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cardi ovascul ar and inflamuatory di seases and di sorders. SUMVARY OF THE

| NVENTI ON The subj ect invention includes conmpounds having the structure:
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that R3 and R4 are not bot h “CrgsirReference ¢9 Related Applisatiotdependent | y

sel ected from fiydregRMtioR@lafins ¥ BRReARIFKYS. PrBVﬂfdﬂéNAp%?ah@%_EeriélN(Q,
al kyl t hi am no and no ; i s i ndependently
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hydr oxy, al koxy," aryloxy, thio, alkylthio, arylthio, am no, alkylan no,
aryl am no, acyl, alkylacyl, arHIaGEpF TRRINYENTIKON am do, aryl am do,
sul fonyl, alkyl sul fonyl, arylsulfonyl, phosphonyl, alkyl phosphonyl,
ar yl phosphonyl The apbiesty inyaafion selafekyip plenyi-garbagpglbenzigyagales ggotyl for
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SUMMARY OF THE INVENTION

The subject invention includes compounds having the structure:

R5 R1
“l'\ / \
— CONH— M
X

(a) R1 is selected from alkyl, aryl, alkoxy, and aryloxy;

R4

R3
R5

wherein:

(b) R3 and R4 are independently selected from hydrogen, halo, alkyl, alkoxy,
alkylthio, and mono-or dialkylamino; except that R3 and R4 are not both
hydrogen;

(c) each R5 is independently selected from hydrogen, halo, cyano, alkyl, hydroxy,
alkoxy, thio, alkylthio, amino and mono- or dialkylamino;

(d) each R6 is independently selected from hydrogen, halo, nitro, cyano, alkyl,
aryl, heterocyclyl, hydroxy, alkoxy, aryloxy, thio, alkylthio, arylthio, amino,
alkylamino, arylamino, acyl, alkylacyl, arylacyl, amido, alkylamido,
arylamido, sulfonyl, alkylsulfonyl, arylsulfonyl, phosphonyl, alkylphosphonyl,
arylphosphonyl, carboxy and its alkyl and aryl esters; '



conposi tions containing such conmpounds; and met hods of using such conpounds
for treating or preventing reperfusion injuries to tissues. DETAILED
DESCRI PTVGNoZFSSTHE | NVENTI ON There are about 1.1 m |l ion pgDUasidi42i2
infarctions in the United States each year and 350, 000 peopl e die.
Myocardi al infarction (M), or heart attack, occurs when the blood vessels
supplying the heart becone conpletely or partially occluded. Treatnent
with thronbol ytic agents to restore blood flow (reperfusion) is first line
treatnment in .many cases. However, the benefit. of reperfusion is .

Conpr ot 58 OBy Oy Elster RSt OO EE Byt UEEFAR BcbtRfparspcally
resul tingadRp@bRYAA! VfHRatE 2 156hyROIGLAIS EQEL, ameWrimiddthkROFBhaARaaai@] al | y
serves a pro?ective rol e.” For exanple, at sites of bacterial infection,
bact er i al cempisitoxisneontaming eutiheompoudundst iant nugthodst dfansiag spgh cgmprindssionhi ch
recruit circul ating | eukocytes, including neutrophils and nonocytes, to
destroy t ga“"@aoétpé%e t.m%fﬁpérfﬁﬂgn frH‘f‘ré%sgP Bgsuie% cl egr ed, the infl a?]lmati on
subsi des. However, there are conditions where the inflanmatory signal is
sust ai ned (rheurmatoid Ig}g}fggﬂlé]i)sgﬁsor i zﬁeﬁgg%ﬁﬁéﬁ%ﬁgﬁere

(i schem a-reperfusi on Dagaothh ERIP flammation is the
br aceded by a dHSEARoRI dyehuhobosr i e aiel BF (iBleohdy Bt " '
adher enceagf 35000 I&;@opaasiwl MyRAIA Nefak@lonC@iih Sor BEHH skl BEcurs Bhefi ard | on
of adhesion nolecules on the surface of both cell types. These nol ecul es
bel ong t oblopd ewssstlss suppsting 4l héast beqonee ewnpletehnsr pettiglly meekydpdhsTigpanenhe

i mmunogl obul i uperfam lLy. Neutragphi fi I 2nd i al
cells,- a" t:ho@ggéb O?r%té‘i %eenéé/ttfi/ r?#oere S ?de?to "n r.glge,&{u%lsolnt) gés (H(%?t ﬁﬁ 115%%3%1 ?(l)nn,
firm adheqrRngecdsss. TeHodeest, bite t BdmefintodT aptifadionfis Plomprobegdi bg te &vNs and
| CAM1 (intercellular adhesion nolecul e-1) expressed on the endotheli al
cel I's. Fi dlanmymatenyarespensetaseqdiated nyiy it respltoe mVASYRAtoma ralladerspprdusden t o

ti ssue d%lrra e. Conpounds able to bl ock the adhesion of neutrophils to
endot hel i UWWoul d be useful in the treatnment of a vari ety of conditions

i nvol vi ng i schafflaamh@Rerdenstall skivies!h Yrotédtisk wellen For biimiplef atrs@tsd of wdcediat O,
nyocardi al infarction, coronary artery bypass grafting, 2 WO 01/58879
PCT/ US01/ Gvectipn, harirind| eadetpxingrigiss, the mr@ci@,tlobéwf ipfiapaptory syipkiies gyhighse,

i nf | ammat Pe:rc¥uip %\ﬁ@l!xlaghg qg\?l?o’cytes, including neutrophils and monocytes, to destroy the

bacteria. Once the infection is cleared, the inflammation subsides. However, there are

conditions where the inflammatory signal is sustained (rheumatoid arthritis) or is
unnecessarily severe (ischemia-reperfusion injury).

An essential feature of inflammation is the migration of neutrophils (PMNs) from
blood into tissues. This migration is preceded by a cascade of events mediated by
adhesion molecules. The adherence of PMNs to vascular endothelial cells requires the
interaction of adhesion molecules on the surface of both cell types. These molecules
belong to three distinct families: the selectins, the integrins and the immunoglobulin
superfamily. Neutrophils first roll along endothelial cells, a process mediated by the
selectins. At sites of inflammation, firm adherence is mediated by the interaction of 7
integrins on PMNs and ICAM-1 (intercellular adhesion molecule-1) expressed on the
endothelial cells. Finally, transendothelial migration of PMNs into tissues leads to tissue
damage. Compounds able to block the adhesion of neutrophils to endothelium would be
useful in the treatment of a variety of conditions involving ischemia-reperfusion injury

including, but not restricted to, myocardial infarction, coronary artery bypass grafting,
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ul cerative colitis, burns, frostbite, adult respiratory distress syndrone,
asthma, tissue and organ transplants, general surgery, replantation, acute
renal faiwanesssrheumatoid arthritis, psoriasis, hepatitiBCT/pascuertitis,
sunburn, radiation, ulcer, and shock. (For recent reviews see: C. Cornejo,
J. Harlan, R Wnn, in Adhesion Mlecules in Health & Di sease, L. Paul and
T. Issekutz, Eds., Marcel Dekker, 1997, Chapter 18; J. Prince, C

Bal | antyne, Enmerging Therapeutic Targets, 1999, 263-277.) d ossary of

Terms Unl ess qt herwi se specified, the follow ng ter have the jndicated
reant nge. GHTPECE e PHeRe BETE | GHC i AP gie A R R el Area
hydr ocar bge@haé BoNWY, &lirmks SfrbdthigaadulP f@pﬁmg« @istré%Glyh@rome$ adthia! du®tnd

unsaturated (but not aromatic), substituted or unsubstituted. The term may
be used ergendrapsplants,pgancrabsurgeiys Feplanigsicn, whee eenial faye, bhewnhapidegiduitiso

"alk" (e.g.,.in .alkoxy, —alkylamno). Preferred |inear .alkyl h from1l to
about 20 Bssrian. Sieafes ranPedtise B, o RS, Bhee S e b P bR
nore pref grabl gosidd, V. 6040, R. WinaPRUA dibsArNIBRculdd BNHcaliAO& IDiRERE EIL.Pedl ar e
met hyl or ethyl. Preferred cyclic and branched al kyl have from 3 to about

20 car bonamt dndssehuize BolsefMampl Pekkasm 3990 Ghanter 18 LaPiens. &t oBsllangice

preferably still. from 3. abo r atons. Preferred cyclic alkyl
have one ]\éWEﬁl%ngSReﬁﬁch%fgeg%#b%gf%géz\%mtvvo, three, or nore, fused or
spirocyclic hydrocarbon rings. AGkyskarywyf Tegmginsaturated only with one or
nore doubl e bonds ("al kenyl") (no triple bonds), preferably with one, two,
or three doubl Enisshatherwiss spepifistlethafoNowing ferardiave hgindicyied meaningy Whagy be
unsat ur at eddvm%k} one. o  nor e triple bonds ("al kynyl"), preferably with one
triple botitr” ! l}% If)prelaerr‘ed al kyl are saturated ("al kanyl™). The term

"al kyl ene" meamge aitmt K1 Wasda hgdidtirdehedaihavidclols lieag brmohed @8 cyclic,
Preferred substituents of alkyl 1nclude al kyl, aryl, halo, hydroxy,

al koxy, asajureteyl or amsaierated)(Ryli nokpregnaticl sybsiintad or prsugstityiedy IThaitgm ®RY be hi o,
acyl, al ky| acyl ryl acyle, XYs & » 1 NO

al kyl am n%c{)s,e%aa\r{%/qea%%éj,%ﬁsoglaP gtﬁ%/]{)‘,%%@l ﬂ@%fgﬁ‘{ '?%’%1?% Sh(g{reék(gﬁ f%%y*e?énhilrﬁtarué?xyéyano,
het er ocychlgylaRfigd)er mreefeabd Minear alkynshapst fromt edto dvait t 2 rarban yAtomeeanse an

aromati ¢ hydrocarbon ring which is substituted or wunsubstituted, The term
may be usP@ierrRpdram 14e abrrtd @rboaiseme megsmgefembly still oy lytogpbgut 4 carbon

aryl am nogt'omg{ S%gtrﬂrgfgn%{i Yle rggﬂllﬁl & e?l@lﬁ Pr&eftlP U}gcliq:%nﬁ %E&%He@ﬁl?%haiv@ fidie

aromatic rin
3 to about 20 carbon atoms, more preferably from 3 to about 10 carbon atoms, more

preferably still from 3 to about 6 carbon atoms. Preferred cyclic alkyl have one
hydrocarbon ring, but may have two, three, or more, fused or spirocyclic hydrocarbon
rings. Alkyl may be unsaturated only with one or more double bonds (“alkenyl”) (no
triple bonds), preferably with one, two, or three double bonds, more preferably with one
double bond. Alkyl may be unsaturated with one or more triple bonds (“alkynyl”),
preferably with one triple bond. More preferred alkyl are saturated (“alkanyl”). The term
“alkylene” means an alkyl which is attached to 2 or more moieties. Preferred substituents
of alkyl include alkyl, aryl, halo, hydroxy, alkoxy, aryloxy, amino, alkylamino,
arylamino, thio, alkylthio, arylthio, acyl, alkylacyl, arylacyl, carboxy, alkylester, arylester,
amino, alkylamino, arylamino, sulfonyl, alkylsulfonyl, arylsulfonyl, nitro, cyano,
heterocycle. Preferred alkyl are unsubstituted.

The term “aryl” means an aromatic hydrocarbon ring which is substituted or
unsubstituted. The term may be used alone or as part of another word (e.g., in aryloxy,

arylamino). Preferred aryl have from 6 to about 14 carbon atoms in the aromatic ring(s),
3



WO 01/ 58879 PCT/ US01/04212 and a total of from about 6 to about 20,
preferably to about 12, carbon atons. Preferred aryl is phenyl or

napht hyl woosssspr ef erred i s phenyl. The term "aryl ene” nerawUas/@ei2l  whi ch
is attached to two or nore other noieties. Preferred substituents of aryl
include alkyl, aryl, halo, hydroxy, alkoxy, aryloxy, amno, alkylam no,
arylamno, thio, alkylthio, arylthio, acyl, alkylacyl, arylacyl, carboxy,
al kyl ester, arylester, am no, alkylam no, arylamno, sulfonyl,

| kyl sul fonyl , | fonyl, . ni h le . Mo
aryl are Gt dFEn DI opias e PR FARd St el TohEl o
sul fur at gmy isThRnyPbMaghet 8! ReYChelerRl is PRISI.OTHE hdtin “AFHRAE” MetCan Grydl Kyl

or aryl with one or nore "heteroatons substituted for carbon atons in the
ring(s), phiheisalthghed, to2woror3moteedtberompishies.i Rref¢reed subgligipnts ey inglgde

het er ocycl ubsti tuent.s are,.the sane as .for alkyl. The term"heteroaryl"
et o o 1 ol A5t ol Kb AP wRuRS i i o pbfe e, MARES

Pref err edaR@hgy, oR%Y | alRveylf eyhéyll @adbRyt alkdlesteBr &yRisetehmity) dikylakeais, 10,
more preferably Still 5 or 6, carbon plus heteroatons in the rlngt(ﬁs), and
a total ofrylaminpSuifonylapléyisutfonylnasysulferef.aritiel oyane hetssenycley Mewgrmsefsripd us

het er oat ons, The tlgar.gnt" afe and effective amount” neans an anpbunt of a
phar macol 8@{} 3ra?|qn§u %S e conmpound sufficient to significantly induce a

posi tive nodi firaatdrAnheRrdaiein CaRehd d Miftogér oRPadn! Gedudtir atoui. | ow enough to
avoi d serious side effects (at a reasonabl e benefit/risk ratjo), within
the scope of s&hatrmedieteavcycledgmeheteroayel sk eneand aetelic alkybomgrsLinith gne gr
conmpound will ,vary. wt rg&ic r it i ot S ze
and age af@"™ &ﬁ%gl}/a Ars gB%%ﬁ‘t‘tlggnfto(r)fcghg i%tg{hge]t}?t ?mt ﬁgé@gvﬁeie?et%bqgfl’c%ﬁ) i%i on,

t he dur at hewroafonishian the (@ N tPrefetrb@ hBREdtk ele Glibsinugi menthe shie apYor dlkgl.
particul ar pharmaceutically-acceptable carrier wutilized, and |like factors

wit hin t h&hkteswl epigroamll @xegrete ithe syet ofeheieroeyrgianyhishycqnapriss anmemas m
"ph tjcally- | i er” " i -
ener pr ont Lok B8 BRI DGR, o boul PAGIBRGEIERI Yo B6RDICRGE,, |

are suit apteferabl9rstildiMonics tadbh Plud BetéroltdfBIinhe gk, Al sadtal Jheroines Mo
"conpati bl e" means that the exciPi ents are capable of being conm ngl ed

with the pbeutaBospisgiresrably abovel s 6abenates helereadimpdbunds, and with each
T
Si t uat i ongctivER@npsanPsidfitiencto sigiifidravie imluos b positiaé npldéicaaon irothe cahdidon | vi ty
themsel Vetsd be treated, but low enough to avoid serious side effects (at a reasonable benefit/risk
ratio), within the scope of sound medical judgment. A safe and effective amount of a
compound will vary with the particular condition being treated, the size and age and
physical condition of the patient, the severity of condition, the duration of the treatment,
the nature of concurrent therapy, the particular pharmaceutically-acceptable carrier
utilized, and like factors within the knowledge and expertise of the attending physician.
The term “pharmaceutically-acceptable carrier” or “pharmaceutically-acceptable
excipients” means one or more compatible solid or liquid excipients which are suitable
for administration to a human or lower animal. The term “compatible” means that the
excipients are capable of being commingled with the pharmacologically active compound
or compounds, and with each other, in a manner such that there is no interaction which
substantially reduces the pharmaceutical efficacy of the composition under ordinary use

situations. The excipients do not have substantial pharmacological activity themselves,

but may function, for example, as diluents, lubricants, disintigration enhancers,
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but may function, for exanple, as diluents, lubricants, disintigration
enhancers, 4 WD 01/58879 PCT/US01/04212 dissolution enhancers,

encapsul avongsssed eri al s, preservatives, colorants, flavorpatr/@soznei2 t he

| i ke. Pharnmaceutical -accept abl e exci pients nust be of sufficiently high
purity and sufficiently lowtoxicity to render them suitable for
admnistration to the human or ower animal being treated. The term "unit
dosage forni nmeans a conposition corrpri sing an amount of a

phar macol Qgi cal. | ctive co sui t abl.e stra ign,to a
homen or Seediniey <A SRpa mena etk Pl enes BtloP g T b Ghodnd

nedi cal  pRCieC € PhAimabb@RYHAREYABIR! &3S mush badfastRiedly Bighafubieyx ¥hd C
acid containing 2- phenyl carbanoyl - benzi m dazol e of the present invention

that doessuffitiently & eoxacityi totrendes theme suitabley fosfadmirdstpatissdattheclumauetiowsr t hat
IS read|I%H vertﬁg %ﬁ an animal to yield an active
8 ARIIEe

phenyl car P 'Be azole. Such esters include |ower alkyl esters,
lower acyl oxyTgé Kt e§ﬂ1?6§sa@§ U Hn atedhsE b DoYHPREIBh  cotfpRisgy &t Bibunt of a

am nocar bonyl oxynet hyl , pi val oyl oxynet hyl and pi val oyl oxyet hyl esters),

| act onyl elytrmasolegml&v a@tlvgmdma?qudstlt aind suitéble poit aﬁhnmwynatle@ﬂ@rasl)umanovrea

al koxyacy] ox k S net ho car

et hoxycar{%\'ﬁ:¥ B&?@Pﬁ‘i} é%a(sing (}ogfjo%?y%rg S? egrs) al koxyal kyl

esters, choli nA esioblrofdbial Kstér”afsylaanbﬂ@r anlfkyl ca@&s@m& ﬁ&dcborﬁ@mmg 2-
acet am donet hyl esters). The Conpounds The subj ect invention involves

2- phenyl - pleanly ﬂrbﬁrrﬁlmabmle@fém@mgnvmon rﬁ@attd@és got iptrfpre witkshRl R4

consi sti rer B ey Paedh Corgadh bt bne ™ e Ry R el AUHERL R an

portions gdtiverseaylcatbaRbyMBéRihiazd1av eSuchOgbeks tlﬁJcl@(iH)ltiwellhlkyl esters, lower
acyloxy-alkyl esters (such as acetoxymethyl, acetoxyethyl, aminocarbonyloxymethyl,
pivaloyloxymethyl and pivaloyloxyethyl esters), lactonyl esters (such as phthalidyl and
thiophthalidyl esters), lower alkoxyacyloxyalkyl esters (such as
methoxycarbonyloxymethyl, ethoxycarbonyloxyethyl and isopropoxycarbonyloxyethyl
esters), alkoxyalkyl esters, choline esters and alkyl .acylamino alkyl esters (such as
acetamidomethyl esters).

The Compounds

The subject invention involves 2-phenyl-carbamoylbenzimidazoles compounds

having the structure:

R5 R1
R4 IL
>/— CONH— / \ @
R3 N _\ R6

R5
In structure (I), R1 is selected from the group consisting of alkyl, aryl, alkoxy, and
aryloxy. The alkyl and aryl portions of preferred R1 moieties have from 1 to about 14
carbon atoms.
More preferred R1 is selected from unsubstituted or substituted alkyl having from 1

to about 12 carbons atoms, and unsubstituted or substituted phenyl or naphthyl.
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carbon atons. More preferred RL is selected fromunsubstituted or
substituted al kyl having from1 to about 12 carbons atons, and

unsubst i two edsssr9 substi t uted phenyl or naphthyl. 5 WO 01/ B8BTS01/04212

PCT/ US01/ 04212 More preferred alkyl R include unsubstituted or
substituted |inear al kyl having fromabout 2 to about 8 carbon atons, nore
preferably still fromabout 3 to about 6 carbon atons; still nore
preferred is n-propyl or n-butyl or n-pentyl. Mre preferred RL include

branched al ky]_ havi fro ut t o ahout 8, carbon. at , e, preferabl
ot from aHtk preteteed ol RE osfigt ran oL cL B SroRsRes TPereriauirgne Y
| sobutyl gp SRRENL M abdWe "Secar%r?faﬁ)rn'iﬁCilnd:i‘)i%L ﬂrél@%a!ﬂlglﬁst]?ly(ﬂdn@ aBbLlftY%) thayoinds f rom

3 to about 8 carbon atons, nore preferably sti rom3 to about 6 carbon
at oms. Pr edrbon ednsubtat imone prederfank is spriapyli averbyty berampbmtsll. oMore prsif¢reedalR ky |

i | ude hal o,, hyd koxy, i , - d di al kyl i hi.Q, ..
Al yl thi oMl HEBEL A 1 iR Pt mapEs ehef et o RarorekaiPuatt o
such al kykoReidadt 3 ¥ et bl datidadhtoRs ki8I hed p?éfeM@cil hisaiRyll driissentybr BgHed or

cyclic alkyl are saturated or wunsaturated with one or nore doubl e bonds;
nmor e pr ef prefertbdaR binchidgeaclédalkybraying fsdre 3rtedibauntyd carbon afomsdmormprafesatily ut ed

bst i d | . Pref d i f h.phenyl, incl ud
e o pyardkFonbs Ebtbou G o figms” Ryl b SRR, PRl o
for such pheyhikDEiiRQuaN HARS b8 alkbiye RhRbem@R- agrl KdikRamines | tHide

unsubstituted or substituted benzyl. Preferred substituents for such
benzyl i nalkylleiohaityd (espyeinlbx phemilk avag, hetarpeysle; maore-prefared di anghyplkh bINg al so

preferred is.for u&b en being unsubstituted. |In . structure (| and
R are | ntbpane) Bt MR IS sitbEhor sl RGUk kakided Frnaro,
al kyl , al kgoairatdll ¥Nthtde@r n@é d6EBIO bods; fhoRd fr¥feai@t Afs sabxeeAl that R3 and R4
are not both hydrogen. The al kyl portions of preferred R3 and R4 noieties

have from 1 Morapmferrs! enlbBh iatlode unpybstibitede @r rebyitutedaphienrl udaetsyed ogen,

al koxy having from.1l to .abgut 6,. preferabl Q. about 3, rbo ONER;

al kyl t hi osﬂPﬁa}“ﬁﬁtSf FQ5mstel} Pyl ;inglde T %réﬁ?{?x{”o Wt affifilo, lof-OTRg

nonoal Kyl aiiyfar@iho igd ktedfddnofRaaéh gldhyl bdmayir@bdtitoredl t o about 6,

preferably to about 3, carbon atons; and al kyl havi n? tfrom 1 to about 6,
ity

preferably toMabonrefared aalkybR lainshasde upselrseutedi os gwstiftted herzybn Rreferrad ky |
of such rrg)lllb%h{u%%tsl c():rl %lqa’l hl?eln%yl hxgtrxﬁ)é(yhalo, hydroxy, alkoxy, amino, mono- and

dialkylamino; also preferred is for such benzyl being unsubstituted.

In structure (I), R3 and R4 are independently selected from the group consisting of
hydrogen, halo, alkyl, alkoxy, alkylthio, and mono- or dialkylamino, except that R3 and
R4 are not both hydrogen. The alkyl portions of preferred R3 and R4 moieties have from
1 to about 8 carbon atoms.

Preferred R3 and R4 include hydrogen, alkoxy having from 1 to about 6, preferably
to about 3, carbon atoms; alkylthio having from 1 to about 6, preferably to about 3, carbon
atoms; monoalkylamino or dialkylamino each alkyl having from 1 to about 6, preferably
to about 3, carbon atoms; and alkyl having from 1 to about 6, preferably to about 3,
carbon atoms. Preferred substituents on the alkyl of such moieties include halo, hydroxy,
alkoxy, amino, mono- or dialkylamino, thio, alkythio; more preferred is for such R3 and
R4 moieties to be unsubstituted. More preferred still is for at least one of R3 and R4, to
be ethoxy or especially methoxy. Preferably one of R3 and R4 is hydrogen; more
preferably R3 is hydrogen.



al koxy, am no, nono- or dial kylam no, thio, alkythio; nore preferred is for
such R3 and R4 noieties to be unsubstituted. More preferred still is for
at | east vome1/sf87R3 and R4, to be ethoxy or especially nepanxgol/@eef er abl y
one of R3 and R4 is hydrogen; nore preferably R3 is hydrogen. 6 WO
01/58879 PCT/US01/ 04212 In structure (1), R5 denotes npieties at positions
4 and 7 of the benzim dazole rings. Each R5 is independently selected from
the group consisting of hydrogen, halo cyano, aIkyI hydroxy, al koxy,
thi o, alkylthig, am no, no- di al kyl am no |.kyl portions of
preferred R5 étf?cé‘érek@vg& tef ?“8‘655%1?& %S‘E%ﬂsb%ﬁngt oﬂgth 1{;1(%0'?
i ncl ude hMﬁ%sOgEQch R3lig.in Egﬁ{denﬁﬁ\ékl@&ea R thd groﬁg%hs@mgoéﬁﬁﬁfr@%ény hbf,
a

about 3, bon at ons, having from1l to about 6 refer about 3,
car bon at oymmp, alﬂrphd)aklkwy, akhox;dnhiokyallahhm aemm) aafl kmndaawldn@kﬂammm fbe about

6, prefer tQ abo rban.ato al k having from1 to
about 6, %?ﬁ tpaefg%‘a@gémlst&?sgﬁﬁe fr& b@?@ rB% a@f]ﬁgtl tuents on
the al kyl of SPFe'?er% Iﬂpirﬁido‘%%yﬂﬁlﬁg’ﬁﬂ%l@la‘ﬂ%}(%awﬁ feh 1 3 8bowdlek pieterBBIY €0

preferred is for the alk i eti 6s to unsubstituted. Mre
pr ef er r edabagit Bocrarbm:zttoﬁs, atlbom'ehalvnudpandentabtyutﬁepmfftreblyfabgm hyabogetvmshal o,

and unsubstlt d alk havi n arb n

pr ef er r ed™°80% %fl 05 Digforlaming £ Cl&ﬁg(nkéagggﬁb ot ht8r PW %F%’E’éﬁomﬁ%uét ’
preferr edcdr@orp%d?nﬁ%nﬁedlﬂ_ﬂthfwQ‘ﬂéﬁﬂg Nerorh Nl $6 faYEELUG epx@ﬂ&abl?&@ habBt B carbon

i ndependently sel ected fromthe group consisting of hydrogen, haI 0, nitro,

cyano, al ktymsa&’wfserreréstéxs@myntwn thmglhylmfwuclaRﬁmetloanmlwl @4, 8mino, and

al kylthio t hi | kyl |,

vl acyl ki deere pebteA g SR PT e ridief Bt onbyreed f oyt

aryl sul fonyl, phpephasydd is 8t Bydhﬂlapwta@mde el PROISABO fvkn hd@bRax harnd its
al kyl and aryl esters. Preferred is each F&G bei ng sel ected from hydrogen,

hal 0, ni tamsl usobstituied -alky] hhkipg frcphémcyabomy'%cnaob@ atemypuMorepratared fsdrynot hi o,

or of or r o106 WK R ey s Bt e qutn TRPRGf B S RrrolL o

methyl,  ethyl In ttidthre"(@RGLEY R6 BYifdépeidentBt fRxed RoMaKy grdepl EdngRtingef hoxy.
Preferred is for no nore than three, nore preferably no nore than two,

more pref bydibgsp, dtaia,  nitie, evane, elkah arvinbeterReypll. rity detve ralleaxan apyleResb JBI;
Preferred i?f‘f%%”%‘%'y thcl)(f) tarrrll?nos ugl(}?l%mlrllonvgrr}]/}amllqo : Q&',lu%ﬂ(}ﬁ&?,l f QHI&\% ngm%)arrpl €s
alkylamido,  arylamido, sulfonyl, alkylsulfonyl, arylsulfonyl,  phosphonyl,
alkylphosphonyl, arylphosphonyl, carboxy and its alkyl and aryl esters. Preferred is each
R6 being selected from hydrogen, halo, nitro, about C1-C4 alkyl, phenyl, hydroxy, about
C1-C4 alkoxy, thio, about C1-Cq alkylthio, amino, about C1-C4 mono- or dialkylamino.
More preferred is each R6 being selected from hydrogen, fluoro, chloro, nitro, methyl,
ethyl, trifluromethyl, hydroxy, methoxy, ethoxy, triﬂuoromethoxix. Preferred is for no
more than three, more preferably no more than two, more preferably still no more than
one, R6 being other than hydrogen.
Preferred compounds of the subject invention include the following examples

having structure (I) and the indicated substituents:

Example R3 R4 RS R6
1 H isobutyl both H H
2 H isobutyl both H -p-F

=

3 isobutyl both H -0-OCHj3



having structure (I) and the indicated substituents: Exanple RBRA RS R6 1
H i sobutyl both HH 2 Hisobutyl both H-p-F 3 Hisobutyl both H -o-OCH3

7 WO 01/ 588605801/ USO1/ 04212 4 H isobutyl both H -o-F 5 pCT/aetuutsgi2 both H
-mOCH3 6 Hisobutyl both H-p-OCH3 7 Hisobutyl both H-p-N0O2 8 H

i sobutyl both H -0-0OCF3 Subject invention conpounds include all active
optical isoners, diastereoners and enantioners, and m xtures thereof, of

t he above conpounds. Subject invention conpounds include

pharmaceutical | y-accept abl e sal.t ydrates, and bi ohydrolizable esters,
ani des, and i%m' des of&tsuch con‘&ﬁ%“ﬁ'z. Synt hé’?ﬁkﬁof Corrpouﬁ%éaThe fol | owi ng
provi des gensral schepes for nghpglsubj ect yopyanti on coppogpds, and
speci fic methods for synthesizing preferred subject invention conmpounds.

Unl ess ot herowi se staled, all d¢oboeicially de#i Habl e reageéd®H3are used

wi thout further purifjcation. .Reactions ar enerally run der an inert
at nosphere (drgon or hictrogen) .‘SOEPWﬁ]e refergmﬁbﬁ sat ur at éDng%ueous sodi um

chloride. Residual sopvent is pgmaMed under psgeHUmM (ca. H-Q8F;mMm Hg) at
roomtenperature (rt). Structures of the conpounds synthesized are

confirmed usi n§ubjbe ifintionicagpowarisligelidedll aastye ©pticy] asammernidiesigreenera aad e

taken on a -300 (300, MHz), spectraoneter, a Bruker AC.300 (300 )
quad- nucl E'agéP%@’ sip_ét é‘?ff‘%ﬁresorlih%{e‘%gr?f;ﬁhe lﬂﬁ)ﬂ'?pﬁollﬁpo@g% Nﬁ?%.eCtAll?Vegﬁﬂe;%ﬁ cal
shifts argompeus eflclule Cplae@b&uaisalBaidceptale Salts! it98ratdsPPMd BRMYEioliesblé r om
(CH3)4Si . Spectra taken in CDC13 are referenced either to (CH3)4Si or to a

resi dual ©GHEsAanideR4ndprides shashcampawils- i n D20 are referenced to HOD

(4.80 ppm), those in (C03)2C0O a e efie&e@cg:neldo 18 resi dual (CH3)2CO (2.04

ppm, those in CD3OD are referé%%[éﬁ—i-o—res?—d"ag? CH3CH (3.30 ppm, and

those in (CD3) 28 following provides general schemes for making subject invention compounds,
and specific methods for synthesizing preferred subject invention compounds. Unless
otherwise stated, all commercially available reagents are used without further purification.
Reactions are generally run under an inert atmosphere (argon or nitrogen). Brine refers to
saturated aqueous sodium chloride. Residual solvent is removed under vacuum (ca. 0.03
mm Hg) at room temperature (rt).

Structures of the compounds synthesized are confirmed using the following
analytical tools. Proton NMR spectra are taken on a GE QE-300 (300 MHz)
spectrometer, a Bruker AC-300 (300 MHz) quad-nuclei probe system or on a Varian
Unityplus (300 MHz). All chemical shifts are reported in & scale as parts per million
(ppm) downfiled from (CH3)4Si. Spectra taken in CDCl3 are referenced either to
(CH3)4Si or to a residual CHCl3 (7.24 ppm). Spectra taken in DO are referenced to
HOD (4.80 ppm), those in (CO3)>CO are referenced to residual (CH3)2CO (2.04 ppm),
those in CD30D are referenced to residual CH30H (3.30 ppm), and those in (CD3)2SO
are referenced to residual (CH3)7SO (2.49 ppm). Carbon-13 spectra are taken on a GE
QE-300 (75 MHz) spectrometer or a Bruker AC-300 (75 MHz) quad-nuclei probe system.
Spectra taken in CDCly are referenced to solvent (78 ppm), those in CD3OD are
referenced to solvent (49 ppm), those in (CD3)>SO are referenced to solvent (39.7 ppm),
and those in (CD3)7CO are referenced to solvent (206.5, 29.8 ppm). Mass spectra are
determined on a Fision’s Trio 2000 equipped with a robotic probe or a Fisons Platform II

Mass Spectrometer. Chemical ionization spectra are obtained using methane and/or
8



are referenced to residual (CH3)2SO (2.49 ppm. Carbon-13 spectra are taken
on a GE (QE-300 (75 MHz) spectroneter or a Bruker AC-300 (75 MHz)

guad- nuclived opssshe system Spectra taken in CDCLl3 are refperusaddtre sol vent
(78 ppm, those in CD30D are referenced to solvent (49 ppn), those in
(CD3) 2SO are referenced to solvent (39.7 ppm, and those in (CD3)2CO are
referenced to solvent (206.5, 29.8 ppm). Mass spectra are determ ned on a
Fision's Trio 2000 equi pped with a robotic probe or a Fisons PlatformI|

Ma Spectroneter. Chem cal ation e a .are obt n ane
el or - GAREIOB A TSy B0 b AP B et s Sk Hleicty SRy TS0
conpound  {PLCOARSdhPriugin §| rﬁethﬁm»il e@ boRREkRI#idl AR 0.2HRM aAHIASMTRER4te US| NY

met hanol , 0.2% form c aci nmM anmoni um acetate as the eluting
sol vent . i elutig eplveht: orﬁmm@as&pwrwmatpgnapby negedormedd puasied gel06¢-¥344

(Ver ok, - 2Geave bissny REhBrRISHRCS PaRe i Sriec < 4 SamMer S PGEALY e
1A9200 or nRsiel NRMhg poinfsaRt | doddiNed Rithi AIERLIrSihe RN NS00 N4l MéIFemp 1T
uncorrected. 'Scheme 1 is a general schene useful for synthesizi ng many

subj ect i papakiary oreltinpyiotarperatSeind aee lunCORﬁctRQ RAOHRA OH )[ ): R3 R3 /
NOS RS AR5 §5heme 1 15 % generF\z)ﬁ scheme useful I?Sr ls\lo%hesmngR?nanI}?/’ subject invention

compounds:
Scheme I
R5 R5
a b
s e —_—
R3 R3 NO
R5 R5
A
R5 _ Rs L
R4 OH R4 OTf
c d
—_— —_—
R3 02 . R3 NO2
R5 R5



9 WD 01/58879 PCT/US01/04212 RS R5 :'"i":: ::x:i::cl1 R R CD RARS/ 1N
CONH NR6 R3 5 E a: NaNQ2, propionic acid; b: HNGB3; c: Tf2Q Et 3N,

t ol uene; vdo oRd88IMH2; e: HCOOH, 10% Pd/ C, f: n-BulLi, THF, R8ecPUOBIM4212

5- Met hoxy- 2-ni trophenol (B from Schene | with R4 = methoxy and R3 and both
R5 = H): To a2 liter round bottomflask, fit with a nmechanical stirrer and
an additional funnel, add propionic acid (300 nL) and 3-net hoxyphenol
(37.2 g, 0.3 nmol). The resulting mxture is cooled to OC and a sol ution of
sodiumnitrite 1 g, 0.304 nol) in water (50 is slowy added. After
stirring fgr 1 pr at 0C, fum ng nit4pc aﬁid (40 ) is slowy added. The
resul ting i d then warnmed to room
tenperature g ST added dropwi se at room

t enper at ur e, tergd and washed with 300 ni
50% aqueous G acid to provides_a rying,

5- met hoxy- #3ni t P2as a tan sétd d. KAl kyl - 5- met hoxy-2-nitroaniline (C
from Schene | vvﬁﬁh Rl = alkyl, R4= nethpxy, and R3 and both R5 = H): To a
one-liter roundchottom flask, toluene (300 nlL), 5-nethoxy-2-nitrophenol
(5.0 g., 0.03 nol), and triethylamne (6.68 g, 0.066 nol) are added. The
resulting solution is then cooled to OC and triflic anhydride (Tf20 is
slowy added {°a sy’r_ﬁyﬂje (9.3g, 0.033 nol). The reaction mixture is

stirred aR40C nutes; the amine (RL-NH2) (0.12 nol) is added and

the reactio S heatedtoﬁfef ux for 5.5 hrs. After cooling to
room t enper a the ® tenthis filtered through a plug of
silica gel A 90: 10 hex yI acetate) and concentrated via

r ot ary R3

Im

a: NaNO», propionic acid; b: HNO3; c: TfpO/Et3N, toluene; d: R1-NHp; e: HCOOH,
10% Pd/C; f: n-BuLi, THF, R6-PhNCO.

5-Methoxy-2-nitrophenol (B from Scheme I with R4 = methoxy and R3 and both
R5 = H): To a 2 liter round bottom flask, fit with a mechanical stirrer and an additional
funnel, add propionic acid (300 mL) and 3-methoxyphenol (37.2 g, 0.3 mol). The
resulting mixture is cooled to 0°C and a solution of sodium nitrite (21 g, 0.304 mol) in
water (50 ml) is slowly added. After stirring for 1 hr at 0°C, fuming nitric acid (40 mL) is
slowly added. The resulting slurry is stirred at 0°C for 1 hour and then warmed to room
temperature over 2 hours. Water (250 mL) is added dropwise at room temperature, and
the resulting solid is filtered and washed with 300 mL 50% aqueous propionic acid to
provide, after drying, S-methoxy-2-nitrophenol as a tan solid.

N-Alkyl-5-methoxy-2-nitroaniline (C from Scheme I with R1 = alkyl, R4=
methoxy, and R3 and both R5 = H): To a one-liter round bottom flask, toluene (300 mL),
5-methoxy-2-nitrophenol (5.0 g., 0.03 mol), and triethylamine (6.68 g, 0.066 mol) are
added. The resulting solution is then cooled to 0°C and triflic anhydride (Tf0) is slowly
added via syringe (9.3g, 0.033 mol). The reaction mixture is stirred at 0°C for 5 minutes;
the amine (R1-NH») (0.12 mol) is added and the reaction mixture is heated to reflux for
5.5 hrs. After cooling to room temperature, the reaction content is filtered through a plug

of silica gel (eluted with 90:10 hexane:ethyl acetate) and concentrated via rotary
10



10 WD 01/58879 PCT/ US01/ 04212 evaporation to provide crude

N- al kyl - 5- met hoxy-2-nitroaniline. The material is used as is in the next
synt het i w@DEfS7NL- Al kyl - 6- net hoxybenzi mi dazol e (D from Seaewsotodnizt h RL =
alkyl, R4 = nethoxy, and R3 and both R5 = H): To a 250 nL round bottom
flask is added 88% formc acid (50 nL) and

N- al kyl - 5- met hoxy-2-nitroaniline (0.02 nol). To this honobgeneous m xture
is added an ethyl acetate slurry of 10% Pd-C (600 ng). The resulting

het er ogeneous reaction. m xtyure is heated tq 100C.for gne hour,. cooled to

Foom ©enapatipe 1o BiFier i Ao RowR i GO TG S B s Y Sh

filtrate j,Shiheh SM@H@S&}%;.C w th the addition of 28% NH4OH and t hen washed
0 nL

with ethyl acetate (3x 1 ). The conbined organics are dried (MyS04),
filtered, and Noaxlkyl-6-ametioxyhenzimidazole (Bpbost Sdremet b withvB 1= btkyhnRéesi due.

The residue is chropatographed (S1.02, 50: exane: et hyl ceta Q

provi de NRSHOKY: 2l taﬁgﬁ?&eﬁgi TiazdPe 2%0 EU‘I UG St nadCR! AR ¢

6- met hoxy cl)(BENFILY 437 A G1id1-5ahBa3 D dfFodnitide’ QUOSCRRME | Towktih R1 =
al kyl, R4foih%?ﬁ;ﬁ;ﬁ@aﬁ%m&nd%b%t% R%m: H) : T% aISOerL round bototor%

fl ask undermégenesusathidgurelisaddded -a8- etbyhacepdte shirmi a¢b460e PA1C (6@ mg). , The 98

| d h THE (10.nL).. The. sol ut,i.on.j led to -78 - but yl
b um (ESRNBG B Gozenedts s ik RS iRt B R Te R ke eadiirye aght Y
m xture ignipltdiieardltfiltef&GhfQIghIL1E (Ui with Wead). Réic By i hogiadabssit s

then added via syringe. The mXxture Is then stirred. at -78C for_ 10
m nut es, whektharvadditieh 0f28% O 4@tsed dhen washed veith ethelacegie G Wank).ohbe 15

m nut es. Sat.urated sodi um,bi gcarbornate..i s then adde 0.m f ol | b
the addit fBPPINE Oueapiss af%“‘fff@.dgg‘ﬁé)’ Tillegsd: AR cfiser r?t(é‘g 4 re‘)}?ﬁyaecvtag‘gfmafhg‘% i

et hyl acefpabi®e(B¥rovéh MsldueThehe e@idRieNBCciRéBat0BRPRET ($i03, B0tJ0ehéxbn¥:.e§D ),
dried (MgS04), filtered and concentrated to give crude benzam de. This

resi due i acetdterto phrvodml bgitapitetcthpryheneinudipple. acet ate) to give pure

oo TR 001 PSR SRR AL S8

01/ 58879 RfeR/RISCIHIIBAZRZ = PeARAY, drld R3 and both RS = H): To a 50 mL round bottom
flask under Ar is added 1-alkyl-6-methoxybenzimidazole (1.0 equiv., 0.98 mmol) and
anhydrous THF (10 mL). The solution is cooled to -78°C, n-butyl lithium (1.4 equiv.,
1.37 mmol) is added dropwise and the resulting mixture is stirred at -78°C for 30 minutes.
Neat R6-phenylisocyanate is then added via syringe. The mixture is then stirred at -78°C
for 10 minutes, then warmed to room temperature and stirred for an additional 15
minutes. Saturated sodium bicarbonate is then added (20 mL), followed by the addition
of water (20 mL). The resulting mixture is extracted with ethyl acetate (3x 50 mL). The
combined are washed with brine (1 x 100 mL), dried (MgSQy), filtered and concentrated
to give crude benzamide. This residue is then chromatographed (hexane:ethyl acetate) to
give pure N-1-alkyl-6-methoxybenzimidazole-2-benzamide.

Scheme II is another general scheme useful for synthesizing many subject

invention compounds.
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RS R5 RANZ hREN2Z NCNRBRNH2ZR3 RARS GH RROHRA Kk NRIRS J
R5 0-R2 RS ORR RA NMRA\ N,>CN~iCO\HAr N~NR3IR3III RS RS KL
h: (CH2Ow0 oK&d79 HOAc, ZnCl2; J: EtOH, KOH, k: R2- OH, DEABCT/BR@R42iBHF;, m

ArOH, H+; or ArNH2 H2O H2Ru(PPh3)4. Schene 111 is another general schene
useful for synthesizing many subject invention conpounds: 12 WO 01/58879
PCT/ US01/ 04212 Schenme Il R RE H2ZNF n HZNF P R3 R3 Noe R5 R5
Scheme I1
R5 R5
R4 NO, h R4 NO,
P
N CN
R3 NH; R3
R5 R5
G H
R5 H
re 09 k
—J—> />—CN 3
N
R3
R5
J
RS 5-R2 RS  5-R2
R4 N m R4 N
)—CN — )— CONH-Ar
N N
R3 R3
RS R5
K L

h: (CH70),, KCN, HOAc, ZnCly; j: EtOH, KOH; k: R2-OH, DEAD, Ph3P, THF;
m: ArOH, H*; or ArNHp HO, HoRu(PPh3)4.
Scheme III is another general scheme useful for synthesizing many subject

invention compounds:



MN R5 RS RLFqBocHNNHTr BocHN *NO2 5 R31 N RBRR5 PQ R5 RL RS
RL BocHN NH S BocHN NCEt |t NORINH2Z RBR5 RS RS R5 RL RS RL H2N |
] N CEt woigdsds7d N/NHAr R3 NOR3ZINo RSERS T Un: POCHS)/HNG,
H2SO4; P: (Boc)2CO CH202; q: R1-NH2, CH3CN, r: 10% Pd/C, EtOH, s:

(CHO COCOEt ) n/t ol uene, 12/EtOH, t: CF3COCH, CH2Cl12; u: Ar-NH2. Scheme IV is
anot her general schene useful for synthesizing many subject conpounds: 13
WO 01/58879 PCT/ US01/ 04212 Scheme IV R5 R0 R6 RS r R R4 RS NH2 v R4 NH

WRA RS NH I I~ 1~ R 2
5 H3CO NO2 H3CO gcﬁl%e II-ﬁC NO
R5 R5
HzNji?/F n HoN F )
R3 NO,
R3 RS R5
M N
R5 R5 F|(1
BocHN F q BocHN NH r
R3 NO, NO,
R5 R3 RS
B Q
R5 Ri1 RS R1
BocHN NH BocHN N
oc s \ OBt t
N O
R3 NH, R3
R5 R5
R S
R5 31 R5 81
- HoN N u HoN N
OEt NH-A
R3 N o R3 N o
R5 R5
T U

n: PhACHO, HNO3, HpSOy; p: (Boc)2CO, CH)Clp; q: R1-NHp, CH3CN; r: 10% Pd/C,
EtOH; s: (CHO-COOEt)/toluene, 19/EtOH; t: CF3COOH, CH,Cly; u: Ar-NHp,
Scheme IV is another general scheme useful for synthesizing many subject

compounds:

13



VWX R ( REBRE/ R XRANHYRINO HICONH2 HBCO- NOEt R5 R5 Y z
R r R zR&A NO H3CON NHAr R5 AAv: R6-0001, CH2Cl2; w. B2H6, THF; x:
10% Pd/ Cwanikgs7y: (CHO COOEt)n, |2/EtOH, z: NH2- Ar. ThepCowpasgiseizons The
subj ect invention includes pharmaceutical conpositions conprising a safe
and effective anobunt of a 2-phenyl - car banoyl benzi m dazol es conpound
descri bed hereinabove and pharnaceutical | y-accept abl e exci pients. The
conpositions may also optionally include other pharmacol ogically active
conmpounds, particularly those haV|ng act&gity as thrombol ytics (e.qg.,
abci xi mab, reteplase), streptokinas Fssue plasm nogen activators
(e.g., streptokinase), anticoagulents (e.g., heparin, aspirin),
bet a- bl ockers (e.g., carvedilol, propanalol) and cal ci um channel bl ockers
(e.g., verapanmijks nifedipine). Sone g g%EEW s of phar maceutggal Rg- accept abl e
s
an

carriers or onents thereof arg, g such as IaI%Ps, $ﬂLmose and
sucrose; star ch a% cornstig;ig; QotaWo tarc ulose and its
derivativ S @é sodi um ¢ ceIIquse | ul ose
cel | ul ose 3&2t a e; powdered tﬁ@%ﬁcanﬁ@ nalt: gelat|WB . sofid

| ubricants, sudh as stearic acid, ne5|un1stearate or faIC|un1squate
veget abl e oils Vsuch as peanut 0|I —Cottonseed oil, sesan®e oil, olive oi

corn oil, and oi | of t heobr @g®; F?550Iyols 14 WO 01#@887 6PCT/ US01/ 04212
such as propylene gl ycol ragllycgpi n, sorhjtol, ran , @nd pol yet hyl ene

gl ycol ; al gi nte—actd+ enu iers,—such—as—rhe ; wetting agents
such as sodium | auryl sj@d at®E;"NH, H3CO OEt

R5

h 4

R5 R6

z R4 N/ 0
V.
H3CO N NH-Ar
R5
AA
v: R6-COCl, CH5Cly; w: BoHg, THF; x: 10% Pd/C, EtOH; y: (CHO-COOEt)y, I2/EtOH,

z: NHjp-Ar.

The Compositions

The subject invention includes pharmaceutical compositions comprising a safe and
effective amount of a 2-phenyl-carbamoylbenzimidazoles compound described
hereinabove and pharmaceutically-acceptable excipients. The compositions may also
optionally include other pharmacologically active compounds, particularly those having
activity as thrombolytics (e.g., abciximab, reteplase), streptokinase or tissue plasminogen
activators (e.g., streptokinase), anticoagulents (e.g., heparin, aspirin), beta-blockers (e.g.,
carvedilol, propanalol), and calcium channel blockers (e.g., verapamil, nifedipine).

Some examples of pharmaceutically-acceptable carriers or components thereof are
sugars, such as lactose, glucose, and sucrose; starches, such as cornstarch and potato
starch; cellulose and its derivatives, such as sodium carboxymethyl cellulose, ethyl
cellulose, cellulose acetate; powdered tragacanth; malt; gelatin; talc; solid lubricants,
such as stearic acid, magnesium stearate; or calcium sulfate; vegetable oils, such as

peanut oil, cottonseed oil, sesame oil, olive oil, corn oil, and oil of theobroma; polyols
14



coloring agents; flavoring agents; excipients; tableting agents;
stabilizers; antioxidants; preservatives; pyrogen-free water; isotonic
sal i ne; amaopkssgphat e buffer solutions. The choice of a PCT/US01/04212
pharmaceutical | y-acceptable carrier to be used in conjunction wth a
conpound is basically determ ned by the way the conpound is to be

adm ni stered. The conpounds and conpositions of the present invention nmay
be adm nistered system cally. Routes of adm nistration include topical or

transdermal (patch, ointnment cream. powder, etc,);. oral; rent eral
i ncl udi ngSUShisE LRraPMERRs ElYE Ry lgkyr?ﬁewoa*?l,tﬁomanwmlr Mﬁ%‘agthﬂ?rsgg?xcaﬂ;ﬁ%'&b‘i cal ;
rectal ; C&Ui(ﬂgéngl}l(s)frﬁ%{'s{ A0S ki gfl:e’?lv'eeds@;r g laBints SHE hOGsRLm, 1aBHE Galfate;

i nhal ation; "an I ntranas The preferred route of admnistration is
par ent er adqlories pgmitgl flavoring rgwescusipiatg dableting agentg aitabylizers; cantinviddets;

basis. The appropriate anpunt of .the. conpoun 0 he be determ ned
by rout i PIESEXPEICHRIERSAT 5 WRIEH 19Hmara ‘t’i’ﬁd‘#ﬂ%sp Oﬁ@ﬁeuﬁ‘ﬁg‘gggﬂ‘flﬂﬁude, but
are not |imtegd QhoiEE%ffaeg%ﬁéragéliﬁ%él;ﬂﬁacéﬁgbﬁo&rhw bBsBRtE cORMALSon

General l y, an anmount betwe g to 100 ng/ kg of body weight per day
i s adni ni sttenedmpeped densically déternpioedby theovay thheompnpulisdo be adwimgsieti ons

used. Pre l(1arred uni t dosage forns fO{n%\j ectif)n |eg_lg.l ude stﬁril .SO utd' ons
of water, %WQTPBPB% Gaf SYrpardiongy 0 it JreXnt By P& efit AT
dosage f ofymHRMNRST RbARS oMBYmil&rakiBn iRQudOfIM@l of Batidefnsl (PBRHEY oinhent,
injection’or dry“(e.g. lyophilized) conpositions which are reconstituted

Wi t h wat ecremm, gmiwdee, =6l.)it phis pprenteralt ontlufdisgt isubrutangeusy Hindfamiggwlar, or

sol utions. shoul d bhe. adjusted to ablput 7.4.. Sui tx’%lb| e.Ga [i erl?i for.,.i njéel\,cti on
or surgi cAMAVINoRP ARt dPRIGE: R§fdtlo galonic: dpifenaionsdl 1BraiubL; el ease
devi ses, pRLY: afalfioAChitl/ofiftan0l. | BEepreBRlel ir6 &% -of GiistPdtionab berefffdll er s
for injection include dextrose, mannitol, lactose, [|ecithin, albumn,

sodi um gl especialiyeintramencul énjedtion. on@odplysirap oegrdedfasibe subj ect i nvention are

al so preferabl rovided in unit sage faorm unif dos form

conposi tion pri?%?ﬁ%ﬁoyrlﬁgn?rﬁ?lﬁg qtfl@lfh %&m&ungdﬂgﬁé ﬁ%er&emaﬁfr @‘??F eorine m
about 200fRtin@ kSR riicdkfloablivh idigd Moasts. SOSHBodEIs eichidbbit 4ré nabiomited #000nT,
nore preferably to about 1000ny, also preferably to about 500nmg, of a 2-

phenyl cartharfoyét, batring, rindanos| ngongronate mepdsts. oSerrralbo g, am@mizbevees §8ilg
SP E{ gg? é/ ’(%1/%% %%}Q&&é#gbggggdycg%gt%eg idg{/] ?s graar?{ing)s?eré&" dgpe\r/lgér%t%tn%hg ];)otfegéyrrgf
the compound or compositions used. '

Preferred unit dosage forms for injection include sterile solutions of water,
physiological saline, or mixtures thereof. Parenteral unit dosage form compositions may
be in the form of solutions ready for injection or dry (e.g. lyophilized) compositions
- which are reconstituted with water or saline solutions prior to injection. The pH of said
solutions should be adjusted to about 7.4. Suitable carriers for injection or surgical
implants include hydrogels, controlled- or sustained release devises, polylactic acid, and
collagen matrices. Other suitable carriers for injection include dextrose, mannitol, lactose,
lecithin, albumin, sodium glutamate, and the like.

Compositions of the subject invention are also preferably provided in unit dosage
form. A unit dosage form composition preferably contains from about 50mg, more
preferably from about 200mg, also preferably from about 500mg, preferably to about
2000mg, more preferably to about 1000mg, also preferably to about 500mg, of a 2-

phenylcarbamoyl benzimidazole compound disclosed above.
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peroral, topical, or parenteral adm nistration. Dependi ng upon the
particular route of admnistration desired, a variety of

phar macew® orfkd8y9 accept abl e carriers well-known in the ap¢cTmay/dael2used.
These include solid or liquid fillers, diluents, hydrotropes, surface-
active agents, and encapsul ati ng substances. The anount of carrier
conponents enployed in conjunction with the active conmpound is sufficient
to provide a practical quantity of the material for adm nistration per

unit dose of the active conpaqund. Techni ques a composj tjons for kin
the subject unfhe _ﬂ%ﬁ%fé&o‘F“BP ong Pay g & Pg'éﬂeﬁyrf’r}?fﬂ'émf gﬁfaﬂﬁ kﬁr e’i’ag?pé?)gﬁﬁles?
Moder n Ph@érgpa?,ﬁt%g![cﬁgiorvﬁ%lllg?_lntgral GHARLGFa%ioR. %%&ndﬁ%nﬁ&i’n Ry Qs rougdik or s,

1979; Liebernma armaceuti cal Dosage Forms. Tablets, 1981; and
Ansel , | admiodtratiorodesiccdPhavanetyeof peamaBogiagidy-Foep@bleehraegistwelhknavayén  As

i ndi cat ed_above eferred dosage form of..th ubj ect inyention is l.ntended
for par eWFé*Ftama‘zhﬁiuﬁ‘?th ?l?ﬁsfd. lugs; f—.pfl@r(?rellﬂubcﬁgﬁﬁrﬁcgﬁﬁntsay'ygﬁogee%spf'értngcg'

exci pi ent §.¢f,6oSHE Bind CREDRSLEAL SibstaRbdsu e ahRuht 6 cal¥ére@aipohémSemplosed and
physi ol ogi cal éal i'ne solution.” Parenteral unit dosage form conpositions

may be i nintdvajunotion vithsind antivenempeuard/isfsufficidnt joerovida agractiopl quangjty, of the

| yophilized) c osi,itions which are reco ituted with t r. saljne
sol ution ‘6‘??‘3 F‘P{tr% AOREMIUHAGAN BST HTUT AR 8@%%5?”60ﬁgmB?u'%ld\ﬁeegeﬁgPlggffs and

i nventi oncahsRitdas! 9 eakiS el fubRRAGR [dd5agePRIAL Ale BENTBES i alid Qllowihgh as
tabl ets, capsules, powders and |l1quids. Suitable )

phar maceutdferahdey- Medem Bharmaesuticsi enlt 3, dheptesut & HbBsoken anshiRhades) agfers,

sugars, S ches cel Lul pse.and its ivatives, . mal g £ tal G,

cal ci um smg)at _ ‘Fb?F&BHeg'i d M—e—mﬂc ulie 2 lyor_ms_ nfabiets t Eéeé?li’cghéll I@S&’

pol yol s, Bli@R0kfona6 iPHarrRitesidd DR s FRing, 2dvaitici, ib®é.s, al cohol's, and

wat er. Methods of U&g‘g the Conpounds The 2-phenyl - car banoyl benzi mi dazol es
8

conpounds of tAs inditgtetabiveneefeirod dasage forse plithefsgbjeghiaventicay isaptendsd for

i schem a-reperfusion injury. hao not | i.mied t ny | f4
rre?:han: snPaf ’Bte’iak _%1811?1_[5?60"%hﬁe{eﬁggg@}%ﬁ%abca&@f AT a%d%’i"i@?‘gt?\ %@hslg%esi on
ol ecul e pRhFRR} NS MncllFABT QEAQLE, nSfidd SGterC NP PHYEIdcdic ] paliaat soddtion.
useful for the treatnment of I spcytkrlignbi a-reperfusion injury including:

‘?a%ytﬁfiﬁi a,

car di ovasBakateraliwéadesagenformacamppsitipat ey be imihy fum ehseiudensyy

heart failure, hypertension).:...treat " C | G iy

nssoci at et GRPR B 6 2o TPUifid FolfRRbHO Ry SRR Ry PEHGLAEL FuliihHe o
saline solution prior to injection.

Preferred compositions of the subject invention also include those intended for
peroral administration, such as tablets, capsules, powders and liquids. Suitable
pharmaceutically-acceptable excipients for such compositions include sugars, starches,
cellulose and its derivatives, malt, gelatin, talc, calcium sulfate, magnesium sulfate,
vegetable oils, synthetic oils, polyols, algenic acid, phosphate buffers, emulsifiers,
alcohols, and water.

Methods of Using the Compounds

The 2-phenyl-carbamoylbenzimidazoles compounds of the subject invention are
useful for the treatment of ischemia-reperfusion injury. Although not limited to any
specific mechanism, it is believed that the compounds act via modulation of adhesion
molecule metabolism. Therefore, the subject compounds are potentially useful for the
treatment of ischemia-reperfusion injury including: cardiovascular disease (myocardial
ischemia, angina, cardiac arrhythmia, heart failure, hypertension); treatment to reduce

neurotoxic injury associated with anoxia or ischemia which typically follows stroke,
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WO 01/58879 PCT/ US01/ 04212 cardiac arrest, or perinatal asphyxia; for
treatnent to reduce reperfusion injury followng organ transplantation;
for treatwent/sssfo frostbite, inflammtory val ve di sease, pBOT/USSI/®212 ast hma,
adult respiratory distress syndrone; for treatnent of chronic inflanmtory
| ung diseases including enphysema, bronchitis; and for treatnent of
fibrosis, urticaria, angioedema, vasculitis, magarine, rheumatoid
arthritis, gout, and allergy. It is known that a variety of processes are

i nvol ved i n reperfusi On'rlﬁg; ury, i Ef | ammati on and rel a%ed p.roce? s.. Not
bei ng boufRidR§ afikdte Py Pl AsPIYKR: S FALRAREP JRTUCE rERerfustom, BRYY @Ewa%ng

t he subje i [ - A J r l LA 4 ;

ot ocesy | orgeh UG Atod, J68 AR of Trdsffe] SARMIHALAN val Pldilched BRARS,
adhesi on anhrguddedtlrefpifadddyldistoass enativoine] foaltreashdms .of IchAMid inflamnidteny lung er act

with neutrophils resulting in the transm gration of the utrophi.ls.into
the tissudisgiseh ingly gqa@ﬁgysfemae}é%m&twde% t &% &sgtngﬁiwﬁei}%%ﬂ%&’ deEEH et i ve
reactive | | ; S | Safviienserfere with the
up-r egul a'%%@aggg%%gg?ﬁfm%%mééﬁeggﬁa %ﬁgﬁlt@%ﬁl&l ar eepéfkel y to have a
beneficial effHlcis koownsthheni garietperff pocesseewentisvolfdtbse repofipomndyuyan be
adm nistered via oral, intra-vascul ar, subcut aneo intra-nyscl.ar, .

At A nasHiaon. fad iRted AP C UGt Db PHGUALYbAKER Tenfdl K Pen,
and 1t opi Caleck ANy of BT rdiH%YlQ:esrubjle invERN. AQYyQSentdn thORGeAdsidh
effective dose 1s delivered to the source of the ICAM1. Although not

i nt ended injuriye doaged poyceshdor the ip-réguildtion] expressihat atteationbpfdntradelvlant i on

2- phenyl car,bamoyl benzim les, signjficantly e | CAM 1. up- .
regul ati o?f,ghe BQBr‘EQ‘_gF@ﬁZI _&I%a/)é@f ]iejv%ﬁ Fﬁgﬂthqlﬁ?ﬁﬁh%r I?Z@Zf}s cang (s e‘@?&%%r?ﬁ’élﬂmds
demonst r ah & rphfld eduitiNg) 8 NtHeOfraRinAk@sioMd &Mt QeBEEPAR 1o tHE RaE twitThe
followng are test nmethods wuseful for determ ning such activities of

conpoundssubds@ent Fdeasthef dal¢tetousi enzyoles ErgrdssisuaiveofcadtGAMXY T seeleculdthe
expressi on, of adhesi pn aof nol ecul.es ( M1 in.particular) is er.forped on
Faiman Uno i SPORISRAIGR BT e it Phemees e, eRitaon o et pls
Corp. (CatcfﬁAMC?%%eglikel?% FAVRUP berfeficiaFRéRET i isCHeRRE Mpepfubion vEntyBt Bids@l
that inhibits 50% of fhe expression of |ICAM1 on the surface of HUVECs

upr egul at esmpénds 300 Useriadminiened atip roaaly i@ yascvarhaubcutBhegus] intraamusdlar r ozen

HUVEC 1 ap{n?rlayna%ztll, ?r?trcal-ze%{al,_ %tr@o%c&lgr, Xsul]iﬂr?éu]él/ﬁuccal, inhalation, and topical (patch,

ointment, powder, or cream) routes, as long as an effective dose is delivered to the source
of the ICAM-1.

Although not intended to be bound by theory, it is believed that the subject
invention 2-phenylcarbamoyl benzimidazoles, significantly reduce ICAM-1 up-
regulation, expression, or activation. In other assays, subject compounds demonstrate
activity which correlates with protection to the heart. The following are test methods
useful for determining such activities of compounds.

Assay For The Inhibition of Expression of ICAM-1

Tissue: The expression of adhesion of molecules (ICAM-1 in particular) is
performed on Human Umbilical Vein Endothelial Cells (HUVEC) obtained from
Clonetics Corp. (Cat# CC2519), San Diego, CA.

~ Endpoint: Concentration of material that inhibits 50% of the expression of
ICAM-1 on the surface of HUVECs upregulated with 300U/ml of TNF-alpha (IC5).
Method: Thaw 1 vial of frozen HUVEC rapidly at 37°C for ~2 min (5 x 105-1 x

100 cells in 1 ml medium), then transfer cells to 45 ml pre-warmed growth medium (EGM
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106 cells in 1 mM nedium, then transfer cells to 45 m pre-warned growth
medi um (EGM 17 WO 01/ 58879 PCT/ US01/ 04212 for HUVEC) in a 225 cn? fl ask
(seeded avoab8879 5000 cells/cnR) and place in a hum di fPeduSyi@4erecubat or
with 5% CO2. Change nmedium after 24-30h (to renove dead cells and
cytopreservatives), and change every 2-3 days thereafter - cells should be
confluent after 5-7 days of growh. Trypsinize cells to renove fromflask -
spin (200g, 5 mn) to pellet cells - resuspend cells in 50 m nedi um (want

cél Izageﬁ?g%gﬁbw?a%'eg% gmgtﬁaf}(ogi%qﬁdcag :?15 ﬁus@ﬁwi I'gl\%)gtaBH\ﬁp&qel Behce
(1- 2 dayshumRefmay$7°0! idcedakdrulign H%dCQ? (C‘l'l'aﬁg‘éiﬁl%mﬁfﬂﬁfte@@d S (1 renhgve@sdeadredi um

cont ai ning TNF-al pha (or other ICAMI stinulator at desired concentration)
or 90 m eelbi and ay@n@sw@qushsmdmhfmgedevenhtZr.’o|day\7e|the§9afteAddchlt§ shouldybeli um

Comcent r apotEent AN Pithys At By, M BRI foroRiEyt BRT Hadiitpit BoBrey ©

for contr@in) wepdiret cells i P@hs&amuym songlenkbdiain Gfant ~4-Xx F0nedllsBNBehd
concentration = 0.1% if used) - incubate 4h at 37C. Renobve nedi um

(di scar d) phed1 G0 mal @@I Jusp¢n§ion0o 9ﬁ+w®b%ﬁ%g@nm@teémwes+@® b2 Rt heels/atell)
(-200). Rem)ve ac aI L.ow pl at es r \
store at (SRT %nﬁ%fp (EIé@Sl ce dyglogre 1% e \(/élg ar(pl??él% %1 O’Ziglg m),

then add &P ﬂiiedIBhDT&Qtﬁﬂlhgt |'IQﬂ‘F-'faQ>h@| @@k cmaa- spmnfu csthhigiong at ddxredat e |
h at room tenperature. Renove BLOITO gdl scardi and wash plates with PBS (2

X 250 m) conqqetﬁatloeadwrl%mh medinm aloapi(fos emstmuiatedseentia) wellncBatld mh at

room tenp % nd) S
w th pes e IS of PR Befgseh BRh gt Pohell-aB ke AREC PR BLftes
conj ugat ecdrdentB{dhy O} additisielinetngl thédiah al@eor PBSRE PBSY1 % DRESG)\Mer control
anti serum HRP conj ugate (discard) and wash plates with PBS (5 x 250 m),

t hen washwgils h(final eempowgs goaaeentmation 3pkx; |ﬁnahﬁ%qé? G?nCCAHéFI%ﬁ nf”opiRpsed) -
b
substrat emcﬁ&ﬂ '45'%9 9‘?‘&6 gseg{ogg g?eglb%?dl% ﬁza%@ﬁf cetls | PHf) ?111(§0'°/m30e%¥e MBLY:

wat ch col or evel opnen S'to st.op reaction.

Read pl at OaforQGmeﬁr’ﬁt 0120°@). aRembéh'iﬁtQtone?ij@J(dhmsd)fmd dlﬁ@MalJiteElt(b SAdry 1) 80%
acet one: 20% H20 - store at. (-200) .. (2) (Ix) cco' s phosphate
buf fer soPid $teie @,3@ ) omg]@dmdegpcaﬁ@+was@|.plates w1th PBS (5 x 250 ml), then add

200 ml BLOTTO solution to block non-specific binding - incubate 1h at room
temperature. Remove BLOTTO (discard) and wash plates with PBS (2 x 250 ml), then
add 100 ml ICAM-1 antiserum (in BLOTTO) - incubate lh at room temperature and
remove ICAM-1 antiserum (discard) and wash plates with PBS (5 x 250 ml), then add
100 ml goat anti-mouse-HRP antiserum conjugate (in BLOTTO) - incubate lh at room
temperature. Remove antiserum-HRP conjugate (discard) and wash plates with PBS (5 x
250 ml), then wash with citrate buffer (1 x 300 pl; discard). Add 100 ml HRP substrate
and incubate for 5-20 min at room temperature (time may vary; watch color
development), add 50 ml IN H7SO4 to wells to stop reaction. Read plates at 490 nm on
plate reader.
Solutions for ICAM-1 ELISA:
(1) 80% acetone:20% HyO (v:v) - store at (-20°C).
(2) (1x) Dulbecco’s phosphate buffer solution (DPBS), w/o Ca™ or Mg++ pH
7.5 - (Sigma D-5652, 1x powder or Sigma D-1408, 10x liquid, dilute 1:10
before use).

(3) BLOTTO - 5% (w:v) non-fat dry milk (Carnation or other) in DPBS.
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7.5 - (Sigma D-5652, |x powder or Sigma D-1408, I Ox liquid, dilute 1:10
before use). (3) BLOITO - 5% (w.v) non-fat dry mlk (Carnation or other) in
DPBS. 18voWm/ssB/98879 PCT/ US01/ 04212 (4) Mouse anti - humanp¢ OBk 110422n0C| onal
anti serum (Research Diagnostics; catalog # RD -CBL450-1x; anti CD54-cl one
15.2) - stock solution (1 ng/m) - dilute 1:1000 in BLOITO just prior to
use (1 ng/m final antiserum concentration). (5) Goat anti-nouse

| gG hor seradi sh peroxi dase conjugate (1gG HRP, DAKO Corp; catal og # P0447)

- stock sol uti 1 ng/m) - dil 1: 1000 in BLOTTO just prior to.use (1
ng/ M final co&géﬁ??sﬁ F’bth%“.‘mf‘%)lcélﬁ'rlat“&’nBE}PP&r ?’Iftbﬁe-’i“g‘? dkeset?é&éboﬁﬁné’étd‘fsum
phosphat e (di basigialdes RIL@RE4SOMN: amiti 3T8544¢108614.29L dibclebsluidh (1 e tric
acid (anhydrous, free acid; MVN= 192.1; 6.67 g/1) - check pH (5.0), store
at 4C. (7) HRP sulilste dt 000 an ghle@YTEOngut apriote taiusy dtloahd/ol i teal ( @RBErG gma,
P6912; 5 ny ODD/tabegﬁ%%. --add 1 tablet/10 ml citrate buffer (at room
tenperature), théfilc i9Mi  30% H202 (Sigma, H1009)/10 m substrate

sol ution just gS)i@JattéhtiUﬁﬁuse‘ 14G-RBtsc2ARE CPerbAHARN conjleate MHGIRIRE DARD
0.012% H202. (8) Human tunor necrosis factor al pha (TNF-al pha,
Boehr i nger - ManheiGarpreatalbgd P044 13- 7t@k3plution 1 myg/wilht didute 11100 yn BLOJFG

activity/ng = 106 10 - di | yt tao 20.m. endothelia cells basal nedia
(EBM (50000 U/nﬂ?stg/%‘(?rf%‘}%(? rrlgy‘&?ﬁ&ﬂ&f’“&%gh?r%(?soou; 75 ng) into
eppendor f t ubegs) (a3 buffes,tfH 8.0t 629 WM sbOium SHsPhAX PEHBASIE N hydeide; VIV
aliquot to 25 m EBM- final concentration = 300 Um or 3 &/H%ﬂ Hapil

; thekilal

TNF- al pha. Assay F3¥8.4h8.4 gl andtIdohmd citiieragid (Rrdiydress) fregegaid
Cell (HUVEC)/ Ne il  Adhesi Ti ssue;,~Adhesi on is performed on Human
Unbi | ical Vein E d%f%icﬁgéﬁl(g’ﬂ)f% _Cgbt ained from Conetics (Cat#
CC2519) . Endpo{mtHREQOERAlY 2bipanydéncdRinghd airlﬁytifb%hldrildBI(OPDS, S26ifa, 6ot bes PMN
adhesion to HUVECs upr e%ul ated wth 300 U of TNFal pha (1 C20)

mg OPD/tablet) - add 1 tablet/10 ml citrate buffer (at room temperature), then

add 4 ml 30% HyO» (Sigma, H1009)/10 ml substrate solution just prior to use

- final concentration = 0.5 mg OPD/ml and 0.012% HO>.

(8) Human tumor necrosis factor alpha (TNF-alpha, Boehringer-Manheim; catalog

# 1371843) - 10 mg/vial (in 1 ml) - 108U activity/mg = 106 U/10 mg - diluted

to 20 ml endothelia cells basal media (EBM) (50000 U/ml; 500 ng/ml) -

aliquot 150 ml (7500U; 75 ng) into eppendorf tubes (x133) - store at 20°C - for

each experiment, add one aliquot to 25 ml EBM - final concentration = 300

U/ml or 3 ng/ml TNF-alpha.

Assay For The Inhibition of Human Umbilical Vein Endothelial Cell
(HUVEC)/Neutrophil Adhesion

Tissue: Adhesion is performed on Human Umbilical Vein Endothelial Cells
(HUVEC) obtained from Clonetics (Cat# CC2519).
Endpoint: Concentration of material that inhibits 20% of the PMN adhesion to
HUVECs upregulated with 300 U/ml of TNFalpha (IC3q)
Method:
I. Cells:
A. Endothelia Cells:
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Method: 1. Cells: A Endothelia Cells: 19 WO 01/58879 PCT/ US01/ 04212

Human unbilical vein endothelial cells (HUVEC) are purchased as frozen
cells inwaonkssad i quots (Cl onetics Corporation, San D egopCT8po1/HEHartot hel i al
Gowmh Media-Urbilical Vein (EGW W), bullet kit additives, trypsinization
reagents (trypsin neutralizing solution and HEPES buffer) are al so
purchased from Conetics. The flask is placed at 37Cin a 5% CO2 + 95%
air, 100% humdity i ncubator One vial of liquid N2 frozen ceI I i s t hawed

in the 37vaat bat h e,vi.al pl N a 50 m s
of fresh nedia H’& blln‘g’élé‘i? Vﬁmteﬂg(’théé oeﬁ%ﬁlﬁli%ﬁ] aﬁ%urﬁ%%f’%a O?eélp?eééé’b
24-48 hrs latey. m%ﬂﬁb&?r(@or&ﬁ@éﬂ@{ﬁ&ﬁﬂén Yid WiseA-GaylayBndividliad Gewelanged
at | east once during that period nonol ayer in the flask is detached

usi ng t he trypMedissdmbiliceh, me (BEMAE mﬁﬁfa@éraddits/emﬁ’h@dmmttw FRagRys

2000Gs for 5 i Wb Bs PN PR SplNan o MRS B Ly ey R T 2

100 ul ali quot gighefcd! Bhe HadkNisgRsdedvr137°Ofin 86Xl pI%% atrhaboRainkiaien
previously coated with collagen. The nonol ayer in 2I pl at e shoul d be

confluent  wi t hicnbater. Hpre visl ofaquid dyshirpzengellds thawedmethepwe?:avatm iy the

I h I I
et hodol gy (1 kTP Rchon 4 2SR ST REAR, Bl Yl RUED in e

conventional vem,nHedbatR. MRefmEdIR sk I@waqetaizamaﬁs mlférehmrﬁmeﬁéy shTiilﬁi &lcapd i s
collected in hepar| ni zed vacutai ners (Vacutai ner #6489, green cap, 15 nl
draw, WR). Thithiny4d days.plMediaj s chpaged G le%ﬁ&wnagscaymgmt wepadi nlhed

bl ood i di |
oa T cont ai nobirpdBP REK A Bied feind Ble Tl sl ARTR ARE UG RIERr
H st opaque (3 ¥ washed Mritd HpsigUealdnkt sal sbhﬁonHBS&) amdle&ryfﬁsuﬁied cells are

Hi st opaque- 1077 on to (5)) (Sigma Chem cal ., St. Louis, Brepared in
6, 15-m coni céantiged prIREUs dorel minutppand qemse@ld@ﬂe@apprgxwaat@VdIS yls &fer ed

on top of the M'eﬁfa()p?(ﬂyﬁl' g‘l?(fuots ;11]% 15&1216&1 each well of 96-well plate that had been
previously coated with collagen. The monolayer in the plate should be confluent
within 48 hrs.

B. Neutrophil Isolation:

Peripheral blood polymorphonuclear neutrophils (PMNs) are isolated by
established methodology (1). Human blood is obtained from the cubital vein by
conventional venipucture performed by qualified phlebotomist. The blood is
collected in heparinized vacutainers (Vacutainer #6489, green cap, 15 ml draw,
VWR). Thirty ml of blood is used for each assay. The heparinized blood is
diluted with approximately 2 volume of phosphate buffered saline containing
0.2% glucose (PBS-G). A discontinuous gradient of Histopaque (3 ml of
Histopaque-1119 in the bottom and 3 ml of Histopaque-1077 on top) (Sigma
Chemical Co., St. Louis, MO) is prepared in 6, 15-ml conical centrifuge tubes.
The diluted blood is carefully layered on top of the Histopaque-1077. The tubes
are centrifuged at 800 x G for 30 min at room temperature. After the
centrifugation step the PMNs are removed by aspiration from the area between
Histopaque-1077/Histopaque-1119 interface and the top of the pelleted red blood
cells. The PMNs are collected from all the tubes, further diluted to a total volume

of 30 ml and centrifuged at 600 x G for 15 min. The supernatant is discarded, and
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are centrifuged at 800 x Gfor 30 min at roomtenperature. After the
centrifugation step the PMNs are renoved by aspiration fromthe area

bet ween Wb st/sgsaqiue- 1077/ Hi st opaque-1119 interface and t hect@poiofs2t2he
pelleted red blood cells. The PMNs are collected fromall the tubes,
further diluted to a total volume of 30 ml and centrifuged at 600 x G for
15 mn. The supernatant is discarded, and 20 WD 01/58879 PCT/ US01/ 04212
the pellet (containing PVNs and sonme red bl ood ceIIs) is treated with 6 nl

f | d t f 30 ds_t .RBC.
o “cba et Lot a8 ssconcs o vae ontaminal g e el permlar O
additional 2 Waf@?s oM 8d R fg&cg‘ o Ngsev c@gﬂaﬁﬁﬁaYlngnﬁB@anglronﬂfﬂ b RMNS it s

det ermi ned usi ng e tr | ue exclusion test in a henocytoneter
counti ng charrbmestabl%edbycaddingﬁ mhoS2@ld sakihé. qilib¢ PMNsdne vFHVNsd susfrbtigiabn i s

used for aQ/t fue ti tof ined with
Wight's bl ood2 lﬁsﬁéﬁa ﬁﬁla;LglFty%d)“u gr a EPM‘SI@ 3%?“%‘8\?,}3 psing
performed to e}{.@ nt mﬁlepeéx%ﬁmon()fteﬁ MYS ai RetBEytBMERAr bihhg |chamber.
Upregul ati on of En heI ia Cells: The rmnol ayers of endothelial cells in

the 96-wel | pl é)k:esicmtaﬁy,uprsagldil @luqu@t\mf tthe BOONs ishsplengipn Tisimoed Kerca dsitefugact or
( TNF, Boehi nger - Manhei m Cat # 1371- 843 oung..are
added to each REPRH%Poy giy?%l"get BF‘ZehéS 5‘825‘169 @ \%ﬂg}ﬁ %M@m?lfll 1gtha

Fl uorescent LabgbhRgl €b. )Nﬁatar&fm'eht%l cé\a&& %Erf&x‘?@ed' Beval@fehthé BercBWTPpkE |
pellet is resuspended in 5 ms of PBS-G (approximately 1-3 x 106/nl). 5

(and 6) car boxyfthaprepsegion. di acet ate succini mi dyl ester (CFSE, Mol ecul ar
Probes, Eugene, OR). A 20 mM stock of the CFSE is prepared by dissolving
25 mg into 2.24 ms (MAB57.5) of DMBO. 5 pl of the stock is added to the 5

m suspengy, qmlg,@fgua% dJr¥ndchdiaateigoncentrati on of 2 uM The m xture is
i ncubated in refrigerator for 20 mnutes. At the end of this period

the PMNs are wabhawndlayenyos endatheliappglsdn thaf Qe wetl pdatey @falupvmlﬂtqm‘élt@m are

cach wel 1 Cgr r S8R N EpR B e A St yAFRbECBRES Yoy PRURh i on of

Test Conp@dmrdsid compound are added to each well 4 hours prior to the addition of the PMNs.

I11. Fluorescent Labeling of Neutrophils:

After the last wash the neutrophil pellet is resuspended in 5 mls of PBS-G
(approximately 1-3 x 106/ml). 5 (and 6) carboxyfluorescein diacetate succinimidyl ester
(CFSE, Molecular Probes, Eugene, OR). A 20 mM stock of the CFSE is prepared by
dissolving 25 mg in’to 2.24 mls (MW557.5) of DMSO. 5 pl of the stock is added to the 5
ml suspension of PMNss for a final concentration of 2 uM. The mixture is incubated in the
refrigerator for 20 minutes. At the end of this period the PMNs are washed 4 times with
PBS-G. After the final wash the PMNs are resuspended in complete EGM-UV media to
the desired concentration (usually each well of a 96-well plate receives 0.6-1.2 x 103

PMNSs).

IV. Addition of Test Compounds:
One hundred pl of media containing the compounds with TNF is used to replace

the media in the wells containing the monolayers of endothelial cells 4 hours prior to the

addition of the PMNs.
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One hundred pl of nedia containing the conpounds with TNF is used to
replace the nedia in the wells containing the nonol ayers of endotheli al
cells 4 voonssgsre or to the addition of the PWNs. 21 WO ORCEH88¥%4212

PCT/ US01/ 04212 V. Adhesion Assay: A Collection of Data: CFSE-I|abel ed
neutrophils (.7 to 1.5 x 105) in 10 | volunes (see Ill) are added to the
HUVEC nonol ayers. The plates are incubated at 37Cin a 5% C>2 + 95%air,
100% hum dity incubator for 30 m n. Non-adherent cells are renoved by
centrifugation according to the follow ng protocol:. (1) A reading is taken
in the OyYoftS1udB2%iter the incubation at 37C. This reading is

consi dered ag ¢&QHeen i Pathhe cells added. (2) The wells are filled wth
war med (incubator) nmedia to the top of the well wth a slight convex

neni scus (usuaCFgEA66:led ndutrophidd{.7 t@h.5t:010F)en 10Qul wblunressee I3l) menatidedito t he
wells)). (3) The wells are seal ed usi ng Adhesive Sealing Fjl f M.cro
Plates (Rai ni HeddY¥E§gmeaplaysss. .T%El?fatelsl'?ée chﬁg?@gﬁbﬁgdg St +§$%’taér’and
the size and | [ A reeor 1S Wi er.
(5) The Iids a?g@%eﬁn@ggﬁ Yaﬁbé“‘?*?ﬁffﬁiao(%?‘% fjgg?gg}ﬁ%a?uttélgi 8*@*‘3%?%32?
towel placed oenttifigatidn ddeerdiesatol thg fdliowing ptogogol:ate |id is then replaced on

on'the plat e nol db) & BRIERE eke itPeGatoter o501 2 det MoK B3] Canthis pun
by turning the S%frﬂrﬁ%% ntiQer@l Q4 M6hR OGP afRbcelk B4, t Urni ng the centrifuge

on with the timng The speed control 1s adjusted wuntil the
tachonet er read 12PTh&MI§ ahd Slléds withevaroed adcebaton fmaid taGie. topvof theewelhoment

that th d of th 00 RPM i hi te ti tarted.
A exactl y 2. m nuERR S eRERSoRERt TRnEHS GERP G e BHtR O q09aT 67 F

stop the notor. Tgpl%a@}ﬁltt%“@n%).al | oned to conme to rest w thout any braking.
(7) The plates are renoved and any enpty wells recorded. The |id and the
(3) The wells are sealed using Adhesive Sealing Films for Micro Plates

(Rainin cat# 96-SP-100).

(4) The lid is replaced on the plate and the size and location of any bubbles
recorded on the lids with a marker.

(5) The lids are removed and a folded (4 plies) and cut piece of paper towel
placed on top of the Sealing film. The plate lid is then replaced on top of the
paper towel and the plate inverted.

(6) The plates are placed on the plate holders of the centrifuge (Sorvall Model
RT 6000D) and spun by turning the speed down to around 500 RPMs, then
turning the centrifuge on with the timing knob. The speed control is adjusted
until the tachometer read 1100 RPM (this is the equivalent of 200 Gs). At the
moment that the speed of the 1100 RPM is achieved a separate timer was
started. At exactly 2 minutes the timer in the centrifuge is brought to zero to
stop the motor. The plates are allowed to come to rest without any braking.

(7) The plates are removed and any empty wells recorded. The lid and the
folded paper towel are removed (maintaining the plate upside-down). The
Sealing Film is then removed over the biological material disposal bin and the
media shaken out. The plate is then blotted on the paper towel and any excess

fluid aspirated.
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fol ded paper towel are renmoved (nmaintaining the plate upside-down). The
Sealing Filmis then renoved over the biological material disposal bin and
the nmedivwoshsdsen out. The plate is then blotted on the pppEUStioei2 and any
excess fluid aspirated. 22 WD 01/58879 PCT/US01/ 04212 (8) The plate is
returned to the upright position and studi ed under the mcroscope. (9) A
second reading is taken on the Cytofluor. This second reading is used to
determ ne the percent of PMNs that remai ned adhered to the nonol ayer. (10)
The information fromthe CSV files. of the Cytofluor are.downl oade d the
data processed H(g}i&[b? Afely ESKEEFd S9r gﬁdgfg?é%tg periyon @Rd ‘E}H@ﬁgrlﬂlﬁﬁﬂ%ﬂf PMNs
adherent to non-ypirgubRt ed endothelium is subtracted and the percent

adhesion inhibition is determned as follows: Percent adhesion (Individual
adherent PMNs wi t(B) Basekoprdogading ibtakerc o the XCytoor. iThis sscondreading dusvd 4

adherent PMNs to requl ated end i m nus background (11) The EXCEL
spreadsheet cal cff® e&ﬁé?ﬁéeﬁﬁmswfﬁwe&&ﬁﬁ?‘%ﬂgoB’&‘{’?fﬁ)éayr%nm ayer,
b) the percent P\Ng) thRiférhihtibR fEdAe tHETRV T&! of ThdU§toflBE ki dsitloddel/bEd

adherent to unstinul ated endothelial cells) and c) the percent adhesion
i nhi bition consi dk¢ idalg nroeesswsl insa peaperedi BYCENFspa¢agdaleeet ovhere thegoackaionnd t i on

(negative nunbers,ipdi cate ipcrease in adhesion). \B. Statjsti Dat

Hand 1 ng. and s oF YO ABefie) BETGERTeayE PER BT 0 g Ak B sl e By
t-test with equaladraibrpiGifich isE¥femhiRads BIRpwsesul ts recorded as the
Pvalue. VI. Additional Information: A To Coat Wells Wth Col | agen:

Di ssolve 25 ng of aeikdt soluble rat tail collagen 446 mis of water acidified
with a few drops ofiision <t er(idjvideal piperent PYNaihSprkerpd suBtrcisf X ®) each wel |

in a 96-well plate }t 28 cn?) Mt hdhdEnt BYAVR lupregulaRC tib@keBudMBRL Ha@Bbundn t he 37C
i ncubator. Aspirate all

(11) The EXCEL spreadsheet calculates a) the percent of PMNs adhering to
the monolayer, b) the percent PMNs adhering to the monolayer minus
background (PMNs adherent to unstimulated endothelial cells) and c) the
percent adhesion inhibition considering the wells receiving TNF alone to the
0% inhibition (negative numbers indicate increase in adhesion).
B. Statistics, Data Handling, and Storage:
Statistics are performed using the double sided t-test with equal variance in

EXCEL and the results recorded as the Pvalue.

VI. Additional Information:

A. To Coat Wells With Collagen:
Dissolve 25 mg of acid soluble rat tail collagen 446 mls of water acidified with a
few drops of HCI. Sterilize by filtration. Add 50 ul to each well in a 96-well plate
(.28 cm?2) for 10 ug/well. Incubate overnight in the 37°C incubator. Aspirate all
the liquid and store in refrigerator until use.

B. To Prepare PBS+0.2% Glucose (Dextrose):
Prepare 2 liters of PBS (Sigma) and add 2 grams of glucose. Sterile filter and

save.

Rat Mvocardial Infarct/Reperfusion Injury Model
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the liquid and store in refrigerator until use. B. To Prepare PBS+0.2%

A ucose (Dextrose): Prepare 2 liters of PBS (Sigma) and add 2 grans of

gl ucose. v er/fdse filter and save. Rat Myocardi al | nfarctPepsofo4sizon

I niury Model 23 WO 01/58879 PCT/US01/04212 Surgical Preparation of Rats:
Mal e, Sprague-Dawl ey rats are anesthetized with urethane, 1.25 g/kg ip.
Acarotid artery and jugular vein are exteriorized and cannulated with
PE-50 tubing for recording blood pressure and to facilitate intravenous
adm ni str tlon f dye or giﬁ?? A Tracheotony is perfornmed. The aninmals are
connect ed prgical Ereparatiopy ‘Ventilator (Mdel 683, Harvard Appar at us,

South Natick, Mile &BfhoU&BawI& R Ak aﬁes%éf‘"zéé—%tlﬂur@@nqﬁ{e v gRE iRt Aefotid

strokes/ mn. Needl'e el’ectrodes are pl aced I'l el ectrocardi ogram
The ani nearterprapd faguitraiaie dreaext@7idey améamamdﬁteélvetlt PEéOH@htnlgrfgr peegsding
adj ust ed

d d d | h
o obe. andD BBk PSFIES . indd HARTEAC | GUaRrrs| T PURATb o e Perrub A = "

t hor acot omachbotbi if ipbifbrnhddl ETROSMiRalSHR@nnévil {ohe Ha®ldrd RYALRY Veiitilator
descendi ng coronary artery (LAD) is |ocated. A ligature of 6-0 silk is

pl aced atModal 6BRcHEAELd ApparatubeSaiti Natipl,dddddnd Newsilafad at $:3anl/ 10kagody of

PE- 320 tubin t.at occl usi o h t

The LAD | Bedlt PO RSP ViR By roPaRll i PRAY I HRRRpndinge R e
heart Surfwanﬁmﬂga@mmmmrzr@nwmm of leRectricB&tiMg ipaAs hapkedftorth®0 mn
and is followed by reperfusion for 3.0-4.5 hr. Animals are osed with drug

or vehi cl desired igmpayatiesrandontplied vigiaoactak thﬁlh@Sf&f pé@?éﬁd&@@wlw {lhe haerhrt by
L) oot oo e Pl Shdiat 3n” LEE hSlac Sl o SRR THAR SHEH SRl 3h%sapRa IRE 1o

subj ect edt 'Y efl ren

LAD is peémn&ésyeﬂd%gog&bﬂﬂ?chr@md (BAD}Gs Tavated. sAllisatee opf6- (E\salasS Blaged St ai n
is admnistered via t cannula to identify the area affected by

i scheni a, aroued the iﬁéfhr\ééé ake ﬁn@&th(r%d@ thromegh g a‘naﬂédengélapf REs332Qyseking to
exci sed ap Hg!%tgﬁ%eﬂ%l hgglgm%%?né) e ﬁ?s%g%f tﬁbgﬁér:y(r)nr %Alﬁ?s c%gJeH"b.n%ﬁan‘Pﬁng f

creatine IVI tlon
Phosphoki ihasanie bhd hibirg gt algelfnbt the hehrt Gutfade diiLes wirh |Sc(1‘lvME\&1eu1§/sﬁhl dipect ed

free fromthe heart an

Occlusion lasts for 90 min and is followed by reperfusion for 3.0-4.5 hr. Animals are
dosed with drug or vehicle 10 min prior to reperfusion of the affected area of the heart by
intravenous delivery via a jugular vein. Sham-operated rats are not subjected to ischemia
or reperfusion. At the end of the experiment, the LAD is permanently re-occluded and a
10 mg/ml solution of Evans Blue Stain is administered via the jugular cannula to identify
the area affected by ischemia, i.e., the area-at-risk (AAR). The stained heart is rapidly
excised and placed into 0.9% saline at 4°C prior to the determination of creatine
phosphokinase activity (CPK).

Determination of Creatine Phosphokinase Activity:

The left ventricular free wall (LVFW) is dissected free from the heart and
weighed. The AAR, as defined by the absence of stain, is dissected from the LVFW and
also weighed. The AAR is homogenized for 5 sec in 4 ml of 0.25 M sucrose containing 1
mM EDTA and 10 mM mercaptoethanol at 4°C. The homogenate is centrifuged at 3000 x
g for 30 min at 4°C. The supernatant is decanted for determination of CPK activity and
the pellet is stored frozen for the isolation and assay of myeloperoxidase activity. CPK

activity is assayed spectrophotometrically with a commercially supplied substrate, CPK

Assay Vial® (Sigma Diagnostics), at a wavelength of 340 nm at 24-26°C.
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wei ghed. The AAR, as defined by the absence of stain, is dissected fromthe
LVFW and al so wei ghed. The AAR i s honogeni zed for 5 sec in 4 m of 0.25 M
sucrose ooobasssrng 1 mM EDTA and 10 mM mer capt oet hanol aPCWCSo1liae12
honbgenate is centrifuged at 3000 x g for 30 mn at 4C. The supernatant is
decanted for determ nation of CPK activity and the pellet is stored frozen
for the isolation and assay of mnyel operoxi dase activity. CPK activity is
assayed spectrophotonetrically with a commercially supplied substrate, CPK

Assay Vi a Si ostic wavel engt h of 340 nm at 24-26C. 24
WO 01/ 588%{%éf?ﬁ%ﬁ?%%@pewg%ﬁf&&gn of Ivygl oper oxi dase Activity:
Myel oper oxi das M}feMDlg@)oﬂléasb %MP@)qglsta% fr&@ the 88 OIR#ieE efteratht @reph@on of

preparation of i s suspended in 50 mM phosphate buffer, pH
6, cont ai APKg (IhS%elhtexadesppnderd netSHymvabﬂsnhmebbufmrd@H( I@TABt)tatmﬁgaO 5%

t f t 10% d . f
ce. - Thr b PR TRRB R RN B biodte AETAPTI A po et i E P RSP en”
cycles. TE@ll&%@fO@SO@é@amrM&%n%%h&e TiRée BEz81tRaw el ¢ievad dode with 10 sec

centrifugation at 12,500 x mn at 4C. An aliquot of the
super nat aff S¢1309é1@96hﬁé\deens 5 opho sUnRiEy ﬂ@a¢hlkle¢ on isPfyradd nvn tfgllewedsby nvi

sodi um ph t e.buff 6, ont ai nbAg i

di hydrochf%ﬁ @' até?{hato%&ggﬁ/oghf;?arléénelﬁ af)gré]oxiA aillauopgtlg/\ﬂlaelvsél eerrlllgtta S% %gf)dnm at
24-26C.  Cybeettbpidtomstriently SoaMBO | feabitAnal 30shiv sbaguni qﬁwhgtﬁt@baffmgﬂ{ tepd as
the mean SEM CPK and MPO activity are expressed as units/g tissue, where

| unit of camdnmet- 4% lygml @émnﬁéhn@@lhyqlf@clﬂgvam ard,0.800 Bty dipEen peronisic Bt ppl

per oxi de e uantified as a percentage of the LVFW
based on \%@iavmfngl{k/@gﬁggfl erl aIZ%b(?ood pressure (MABP) is calcul ated as

one-t hi rdCaldﬁeatdinfsfaﬂH@tﬁﬁsthal waalysRyst ol i ¢ and diastolic blood pressure
added to diastolic blood pressure. Data are anal yzed for statistical

si gni fi cance offhe reswltyedre wppded @s ghe trh@n9$(V§Eh’bnf¢Hén@’éi IMR(@| achyity 35® 0| ed

et hods 0P YFSRT PROTISre prteeli Ty By Tor & 1 i SR EER oy b P Atk Yoo

provi ded ﬁﬁl’iﬁh%‘qbﬁfﬁﬁl pERRRR! fr! MinuRPeTHhHSN AR it Ruihtifieds adstdentagh @fiIthY a

safe and effective anmbunt of a the conpounds discl osed herei nabove. Such

met hods oL ViIFVéatsednn weipht. Moty arteathirblvod tpeessurg (MABP) is dokalptedf asrame dhird uch
the difference between systolic and diastolic blood pressure added to diastolic blood
pressure. Data are analyzed for statistical significance of treatment effects at the 95%
confidence level by a pooled t-test or by one-way analysis of variance.

The subject invéntion involves methods of treating or preventing any of the
diseases and disorders provided hereinabove, especially reperfusion injury, by
administering a safe and effective amount of a the compounds disclosed hereinabove.
Such methods of treatment can involve administering a unit dosage form of such
compounds parenterally, perorally, or topically. Parenteral administration includes
intravenous, intramuscular, subcutaneous, intraperitoneal, or other injection of the dosage
form. Peroral administration involves ingestion of the dosage form and absorption of the
active from the gastrointestinal tract. Topical administration involves contacting the
dosage form with the surface of the skin or mucosal tissues, including, but not limited to,
those of the alimentaryl canal and the respiratory system.

For parenteral administration, the amount of the compound typically administered
is preferably from about 2 mg/kg, more preferably from about 5 mg/kg, preferably to

about 2- mg/kg, more preferably to about 10 mg/kg. The frequency of such
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conpounds parenterally, perorally, or topically. Parenteral adm nistration
i ncludes intravenous, intranuscular, subcutaneous, intraperitoneal, or

ot her injwabi/ses7df the dosage form Peroral adm ni strati POT/URMOIMYES

i ngestion of the dosage form and absorption of the active fromthe
gastrointestinal tract. Topical adm nistration involves contacting the
dosage formw th the surface of the skin or nucosal tissues, including, but
not Iinited to those of the alinmentaryl canal and the respiratory system

For parent adm ni stration, the a u t of the co oun? ‘call 1
adni ni st e# msl“%“ﬁ‘?ésfté(%?ﬁ Xlof’?eo?ﬁ% n%/tke@tm%rf g’r‘éﬁ yylsfar%?ﬁ Sbout
5 no/ kg, @6s%f@1r IQQL Yrohpabo%pi)'dﬁy%) roiibEut ﬁr@%ﬁuﬁm @R/ WrefePatp/ kg.
The frequency of such 01/ 58879 PCT/ US01/ 0421 adnlnlstratlon IS
typical | ytocnboetlﬁdaym ce daily. A treatnent regl men typ| cally is a single
dose, or lasts_from ahout 1.da pr.ef er abl ut 5 day. t 0. abqut 30
days, preferabfQf PEEPTHa mi%ra\égﬂ}’ theF(S‘fnoBB%/ ? nh ﬁl %ﬂlszulquo frount
of 2- phenylganha Eal@%ﬁﬂls@"i‘&?is%mf@&'ﬂ@pﬁ'&ﬂ db¥ i $alg mgbo t ?ﬁe?ér%lzqrdrﬁ

u

preferably from about , hore preferably from
preferablyxnmlﬁbmykgaﬁeﬁgmkgk)dﬂwe2@mmﬂbgaDMyIngkaﬁbuﬁ>@Emhg$mg¥kgh§he

frequency_of such .ad rafion is i.ca I fro on abou
o Ty TR bRl i RS T trot i £ i
from aboufrea’im@ﬁ‘%ﬁéltn%égl @Eﬂgh‘l‘l y 1230 fRAY 8boup N &fa§r }ﬁ@fe)‘aﬁl? ft@ﬁﬂkﬂouﬂ@ deY $o about

Conposition and les The fol lowing non-Timting exanpl es
|IIustratéodﬂﬁ,y@ﬁﬁédyt¢mwnmﬂﬁdnw5The fol | owi ng conposition and net hod
exanples do not Iimt the invention, but provide guidance to the skilled
artisan to prepare and use the conpounds conpositions, and nethods of the

i nvent i onCohipoSfeR M etHodExARpreouUNds within the invention may be
substituted for the exanple conpound shown below with simlar results.

Exanpl e A Phar Fhe efollowaig wnﬂtmutlﬂgon@mme& Hlustenten the  subigeht maortipusThe
qutlon

POl o B SRR AT Bl AR SPAERT  ovic
guidance to the skilled artisan to prepare and use the compounds, compositions, and
methods of the invention. In each case other compounds within the invention may be
substituted for the example compound shown below with similar results.

Example A

Pharmaceutical compositions in the form of an intravenous solution are prepared

by conventional methods, such as mixing the following:

Ingredient Quantity (mls)
Compound of Example 1" 1 mg.
Sterile water 10 ml
HCL and/or NaOH pH 7.2-7.5

When 1 ml of the above composition is administered intravenously, either
immediately before or immediately after a tissue damage event (aneurysm repair,
coronary bypass, transplant surgery, traumatic hemorrhage, organ ischemia due to
hypoperfusion, sepsis, etc.), tissue damage is avoided or reduced.

Example B

! Compound of Example 1 can be substituted with any of Examples 2-8.
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Sterile water 10 m  HCL and/or NaOH pH 7.2-7.5 Wien 1 m of the above
conposition is admnistered intravenously, either imediately before or

i mredi at Vg orfgsey a ti ssue danage event (aneurysm repair, PCTOS@NERK bypass,
transpl ant surgery, traumatic henorrhage, organ ischem a due to

hypoper fusi on, sepsis, etc.), tissue damage is avoided or reduced. Exanple
B Conmpound of Exanple 1 can be substituted with any of Exanples 2-8. 26
WO 01/58879 PCT/ US01/ 04212 Pharnaceutical conpositions in liquid formare
prepared by copventional. nmethods, formnulated as foll ows: ]ngredien

Quanti 1y ConpBe6RtERL (MONB0MS 1 VBN ST SrbPEBHER BhyrSFOGeh
saline 10 falhoaMathyiliaasakaRwd: 05Sml Wen 1.0 m of the above conposition is
adninistereélsdbcutaneously, elther imediately before or i mediately
after a tissuelpaebge event (aneurysmrepair, corQuemtiyy bypass, transpl ant

surgery, traumtic he ha prgan i schem a due to, hypoperfusion,
sepsis, etc.), -8 ?é#ﬁﬂﬁﬁ@é avoi ded or reduced. %%W¥e particul ar

enbodi nent s OfPﬁ&ﬁhéﬁﬁhﬁ&%dhmzﬁﬂkkﬁﬁlBﬁM@ been descryhed, it would be
obvious to those skilled in the art that various changgs and nodifications

to the conposi Metind Pdiabeh osed herein can be nmade wi@8put departing from
the spirit and _scopg,of. t invention. It is intended tq cover, .in.the
appended cl ai mﬁheﬁl ]e'o r§]u8ﬂ%?f‘bgl?‘?vlec%otr?%oﬁgmphlﬁta‘%_}lgls%r?dnFl_ﬂ)ctuﬁaéleg%s eel%l “this
I nvent1 onjmed; wRfhrOf orExARBaBtely GRRr B tiBHRS Hatbide @vihit Ehn@ﬂbys@lf rdépaapl es
2-8. 27 WD 01/58879 PCT/US01/ 04212 WHAT IS CLAIMED I'S: 1. A conpound
havi ng t heorenarycbypass, tr®BpRht surgery, traumatic hemorrhage, organ ischemia due to

hypoperfusion, sepsis, etc.), tissue damage is avoided or reduced.

While particular embodiments of the subject invention have been
described, it would be obvious to those skilled in the art that various changes and
modifications to the compositions disclosed herein can be made without departing from

the spirit and scope of the invention. It is intended to cover, in the appended claims, all

such modifications that are within the scope of this invention.

2 Compound of Example 1 can be substituted with any of Examples 2-8.
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RA CONH NR6 R3 R5 wherein: (a) RL is selected fromthe group consisting
of al kyl, aryl, al koxy, and aryl oxy, the alkyl and aryl portions of such
R1 havi ngvéoossslot o 14 carbon atons wherein preferably RecTwsaldegi2 or ary
having from2 to 8 carbon atons. (b) R3 and R4 are independently sel ected
fromthe group consisting of hydrogen, halo, alkyl, alkoxy, alkylthio, and
nmono- or dial kyl am nio, the alkyl portions of such R3 and R4 having from 1
to 8 carbon atons; except that R3 and R4 are not both hydrogen; wherein
preferably R3 and R4 are jndependently selected fromthe group consisting
of hydrogéflﬁrﬁ§ﬂifgpﬁg§}s al kylthi o, am no, and nono- or dial kyl am no,
the al kyl; port froml to 6 carbon atons. (c) each R5
is |ndependent%3B§gﬁgg§g%n?gﬁwaﬁﬁgﬂg?oup consi sting of hydrogen, halo,
cyano, alkyl, hydroxys al kdXy, thio, alkylthio, am no, and nono- or
dialkylanino, &g | Kyl portions of such R5 having from1l to 8 carbon
atons; (d) eac L8xd $ romthe group consisting of
hydr ogen, hal o, erocygl yl, hydroxy, al koxy,
aryloxy, thio, al €ONHamiho, yl am no, aryl anm no, acyl,

al kyl acyl, aryl ac 7 al kyl am do, i1 do, sul fonyl,

al kyl sul fonyl , garyl suttonyl ;° phosphonyl, arkyl pRésphonyl, aryl phosphonyl,
carboxy and its al kyl and aryI esters. an optical isomer, diastereoner, or
enanti omer or nixturéethereof a pharmaceutical ly- acceptable salt,

hydr at e, whedimhydrol yzabl e ester anide or imde thereof. 28 WO 01/58879
PCT/ US01/ 04212 2. The conpaund of C aim| mhereln each R5 is ndepengently
sel ected from (! i§relgpted &i9g) @FlgF@‘P(ﬁO“PFy?H‘P%)@@A Ylnaiyh au"é?l"b(y*}nd gy log¥ythe

al kylthio, and ”%'il& afll af&’l?}lol‘t}'cln@'gf@gch R1 having from 1 to 14 carbon atoms wherein
preferably R1 is alkyl or aryl having from 2 to 8 carbon atoms.

(b) R3 and R4 are independently selected from the group consisting of hydrogen,
halo, alkyl, alkoxy, alkylthio, and mono- or dialkylaminio, the alkyl portions
of such R3 and R4 having from 1 to 8 carbon atoms; except that R3 and R4 are
not both hydrogen; wherein preferably R3 and R4 are independently selected
from the group consisting of hydrogen alkyl, alkoxy, alkylthio, amino, and
mono- or dialkylamino, the alkyl portions of such R4 having from 1 to 6
carbon atoms.

(c) each RS is independently selected from the group consisting of hydrogen, halo,
cyano, alkyl, hydroxy, alkoxy, thio, alkylthio, amino, and mono- or
dialkylamino, the alkyl portions of such RS having from 1 to 8 carbon atoms;

(d) each R6 is independently selected from the group consisting of hydrogen, halo,
nitro, cyano, alkyl, aryl, heterocyclyl, hydroxy, alkoxy, aryloxy, thio,
alkylthio, arylthio, amino, alkylamino, arylamino, acyl, alkylacyl, arylacyl,
amido, alkylamido, arylamido, sulfonyl, alkylsulfonyl, arylsulfonyl,
phosphonyl, alkylphosphonyl, arylphosphonyl, carboxy and its alkyl and aryl
esters.

an optical isomer, diastereomer, or enantiomer or mixture thereof; a pharmaceutically-

acceptable salt, hydrate, or biohydrolyzable ester, amide or imide thereof.
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the al kyl portions of such R5 having from1 to 6 carbon atons; and each R6
is independently selected formthe group consisting of hydrogen, halo,
nitro, cwamol/ssabhkyl, phenyl, hydroxy, al koxy, thio, alkybPchiusgi/@aei2no,

al kyl am no, the al kyl portions of such R6 having froml| to 6 carbon atons,
and no nore than three R6 are other than hydrogen. 3. The conmpound of Caim
2 wherein the alkyl portions of the R3, R4, R5 and R6 nvieties
independently have from1l to 3 carbon atonms, unsubstituted or substi tuted

Wi halg. vl ot R PR iRisnd! R bbby STR9 88,

hydr ogen, g@ing cofsistily & }}31%% a186alﬁ 1€ alkoRE alkylgfio, indrR&eRN - ordialifylemapound
of C ai m% wﬁerel n“%rl is al havi np from?S t}f)1 8 carbon atons, ﬂt he al kyl

bei ng unstiissalkylpetions @fusmha Rét b@mn\g tfrons Ubde | & werbos atemsctaad dacbriRe He

t h hi 1- C3 al ky]
i e, CrmaaSorgian” siegrE g b RsOE of Mitineety o HEShalniy kM
ring atonﬁhe %%"y@fditﬁpﬁlﬁéﬂf aibyalk{iehio Adnkiyb, AMRy1hmHAS tHefallRa, po%nsla'ﬁsmm are

unsubstituted, and is saturated or unsaturated wth one double bond,

li near or hawingGhed! o6 eafeon atomskand neaveneghan braeRG wreothentharhydrages. 5. The
conpound of Claim4 wherein RL is phenyl or benzyl, unsubstituted or
substituted with substituents selected fromthe group consisting of halo,

Cl-C3 alkyl, trHecompourtdlofBlahkpxtiereaitihellydibrishs@F thoR3; Ra RS and R6
di al kyl am no. 6. The conmpound of Caim5 wherein R4 is net hoxy or et hoxy

pr ef er abl jpoRdies indeperrdeasty have fromel EvAsailer armiuaphsH Ui plesUps iy tadswish koxy
R4 and bo R are h e t

hydr ogen. 5"’98 %8%75@7@%@??@0@)‘849@38 l&ﬁtﬂloc\(l)\ér}rnplggn f@‘(—ngl ngher ein
Rl is sat d [ t o)

phar maceu%ﬁlr gélfaq%lgﬁ’pgg?%yg el(géoryrr%l :j%? 2%911(?% 133 Sa glag%r(]gse r?g@g%én’amunt of a
conmpound aforathyn Gv@RMate othedthamhgdrofd). phar maceuti cal | y- accept abl e

exci pients. 10. The use of the conpound of any of Caim1l or 4 for the
manuf acture of a nedicanment for preventing or treating an

I schem a- peper s L GRpbHAUSYCLIBI WRABS Y is alkyl having from 3 to 8 carbon atoms,
the alkyl being unsubstituted or substituted with substituents selected from the group
consisting of halo, hydroxy, C1-C3 alkoxy, thio, C1-C3 alkylthio, amino, C{-C3 mono-
or dialkylamino, phenyl, and heterocycle having 5 or 6 ring atoms; wherein preferably the
alkyl portions of R3, R4, R5 and R6 are unsubstituted, and R1 is saturated or unsaturated

with one double bond, linear or branched or cyclic alkyl having from 3 to 6 carbon atoms.

5. The compound of Claim 4 wherein R1 is phenyl or benzyl, unsubstituted or

substituted with substituents selected from the group consisting of halo, C1-C3 alkyl,

hydroxy, C1-C3 alkoxy, amino, and C{-C3 mono- or dialkylamino.

6. The compound of Claim 5 wherein R4 is methoxy or ethoxy, preferably R4 is

methoxy.

7. The compound of Claim 5 wherein R3 is alkoxy, R4 and both R5 are hydrogen,

and no more than two R6 are other than hydrogen.
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adm nistering to a human or [ower animal in need thereof, a safe and
ef fective anount of a conpound of Caim1l or 4. 30
WO 01/58879 PCT/US01/04212

8. The compound of Claim 7 wherein R1 is saturated and unsubstituted, and R3 is

methoxy or ethoxy.

9. A pharmaceutical composition comprising:
(a) a safe and effective amount of a compound of any Claim 1 or 4; and

(b) pharmaceutically-acceptabie excipients.

10. The use of the compound of any of Claim 1 or 4 for the manufacture of a
medicament for preventing or treating an ischemia-reperfusion injury comprising by
administering to a human or lower animal in need thereof, a safe and effective amount of

a compound of Claim 1 or 4.
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