬁxt hoid ethyt emer, 3-(1
ORI LR TR

- pi per i di n-3l4-8tlihgdm-thiakollsuédiRny)-2/xepedpioric 2cidethybesteoxi me.  10. The
met hod of Claim1 wherein the condition char téerl zed by oxidative stress

is  sel ett ehydremimnesSsiahdsUTARYPAPRINIG RFO RN BP8Br al i schenia, retinal
i schem a, (?195?)%,2}5 'no s elianypraseichad, infarction and post-surgi cal
yS tio

cogniti ve neur odegenerative di sorders including Al zhei mer's,
denent i ae arﬁihmqﬂmm@@ﬁ‘-%tcwl%éféﬁlé Propienipadd gihvhesi®opat hy, i ncl udi ng spi nal

cord injyry, d@gﬁgo ayn%tx.a?agz-ﬁw@hwb BRYRind- &%b@mmé/mwewrder s

i ncl udi ng rena | Sease nmenst r ual i/rpdrome ast hma,
car di opuk nuhaydroxyithinasSrtatroethoxydi B@Bd&@ldaﬁ@aﬁhylsﬂ@ﬂw Eopianiradk by ester,

and Tor thed prECaRmbEs 2R R BBl BL R ool o0l cat i om

on of I'ssue or gans
transpl amt a2-hydroxylrhinoThphergt-Beetolyfsulirgi-propionhenids, and he condi ti on

h terized b t di al h
yacardi Al T RPRMIE O LN LRI RN PRS0y o sorder o: heart

failure. 12. The nmethod of Claim11 V\,hereln Wis: =0; and Z is: -OR

S7137P2 %‘ﬁe gi'ﬁamqtrgc%{ %%g% F B EJ/eHStﬂg %ﬁfﬂéczp ?Ha?’actg%drﬁgtd}%ti% stfdsRiign 1

wherein t rirzed
selected from: ischemia |nclud|ng stroke, cerebral ischemia, retinal ischemia, myocardial

ischemia, myocardial infarction and post-surgical cognitive dysfunction; neurodegenerative
disorders including Alzheimer’s, dementia and Parkinson’s disease; peripheral neuropathy,
including spinal cord injury, head injury and surgical trauma; inflammatory disorders including
diabetes, renal disease, pre-menstrual syndrome, asthma, cardiopulmonary inflammatory
disorders, heart failure, rheumatoid arthritis, osteoarthritis, muscle fatigue and intermittent

claudication; and for the preservation of allograft tissue and organs for transplantation.

11. The method of Claim 1 wherein the condition characterized by oxidative stress is
selected from: myocardial ischemia, myocardial infarction, cardiopulmonary inflammatory

disorders; heart failure.

12. The method of Claim 11 wherein:
Wis: =0:and Zis: -OR.
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selected from stroke, cerebral ischema, retinal ischem a, peripheral

neur opat hy including spinal cord injury, head injury and surgical traung,
and neuroWeglemmM ve di sorders including Al zheiner's, deceEntSoz1ant

Par ki nson' s di sease. 14. The nmethod of Claim 13 wherein: Wis: =0 or =N-OR

a, and Zys: T@meﬂfod dN%Ié?qu wﬂé’emTh@cmlﬁmr@facﬁr&bmbitéxmaratmss iSVis:
=N- ORa; and Z1s: -NRDb The net hod of tion

char act es¢lodad fomp,strake. |‘R‘?éeb§?'r'%‘§‘§”1'% reting| 'éﬁrf@d‘af ‘?%Wer(ﬂ?%lérf)%%tﬂy Pﬂ'é’ﬁ@%l

di sease; sHh&-ORIBfuRHABad 1] @ﬁ@ suridahii@uma, hed metiaiddgendrhtiviet disordensiirmiiding
fatigue;, and intermttent Saa11F cat and for the preservation of

al | ogr af AZheiEENE dﬁﬁ'oe”t'ara@ 'B?ontsrél?iesaﬁf’ant ation. 17. A method of treating

a mammal having a condition characterized by oxidative stress, conprising

admi ni st r| ng th p effective anmount of a corrpound of Formul a
T O Ra T e R R A S R 6 Formua 11 whor o n CRIi o

hydr ogen, opt wial £@ sudsORE;Endd al kyl , optionally substituted aryl,

-C(O-0OR, -ZCHZ %& ng%'bé:CHZ (W - C(O) Z, -CH2-S-CH=C(OH)-C(O) -2,
- CH2- S( O) - CHZ W &S of -CH2-S(0O) -CH=C(OH)-C(O)-Z'; R2 is: hydrogen,
optionally substituted al kyl, optionally substituted aryI optionally

substi tuqsdoﬁ]ﬁ.ﬁgﬁylthodo&tdlgiﬁﬂonar%mst| tuted acyl ; R3 is: independently

sel ect ed rogen substituted |l ower alkyl, optionally
substi tut ed aiV‘éISkyFN Olﬁﬁ—I@nSH -CH2-S-CH2- (W - C( O) - Z,

-CH2- S- CH= C?) C,}}%‘ -CH2-S(O -CH2-C(W-C(O -2, or S7137P2 WO -123 WO
02/ 090314 PCT. U%OZ/ % 57 -CH2-S(O-CH=C(OH)-C(O-2Z
16. The method of Claim 1 wherein the condition characterized by oxidative stress is
selected from: diabetes: renal disease; pre-menstrual syndrome; asthma, rheumatoid arthritis;
muscle fatigue; and intermittent claudication; and for the preservation of allograft tissue and

organs for transplantation.

17. A method of treating a mammal having a condition characterized by oxidative stress,

comprising administering a therapeutically effective amount of a compound of Formula Il

ol -

NHR?2
Formula Il
wherein:

R'is: hydrogen, optionally substituted alkyl, optionally substituted aryl, -C(O)-O-R’,
-CH,-SH, -CH,-S-CH»-C(W)-C(0)-Z, -CH,-S-CH=C(OH)-C(0O)-Z,
-CH,-S(0)-CH,-C(W)-C(0)-Z, or -CH-S(0)-CH=C(OH)-C(O)-Z’;

R?is: hydrogen, optionally substituted alkyl, optionally substituted aryl, optionally
substituted aralkyl, optionally substituted acyl ;

R®is: independently selected from hydrogen, optionally substituted lower alkyl,
optionally substituted aralkyl, -CH,-SH, -CH,-S-CH»-C(W)-C(0O)-Z,
-CH,-S-CH=C(OH)-C(0)-Z, -CH,-S(0)-CH,-C(W)-C(O)-Z, or
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R4 is: hydrogen, optionally substituted | ower alkyl, optionally substituted
aral kyl, optionally substituted heteroararal kyl, -CH2-SH,

- CH2- S- CHRO@eM¥03C{ O) - Z, -CH2-S-CH=C(OH)-C( O -Z, - CH2-S(OpcTHZoL{Mp7 C(O) - Z,
or -CH2-S(0-CH=C(OH)-C(O-Z; R5 is: hydrogen, optionally substituted

al kyl, or optionallgy sg,(@:;jg,.ﬁg@ O y)l)_,z R is: i ndependent |y selected from
hydrogen opt i pnal |y Subgti t ut ed al k or optiona|

t.ut l; W
is: =0 =N ORals: —NQW%ROPWa”M‘@%}'%W loyrer; alkyl. Qﬁ#onglgﬁugﬁﬁtu{eﬂllé %g?’la”lé is:
2%3: ggglnl yogt Ib gtnalt bmuoﬁumséubbmum r%'té?ié%raraﬂaﬂ i-QRi2IIH/ -SHpPStCHLUCAN)-CY@)- n?: kyl,

u itut optionally
substituted heter ﬁ%%ﬁ(g)g'ﬁ 5/1? #ﬁt@%@ﬁee@ élokyl optionally
'SUPSLI tuted het erqn—yzcﬂ‘,(yj) QH= G(pm-l)aﬂ(a)l)-lzy substituted het erocy_cl oal kyl; Ra
opt i onal Ly sBLBt | Deeen PRI SUFtfaeli, SRpBRM slaSHaRl s 7 21 o
1(‘) [) 1?imogyfllr ogenl,; |te.p: In?epéddﬁnﬂwﬁeotemtrer? hybtolglbn cmbrgnairyeSUbyth@dt?l@M ltoﬂpeﬁpr@H)yl ,
( ally substitute or optionally substituted cycloal kyl, " Rc
i s: independently §"éqs tut?éogéﬁlom hydrogen or optionally substitut ed al kyl ;
and Rd is: hyW isgerQ, aydRor= MNR*’BMH—N(%XSB‘N tuted alkyl; or Rb and Rc
together with t]pe rbﬁr%g{eg tthwl ch they are attached may forman 5- to 7-

menbered ri ng, optional Ty I ncorporating one or two additional rin
het eroat ons  Blisisehydrpggn, Rptighally pulgstitudertialisi eptionally %@FWQ"%‘WP'@H‘&Y'I y

substituted with OP& o%'élly %FHsﬁtu%&baﬁll' bMtRALRy wyggﬂggéa)d&gﬁ(?yo@ﬁ;ngw aebsituesa t he

group consisting o optionally substitu

optionally substi tb@tétp%rlmﬂt'oni%ﬁppﬁﬁ‘aqeﬂ@e?u‘b%'?'ikt"u?@@”éllk g%‘ljbonyl and
(optional |l y SUbSt' hé‘t‘éﬁﬁyéWd’r‘%}aﬁ&Hﬂ?@Nﬁsﬂtut@d h&ero@ycléa!@ﬂ 2; m | s: 0, 1 or 2
and nis: 2 or 3] includin S|n e tautone e stereoi soners
and m xtur es 31? ist ayYdsReI™ ORPRIP(HY su %Bf’@ﬂn%‘?t?”a@nﬂlbﬁﬁg%ﬂﬂln%@ﬂ? Yeal Iy
d(acigptsdg_g é?l ts thesstflted @rraqké | dedikémat at least one of R, R3or R4 is
e e o s Sesk et S0,
substituted aryl, optionally substituted aralkyl or optionally substituted cycloalkyl,
R°is: independently selected from hydrogen or optionally substituted alkyl; and
R%is: hydrogen, acyl or optionally substituted alkyl; or
R® and R°® together with the nitrogen to which they are attached may form an 5- to 7-
membered ring, optionally incorporating one or two additional ring heteroatoms
chosen from N, S, or O, and said ring being optionally substituted with one or
more substituents independently selected from the group consisting of =0, =8,
acyl, optionally substituted alkenyl, optionally substituted alkyl, (optionally
substituted alkoxy)carbonyl, and (optionally substituted amino)carbonyl;
kis: 0,1o0r2;
mis: 0,1or2;and
nis: 0,1,2o0r3,
including single tautomers, single stereoisomers and mixtures of tautomers and/or
stereoisomers, and the pharmaceutically acceptable salts thereof, provided that at least one of
R' R®orR*is -CHy-S-CH,-C(W)-C(0)-Z, -CH»-S-CH=C(OH)-C(0)-Z,
-CH,-S(0)-CH,-C(W)-C(0)-Z, or -CH,-S(0O)-CH=C(OH)-C(O)-Z.
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18. The method of Caim1l7, wherein: RLis: -C(O-OR where R is
hydrogen, or -CH2-S-CH2-C(O-C(O-OR or -CH2-S-CH=C(OH)-C(O-0OR where
R is hydwogemoasn4 | ower al kyl; R2 is: hydrogen; R3 is: - @dZASHR/14057
-CH2-S-CH2-C(W-C(O -2, -CHR-S-CH=C(OH)-C(O-2Z, -CH2-S(O-CH2-C(W-C(O -2,
or -CH2- & O - (Gl oFeidim47, Bedemr; hydrogen; R5 is hydrogen or | ower

al kyl ; is: =0 or =N-ORa;  Z'Is. -OR or -NR bR | %ﬁrgﬂgn optional l'y
substituted aRkigl , -GiQRavheresRis hydragem 0&;&'1‘6%19%@,(0)' YShE Py
substituted aryl, QH,ohtHeCaOHY-CROROLRWHeRE Rasdylitgen Baldwer alkykir ogen or
alkyl; Rbis: £l to & al kyl, phenyl or benzyl; R is: hydrogen or Cl to 4
al kyl, or Rb Bn§ R¥Y¥edffiher with the nitrogen to which they are attachwed

forma 6-nmenbrtgd -gH,I8H,seHe® €H,-CrWnCclopr! IGHy8-Cy=C(OH)-C(0)-Z,

substituted-piperidin-1-yl_ an in-4-vyL; _ n are
respectively: O, 2?“2151(9)"9%0&%[50%@ ’f@?cﬁﬁé(%?(?ﬁb(d@wwgzm 18, wherein:
Rl is: -COOH RRG: i bydrdgemt ogen; and k, mand n are respectively: 0,2,1; or
2,0,1. 20. Thgg, met hod of Cllai majk7|,V\herei n the condition characterized by
oxi dative strBs§ | WA NN i scheni a i ncluding stroke, cerebral

i schem a, retwnial #@oheM-@R*nyocardial ischenia, nyocardial infarction and

post - sur gi cal é?sognidégg_rg%ﬁ{cuncti on; neurodegenerative disorders including

Al zhei mer' s, defrentia an at ki nson' s di sease; peri pheral neuroEat hy,

i ncl udi ng spi Ras: clyddogem, aptionahiesubstititest sikvdreptionallyi subptituiesirgloalif | ammat ory
di sorders 11l udt ngodibRPSlSBtdg %/orddéiﬁiﬁﬁéﬁ suBSRBRFAIKMAl  syndrone,

asthma, cardiopul nohary i anmat o sorders, heart failure, rheumatoid
arthritis, osRewsarbydregansor alyscl e fatigue and intermttent claudication;

and for the pgegerégﬂ;d' @nalkfi, Hn9WBradfehzyii ssue and organs for transplantation
21. The method of Caim 19 wherein the condition characterized by oxidative
stress is seReist ebivdregan ofi@dA&miakyl REI udi ng stroke, cerebral ischenia,

retinal ischepband Ry @RiHdF Mth t1R7AiBEEH W hid2hey\ErlRRANSA forMGT6 SR D57
ring selected from 4-optionally substituted-piperidin-1-yl and morpholin-4-yl; and
k, m and n are respectively: 0,2,1;1,0,1; or 2,0,1.

19.  The method of Claim 18, wherein:
R'is: -COOH;
R%is: hydrogen; and
k, m and n are respectively: 0,2,1; or 2,0,1.

20. The method of Claim 17 wherein the condition characterized by oxidative stress is
selected from: ischemia including stroke, cerebral ischemia, retinal ischemia, myocardial
ischemia, myocardial infarction and post-surgical cognitive dysfunction; neurodegenerative
disorders including Alzheimer’s, dementia and Parkinson’s disease; peripheral neuropathy,
including spinal cord injury, head injury and surgical trauma; inflammatory disorders including
diabetes, renal disease, pre-menstrual syndrome, asthma, cardiopulmonary inflammatory
disorders, heart failure, rheumatoid arthritis, osteoarthritis, muscle fatigue and intermittent

claudication; and for the preservation of allograft tissue and organs for transplantation

21. The method of Claim 19 wherein the condition characterized by oxidative stress is
selected from: ischemia including stroke, cerebral ischemia, retinal ischemia, myocardial
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i schem a, nyocardial infarction and post-surgical cognitive dysfunction;
neur odegenerative disorders including Al zheiner's, denentia and

Par ki nsorwe odiossase; peri pheral neuropathy, including spipaalusoni4asi njury,
head injury and surgical trauma; inflamratory disorders including

di abet esisch&Ral mybsRd@santarition BRA pbEtURgisM REGRIR dyRRUrehsn; rearcdiegendratvear y
inflammatory diSorders, heart failure, rheumatoid arthritis

ost eoar t Hiepidess ingluding Alzhgime) sedefRentiaangd RATKIpSAIYs digeassq PIRNEEH "ewnga %y t he
pr eser vajncrBingfspital &8d &Hjdry ! heBugusshdiLgses traamal indaspiatory disoaers B2ludiAg
met hod of treati n% a manmal hav'hnaq a (ﬁondi ti ﬁn chariactleri z&qn a\(wﬁx,jo tive
stress, Ji@BRRSiENAGISEARe A E TSI 8YPHRMEpaYPMRard S ORYIMRBANMBARY of a
conpounddigbrdesy, Auarafdillie, rhedthaloi® aRBritls, bsthbd&thrifis, musdle faligde R3] Btedmitfeot nul a

and R, 40BrdonbTra B v BesTata BlowafTige By b Mg So R, 0

-C(OO0(C1l to &4 alkyl); including single tautoners, single stereoisoners

and m xtyres Qf ' F e0i , Hg@g ically
accept ab? ] saﬁt@étﬁﬁigﬁ%ai'ngg%%@amﬂ@dé g@@%ic%gg%tégﬁgg @P%gﬂ Lgt3'1,‘3%@1 s: H
or et hyl corRZisthqadiRBteting agherapautidatty effgativéy amaunteaf eygompaniad oRBomlasHl: cooH;
24. The nmethod of Caim 22, wherein: 333 6nd R34 are both H or are both
methyl; and R3.5 is: COON. 25. The rrgihod of Claim24, wherein: R3.1 is
hydrogen; and R32 is hydrogen qud%®thylN. S7 7P/2R\’/\Z) -126 WO 02/ 090314
PCT/ US02/ 14057 26. The net hod of ai myg2 rein the condition
characterized by oxidative stress i

R34

R33

|
S
Formula Ill
wherein:
R>'is: H or is absent;
R3?is: H or C, to Cjalkyl;
R*2 and R** are both H or are both C; to C,alkyl; and
R*%is: H, COOH, or -C(0)O-(C+ to C, alkyl);
including single tautomers, single sterecisomers and mixtures of tautomers and/or

stereoisomers, and the pharmaceutically acceptable salts thereof.

23. The method of Claim 22 wherein:
R%*?is: H or ethyl;
R*2 and R** are both H or are both methyl; and
R is: COOH;

24. The method of Claim 22, wherein:
R®3 and R** are both H or are both methyl; and
R*®is: COOH.

25. The method of Claim 24, wherein:

R*' is hydrogen; and
R*?is hydrogen or ethyl.
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selected from ischem a including stroke, cerebral ischem a, retinal

i schem a, nyocardial ischem a, nyocardial infarction and post-surgical
cogni ti vewoyrfoenses i on; neurodegenerative disorders includdcmgséd/rdeet mer' s,
dementi a and Parkinson's di sease; peripheral neuropathy, including spinal

cord inj y’ Al ednBh 'S ¥ %ZWegélﬁ%e &fn@HBﬁché@ﬁieﬂﬂé@b@b%dﬁlvé@trdﬁB

i ncl udi ng™” et €S, rena sease re- nenstrual

car di opLSerhE{mwdfyomniscaﬁmlO‘P'Vd'ngjFg%éﬁ@br%éﬁh?m'@afqt'ﬁ 'ésgpﬁg%r{ﬁp&iay'al
arthriti S%he%r esgc;éamléltlﬁfﬁrctlgﬁ’ﬁﬁé Bogt%M?éég c@g’ﬂdtn)erﬁy@fumbﬁdre nturodegerdirataei on;

Fr anop] aieabERIang Aggg%@@grnf%n%fafﬁnﬁﬁaﬁfﬁ%% iSet B prat peyrapany-o
VmCIE—:IE (e;hg)'”éﬁ?'ﬁ sEMQfSédré h'\‘jd??' rtlald Yijursed Cshfgiilcafl fradina; iGim e oDHilis GdarsORtluding
- CH( CH3) diahetps, mrpgl_d@qgsw gr@ ggt@a r(n@_@sggpe))cal(ﬁ pﬁuleﬁaa%&%mmatow

- CH2- CH2qi56 b rsNaArt @hﬁre%imafdiﬂ'bmas StRedBhd)is, Mk§cleTiflg GO intananittent

il St SR T R i

4- oxo- 3, 4-di hydr o- qU|nazoI|n benzosel enazol -2-yl, and

5-substi fut ed- benzot h heterocycl yl sel ected from t hi azol ,

2-t hi oon-rm da£8MPgHRd ﬁ?rméfr%‘anor pholino, ~an optionally substituted
nucl eoside, or an optionally substituted di-,Qtri- or tetra-peptide, or
-CH2-C(O-C(O-0OR or -CHHC(OH)-C(O-0OR; is: hydrogen, optionally
substituted al kyl, optionally substituted cyc oal kyl, optionally
substituted aryl, optionally sub?txlxt t ens Ky optionally substituted
het eroaryl, opti onal | y substituted het er o ral kyl, optionally substituted
het er ocycl yI or optionally substituted hetler ocycl oal kyl; R is:

i ndependent |y sel ected from hydrogen, opti®nally substituted al kyl,

optionally substituted cycl oal kyl orFgppligqaal |y substituted aryl; S7137P2
WO - 127

wherein:

Ais: substituted alkyl selected from: -CH,-CH(OH)-CH,-OH,
-CH(CHj;)-CH(OH)-CH,-OH, -CH(CHs)-C(0)-N(H)-CH>-COOH,
-CH(CH5)-C(0)-N(H)-CH>-C(0)-O-CH>-CHj, -CH»-C(O)-N(H)-CH,-COOH,
-CH,-CH,-C(0)-N(H)-CH,-COOH, -CH(CH3)-CH-C(O)-N(H)-CH,-COCH, and
-CH,-CH(CH,)-C(0)-N(H)-CH,-COOH,
substituted heteroaryl selected from: 5-chloro-1H-benzoimidazol-2-yl,
5-methoxy-1H-benzoimidazol-2-yl, 4-ox0-3,4-dihydro-quinazolin-2-yl,
benzoselenazol-2-yl, and 5-substituted-benzothiazol-2-yl;
heterocyclyl selected from: thiazol, 2-thioxo-imidazolidin-1-yl and morpholino,
an optionally substituted nucleoside, or an optionally substituted di-, tri- or
tetra-peptide, or
-CH,-C(0)-C(0)-O-R’ or -CH=C(OH)-C(0)-O-R;

Ris: hydrogen, optionally substituted alkyl, optionally substituted cycloalkyl,
optionally substituted aryl, optionally substituted aralkyl, optionally substituted
heteroaryl, optionally substituted heteroaralkyl, optionally substituted
heterocyclyl or optionally substituted heterocycloalkyl;

R'is: independently selected from hydrogen, optionally substituted alkyl, optionally
substituted cycloalkyl or optionally substituted aryl;

S7137P2 WO -127-



WO 02/ 090314 PCT/ USO02/ 14057 X is: -N(R)-, -S, -S(O-, -S(0O2-, -SY-S,
or a covalent bond to the sulfur atomof Cys or to the nitrogen atom of
opt i onal I'woalbsi3it ut ed heterocyclyl; Y is: optionally sub®Cirtusordiosr yl ,

optionally substituted heteroaryl, an optionally substituted nucl eosi de,

an optional | yysubsijkyt es. a%tj)o NooPEdvalnt bynd BURS bulfuttatsin df -
tri- or tetra- Eéélptlcshq "and %&% Slf{iﬁo )

i.ncl udi nsq ét nﬂl e taﬁ‘%‘omers
singl e stereoi somers an@ysPidpdheaitragen %@WQO%”MPB‘P itgted Palgracy and
the pharmaceuyijgal 6M|oﬁsmﬁd%ib§mh@d-°ai\§4téptbhgirye@:bstuta&d HEbezoarglypn optiorally O ai m

-ZEH( Vc\'h_g; eIC'I’_lK Oﬁ) ! SC'_glsblé?_rsuteldtdum:t e@dqggil grwg %lee \a %&& ;E%leno aClgH(gl'O?!? opC(\Hnalg_'
-CH2- (O - N( H) WZslmﬁldtecr@% GriZetfl-£3ptitleHAndCH2- COCH,

- CH( CHB3) - CH2- é - COOH, and - CH2- CH( CH3) - C( O) - N( H) - CH2- COCH,
substituted hgﬂsero F§/P" ected from 5-chloro-1 H-benzoi m dazol - 2-yl,

S- et hOXMcILdlriPQe@@&amoﬂﬁﬁgls:r@e/ttere@mms’%am chixtyrels of t@utoneere bndioR- y| |
benzosel enazo

subst.i t ut 2=yl heterocyclyl
sel ect ed® tPF%'ﬁ°Weﬁ%/zf?8?he Eh%rmaéi%"’abfx %a gféﬂ aﬂﬁﬁfﬁ% and morphol i no, or an
optionally substituted di-, tri- or tetra- peptlde R is: hydrogen,
opt i onal Sul?@%l trﬁbc?&ﬂf‘@félm S Bl db,pnal |y substituted cycloal kyl; X is:
t

-S-, - Y( coval'en ond to the sulfur atomof Cys or to
the nitrogenAas:onsutfstityied @i iselpciediom: t-@redCi&r@ty@hyl ; and Z is: -OR

29. The conpound of r ubstituted di-
. mp ﬁcﬂ ggﬁ%w’eﬁ I cﬁ ¢ﬁ c%)wme fole):]

tri- or tetra-pepti cova to the sulfur atom of

Cys. 30. The conpot@- 6@)@@)ﬁfb§0@ﬂer@‘*m@"ﬁ K@) NEh-Gr R 1y substituted

di- or tri-peptide_g HREHWROUH i@ sel ected from Al a, Asp,
Cys, Qu and QGvy. %kﬁgb@g@@%% aim'30, wherein: Ais: the

tri-peptide G u- cysCfd; GH(CH-A@PM(rH2 68D 02/ 090314 PCT/ US02/ 14057
substituted heteroaryl selected from: 5-chloro-1H-benzoimidazol-2-yl,

5-methoxy-1H-benzoimidazol-2-yl, 4-oxo-3,4-dihydro-quinazolin-2-yl,
benzoselenazol-2-yl, and 5-substituted-benzothiazol-2-yl,
heterocyclyl selected from: thiazol, 2-thioxo-imidazolidin-1-yl and morpholino, or
an optionally substituted di-, tri- or tetra-peptide;

Ris: hydrogen, optionally substituted alkyl, or optionally substituted cycloalkyi;

Xis: -S-, -S(0)-, -S(0O).-, or a covalent bond to the sulfur atom of Cys or to the
nitrogen atom of optionally substituted heterocyclyl; and

Zis: -OR.

29. The compound of Claim 28, wherein:
Ais: an optionally substituted di-, tri- or tetra-peptide; and
Xis: a covalent bond to the sulfur atom of Cys.

30. The compound of Claim 29, wherein:
Ais: an optionally substituted di- or tri-peptide the amino acids of which are selected

from Ala, Asp, Cys, Glu and Gly.

31. The compound of Claim 30, wherein:
Ais: the tri-peptide Glu-Cys-Gly.
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32. The conpound of C aim 31, wherein: Ris: hydrogen or C, to C8 al kyl.

33. The conpound of Caim 32, selected from

2- am no- /wWph2pemiboxymet hyl - car banoyl ) - 2- ( 2- oxo- 2- pent yl opgrarsbomps? et hyl su
| fanyl)- ethyl carbanoyl]-butyric acid,

2-am no- 4- [ 1- (car boxynet hyl - car banoyl ) - 2- (2- hexyl oxycar bonyl - 2- oxo- et hyl sul
fanyl)- ethyl carbamoyl]-butyric acid,

2- ani no- 32.[ 1- Thaaesanaungtah Plaimah WABRRIN; - 2- (2- et hoxycar bonyl - 2- oxo- et hyl sul fa

nyl)- et hyl caghanoy droéé.htdf-l‘c Qo@&giafkyl. 2-ami no-4-[1
- (car boxynet hyl - car’banoyl ) -2 (2- car boxy- 2-oxo-et hyl sul fanyl)- ethyl ca rba
nmoyl] butyri c¢ acid, and

2-am no-43[ 1- fﬁ@&@ﬁwtdwjlalmagzbammbaﬁran(Z et hoxycar bonyl - 2- oxo- et hyl sul fa
nyl)- ethyl car bano rein: A

cid. 34
i s substi taeRoH y(]Fa’bQ%)ﬁg?thﬁl?F@?W )ézr'&équfg%ﬁmﬂ&cgFb@ggfc?qbﬁgu@m@ X is:
-S-. 35. TWM daidn 28, wherein A is: substituted al kyI sel ected
from -CH2-CH(COH) E:CI]—I) nal |
substit uted W@WQT"oHr(Wrb%W@@MCPaFQa%FC‘ﬂ_‘% %@g&%tgﬂnyb gro-ethy S(':‘ﬁ ﬁb ory
et hoxy) - s WasyiddrsdrBeylbdtyrikestidi m dazol 2- yI and 5- (chI oro, methoxy or
nitro)- substituted- benzot hi azol - n¥ tero sel clt E%‘f om
4, 5- di hytlr @-2mingZbl1-{Eagpoxymeth iR %”é’aé?@?tﬁa’fyﬁa'%%g))/" '%" e‘ﬁ% V ho. 36.
The conpoungnh@arbdraby-siftyriodd,ein: R is: hydr ogen or C, to 08 al kyI 37.
The conmpound of O aim 35, wherein en or al kyl
57137F>r2rp V\o2-@@910\@1(3@?@Qmathﬂ(?ﬁﬂ@@@%‘)ﬁ(?sé%f{’@% 2 ¢ e@éﬁﬁﬁ'g"lﬂg{ﬁ of >c/:Iai m 35,
sel ected fr&mmargar(%y]ﬁiu%ﬂaé@.ungrdﬁzol 2- yI suI fanyl ) - 2- oxo- propi oni ¢ aci d,
2- 0x0- 3- (4-0xo0-3,4 ro- qui nazol i lfané’ﬁbyl%o i oni c et yI

|

ester, 8- [&a@&@rﬁﬁx(}fiﬁﬂoﬁwe‘@ér%ﬁﬁﬁ?‘m % e %9&5‘?"8%&?”3 Tylic
aci d et hyl &Rji&drbamoy(butyric acid.

34. The compound of Claim 28, wherein:
Ais: substituted alkyl, substituted heteroaryl, or heterocyclyl; and

Xis: -S-.

35. The compound of Claim 28, wherein A is:
substituted alkyl selected from: -CH,-CH(OH)-CH,-OH, and
-CH(CH3)-C(0O)-N(H)-CH,-COOH);
optionally substituted heteroaryl selected from: benzoselenazol-2-yl, 5-(chloro or
methoxy)-substituted-1H-benzoimidazol-2-yl, and 5-(chloro, methoxy or nitro)-
substituted-benzothiazol-2-yl; or
heterocyclyl selected from: 4,5-dihydro-thiazol-2-yl, 2-thioxo-imidazolidin-1-yl and

morpholino.

36. The compound of Claim 34, wherein:
Ris: hydrogen or C, to Cs alkyl.

37. The compound of Claim 35, wherein:
Ris: hydrogen or C, to Cg alkyl.
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3- (benzosel enazol - 2-yl sul fanyl ) - 2- oxo-propionic acid ethyl ester, 3-(1

H benzoi m dazol - 2-yl sul fanyl ) - 2- oxo- propi onic acid ethyl ester,

3- (5- chl owo-thepwsat hi azol - 2- yl sul f anyl ) - 2- oxo- propi oni ¢ acipdTatdoyh408%t er,
3- (5- rret hoxy- benzoi m dazol - 2-yl sul fanyl ) - 2- oxo- propi oni ¢ aci d ethyl ester,

and é‘ 5- ﬁwé{&ﬁ&ol}nh'o%@é.m%sykae&é@wm 2- 0x0- propi oni ¢ acid ethyl

ester. A pharneceutical formulation conprising a compound of any of
d ai ns 27 %(wlﬁzbnaompqiﬁi-’ph%dbutf@rb@fa OxoaRfeRIBNIEIACK. exci pi ent. 40. A

phar maceut %?‘{ B'%H §t4lcﬁ'§’ Ebfdhﬂ@l ﬁsxﬁ@ﬁﬂ??r;bgloﬂfc AW el dstedi m 28, 29,

33, 34, ut| ca acce | e excipient. 41. A
conpounds of3 ﬂ-’re(carbbwméjhyl{oarb@rr)ow) Etwiﬂﬁanylll%hmj%y agylioarig efhi:ester s:
optionally bstl t ted al i ycl oal kyl, optionally
substitufed” lewose ZOl?a)h% jfag étqu%k%p ar a ibfhwg(;%?rlconal l'y substituted
het er oar yl ,3- (1eptberﬂom|digzosmymlfamyu)eﬁo*reprep@atcaciq/¢thyl@ptaronal |y substituted

het erocycl yl tiona I optionally

substituf eoa'ﬁfﬁh 8&68604‘ éﬁa%a I% flc"fa g@&ﬁ&%gg lﬁﬁ %%QQCI d, an

Opcnt4|= g{l%y @eﬂ%éﬂhbw Béhimidadl-2- ylsinfan)tl)ez-bm-pﬁpidmmamd @IHQI—G@(@j@) ?mk:( I0) OR or
opti ona ti.tuted al ky

optional Py %(&%Q'Py‘ypéﬂ'aé?)@ Qgﬂq{@%?g PP Ul 9¥§ﬁg§’f St ed aryl, optionally

substituted aral kyl, optionally substituted het eroaryl opti onal | y

substituted heteroaral k i.onal |y .substi el e

opt i onal P} %é’?‘?f’ﬂ?‘?ﬂ't'g?é{f‘gf@l@@f'887"%9?'”9 ?e&".}“??ﬁﬁd éorf%%%lts ?Qg ﬁﬁnd @

subst i tubaﬂmﬁcchallpactdepthd gxcipidgt i tuted aryl, opt| onally S7137P2 WO -130

WO 02/ 090314 PCT/ US02/ 14057 substituted aral kyl, or alkenyl; R is:

i ndependent |y sel ected from hydrogen, optionally substituted al gl
optl onal kg. smfarmanewcaiymhnﬂatiomcompnapg aaaipoynd ofanyi af @iaimn 28 2P; 3% Hs:

-S-, S Y- tthe sul fur atomof Cys or to
the ni t%&fe?? %ﬁd an&?r %‘é@(?&&@&g@f@t@ﬁe@d het er ocycl yl ;

41. A compound of Formula Ib:

N-OR?®
Formula b
wherein:

Ais: optionally substituted alkyl, optionally substituted cycloalkyl, optionally
substituted aryl, optionally substituted aralkyl, optionally substituted heteroaryl,
optionally substituted heteroaralkyl, optionally substituted heterocyclyl,
optionally substituted heterocycloalkyl, an optidnally substituted nucleoside, an
optionally substituted amino acid, an optionally substituted di-, tri- or
tetra-peptide, -CH,-C(0)-C(0)-O-R’ or -CH=C(OH)-C(O)-O-R’;

Ris: hydrogen, optionally substituted alkyl, optionally substituted cycloalkyl,
optionally substituted aryl, optionally substituted aralkyl, optionally substituted
heteroaryl, optionally substituted heteroaralkyl, optionally substituted
heterocyclyl or optionally substituted heterocycloalkyl;

R?is: hydrogen, optionally substituted alkyl, optionally substituted aryl, optionally
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Y is: optionally substituted aryl, optionally substituted heteroaryl, an
optionally substituted nucl eoside, an optionally substituted am no acid,
or an optworalobgsi4 substituted di-, tri- or tetra-peptide; pamdsa2i®s7 - OR or
-SR, including single tautoners, single stereoisomers and m xtures of

t aut oners and/ or Q}bg{,@ggdsggmy|s@rm i-he pharmaceutical ly accept abI e salts
thereof; provided that: where Xis -S& ted

al kyl , benzyIRdﬁ awdwe&dwbm’%ﬂt?%féo@ hsdfoaﬁ%r@t'g}é@@gubiﬂq@ad\éﬁéﬁ
furt her provi ded t fastifubr GeroR g\r&dpf.odany@ubm&e@arys not :

2- hyd
2 o oo Pt oLl SOL B CRonLs S Bl bl ot

optional Iy substi tHtr@@ed’l@tbﬁfcﬁwbyd)nallmshbsmaéd! petesadyslyli t ut ed het er ocycl yl, an

optionally substituted A no.aci or _.an tri-
or tetra-peptidy; eptjoga %WFBtdger‘? drﬂp?‘?t%S’Hﬁ'Woi}‘béﬂaL%dyqet?srggr?aﬁb%Ibﬁ st tLIt ed
cycl oal kyl , or opt sgpsaituted nidesidet at epticaaty sudstituped amino 8cid, orraraomwalllsent

bond to the sul fur @’Cﬁ%{ﬁtg%g\é"?‘i’?i%tEa'P%@%euéjJ ogen atom of optionally

substituted heter ot The conmpound of C ai m 42,
wherein: A isZian apRiocofBR;|y substituted am no acid selected fromAla, Asp,

s, du @ m&s\m%le %{Jtozmarg pajir} ?tka (ﬁé SR ?rt\djﬁw%&lurgb of %rutd(n'iérs Bﬁ@l’bl’ de the

am no acld are om A Cys, Qu and Ay. 44. The
conpoundsiefecomiars 4B tnmgha;mceutmall)sacqen'@bterSaltﬁé"pﬁl'?@fepr@v@e@@tg y; and X

S R govalentnBang ot R Sdllchiindtl AUBRIuEY Sikyl, S G aniRanolbrobe-2,5-

02/ 090314 FctV e conpoun 42, wherein: Ris:
hydr ogen or Cdiohe-s@Bstiltegbheryhd Ra i s: hydrogen, C, to C4 al kyl or al kenyl,

phenyl o Thg- conpound of C 44,
Wher ai n: EEéS)RHhQE@l bfﬁeﬁﬁ%%éé&n’ﬁ%uﬁ@@#bv%@gggm |srrph;dr ogen aCIILmto

C4al kyl , ore opthydreximncs&pstolytsulfasyl-peniopic. acid ethyl ester.

42. The compound of Claim 41, wherein:

Ais: optionally substituted aryl, optionally substituted heteroaryl, optionally
substituted heterocyclyl, an optionally substituted amino acid, or an optionally
substituted di-, tri- or tetra-peptide; '

Ris: hydrogen, optionally substituted alkyl, substituted cycloalkyl, or optionally
substituted aralkyl;

Xis: -S-, or a covalent bond to the sulfur atom of Cys or to the nitrogen atom of
optionally substituted heterocyclyl; and

Zis: -OR.

43.  The compound of Claim 42, wherein:
Ais: an optionally substituted amino acid selected from Ala, Asp, Cys, Glu and Gly,
or an optionally substituted di- or tri-peptide the amino acids of which are

selected from Ala, Asp, Cys, Glu and Gly.
44, The compound of Claim 43, wherein:

Ais: the tri-peptide Glu-Cys-Gly; and
Xis: a covalent bond to the sulfur atom of Cys.
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47. The conpound of C aim45, selected from

2-am no- 4-[ 2- (2- but oxycar bonyl - 2- met hoxyi m no- et hyl sul fanyl ) - 1- (car boxynet h
yl - car bawoyk)pstihyl car banoyl ] -butyric acid or the HCl salpCTiusez/em57

2-am no- 4- [ 2- (2- benzyl oxyi m no- 2- but oxycar bonyl - et hyl sul fanyl') - 1- (car boxyne

thyl - cagbanoyhd ¢ gﬁbgumf@gwu wWhetkeihi ¢ acid or the HCl salt thereof,
2-am no-4-[ 1- &:ar 0X | - car bam)?(l) 2- (2- et hoxycar bonyl - 2- hydr oxyi m no-

et hyl sul fanyl igt hjy 89%%91‘}3%@('9’ i#daci d,

2- am no- 4- [ 2- R2ibuf Qéﬁlm'wbzZrkh)(ﬁraﬂkéMyI%Myﬁérmdtlsnélfy@nbkt)tutéd(beaz;hloxyrreth
yl - carbanoyl ) - et hyl carbanmoyl ] -butyric acid or the HCl salt thereof,

2-am no-4-[ 1- (car boxynet hyl - car banoyl ) - 2- ( 2- et hoxycar bonyl - 2- net hoxy| m no-
et hyl sul #4any! )I'h@bbrY\bG@’fdJ@ﬂElmhi 44 wingréin: aci d

2-am no-4-[ 2- na t hoxycar bonyl - et hyl sul fanyl') - 1- (car boxyne
thyl - carbano '? eP’ny %ﬁ/Ba ICI2 aﬁk ﬁc acid or the HC slat thereof,
2-amno-4-{1- P& bhydmgem)artc@zbuxynoyﬂ opti2ndIR-sebbiiinieddebayly| - 2- (4- ni tr o- benzy
| oxyi mi no) - et hyl sul fanyl]-ethyl carbanoyl }-butyric acid,

2-am no-4-[ 1- (car boxynet hyl - car banmoyl ) - 2- ( 2- et hoxycar bonyl - 2- phenoxyi m no-
et hyl sul #@ny| JThe cbypoandein@igin] 45 selected feeen:d or the HCl salt thereof,

2- 4- th - - 2. i m no-

vl sul faityl 3 BN EERy st BBy eosiire:hy PG dApatbop gy 1 no-
2- am no- 4- [c%rlﬁémd))e)aethiduarbampmﬂ batyidc &lmoxyled-icﬁj_@agﬂthﬁecﬁyl sul fanyl) - 1- (car boxy
met hyl - ar DAt A T2 W G HHoRAMMG -6 Bk dahsonll iy Qlirahiif14eablyméhj- t her eof,

and
4-[ 2- (2- al | gdribargoytj-etbyl2arbaimoxlj-baty tiwagid oethey\HS skl #efegf, 1- (car boxynet hyl - carb

T A R T Qﬁrgffyi o
optionally stbjdsmIiahgall)—edwylmattranwﬂa)blutyrlaladid Xis: -&. S7137P2 WO - 132 V\D
021090514 PELLVROZLMAR ToniSrol e FRTBRIRTG R AR MBI L |,
substi t ut ededmamm,tlhetayloarbamoyln batydc 8cid pt thertdTlsplt shessefi t ut ed
(t;(ranch)l {n Odgéﬁ) 3‘11{%&-[1 ﬁc%rbo@r%e&\?/ﬂp nggoﬁf -e-glh'& c%’rbé’?@?ﬁ %&hoxyﬁuhé hydrogen
ethylsulfanyl)-ethylcarbamoyl]-butyric acid
e 2-amino-4-[2-(2-benzyloxyimino-2-ethoxycarbonyl-ethylsulfanyl)-1-(carboxymethyl-
carbamoyl)-ethylcarbamoyl]-butyric acid or the HCI slat thereof,
e 2-amino-4-{1-(carboxymethyl-carbamoyl)-2-[2-ethoxycarbonyl-2-(4-nitro-benzyloxyimino)-
ethylsulfanyl]-ethylcarbamoyl}-butyric acid,
e 2-amino-4-[1-(carboxymethyl-carbamoyl)-2-(2-ethoxycarbonyl-2-phenoxyimino-
ethylsulfanyl)-ethylcarbamoyl]-butyric acid or the HCI salt thereof,
e 2-amino-4-[1-(carboxymethyl-carbamoyl)-2-(2-ethoxycarbonyl-2-ethoxyimino-ethylsulfanyl)-
ethylcarbamoyl]-butyric acid or the di-HCI salt thereof,
e 2-amino-4-[2-(2-tert-butoxyimino-2-ethoxycarbonyl-ethylsulfanyl)-1-(carboxymethyl-
carbamoyl)-ethylcarbamoyl]-butyric acid or the di-HCI salt thereof, and
o 4-[2-(2-allyloxyimino-2-ethoxycarbonyl-ethylsulfanyl)-1-(carboxymethyl-carbamoyl)-
ethylcarbamoyl]-2-amino-butyric acid or the di-HClI salt thereof.

48, The compound of Claim 42, wherein:
Ais: optionally substituted aryl or optionally substituted heteroaryl; and
Xis: -S-.
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Ra is: hydrogen or C, to &4 alkyl. 51. The conpound of C aim 48, wherein:
R is: hydrogen or C, to C6 alkyl; and Ra is: hydrogen or C, to C4 al kyl.
52. The cwopewosiof C aim51, selected from PCT/US02/14057

3- (5-chl or o- benzot hi azol - 2-yl sul f anyl ) - 2- hydr oxyi m no- propi oni ¢ acid et hyl
ester, 2-hydroxyim no-3-(5-nmethoxy-1

H benzoi m dazol - 2-yl sul f an ropioni ¢ acid ethyl ester, and 3-(1

H benzoi i9-dazdhe EOWP%léﬂdf%fré‘F'W‘gg H@hﬁl‘%@( ii$fi no- propi onic acid ethyl ester.
53. A pharnacgrdry@)r formulation conprising a corrpound of any of C ains
40-52 and a phar ITB.CEUtI cal accept abl e XCI rmce

formul ati on cBRYANALY si¢pshty ?fﬁaryg?g}%ﬁ?d EPmCI \g Oﬂil?y %@A\'tﬁt%% M%’fgraé
and a pharmaceuti cgula{rw RestRphRdubstitdbepadimiddzol-Ayconpound of For mul a Ic.
O NCRb AXx RC WFornula Ic wherein: Ais: optionally substituted

al kyl, optionally substituted cycloal kyl, optionally substituted aryl,
opt i onal bg. sulbaé compeuhdafallaiyi 42, wptereomal | y substituted heteroaryl, S7137P2
WO -133 WO 02,0903 P ) tionally substituted heteroaral kyl,
optionally sugslf"i tﬁ?"efag%ﬁ’{’g?b8%%%," a(Plgptl onal Iy substituted

het er ocycl oal Ryls; aydrogen om@d toyCasikybt i t ut ed nucl eosi de, an optionally
substituted am no acid, an optionally substituted di-, tri- or
tetra-peptide, CH2- C(O) C(O-0OR or -CH=C(OH)-C(O-OR; Wis: =0, =N-OR
a, or -NBOH)- Rile campgund -Claimgt@mwhereis( Q) 2-, -S-Y-S-, or a coval ent bond to
the sul fur at of h%’r% & oft totdl,eau{vl t4nggen at om of opt| onal |y substituted
het erocycl yl ; ?I ona e/ substl tuted aryl, optionally substituted
heteroaryl, aff dﬁpt ?‘WQQ‘P'}/O" Ci fo Csalkyl.

52. The compound of Claim 51, selected from:

e 3-(5-chloro-benzothiazol-2-ylsulfanyl)-2-hydroxyimino-propionic acid ethyl ester,

¢ 2-hydroxyimino-3-(5-methoxy-1H-benzoimidazol-2-ylsulfanyl)-propionic acid ethyl ester,
and

¢ 3-(1H-benzoimidazol-2-ylsulfanyl)-2-hydroxyimino-propionic acid ethyl ester.

53. A pharmaceutical formulation comprising a compound of any of Claims 40-52 and a

pharmaceutically acceptable excipient.

54. A pharmaceutical formulation comprising a compound of any of Claim 41, 46, 47, 48,
51 or 52 and a pharmaceutically acceptable excipient.

55. A compound of Formula Ic:

Formula Ic

wherein:
Ais: optionally substituted alkyl, optionally substituted cycloalkyl, optionally
substituted aryl, optionally substituted aralkyl, optionally substituted heteroaryl,
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substituted nucl eoside, an optionally substituted am no acid, or an
optionally substituted di-, tri- or tetra-peptide; R 1is: independently
sel ect ed Wooiobogds ogen, optionally substituted al kyl, optipemaldoy14057
substituted cycl oal kyl or optionally substituted aryl; Ra is: hydrogen,

optional ly substitub@shatl kith tttﬁ’&ih&@ Iy 8B At hetrsdyomial |
substituted aral kylb or % n :%'afé(kﬁlbtb%hév balt msdlilbgl?ltﬁt ed

al kyl, optionally satinally E?%Y%?Wmete@ﬁﬁ'%‘é)ﬂ 18p 0@'855& %uﬁ??&a%&f\gf:lﬁ??ld%ran
optional I'y substit @bﬁtshaqygumhkad amine dckf, ahwrm«ﬂwsmtlaméd ainatid of

substituted al kyl; and R 0 G bstituted

al kyl; or Rb and R(t:etf q‘ﬂ%rcw &&S)ﬁ@n{?% ébe&lh g%\ﬂf@@*% yuafeI a'tjt :ched

m;é I_or m ia 5- W@h7-—me¢me|@dorr4mg)ﬁ ?iil onal Iy incorporating one or two

addi t ona eLer ogfgmsg ghoseq d D10 AL, B 0P8 DG B0

optionally su ?1 tu d%cst hS@? §§ S‘E}@fé{”it?ﬁ’é Pt g d{]OF?

ZFL:ﬁ;Fd f r?m t hFI gﬁe)mitvo?@?stomtofrmgtlmfallyréubst@ted aetytocyd;dtl ggglnl ;nsuijl)sti tuted
, optiQna i

al koxy) car bony ) Bts‘% le ﬁﬁeég'ﬁg&) t'é %ﬁ%é%e}?himrt%i @%{rgﬁ)tah{/%ne&buon?l”d

singl e tautoners, suhs;ltlﬁeenwlemﬂlfmmemtlmaﬂy sulatituted aminot aaid, ofren 9pw|¥)r

st ereoi soners, and e ceptable salts thereof, provided
that: where X i ggﬁmﬁggﬁﬂﬁ@t th)ﬂe??g% cﬁey

substituted neth optl onal |y
substituted echya In@pehdmﬁib’ls9le§f§5§'10m?ﬂMdé@E%‘eﬁﬂﬂﬂna")b$u*3tsﬁli%ﬁ%?|§¥'nQFt“HW"Y and
where Wis =N OR aSﬁB&It&iea %yé?oeﬁl@(@} @&fonQW%b&ﬁ’tufe‘&%rﬂm fur at om of Cys, Alis

an optionally substit conpound of

Cl ai m 55, wheReiifi: hpgdrogen @W'P%HISWS@'EIB@?lkaPER'P”&f'lkaSt'Bﬁq whppgpnally

?\U{)Stl t ut Ied aryl, %Plﬁétﬁur@%layal@um’?'kﬁwled aral kyl, optionally substituted
et er oar opti ona substi t'ut ed het t| ut ed
het er ocy%:ll oal I%/I's Md@ﬁ?P»cﬁP&PPﬁ) yssHBgttH‘tFﬁlag&' Qﬁﬁ'%"égﬁ’t&%p"g‘?é Z@é %?IXI\D 134
WO 02/090314 PCT/ U%QBétMt@&Erana,mop@;;tioaalaAdubsﬁtuteﬁtdybluéleyl di-, tri-

tetra- peptlde,c ﬁ?é(d & ﬁyv P to the sul fur atomof Q/s w
is: =0 or =N fogen 9989 958 itueg lfyy' Apstituted al kyl, optionally
substituted arw‘hs tiydgeh aauyl <brwpt|endmstsubstmetddan@| byl ; Rb is: hydrogen,

optionally Su%tain%%&igge%gryv!/ith {RE tnitr(?)rdg#\ b‘/ wﬁilég%aiyta% ggaa{eﬁlma)})@% %rbq% Y-
membered ring, optionally incorporating one or two additional ring heteroatoms
chosen from N, S, or O, and said ring being optionally substituted with one or
more substituents independently selected from the group consisting of =0, =S,
acyl, optionally substituted alkenyl, optionally substituted alkyl, (optionally
substituted alkoxy)carbonyl, and (optionally substituted amino)carbonyl;

including single tautomers, single stereoisomers and mixtures of tautomers and/or
stereoisomers, and the pharmaceutically acceptable salts thereof, provided that:
¢ where X is —=S-, A is not optionally substituted methyl, optionally substituted ethyl,
optionally substituted benzyl, or triphenylmethyl, and
e where W is =N-OR?® and X is a covalent bond to the sulfur atom of Cys, A is an
optionally substituted di-, tri- or tetra-peptide.

56. The compound of Claim 55, wherein:
Ais: optionally substituted alkyl, optionally substituted aryl, optionally substituted
aralkyl, optionally substituted heteroaryl, optionally substituted heterocyclyl,
optionally substituted heterocycloalkyl, an optionally substituted amino acid, or
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substituted aral kyl or optionally substituted cycloal kyl; R is: hydrogen or
optionally substituted al kyl; and Ro and Rc together with the nitrogen to
whi ch t heyoarmmsi4 ached nay forma 5- or 6- nenbered ri ngpCotSonabt y
incorporating N or O as an additional ring heteroatom and said ring being

optional 'y substityf egtidMai sour@ntetPat ithi UfRbtra-peptRYet €d from the group
consisting of acyl and optionally substituted alkyl. 57. The conpound of
O ai m 56, wheXdsn: -SRpof & coyalent gogsitothp suifurgtam h&l$y substituted aryl,
optional ly subgistt Wiedr anadheyl or cycloal kyl; and Ris: hydrogen or Cl to
C4 al kyl; or Rh and Rcto%%g_her wth t itrog

, . th en, to whi ch, they ar.
attached for nfai%- RESFBEFEPPUPRalY ,SUl?ﬁﬁ'fLft%(ﬁQ'RYlyoﬁ’t%Bvapﬁb\gﬁuf?éj %Qagr %ﬂ%%nally
addi tional ring hekesstiaftedraraikyll sai d ring being optionally substituted
with one substptuent selected fromth roup .consi Sk fo.acyl.
optional ly subsfsi't BY@BQ%'T'I&V "?nagé.Suqﬂ'éuei%(gﬂlgguﬂ%“oﬁ?ﬁyéjgf %g@,aﬂhéétgﬁgﬁl Rb
and Rc are Cl to Céutsdtikytéd afdlkyl or aptibhalysubstitstet sycloalkykd aryl, optionally
substituted aral ky r c J [ . rogen; or Rb and Rc
t oget her vvithhallfe h?’&?%{iﬁl?pgloﬁ%llycw%?ﬁgt?dgﬁgl’%ﬁached forma 6-nenbered
ring sel ect ed R’ modhRi tagethesmathlitiye sitrogen touwkich {hiepare attached ynayLawn a 5- or 6-
nmor pholin-4-yl. 5 : B8 i ; JRC are
ethyl; Rb is pheny e%%ﬁ%@ﬁﬁ@%ﬂ{@%&n%@rog%ﬁ IN %kﬁr@t%@ﬁmﬁ?ﬂg@ql ohexyl ,
and R i s hydrogen; hetsroathmaant! $id tiogbeing pptignally suhstivited Wiz ang sURGHIUSA! t hey

are attached form ¢ £ gréddebneRlisg bestyf s RioRSIy dlinBtithted! alkyl.
4- et hyl - pi peri di n-g?['-@ﬁ%ﬁgﬁﬁ{ Torp o e A oo R S o 00314
PCT/ US02/ 14057 60. The conpound of Claim56, wherein: Ais: an optionally

substit utspd afhBRoARbANESE! CEineSe WA a, Asp, Cys, Gu and Gy, or an
optionall'y substituted di- or i i.de the am no acid ich are

sel ected fromRais, CadpC. ey, o&%‘agﬁgf)bt@lﬁ@;edﬂyl, qﬂ’ﬂ?”@mﬁﬁ'?e&fé’\rh k¥i%h 60,
wherein: A is: theybakpedid de A u-Cys-Ay; and
R®is: hydrogen or C to C, alkyl; or
RP and R° together with the nitrogen to which they are attached form a 6-membered
ring, optionally incorporating O as an additional ring heteroatom, and said ring
being optionally substituted with one substituent selected from the group

consisting of acyl and optionally substituted alkyl.

58. The compound of Claim 57, wherein:
R® and R° are C;, to C, alkyl;
R® is optionally substituted aryl, optionally substituted aralkyl or cycloalkyl, and R®is
hydrogen; or
R® and R° together with the nitrogen to which they are attached form a 6-membered
ring selected from 4-optionally substituted-piperidin-1-yl and morpholin-4-yl.

59.  The compound of Claim 58, wherein:
R® and R® are ethyl;
R® is phenyl, benzyl, 1-methoxycarbonyl-2-phenethyl or cyclohexyl, and R°® is hydrogen;
or
R® and R°® together with the nitrogen to which they are attached form a 6-membered
ring selected from piperidin-1-yl, 4-methyl-piperidin-1-yl and morpholin-4-yl.
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X is: a covalent bond to the sulfur atomof Cys. 62. The conpound of Caim
61, wherein: Rb and Rc are C, to &4 alkyl; Rois C to C8 optionally

acyl - subswiotoatoews1al kyl , optionally substituted aryl, opti ®ealusg2/14057
substituted aral kyl or cycloalkyl, and Ris hydrogen; or Rb and Rc together
with the nitrogen to which they are attached forma 2-optionally
substituted-pyrrolidine ring or a 6-nenbered ring selected from

4-option&Ply QQEQWPP‘HH%‘H(H?'HEW afhereitiy| and norpholin-4-yl. 63. The

conpound of Clags:m ar opﬁ@ﬁll?bﬂbstltdﬁéd §mrn@ acd\beq}&tedJﬁ'orﬁMlé}A@dSCyﬁ@lu The Gly,
conpound of C aim 59, 65., The

conpound of O ai m 813N m@r@’%subs\tfwesd d*OOr t“ﬂ-eg_';j @‘P W@@%Of \wlach a46.

conpound of O ai m gglectebi@lofr Ala, ASY,iCys=Blu arld-Glyl, or =N-O-CH3. 67. The
conpound of Cl aim 66, selected from

2- Am no- 4- { 1- (car boxynet hyl - car banoyl ) - 2-[ 3- (4- et hyl - pi peridin-1-yl)-2, 3-d

i ox0- prepyl saThéaombbured bfyClaiar 6&mherginbut yri c aci d,

2- Am no- 4-[ 1- (,car bgx (2 hydr oxyi m no- 3- oxo- 3- pi peri di n-

1-yl - propyl s&l §an3,%'t?§qeﬁ¥ c%ﬂ{)gwggutyrl c acid, S7137P2 WD -136 WD

02/ 090314 PCT/XiS02AkHeaent bond to the sulfur atom of Cys.

2- Am no- 4-[ 1- (car boxynet hyl - car banoyl ) - 2- ( 2- di et hyl car banoyl - 2- oxo- et hyl sul

fanyl)- ethyl carbanoyl]-butyric acid

2- Ami no- $2[ 1- (Tbarcbmym ofyClaionb bavheyein- 2- (2, 3- di oxo- 3- pi peri di n-|

-yl - propyl sul § )R"a?é by @rgggnyl ]- butyr| c acid,
ano

2- Am no- 4-{1- oxynmnet h I-ca [l (1 rrethox ar bonyl| - nyl -
et hyl car banoyl J?COMEQH"?P%WI%#}Hmeémﬁ 'Wéﬂﬁ&ﬂwyﬁu%ﬂ'ﬁ pd @ryé(gpaonally

2- Am no- 4- [1 (car bgwmtgagrem@[g,a,fyéwgu(wZaﬁ@Regq{ygh@éw grar banmoyl - 2- oxo- et hyl

| | t hyl | ]
zuAmazg Zl [ 2- (Féagg:?lzgarmy %%}}?‘/e 2'“851@" QWWF%WW&‘F@?%‘T‘*@é%ff”b%gﬁ?ﬂ??ﬁ}ly car ba

moyl ) - et hyl car bangybdtitdred- I{)Wrélld&fél ifhg or a 6-membered ring selected from 4-optionally

guﬁnaz&)df [1-(car b%ﬁgsrﬁl&tgglplpendm%m%n?j moréholl )ﬂhm I n-4-yl -2, 3-di oxo-propyl

63. The compound of Claim 57, wherein:
W is =0, =N-OH, or =N-O-CHs.

64. The compound of Claim 59, wherein:
W is =0, =N-OH, or =N-O-CHg.

65.  The compound of Claim 61, wherein:
W is =0, =N-OH, or =N-O-CHs.

66. The compound of Claim 62, wherein:
W is =0, =N-OH, or =N-O-CHs.

67. The compound of Claim 66, selected from:

e 2-Amino-4-{1-(carboxymethyl-carbamoyl)-2-[3-(4-methyl-piperidin-1-yl)-2,3-dioxo-
propylsulfanyl]-ethylcarbamoyl}-butyric acid,

e 2-Amino-4-[1-(carboxymethyl-carbamoyl)-2-(2-hydroxyimino-3-oxo-3-piperidin-1-yl-
propylsulfanyl)-ethylcarbamoyl]-butyric acid,
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et hyl car banoyl ] -butyric acid,

2-am no- 4-[ 1- (car boxynet hyl - car banoyl ) - 2- ( 2- et hyl car banoyl - 2- oxo- et hyl sul f a
nyl)- et hyioaanb@moyl | - butyric acid, PCT/US02/14057

2-am no-4-[ 1- (car boxymet hyl - car banoyl ) - 2- (2- et hoxycar bonyl - 2- met hoxyi m no-

et hyl sul faf%’ iRt @QF%??PH%%% éé%éfﬁ%@ §-etncAfBafivyfzloko-sthylsultany))-

(carboxy pyr olrdin yl - propyl sul f anyl
et hyl car barmtquartmrnwﬂrbytmgqu propy yl)-

ﬁy?;n. no- ﬁy|[%a %r_&lméggéo&g%eﬁawmga%)) - 214, 39Rb - SRERATBYA-pRpPE AR Y| sul fa

1I #3 [|2] (421 &ilﬂulmbaln@)d]rtbﬂmﬁm yryl am no) - 2- (car boxynet hyl - car banoyl ) - et hyl s
ul f any o - 215 A ] ester,

2 ani o 3 [ B B L a2 PR or et hy sul f
nyl)- et hyleiia)ﬂwhmybs]l) MK?‘EIW'SHE@WU ethylcarbamoyl} bUtYF ic acid,

2-{3-]2- 4 09 Lo. 1 hyl
ul fanyl ] £2- oxo- pry:ﬁ{)wg g%/é%ﬂ) rret)ﬂ);./% (2;g%ﬁﬁgﬁgyrgﬁﬁﬁyln%tﬁﬂi%gg%ﬂgnﬁ o
2- am no- 4- [elhylcarbamoyl] butyric acid,

é,g ﬁ;llr gg)r( am)y in C@ -f‘z’TB’é/rlz I'c%r'bgg\ogl' LB UG RURHYB L (Ao nethiivdartarhaymy | ) -
2-ag1' noI 4- (eths(lwbamﬁxlhmtvmamﬁhr banoyl ) - 2- {2-[ 2- (4- hydr oxy- phenyl ) - 1- net hoxy
car bony a

cel . a TAIEEETER R Y RehoMORL (Mt ) S BRRRH b RIS o
aryl or optetbylearbgmgﬂblslttmm% heteroaryl and X is: -S. S7137P2 WO - 137

WO 02/ 0903 A

opt i onal I'y%ﬁ%ﬁ%#ﬁ?gaﬂb%q%ethg car T _% gﬁb? ﬁogfﬁg(?gtr ggr@ﬁ}{ nand ! ?(
is: -S-. 70ethwmfbammdbmmflﬁcm a| m 69 V\,herel n Ais: optionally substituted
aryl selgctg g filo2 - rom brgét’ﬂgtéérﬂé?ﬁ@) 2f efABkyc3 glyz AR M‘ﬁ&d

het eroaryl et e stitute enzot hi zoI -2- yl and
5- opt i onal | sthesfenyl)-etrettatbemoyilputyigeFid2-yl . 71. The conpound of C ai m 69,

wher ei n: y%ﬁﬁunoA [1- ety REthyntarbdhby)-Z.2, 3-Bx0 SOPPRHEA- Rf1-prb sy dtitdryi)-

sel ect ed °f
ethylcarbamoyl]-butyric acid,

e 2-amino-4-[1-(carboxymethyl-carbamoyl)-2-(2-octylcarbamoyl-2-oxo-ethylsulfanyl)-
ethylcarbamoyl]-butyric acid,
o 1 -{3-[2-(4-amino-4-carboxy—butyrylamino)—2-(carboxymethyl-carbamoyl)—ethylsulfanyl]-2-
oxo-propionyl}-pyrrolidine-2-carboxylic acid methyl ester,
e 2-amino-4-[1-(carboxymethyl-carbamoyl)-2-(2-hexylcarbamoyl-2-oxo-ethylsulfanyl)-
ethylcarbamoyl]-butyric acid,
o  2-{3-[2-(4-amino-4-carboxy-butyrylamino)-2-(carboxymethyl-carbamoyl)-ethylsulfanyl]-2-
' oxo-propionylamino}-3-methyl-pentanoic acid methyl ester,
e 2-amino-4-[1-(carboxymethyl-carbamoyl)-2-(2-dimethylcarbamoyl-2-oxo-ethylsulfanyl)-
ethylcarbamoyl]-butyric acid, and
e 2-amino-4-(1-(carboxymethyl-carbamoyl)-2-{2-[2-(4-hydroxy-phenyl)-1-methoxycarbonyl-
ethylcarbamoyl]-2-oxo-ethylsulfanyl}-ethylcarbamoyl)-butyric acid.

68. The compound of Claim 56, wherein:

Ais: optionally substituted aryl or optionally substituted heteroaryl; and
Xis: -S-.
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2- hydr oxyi m no- N- phenyl - 3- p-tol yl sul fanyl - propi onam de, and 1- pi pe
ridin-1-yl-3-p-tolylsul fanyl -propane-1, 2-di one 2-oxinme. 73. The conpound
of C ai mw6,02xbenei n: Wis =N-ORa. 74. The conpound of C &Ccmuk8/14e8Br ei n:
Ra is hydrogen or optionally substituted alkyl; Rois: Cl to C4 al kyl,

opti onal bg sukgt bBMbg&dacgfmampgg I%ﬂ%‘]‘y substituted aral kyl or cycloal kyl;
and Rc is: hydrogen or or Rb and Rc together with the

nitrogen to whiigh Phﬁﬁﬂaﬁy éUt&i'tUéﬁ,dr@M Qr(ﬂpﬁ?féawélé?ﬁ%‘ﬁa‘l’ pgteroaryl, and

substi t ut ed- pyrigol Lgli ne ring or a 6-nenbered ring, optionally incorporating
O or N as an additional ring heteroatom and said ring being optionally
substituted wth one substituent selected fromthe group consisting of

acyl andzgpti qn@bbmpom@|§|ﬁ{@gjmﬂ{eké{ﬂ1A|§5 A pharnmaceutical fornulation

conprising a cor nd of nd, a har maceutical |y
accept abl e ex€P r@ Y Su tU?ﬂwgﬁe%?"éﬂf?’EaPh?%’?ﬁm’ Btt?lgln Conprising a
conpound of athdﬁalI)Cbl&bsﬁm&ﬁhetél&arﬁﬁeleﬁéd frof9,5-aition@Ry subshtBtemrobraothiazol-2-

pharmaceutically ac bl e i i S7137P -138 WD 02/ 090314
DCT Usosl 14087 799 05 ARl E‘&Eerﬂﬁeé‘z fidb vt 2PNy Crs Rk mNn H
NHR2 O R3 O Formula I1 V\,her ei n is: hydrogen, optionally substituted

al kyl, option O-O0R, -CHz2-SH,
b & ol 3&“ %?%?8@&5@5%%”8{%% o0-Z -CH2-S(0)-CH2-Q(W-C(O) -2,
or -CH2-( O) QHisGE@HFNEDIA) or2ZN-ORHi.s:  hydr ogen, optionally substituted

al kyl, optionally substituted aryl, optionally substituted aral kyl,

opt i onal |y substituted acyl ;
72. The compound o Claim 71, selected from:"

e 2-hydroxyimino-N-phenyl-3-p-tolylsulfanyl-propionamide, and
e 1-piperidin-1-yl-3-p-tolylsulfanyl-propane-1,2-dione 2-oxime.

73.  The compound of Claim 56, wherein:
W is =N-OR®.

74. The compound of Claim 73, wherein:

R? is hydrogen or optionally substituted alkyl;

R%is: C, to C, alkyl, optionally substituted aryl, optionally substituted aralkyl or
cycloalkyl; and

R®is: hydrogen or C, to C, alkyl; or

R® and R°® together with the nitrogen to which they are attached form an optionally
substituted-pyrrolidine ring or a 6-membered ring, optionally incorporating O or
N as an additional ring heteroatom, and said ring being optionally substituted
with one substituent selected from the group consisting of acyl and optionally

substituted alkyl.

75. A pharmaceutical formulation comprising a compound of any of Claims 55-74 and a

pharmaceutically acceptable excipient.

76. A pharmaceutical formulation comprising a compound of any of Claims 56, 58, 66, 67,
69, 71, 72 or 73 and a pharmaceutically acceptable excipient.
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R3 is: independently selected from hydrogen, optionally substituted | ower
al kyl, optionally substituted aral kyl, -CH2-SH, -CH2-S-CH2-C(W-C(O) -Z,

- CH2- S- CHwO(0@itho3c( O) - Z, -CH2-S( O -CH2-C(W-C(O -2, or PCT/US02/14057
-CH2-S(O -CH=C(OH)-C(O) -Z; R4 is: hydrogen, optionally substituted | ower
al kyl, op¥i 0”%'80}41%_'P§Bf ,t(%@,;g @gral kyl, optionally substituted
heteroararalky - H -CH2-S-CH2-C(W-C(O-2Z, -CH2-S-CH=C(OH)-C(O) -2,
-CH2-S(O -CH2-C(W-C(O-Z, or -CH2-S(O-CH=C(OH)-C(O-Z; R5 is: hydrogen,
optional Iy substituted al kyl, or optionally bstituged aryl; R is:

i ndependently sel ected from hydr ogen option Iy subgtituted al kyl, or
optionally substitute . =@
is: -OR -SR or NR , i Sk
optional |y substitR'€d cys
substituted aral kyl, het & oary! || opti onal I'y
substituted heteroar al kyl , ap | y subg?ti tut ed hetercpcycl yl or
optionally substituted het erocycl oal Iy Faﬁ hydr ogen, optionally
substituted al kyl, optionally substi tRRrEy'ad altyl, optionally substituted
aral kyl , waerep:-kenyl; Rb is: i ndependent |y sel ect ed from hydrogen,

optional | tit kvyl. t bttt |, t

substi tut édsz?ziriyﬁy%pgw%hm‘ﬂ SugBued plpeaiepali Sftefies IR ERIYE 150
WO 02/ 090314 PCT/ USDR4-$KROEH - RCH,C( W)r@tﬂc}@we@ﬁt—SgﬁM(@i—l)e{dO‘){Zom hydr ogen or
ohbstiut o al eyl oreni s B s - G GRERCROML oL L eh 1 hey
are attached Rays:f bydrogen, Dptiomally substitdied alitylr optipnalypsubstitutedyaryinoptiqpetiat i ng
one or two additi 0”1%&"“%@?45?% gﬁ‘ér%[’]isu@ﬁﬂﬁgd"a jom N, S, or 0, and said

ring being optionaP one of fe substituents
i ndependent | y Réds: emdedemde@ﬂy sé¢lectgd fom kydregest pptipnally substitued loweralkyl,

sUbst 1 tut odal Koxy EEERY TP RAgn Ry ﬁ”?ﬂt O bonyl -k
is: 0, 1 or 2; misEHBS- QH-CQ(OZ") & 'Z nCHsS( -CH-CON§E(Q)-Z, or
-CH,-S(0)-CH=C(OH)-C(0)-Z,

R*is: hydrogen, optionally substituted lower alkyl, optionally substituted aralkyl,
optionally substituted heteroararalkyl, -CH,-SH, -CH,-S-CH,-C(W)-C(0)-Z,
-CH,-S-CH=C(OH)-C(0)-Z, -CH,-S(0)-CH,-C(W)-C(O)-Z, or
-CH;-$(0)-CH=C(OH)-C(0)-Z;

R%is: hydrogen, optionally substituted alkyl, or optionally substituted aryl

BRed al kyl ,
ally sbhstitufed aryl, optionally

R’is: independently selected from hydrogen, optionally substituted alkyl, or optionally
substituted aryl;

Wis: =0, =N-OR? =N-NR°R’; or -N(OH)-R’

Zis: -OR, -SR, or -NR°R";

Ris: hydrogen, optionally substituted alkyl, optionally substituted cycloalkyl,
optionally substituted aryl, optionally substituted aralkyl, optionally substituted
heteroaryl, optionally substituted heteroaralkyl, optionally substituted
heterocyclyl or optionally substituted heterocycloalkyl;

R%is: hydrogen, optionally substituted alkyl, optionally substituted aryl, optionally
substituted aralkyl, or alkenyl;

RPis: independently selected from hydrogen, optionally substituted alkyl, optionally
substituted aryl, optionally substituted aralkyl or optionally substituted cycloalkyi,
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i ncluding single tautonmers, single stereoisoners and m xtures of tautoners
and/ or stereoisoners, and the pharnaceutically acceptable salts thereof,
provi ded whai/oai314 east one of R1, R3 or R4 is -CH2-S CH2PCIWsoL{4057 Z,
-CH2-S-CH=C(OH)-C(O -Z, -CH2-S(O-CH2-C(W-C(O-2Z, or

- CH2- S(O) - CH=R¢ () nﬁ(e@nd%nuySele&B@fr@ﬁfm@myéanr oﬁhcmanywbstmw alkyl; aill i s:
-C(O-0R whepe I S hr¥drogen or | ower alk R2 and R4 are hydrogen; R3
is: -CH2-S CHR @(V\Wﬁ(’@)} 2cylorgplicnady;s %ﬁﬁ%‘eCZf'bY'

l—CHZ S(|O%( lCHZ\;RVE@W Reg@eﬂier mﬁﬂﬁeﬁér@&mh@ylbfﬁ@chzd niely fosn by 8¢ bgen or
ower al kyl; Is: =0 or =N " LS. - r -NR, bR

optional Iy substit (RESPEELNI: OBB?qaﬁﬁglchpog%ngtan r&¥e 39/@'%%1 E@Hétg%%%ms
ﬁpéli onal l'y sulbit : t eheskndroph N, 8 oroPt arehsdid §ing bdisg pplinnatly sukstikuped witmones or
ydrogen or al ky I [

hydrogen or Cl to @P%Pﬁ?ﬁt&eg&s 'E&%édb 85%35[ %ﬂé?rﬂ\}\?‘{)ﬁﬁ%%cons@ °2n°t6 ’
me cht heydar e att acwymmohaltymu@sfﬂuwérﬁﬂ@lneldoptrqna@y wséhﬁﬁﬁalkyldﬂpmf@ﬂll onal ly
substi t ut ed- pi peri

Fespect i vel y. 0. 2, 1oy aRGHERAGA' Ao BanaSbstbiod B it

wherein: Rl ikgs: -OCﬂ]GrZS?lS?PZ WO - 140 WO 02/ 090314 PCT/ US02/ 14057 R5 is:
hydr ogen; and Qéa,{oe respectively: 0,2,1; or 2,0,1. 80. A

|
phar maceut i cal {‘sorrml atlon conprising a corrpound of any of Cains 77-79 and
a phar maceut indsil | Y, Actepdabl e excipient. 81. A conpound of Forrmula II1:

1 0 Rihdudind\sing® tdtRerRersReindle BRrebisomdre il Inaixtltes of tautomers and/or
stereoisomers, and the pharmaceutically acceptable salts thereof, provided that at least one of
R', R®or R*is -CH,-S-CH»-C(W)-C(0)-Z, -CH,-S-CH=C(OH)-C(O)-Z,
-CH,-S(0)-CHx-C(W)-C(0)-Z, or -CH,-S(0)-CH=C(OH)-C(O)-Z.

78. The compound of Claim 77, wherein:

R'is: -C(0)-O-R’' where R’ is hydrogen or lower alkyl;

R? and R* are hydrogen;

R%is: -CHx-S-CH,-C(W)-C(0)-Z, -CH,-S-CH=C(OH)-C(0)-Z,
-CH2-S(0)-CH,-C(W)-C(O)-Z, or - CHZ-S(O) -CH=C(OH)-C(0)-Z

R%is hydrogen or lower alkyl;

Wis: =0 or =N-OR?

Zis: -ORor-NR°R%;

Ris: hydrogen, optionally substituted alkyl, optionally substituted cycloalkyl,
optionally substituted aryl, or optionally substituted aralkyl;

R®is: hydrogen or alkyl;

R%is: C;to C, alkyl, phenyl or benzyl;

R°is: hydrogen or C, to C, alkyl, or

R® and R°® together with the nitrogen to which they are attachwed form a 6-membered
ring selected from 4-optionally substituted-piperidin-1-yl and morpholin-4-yl; and

k, m and n are respectively: 0,2,1; 1,0,1; or 2,0,1.

79. The compound of Claim 78, wherein:
R'is: -COOH;
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wherein: R3.1 is: Hor is absent; R3.2is: Hor C to C alkyl; R3.3 and
R3.4 are both Hor are both C, to Cdalkyl; and R3.5 is: H COOH, or

- C( O O Ciwpo2/@d03ad kyl ; including single tautoners, singlepsrarsepi®eners and
m xtures of tautomers and/or stereoisoners, and the pharnaceutically
accept abl e saRPs: t RedBgén; a&a The conmpound of O aim 81, wherein: R3.3 and
R3.4 are both H or are both hy and, R3.5 is: COON. 83. The conpound of
Cl ai m 82, whekeM@nd ’F@feiegfpoecﬁ é}gﬁ ol IR3 2 is hydrogen or ethyl. 84.

The corrpound of d ai m 83 selected from

22D|rre hyI d|h H- 4]t hi azi ne- | c I
ester: op0 sAhamgca totaeh P BHES 3 demaPkat ORI CialR 75 @?
est_er. 85harﬁla¢bardm¢ewdpfziﬂle &afiplentat i on conprising a conpound of any

Clainms 81-84 and a pharmaceutically acceptabl e excipient. S7137P2 V\D 141

81. A compound of Formula IIl:

Formula i

wherein:

R*'is: H oris absent;

R*Zis: H or C; to C, alkyl;

R%3 and R** are both H or are both C; to C,alkyl; and

R%*?is: H, COOH, or —C(0)O-C; to C, alkyl;
including single tautomers, single stereoisomers and mixtures of tautomers and/or
stereoisomers, and the pharmaceutically acceptable salts thereof.

82. The compound of Claim 81, wherein:
R3*? and R** are both H or are both methyl; and
R*®is: COOH.

83. The compound of Claim 82, wherein:
R*'is hydrogen; and
R%*2is hydrogen or ethyl.

84. The compound of Claim 83, selected from:
e 2,2-Dimethyl-3,4-dihydro-2H-[1,4]thiazine-3,5-dicarboxylic acid 5-ethyl ester; or

¢ 3,4-dihydro-2H-[1,4]thiazine-3,5-dicarboxylic acid 5-ethyl ester.

85. - A pharmaceutical formulation comprising a compound of any of Claims 81-84 and a

pharmaceutically acceptable excipient.
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