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FIELD OF THE INVENTION

The subject invention relates to 2-carboxamide-benzimidazoles useful for treatment
or prevention of ischemic reperfusion injury of myocardial and other tissue and other

cardiovascular and inflammatory diseases and disorders.

SUMMARY OF THE INVENTION

The subject invention includes compounds having the structure:

R5 T1
R4 N\
—CONH2 1
N/ M
R3

R5
wherein:
(a) R1 is selected from the group consisting of alkyl, aryl, alkoxy, and aryloxy, the
alkyl and aryl portions of preferred R1 having from 1 to about 14 carbon

atoms;

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



an optical isoner, diastereoner, or enantioner or mxture thereof; a

phar maceutical |l y- acceptable salt, hydrate, or biohydrolyzable ester, am de
or imdewder/sssfs The present invention further rel ates tpCcpusewaernuti cal
conpositions containing such conpounds; and nethods of using such
conpounds for treating or preventing reperfusion injuries to tissues.

DETAI LED DESCRI PTI ON OF THE | NVENTI ON There are about 1.1 million

nmyocardi al infarctions in the United States each year and 350, 000 people
die. Myocardial .infa 0 rt a occurs ood
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recruit circul ating | eukocytes, including neutrophils and nonocytes, to
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of adhesi 0" ﬁh$®§ §¥$§§?'%egsurface of both cell types. These nol ecul es
belong to three distinct famlies: the selectins, the integrins and the

i nmunogl obulin superfam | hbutroohlls flrst roII al ong_endot hel i al
cells, a process medi atgl sy N SFSAE BsWEIENIN 41211 sel ecti ns.
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PMNs into tissues |eads to tissue damage. Conpounds, able tq block the
adhesi on biPodegsselipsHnplying then Bearh Besoma Wlﬁteb’e"f partially occluded. Treatment

with thrombolytic agents to restore blood flow (reperfusion) is first line treatment in

many cases. However, the benefit of reperfusion is compromised by the acute
inflammatory response associated with it, resulting in a syndrome called reperfusion
injury.

Inflammation generally serves a protective role. For example, at sites of bacterial
infection, bacterial endotoxins induce the production of inflammatory cytokines which
recruit circulating leukocytes, 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
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useful in the treatment of a variety of conditions involving

i schem a-reperfusion injury including, but not restricted to, myocardi al
infarcti owpoussseary artery bypass grafting, angi opl astypCuugéma21ist r oke,
peri pheral vascul ar di sease, inflammatory bowel disease, ulcerative
colitis, bunms, frostbite, adult respiratory distress syndrone, asthna,
tissue and organ transplants, general surgery, replantation, acute renal
failure, rheurratoi d arthritis, psoriasis, hepatitis, pancreatitis,
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20 carbon atons, nore pr eferabl’ y from3 to about 10 carbon atons, nore
pr ef er abl grgsn nransrﬂamn 863€1tad) saiget r@lamtmn agutpnenal fribrermheemelpid arhrdisky |

have one hydroc have thre I
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nor e doubk®: botdenelo, 3! Kenw, R. Wi, tnrA@ﬁe@]olaqndlekule@rreﬁealab&mmgsa Orfewl t wo,

or three doubl e bonds, nore preferably wi th one doubl e bond. Al kyl may be

unsat ur at eatl % tlksekutze Esis., Mdriset Dekkes, b Chaptery k| J)Prllﬂreef(er%ﬁiwtmet h one
triple bopd. Mr r turated ("al kanyl"). The term

"al kyl eneﬂ%?%ﬁol\%a "ﬁlfllear 6%5 kl)érbgs’ a?tezg? ed to 2 or nore noieties.
Preferred substituents of al kyI | nGlosghey af Ratims aryl, hal o, hydroxy, al koxy,

aryl oxy, am no, al kyl am no, I am no, thio, alkylt hi o, arylthio, acyl,
al kyl acyl, ar yUalf>§$ otheew@ancr gty PdvrimDierns have thedndisagd maapipge theh

aryl ester m 0 I k m no, arylam no, sulfonyl, alkylsulfonyl,
aryl sulfoiﬁﬁ rhl% Ign,h%ygno het er ocycl e. Preferred al kyl are unsubstitut ed.

The term “alkyl” means a hydrocarbon chain which is linear, branched or cyclic,

saturated or unsaturated (but not aromatic), substituted or unsubstituted. The term may be
used alone or as part of another word where it may be shortened to “alk” (e.g., in alkoxy,
alkylamino). Preferred linear alkyl have from 1 to about 20 carbon atoms, more preferably
from 1 to about 8 carbon atoms, more preferably still from 1 to about 4 carbon atoms; most
preferred are methyl or ethyl. Preferred cyclic and branched alkyl have from 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,
3



The term"aryl"” means an aromati c hydrocarbon ring which is substituted or
unsubstituted. The term may be used al one or as part of another word (e.g.,
in aryl owo o1/588y8 ani no). Preferred aryl have from 6 to abpat/ué/maribon
atons in the aromatic ring(s), and a total of fromabout 6 to about 20,
preferably to about 12, carbon atons. Preferred aryl is phenyl or

napht hyl ; nost preferred is phenyl. The term "aryl ene"” neans an aryl which
is attached to two or nore other noieties. Preferred substituents of aryl
i ncl ude aIk
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"het er oat om " mBhngern raml oge@ﬁns oy geamatisr hydrpearbomirng Whh%‘ !SeIS%bStltUted or

ot o het ePbaPSeduHE Bt du by TS B S et Bribodf wAdye Bl aBIBeE) |
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"safe and effective ampbunt” neans an anount of a_ pharmacologically  active
conpound kaléf hﬁdrém, oy, gwlpmaﬁmn? iaHeylpnaing, B’bféqnﬁliﬂﬁ)et%d? yEei arithip.t he

o T easonaisth BRRSHE ATt HpoRy! SOONIR:' BN aBld WEVERAD, Girfhin. (1

j udgnent . sffongf, alk@rmiilefly"l@&fyls\AEfoﬂyTpmnb Qfana, het@opalnd will vary with the
particular condition being treated, the size and age and physi cal
condition of tRBe EaM; éﬁtleroagqq@ "EEYsrd RilFoRN, eéYﬁﬁnt ol fh@“ﬁuratl on of the

treatnent, ther Datureg Q@Lbrrr‘elggercrg, Preards P Al 1w1th one or
aeb? |ze and 11 ke act

phar rraceutl cal Fy accep carrier s w thin the

knovvi edgemard heté?@ﬁdirh§&u6§tltﬁﬂ@& ﬁﬂ‘rt@lﬂlﬁbrngtqaﬁejsm Cthamng'['h)e preferably 1, 2 or 3
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exci pi ent BCiogiS 1o s wg(%rPée%a%a@tmcéclga{l‘l?sér?%%tesi‘%réﬁ?eé'aée%%r? i
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with the PR&rmaicdetagirghhdvwe faahisve abomplei ncbre pre‘maalﬁly/tSaB(?la IPCouSorkbfadidg 1
still 5 or 6, carbon plus heteroatoms in the ring(s), and a total of from 5 to about 20, more
preferably to about 12, carbon plus heteroatoms.

The term “safe and effective amount” means an amount of a pharmacologically
active compound sufficient to significantly induce a positive modification in the condition
to 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
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or conpounds, and with each other, in a manner such that there is no
interaction which substantially reduces the pharnaceutical efficacy of the
conposi t ivemoussses ordi nary use situations. The exci pi ent BCOoSoIo42h1ave
substanti al pharnacol ogi cal activity thensel ves, but nmay function, for
exanpl e, as diluents, lubricants, disintigration enhancers, dissolution
enhancers, encapsulating materials, preservatives, colorants, flavorants,
and the like. Pharmaceutical -acceptable excipients nmust be of sufficiently

hi gh purity and sufficientl | gw toxicity to er themsuitable for
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human or situationser Tanéxeilierssidp ot have sabstamtigl phatoweologiseloactiivity thesnsgbisa, but

medi cal practice. A_.!biohydrol ble ester" is,an.est.er of a carpoxyl. ¢
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| act onyl gsdted.s (such as phthalidyl and thiophthalidyl esters), |ower
al koxyacyl oxyal kyl esters (such as = nethoxycarbonyl oxynmet hyl,
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acet am dofrt ver I'nvent1on I nvolves
2- car box agiwade aRigii kil jea3vh ein gl WS dihgvb RBod Hegicsl pruedogre: RS RL R4 N

CONH2 (1) NR3I RS 5 o _

A “biohydrolyzable ester” is an ester of a carboxylic acid-containing 2-carboxamide
benzimidazoles of the present invention that does not interfere with the activity of the 2-
carboxamide benzimidazoles or that is readily converted by an animal to yield an active 2-
carboxamide benzimidazole of this invention. Such esters include lower alkyl 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-carboxamide benzimidazoles compounds having

the structure:

R5 T1
R4 N\
——CONH2 0))
4
R3 N

R5



WO 01/58878 PCT/ US01/ 04211 In structure (1), RL is selected from al kyl,
aryl, al koxy, and aryl oxy. The alkyl and aryl portions of preferred Rl

noi et i es wavesfsrom 1 to about 14 carbon atons. More pref ep€rRUSR4LEH

sel ected fromunsubstituted or substituted al kyl having from1 to about 12
carbons atons, and unsubstituted or substituted phenyl or naphthyl. More
preferred al kyl Rl include unsubstituted or substituted |inear alkyl having
from about 2 to about 8 carbon atons, nore preferably still from about 3

%%225’3? “\orle S FGRKE PHESEREoTbrRHEAED ARpY RavHgTr e Abiend ¢
about ?ﬂ)ﬁ leh%qsp foReg R mbiRliathave Hohl | of Ao meambnatom about 6 carbon

at ons; nor e erred is isobutyl or isopentyl. Mre preferred RL
i ncl ude cycl i Mosed fa:tyferﬂedxﬂlnug séluegtnd Sronoursbbstitutgd oaSlﬂlshthCbaikyl hawing fprrefldp abl y

still fro out 6 car Pre erre t tu for such

l'i near, %&ﬁlgaargpns POWP 0 aHnE S%q"rsﬁ%q AY ﬂéﬂlt(?g pﬁ 8%921&%)@0 ani no,
mono- and di alkyd feterRd A R1 Ak ub§dstitudidydr s(@éiﬁﬁ‘l%ﬂfﬂnbé(r zﬂlgﬁﬂtélvim.g fediel
heterocycle; nore preferred is such al kyl being unsubstitute Preferred

RL whi ch alreait [2i wealrout B catbére dtomrs, cmrbup@efatabw stelt drosmmbeeit Bdo gbowin getheat ed

th doubl d
br ef er r e P! SH: ToRE PrdRTIn S BRPPY LYRk OB SLBIEr Dl Ao Ry B cpehe
substi t ueptagcaralRUckhve Y Abtuk Ba8 dbaLOS AN YmSs AnbRX YrefeR B Qtill NRdHA-

and dial kylam no;” al so preferred is for such phenyl being unsubstituted.
Nbre pref ghqued &r abéu! 6 thboncflltgnllé, atniémnm*@mraﬁeerddds ISthslé)tll elytseperielnz More

et Sy BT R Al SUSPURORE ool 250 U5 o YRR Hnath Bl

unsubsti t giedond B t§tabb|@tt6“2:§rb6h)axorﬁ§3 anderd wb@nﬂueﬂkgﬁsﬂdwmt liyeas ebrecdhed ok r om
the group consistin g hydr ogen, hal o, al kyl, alkox al kyl -aryl

al kyl t hi ocycélmaﬂ@l dedrde, hydrafiyaplkgxyamimien, menec apd dialearlatraioa o, WY&%@’not

From 1t oaEBpea AP IEBROERIh AR Re PG P Ededi ARl o PRETRL AR

sel ect ed prepinddR1 GVHEH afeOMSdas !t bragchefl o ygelRgelky] bl Shturaﬂeﬂ)dr,unaét&ﬂl@d with
al kyl thi o, and nmono- or dial kyI anm no except t?:at R3 and R4 are not both

hydr ogen. oy erfraptiesigubis bands; maoTE pedfererd #1g gatagésd. al koxy having from 1 to
about 6, prefgl ab'p¥e¢ ed & tﬁ{:}?’mc beﬁsuagtmd &l EMILﬁtnEﬁt?d Nhehpi0 Ttk ©

about 6, pref erabl ons, nonoa
di al kyl ankntigests %Kﬂuclhaphél@lf freradé theloabbydroLy, rane)fx@r adthiyiof omono- and
dialkylamino; also preferred is for such phenyl being unsubstituted.

More preferred aralkyl R1 include unsubstituted or substituted benzyl. Preferred
substituents for such benzyl include halo, 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, alkyl-aryloxy, alkylthio, amino 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. Preferably, 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.

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
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about 3, carbon atons; and al kyl having from1l to about 6, preferably to
about 3, carbon 6 WO 01/58878 PCT/US01/ 04211 atons. Preferred

substi t utveebssssm t he al kyl of such noieties include hal o, POp@saxos211al koxy,
am no, nono- or dial kylamno, thio, alkythio; nore preferred is for such R3
and R4 noieties to be unsubstituted. More preferred still is for at |east
one of R3 and R4, to be ethoxy or especially nethoxy. Preferably one of R3
and R4 is hydrogen; nore preferably R3 is hydrogen. In structure (1), RS

denotes noieties at positions 4 gnd. .7 of. the benzim I i NOS. ach R5
i s i ndepetff®ft E&efg‘é?‘gﬁ‘_f H“’Fmrh%r%lﬁgr‘?,f SH W?'%‘ﬁ%fﬂ??uad%ﬁ?&’ ?‘Yﬁ'&é%%g?"y’
al koxy, thhQo, nfHdeY!drNiigikyBing, s dalRPnRy, rﬁéred}[;)@kéﬁédam AR- subher @l dail R4
portions of preferred RS Moieties have from1 to about 8 carbon atons.
Pr ef er r edmBEtien ol bel@nnbdtitgein, Moz prefatadydtilhisviongt feagimme efoR3lepdiR46 to be

ferably to about 3. carbon at | koxy-haying. from1 to ab
D of or abl ShaloRt Speciely BHTDoraciorbn O Ry Aot ot iR agsrnGofatitesty

havi ng frgglis]h%po out 6, preferably to about 3, carbon atons, and
al kylthio having Tfrom1l to about 6, preferably to about 3, carbon atons.
Preferred subsk stuehirs (OrR$ Henagskpdicties af pobitirgs froheiodsha brazingidazoli onrgs.

am no, an I | ;. .nor ef er is, for the al kyl of, such, npi i be
Onsubst g nipadindert Saieled fost bhacrrgBy o s MR FINEE, &Ry og
from hydrggemhio haho, &moHeSsEAlYMh@sb. alTky hikBpbitiond bOPrelertcd Rb adlietids

carbon atons. More preferred is for no nore than one R5 being other than

hydr ogen. havedtompl ¢ ebews @ dagbonadtdmR5 bei ng hydrogen. Preferred conpounds of

t he subj ect inyenti Lnclu the foll,ow exa avil ng .S ()
and the indi ca}z!r@ r’é‘{‘)ilg%% i‘?cﬁ'é(f?t :dr%@nh?lg’ %P%Iffvﬂgtﬁg% llpoc§l£cqug8r é%;l;?%t}jlgl%

et hoxy bgidat bl ca%b&ysﬂoﬂﬁyalkbxﬂmﬁ%msm bes kbddt 63preyahisipabbnt 3, dafeh hetys, bot h
H 4 cyclohexyl H nethoxy both H |soproPyI H met hoxy both H 6 jsobutyl
I

H et hoxymbnedikHr Bx aldkdaminorgackalig having from 1 to about 6, preferably to about 3,
carbon atoms, and alkylthio having from 1 to about 6, preferably to about 3, carbon atoms.

Preferred substituents on the alkyl of such R5 moieties include alkoxy, amino, and alkyl;
more preferred is for the alkyl of such moieties to be unsubstituted.

More preferred is for each R5 to be independently selected from hydrogen, halo, and
unsubstituted alkyl having from 1 to about 3 carbon atoms. More preferred is for no more
than one RS being other than hydrogen. Most preferred is both RS being hydrogen.

Preferred compounds of the subject invention include the following examples

having structure (I) and the indicated substituents:

Example R1 R3 R4 RS
1 cyclopropyl H methoxy both H
2 cyclobutyl H methoxy both H
3 cyclopentyl H methoxy both H
4 | cyclohexyl H methoxy both H
5 isopropyl H methoxy both H
6 isobutyl H methoxy both H
Example R1 R3 R4 RS
7 isopentyl H methoxy both H



7 isopentyl H nethoxy both H 7 WO 01/58878 PCT/ US01/ 04211 8 n-propyl H
nmet hoxy both H 9 n-butyl H nethoxy both H 10 net hoxyethyl H nmethoxy both H
11 i sobytwo ottssams no both H 12 isobytyl nethoxy H both H paBUsehatlyl H

4- met hoxy- Both H benzylam no 14 isobutyl H 2-am no-l-oxo. Both H

3- phenyl - propyl am no Subject invention conmpounds include all active
optical isoners, diastereoners and enantioners, and m xtures thereof, of
t he above conpounds. Subject invention conpounds include

pharmaceutical | y-acceptabl e salts, hydrajes, and bi %h droliz blFﬁ%ester S,
am des, and i%ides of sUERB¥npounds. Sgnt hesi's 'Bft oundg0 fol | owi ng
provi des gener@l schenes fl%tﬁraki ng subjgct invenhe@pxgonmpoundsH and
speci fic methods for synthesi’zing preferred subject invention conmpounds.
Unl ess ot herulse st at edgthakyetidnmer ci al Hy avai | abttdoxeagent $otrld used

wi t hout further purificatign. . Reactions,are general.ly run u ryan inert
at nosphere (aﬁéon or nitr%@@'ﬁ)ﬂ. Brine refers to sé‘fﬂgat ed aggtgloHus sodi um
chloride. Resijdual sol venkotygylr enpved dgety vacuum fica. 0. 03 ot HY) at
roomtenperature (rt). Structures of the conpounds synthesized are
confirmed usidg the fol |l owpngyl anal yti call tool s.4-Predioss- NVR Bpdttra are
taken on a GE QE-300 (300 WMHz) spectroneter, a Brug%é. AC- 300 (300 MHz)
guad- nucl ei probe systemor on a Varian Unitypl Ll?gnz(y lnoM—Iz). Al'l chem cal
shifts are repgrted in S ge@ as parts ger m Rlimino{lppwy dowath Hed from
(CH3)4Si . Spectra taken in 13 are referenced either to (CH3)4Si or to a
Eesi dual r’r)CHC13 (7.24 ppm). Spectra taken in D20 3aphenykeferenced to HOD
4.80 ppm, those in (C03)2CO are referenced t . gual (CH3)2CO (2.04
ppm, those in CD3OD are %rép%ﬁérglﬂé ( ) (

Subject invention compounds include all active optical isomers, diastereomers and
enantiomers, and mixtures thereof, of the above compounds. Subject invention compounds
include pharmaceutically-acceptable salts, hydrates, and biohydrolizable esters, amides, and
imides of such compounds.

Svynthesis of Compounds

The 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)7SO are referenced to
residual (CH3)2SO (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
8



referenced to residual CH3CH (3.30 ppm, and those in (CD3)2SO are
referenced to residual (CH3)2SO (2.49 ppm. Carbon-13 spectra are taken on
a CE QE- 0o0(/7B78Hz) spectrometer or a Bruker AC 300 (75p&FHuyoigdad- nucl ei
probe system Spectra taken in 8 WD 01/58878 PCT/ US01/ 04211 CDC13 are
referenced to solvent (78 ppm, those in CD30D are referenced to sol vent
(49 ppm, those in (CD3)2SO are referenced to solvent (39.7 ppm, and
those in (CD3)2CO are referenced to sol vent (206.5, 29.8 ppm. Mass

¥ obe. or -GDETS BiraeHTaseR A opIeRLE PR En R o3 O IE areherd i S 15
spectra %[ﬁn)omd'%b RECIY$),RO e{fsfré}@&ﬁ%etaﬂggg{(vgrﬁg@o S%rﬁ)éaﬁd [HR3E ANCIZHSCORRE

compound i ntfoduction 7§ via Hew e LC aut osanpl’er using
met hanol , ref@eR%d ftorsniventaiogd,s, 28@ 11hnd). nMassrssatrarra descanigedion tahkdison i Trg

I t. T I h F254
o1 ccont e B0 PPoR Yl SR B AbhoT e BUPF b AP o R o ST %
(Merck, 230:4(0h RpsdHa. aﬂé!éwtalﬂgd Fﬁ@in@t&ethﬁiﬁ@ aR@bRIaRRAoNA 1B Afed gkﬁcgarsot w1 el
1A9200 or a Mel Tenp Il capillary | ting point L%garat us and are

uncor r ect eanpo8of éntgoductign &s gmHmlettsBavétmi U3¥x HP athM@smszﬁgwgleﬂﬁnyl

SNgb%egé '(&5%5 !ﬁgﬂc ﬁﬁ%{]ﬁ%é}gm Fr%g*leolgémbzﬂc?ggél\mllh O_qugg 58 Vent, Thm lrﬁ%rRs
chromatography is performed on silica gel 60-F254 precoated plates. Flash
chromatography is performed using silica gel 60 (Merck, 230-400 mesh). Melting points
are obtained with an Electrothermal 1A9200 or a MelTemp II capillary melting point
apparatus and are uncorrected.

Scheme I is a general scheme useful for synthesizing many subject invention

compounds:
Scheme 1
R5 R5
R4 OH R4 OH
a b
R3 R3 NO
R5 R5
A
R5 I -
R4 OH R4 OTf
c d
—_— ———
R3 02 R3 NO2
R5 R5



9 WD 01/58878 PCT/US01/04211 RS RLRA RS NHRLRA/ N e -1 f R302 R3 N
RERE CU RARR/RRLRA RS 1/JRN~N> CO2Et g > CONH2 NN R3 R3 5
R5 E F veooMsd¥@®, propionic acid; b: HNO3; c: Tf2Q Et 3N, peDUS@na211d:

R1- NH2; e: HCOOH, 10% Pd/C, f: n-BuLi, ECF, g: NH3, MOH, KCN.

5- Met hoxy- 2-ni trophenol (B from Schene | with R4 = methoxy and R3 and both
RS =H: Toa?2liter 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 rmlg% The resulting mxture is cooled to OC and a sol ution of
sodi um nit%te (21 g, 0.304 nol) iﬁ‘lwate?s (50 is slowy added. After
stirring f Re._aL- W1 fuming nitYyc asid (49 m.) is slowmy added. The
resul ting sII 5 stirred at OC for and then armed to room
tenperature ¢ hours. Water (250 S acr;’ed dropw'se at room
tenperature : r§sulting sol i d1s ajed and washed with 300 nL
50@6aqueou§ propi oni c aéid to provﬁae, after drying, 5-

met hoxy- 2-ni trophenol as a solid. N Al kyks 5- met hoxy-2-nitroaniline (C from
Schene | with R = alkyl, R4= nethoxy, Bind R3 and both RS = H): To a
one-liter round bottom flask, toluene (300 nL), 5-nethoxy-2-nitrophenol
(5.0 g., 0.03 mol), and triethylamne (6.68 g, 0.066 nol) are added. The
resulting sol urson is/?ﬂen cooled to OC and trRflic anRudride (TF20 is
slowy aBd#ed Jia syri/nge (9.3g, 0.033 noRy. The reaction m xture is

stirred at nut es; N
%COgEt -9 . }—CONHZ
N

R3

R5 R5
E E

a: NaNO», propionic acid; b: HNO3; c: TfO/Et3N, toluene; d: R1-NHj; e: HCOOH, 10%
Pd/C; f: n-BuLi, ECF; g: NH3, MeOH, KCN.
5-Methoxy-2-nitrophenol (B from Scheme I with R4 = methoxy and R3 and both

N
R3

RS = 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, 5-
methoxy-2-nitrophenol as a 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 (Tf70) 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 evaporation
10



the amne (R1-NH2) (0.12 nol) is added and the reaction mxture is heated
to reflux for 5.5 hrs. After cooling to roomtenperature, the reaction
cont ent we dirsBg78r ed t hrough a plug of silica gel (el utecowuso1/Aeil0
hexane: et hyl acetate) and concentrated via rotary evaporation 10 WO

01/ 58878 PCT/ USO01/ 04211 to provide crude N al kyl -5-net hoxy-2-nitroaniline.
The material is used as is in the next synthetic step.

N1- Al kyl - 6- net hoxybenzi m dazole (D from Schene | with RL = alkyl, R4

s o & Frach i ki Gsltnc, o] SRR T 43

To this tyg, gepgeys mxture is added an ethyl acetate slurry of 10% Pd C

(600 ny). e resulting heterogeneous reaction mxture is heated to 100C
Eolr one hour Nballkyl- (i-merthmmbenanpdamﬂm@ framdS¢hemee 1 eith tRlotTghlk@ellHe-
elute with water SiC t i on of
28% NH4OHNEREKY: R R0 =I§?'h§? a?r?@tf%lm? gou(ng itﬁﬁ‘ﬁgi_ ?@‘gedag%o)ﬁgqrﬁ‘éc

organi cs gff sl hag £M§Q4ﬂ(yl glnhétﬁ‘d)&d}nﬁqunﬁlﬂ@(‘(@mﬂ aloBd MioathiPhdmpgeneous

evapor ati on to gi've a residue. Thé residue is chromatographed (Sr02, 50:50
hexane: etrigluracist added to etpybwiceleteNsiurmal k| L0§6 nd-hoxXgHemghi d"&h%lrésulm&yl
1- al kyl - §- net hoxy- 1H benzi m.dazol.e- 2- he

= al kyI q]ﬁzpragqu%/wo){g,ac 18R MRSV N & d’d’?tt%gRE’Oﬁ)éb!)% f?gE%rIerzggurScc? ound0 bvxt Pgm

flask ungg erdfudo rhnd"f‘i’lr&éd%'ro@hr@élhé)(é{@t@ nzzltmwd@zpl Ehe BltQtdis tRerDihddemisic and
THE (100 nL) is "added. This is cooled to -78C and n-butyl lithium (12.3

mL, 0. 019witipkhe ddditirenefi289 NE4OHdmddhelr vpstiedavith ethyl a¢aiae i(3Xd 09emewThe

m xture. Stirri 1s cont 0 mnutes

chl or of or%&%bénﬁé%ﬁﬁm%ar&dﬁ?ﬁﬁ(&ﬁo@f‘%ﬁ@ c@ﬁfﬁenrtr%}e)% Vlal’ﬁ&alp'e Aet %{'Jgtnlon to

m xture 'g'ﬁ Nar Bidut.0 TIROPAsIREBPIS rdth&ogaphet (SlO?d 5000 Bdkafie:ByEScetMé) &F
(100 m.) added and the resulting mxture extracted with ethyl acetate

(3 x 100 myldeﬂialkﬁrﬁ)méwxym@amd@@lare dried (MyS04), filtered, and

Concentr e, 4] Ve SR B Ayl ey, feneme

1-al kyl - 6yithRY RoxK llRMBtﬂoﬂ%’ dad ®3emd-tof! RSBt Bo a 250 mL round bottom flask
N1- Al kyl - 6- net hoxy enzi m dazo -carboxam de (F from Schene | with Rl =

al kyl , Rmnderrr@tgmxyl -adiyd- meﬁlﬁaybﬂmzmmok (.9 276.044 melr aod ASH p1sEly ds ¢ ube
Wth stir gﬁir ’Th&s 1sycoo}eda ! ky718°é arqg )%(1 1]T|k_1'-u e?ﬁ.@rﬁiﬁzﬁb% %OQ,a{an&Xh@st) §s (1.8

nmol ) ,
added dropwise, resulting in a yellow mixture. Stirring is continued at -78°C for 30

minutes, then ethyl chloroformate (ECF) is added neat (2.13 g, 0.019 mol). The reaction
mixture is warmed to room temperature and stirred for 30 minutes. Water (100 mL) is -
added and the resulting mixture extracted with ethyl acetate (3 x 100 mL). The combined
organics are dried (MgSQy), filtered, and concentrated to give a yellow residue. This
residue is then chromatographed (flash, 70:30 hexane:ethyl acetate) to give ethyl 1-alkyl-6-
methoxy-1H-benzimidazole-2-carboxylate.
N1-Alkyl-6-methoxybenzimidazole-2-carboxamide (F from Scheme I with R1 =
alkyl, R4 - methoxy, and R3 and both R5 = H): To an ACE GLASS pressure tube with stir
bar, ethyl 1-alkyl-6-methoxy-1H-benzimidazole-2-carboxylate (1.8 mmol), methanolic
ammonia (10 mL, 2.0 M), and sodium or potassium cyanide (8.8 mg, 0.18 mmol) are added.
The reaction vessel is then sealed, heated to 80°C for 3 hours, and then cooled to room
temperature. The resulting reaction mixture is concentrated via rotary evaporation, and the
residue is chromatographed (flash, 60:40 hexane:ethyl aceate) to give Nl-alkyl-6-

methoxybenzimidazole-2-carboxamide.
11



amonia (10 nL, 2.0 M, and sodiumo
are added. The reaction vessel is 't
and t henweooualsegrst o r oom
concentrated via rotary evaporation,
(flash, 60:40 hexane:ethyl aceate) t
nmet hoxybenzi m dazol e- 2- car boxam de.

t enper at ur e.

r potassiumcyanide (8.8 ng, 0.18 mmol)
hen seal ed, heated to 80C for 3 hours,
The resul ting reacthicavusoi/mizare i s
and the residue is chromatographed

0 give N1-al kyl -6-

11 WO 01/58878 PCT/ US01/ 04211 Schene

Il is another general schene useful for synt hesi zi ng many subj ect invention
conpounds Sc N NH2 R3 R5 R5 R5
R4 | Vehee R0y BRSO SRBE RS TAOR TRIRI 08 e JUot BRI
N N R3 R%onB%uﬁ@. KL
Scheme I1
R5 R5
R4 NO, h R4 NO,
_>
P
N CN
R3 Nz R3
R5 R5
G H
R5
| R4 g K
J—> />— CN 3
N
R3
R5
J
R5 -R2 RS -R2
R4 o R4 O
N m N
CN —> )—CONH,
N N
R3 R3
RS R5
K L

h: (CH0),,, KCN, HOAc, ZnCly; j: EtOH, KOH; k: R2-OH, DEAD, Ph3P, THF; m:KOH,

t-BuOH.
N-(Cyanomethyl)-4-methoxy-2-

nitroaniline (H from Scheme II with R4 =

methoxy and R3 and both RS = H): To a 3-neck 1L round bottom flask fitted with a

mechanical stirrer, reflux condenser, and an addition funnel is added 4-methoxy-2-

nitroaniline (8.4 g, 0.05 mol), paraformaldehyde (4.5 g, 0.15 mol), potassium cyanide

(9.75 g, 0.15 mol), and zinc chloride (25g, 0.18 mol). To this vigorously stirred mixture

is slowly added a mixture of HySO4 (4 drops) and glacial acetic acid (250 mL). The

resulting reaction mixture is heated to 50°C for 8 hours then cooled to room temperature.

The reaction contents are poured over ice/water, and the solid formed is collected via

suction filtration, washed with water, dried, and recrystallized (abs. EtOH) to give N-

(cyanomethyl)-4-methoxy-2-nitroaniline

as needles.

12



h: (CH20 n, KCN, HOAc, ZnCl2; j: EtOH, KOH k: R2-0OH, DEAD, Ph3P, THF;

m KOH, t-BuCOH N (Cyanonet hyl)-4-nethoxy-2-nitroaniline (H from Schene ||
with R4 svonesdsoxy and R3 and both R5 = H): To a 3-neck l1lkCT/oseid4bnattom
flask fitted with a nechanical stirrer, reflux condenser, and an addition
funnel is added 4-nethoxy-2- nitroaniline (8.4 g, 0.05 nol),

par af or mal dehyde (4.5 g, 0.15 nol), potassiumcyanide (9.75 g, 0.15 nol),
and zinc chloride (25g, 0.18 nol). To this vigorously stirred mxture is

slowy added a_m xture of H2SO4 (4. dr an i al .acetic acid 50 ).
The resulti ngz'@é@f’l‘ 'H‘eﬁ'?%y_ Rzl d?@i@@é'%&ff’%&aﬁ(ﬂ? %a}?gl?r gl t"ﬁ‘ghé oled to
room te”pﬁ{egiosageand Denl AR lpgrl:CHpt ery § RemPOHLRE HYVBM e Yehi®led RN the
solid forned IS collected via suction filtration, washed wth water,

dri ed, angyasenstbylxdtmethoxy-AbstrodaiiG) (2 %g, Jl.4k2 iol) and 95% ethanol (130 mL).
(cyanonet hyl ) - 4- net hoxy-2-nitroani Line as needles. 12 / 8 .
PCT/ US01/ gﬁ? fepction @’&Hg@-’é-hﬁé&eﬂé? errzi° d’&%?‘é%@r%%a&eevg(-g%& ﬁﬁxgée?m%ﬁse I
with R4 =, pRihednantsulith kRt then Fedild tol RfRix 3P 4M-hb YN iPfohl ask
is added N- (cyanonet hyl )-4-nmet hoxy-2-nitroaniline (2.5g, 0.012 nol) and

95% et hantimpet@@endnd. conthetratedcr ivanuari xEher eesidue Heatissdlved iB0®ates ghd ¢hen

t assi t 79,.0.013 mol ) i dd th |t i xt
e then nBTR0 G Te Tl efpri 5 whug by B seRE e THEREY e Mo
concentr aﬁe%%sidmizéaéwmgbgixre%&%@-d-ﬁwdio&%én\iﬁﬂhdhimmwidaa@la ESIRN

acidified (conc. HO) t orma white solid that is collected via
filtration, dr2dcanaridisopexpoxyitamethmagbemiimjdazoleylky om Scheme II with R1 =

2- -6:neth i i dazol e- id i d .
- Oyano- | EPBORY b Bahey MSIASEr S BeA hPaooray e f 40 Elhiaed orgm Hoskis -
i sopropyl add2d =cRblRMthoRPEenZEnRIBELIELN. Hxili® (Esml\%ozml %%32,7 %ah%’db?ﬁhrﬁpt t om

flask is added 2-cyano-6-net hoxybenzi m dazol e- Xi de .41 mol),

t et r ahy dofFHIF)a($0 nirHEopedgy! micpholi §4pmep3#1 amehoripfandphpspiring (Phaty|(§32

i ot hyl B A BOE el e g oos TR (DY APl L85 el TS ure

i's stirregsaking QARFE R UE Bodnf fendferdtaier fSr 18 Reirs CBBE edideatradd iim vaaouo.
The residue i s chronmat ographed (80:20 hexane: ethyl acetate) to give

2- cyano- | Th¢ sispidop oigy clgomatdgoapisé nG0m 0 desane clayla aeasatpy to give 2-cyano-1-
1- 1 sopropox - oMk NN B8 RE T S858le S 2 SR Poxam de (L from Scheme 11 with
1-Isopropoxy-6-methoxybenzimidazole-2-carboxamide (L from Scheme II with
R1 = isopropyl, R4 = methoxy, and R3 and both R5 = H): To a 25 mL round bottom
flask is added 2-cyano-1-isopropoxy-6-methoxybenzimidazole (100 mg, 0.43 mmol), ¢
butyl alcohol (5 mL), and potassium hydroxide (200 mg, 3.5.7 mmol). This mixture is
refluxed for 1 hour, cooled to room temperature, poured into brine (50 mL), and extracted
with ethyl acetate (3 x 50 mL). The combined organic fractions are dried (MgSOy),
filtered, and concentrated in vacuo to give a yellow oil. This oil is chromatographed
(70:30 hexane:ethyl acetate) to provide 1-isopropoxy-6-methoxybenzimidazole-2-
carboxamide as a solid.

Scheme III is another general scheme useful for synthesizing many subject

invention compounds:

13



RI = isopropyl, R4 = nethoxy, and R3 and both R5 = H): To a 25 nL round
bottom flask is added 2-cyano-|-i sopropoxy- 6-net hoxybenzi m dazole (100 ng,
0. 43 mmolwo ot/ssskait yl al cohol (5 nl), and pot assi um hydr oxPdruS@0@2ng, 3. 57
mmol ). This mxture is refluxed for 1 hour, cooled to roomtenperature,
poured into brine (50 nmL), and extracted wth ethyl acetate (3 x 50 ni).
The conbi ned organic fractions are dried (MgSO4), filtered, and

concentrated in vacuo to give a yellow oil. This oil is chromatographed
(70: 30 hexane: ethyl acetate) to provjde
1-i sopr opoxy- 6- met hoxybenzi m dazol e-g——e@é&—lgc xam de as a solid. Schene III
i s anot her general schene useful for synthesizing many subject invention
conmpounds: 13 WD 01/58878 PCT/US01/04211 Schene Il RS RS HZNF n H2ZN F P
R3 R3 NO2 R5 MN R5 R5 RL BocHN FR§ BocHN NHr R3 NO2 | NO2 R5 R3 R5
P Q R5 RHNRS BocHN NH S BocHN FR3 NH2 R3pR5 NORS5 RS RS RL
R5 R1 -
R3 NO,
R3 RS R5
M N
RS R5 Ri
BocHN F q BocHN NH r
R3 NO, NO,
R3
R5 R5
B Q
R5 R1 RS R1
BocHN NH BocHN N OEt ¢
s V/
N -
R3 NH; R3 ©
R5 RS
R S
R5 gy R5 R
HoN N u HoN N
) LOEt ) NH,
RS N o R3 Noo
RS R5
I v

n: PhCHO, HNO3, H3SOy4; p: (Boc)2CO, CHCly; q: R1-NHp, CH3CN; r: 10% Pd/C,
EtOH; s: (CHO-COOEt),/toluene, I5/EtOH; t: CF3COOH, CH,Cly; u: NH4OH, THF.
3-Fluoro-4-nitroaniline (N from Scheme III with R4 = amino and R3 and both
R5 = H): 3-Fluoroaniline (5g; 1 equivalént) is combined with benzaldehyde (5g; 1.05
equivalent). The mixture is stirred at 25°C for 2 h while achieving a gentle reflux. The
mixture is dissolved in concentrated sulfuric acid (20ml) and cooled to <5 °C with an ice
bath. A mixture of concentrated nitric acid (3ml) and concentrated sulfuric acid (10ml) is
added slowly and the mixture is stirred at 25 °C for 1% h. The reaction is quenched by
pouring onto water (200ml); this is then washed with ethyl acetate. The combined ethyl
: 14



H2ZN j NOEt u HZN 1T j NNH2 R3 NO RS NO R5 R5 T Un: PhCHO HNGB,
H2SO; P: (Boc)2CO, CH2Cl2; q: RLI-NH2, CH3CN, r: 10% Pd/C, EtOH, s:

(CHO COOxv g ni/sssrgsiene, 12/ Et OH, t: CF3COOH, CH2C12; u: NHABE/USHFA4211
3-Fluoro-4-nitroaniline (N from Schene IIl with R4 = amino and R3 and both
R5 = H): 3-Fluoroaniline (5g; | equivalent) is conbined with benzal dehyde
(5g; 1.05 equivalent). The mxture is stirred at 25C for '/2 h while
achieving a gentle reflux. The mxture is di ssol ved in concentrated

sul furic aci o nd,cool ed to. < xt

concent r a?@&aqﬁﬁatylﬁfs grﬁ?flﬁd il ‘}la%ﬁ?glugbﬂ‘g@\rﬁ% g %V&pgﬁfefd |&5y Xer d‘P{,&\ ur@

added sl 0@l ohr@fstobiahéd Kt WisRich geBbEdlnmA st M9, GihlPhcelate-deRaneliethe @Rfht on is
quenched by pouring onto water (200nml); this is then washed with ethyl

acet at e. Mrgvetebitleedmpohyd andlalm\vml@ld RYST LeFUTIWSS1/ 04211 acetate | ayers

are dried over nesi um sul f at eva ra ro t is
chr omat ogr apheﬁﬂﬁ 0K0-4 Rifrospheny C‘Eﬂr ﬁﬁ"‘ﬁ %efgsyl@ll @e{rg §%m?§ggfas

t he el uanfyithtrey 9iBYE-NI@nd REla8d BeORSIRH rlﬂlta:twalumoﬁite 01 her1 eqgvAempIers.

(3-Fluoro-4-nitro-phenyl)-carbanmic acid tert-butyl ester (PfromScherre 1]

with R|4 -1sanmm¢cthvghF33ﬂam -4otttpambine (Ly;: 1@ﬂ@@&kb@tlyl(ﬂ¢lﬂgpﬁwﬁwﬂ@ (@ambg; 1
G ehl or onbbs SR AHER alipd o B o' Pich PR b OB fnfhorbr R GRS o1

poi nt di nglhaaicAonY hddddnerheGniRbge is Nirdededuisva BALY hi STHRAFREre Théiluekt ur e
is stirred at 25 Cfor 24 h. The mxture is diluted in ethyl acetate and

washed wi inhethylrasetate anguwsashed avithr | molariagqueaus it eeids thei mixtyers thesneashed wi ce

th Th |
\émv apo\rNgE g 1C¢ 3]%&?;/32%55 %-F%atlegetatéq?yer 1s (g#rcgoryae Yiiak n%@gﬁ%@gﬁg}a@' If%}to?at&rd

col um us{ogry3edd e1rhe>'Ipro@@etsamoma@gwpﬁe@%ntehemeh lg@hbolhfnrgusdﬂg 30 xthyt e of
the title conpound (and the bis Boc protected conp

( 3- | sobut yeetate mbexpnpias the pivartylo) givapgariue afite tide pomamd eaddhe b Beom
Schene ”Iro\# eh R = | obutyl, R4 = Boc-NH, and R3 and both RS = H):

| sobutyl a d((i?nﬂ)é)g 2 equi vaI ents) is added slowy to a solution of
(3-f1 uor o- 4- ni {3-peBatWAhiv4- htrb-phenyl)-carbamic acid tert-butyl ester (Q from

Scheme III with R1 = isobutyl, R4 = Boc-NH, and R3 and both R5 = H): Isobutylamine
(0.29g; 2 equivalents) is added slowly to a solution of (3-fluoro-4-nitrophenyl)-carbamic
acid tert-butyl ester (0.5g; 1 equivalent) in acetonitrile (20ml). The mixture is stirred at
25 °C for 24 h. The mixture is then diluted in dichloromethane and washed twice with
water. The dichloromethane layer is dried over sodium sulfate and evaporated to dryness
to give the title compound.

(4-Amino-3-isobutylamino-phenyl)-carbamic acid tert-butyl ester (R from
Scheme III with R1 = isobutyl, R4 = Boc-NH, and R3 and both RS = H): A solution of
(3-Isobutylamino-4-nitro-phenyl)-carbamic acid tert-butyl ester (0.51g; 1 equivalent) in
ethanol (15ml) is combined with a suspension of palladium on carbon (10 weight %) (
0.1g; 2 equivalents) in ethanol (15ml) while stirring under a nitrogen atmosphere. The
nitrogen is then displaced with a positive pressure of hydrogen, and the mixture is stirred
for 16 hours at 25 °C under hydrogen atmosphere. The mixture is then filtered through
celite, and the precipitate is washed with dichloromethane. The filtrate is evaporated to
dryness to give the title compound.

6-tert-Butoxycarbonylamino-1-isobutyl-1H-benzimidazole-2-carboxylic acid

ethyl ester (S from Scheme III with R1 = isobutyl, R4 = Boc-NH, and R3 and both R5 =
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acid tert-butyl ester (0.5g; 1 equivalent) in acetonitrile (20m). The

m xture is stirred at 25 Cfor 24 h. The mxture is then diluted in

di chl or oveo hasss7&and washed twice with water. The di chl or paRUk@NE211ayer i s
dried over sodium sulfate and evaporated to dryness to give the title
conpound. (4-Am no-3-isobutyl am no-phenyl)-carbamc acid tert-butyl ester
(R from Schene Il with Rl = isobutyl, R4 = Boc-NH, and R3 and both RS =
H): A solution of (3-1sobutylam no-4-nitro-phenyl)-carbamc acid

tert- but 0.51q; i yal i t hanol ' i ned with
L Suspenatin etk poRamhal s A B sofae it Wihend (ESELS SaERARYET dhr's)
i n et hanolddinad hyvithhd E&uﬁ&ﬂ bf (NEmHIRssoBuidniifg PheRt TOaBAAICacid ket-bityt r ogen

is then displaced with a positive pressuré of hydrogen, and the m xture is
stirred ester (D6HAgour equinalas, Ssumiter 1MYd vedé dram poesious sep)Tinecthanel (Pral)i s

then filtered through. celite, d the precipitate is hed Wt ..

di chl or oni@%éﬁé&r@rﬁg S?Wr?qerpg?ré 9 3ﬂ%\95p§hé§ Yo ‘@c?rglx}lﬁl g\é\cl?ftslg‘abnlev 0'%\% %3 t1e
conpound. equivalents) in ethanol (1.5ml) is added, and the mixture is then stirred at 25°C for 8
6-t ert - But oxycar bonyl am no-1-i sobutyl -1 H benzi m dazol e- 2- carboxylic_acid

et hyl est bourg SHileqypesdh dheair) |Sogiunh tiiasutfates@titgy 1, eqrayatenBoisl Wper ehel) I8 and

both RS = 1/ 58878 PCT/ US0L/ Q4211 o~A 50% sol utio
gl yoxyl at @d‘%gi éﬁe G W”&Bﬁeulérﬁ 1rr<e§ féb ;é1 %‘.”g aetql_?Lﬁ 9al %élﬁ Os IXfuLe lsc@}ﬂc;%dng%%[ h a
sol ution gdetdtd-a RAskEd K@MULMteaNHI0bARENY The GalidasdctatéClagert BI Urillitoykr

ester (0.469; 1 equivalent, assuming 100%yield fromprevious step) in
et hanol ( BwgyesiunTselfate xandr evaparagad; vor drynessenTheo prascyisy chrematogpaphed,on g

and e miNehee (0o R PPt abE Rt oF A8y o IR 8, RAOCE,

Sodi um t ht@spddnat € (0.41g; 1 equivalent) in water (2nm) is added, and the
mxture is stirred for '/2 hour at 25C. The mxture is diluted in_ethyl

acetate and waéHeting-l-isohutydrl Hchanzimidazolerfréaghaxylic acid £thyl) estesr (L drogt i ed
over nmagpesi u ul e_and e r o dr rad j .
chr omat ogaTAtb N th ¥ ic oSy PP HoE R P EREpuliS) PIBE o tnsstc o o

t he el uanhcil @0.9hveistddaed oy toBPIAHOE of 6-tert-butoxycarbonylamino-1-isobutyl-1H-
6- Am no-1| -i sobutyl - 1H benzi m dazol e- 2- carboxylic acid ethyl ester (Il from

Scherme | | bergprhidiole-2tcagoutlie ackcthylgesternN®; 128hén Ashigiampbepe R5SmD) The
&t ort boRGbi sibfa o AR A ALRRE Y heh BvaRttld nfhess, and the
residue is dissolved in methanol. The solution in methanol is evaporated to dryness; this
is then dissolved in dichloromethane and washed with 2 M aqueous potassium carbonate.
The dichloromethane layer is dried over sodium sulfate and evaporated to dryness to give
the title compound.
6-Amino-1-isobutyl-1H-benzimidazole-2-carboxylic acid amide (U from
Scheme III with R1 = isobutyl, R4 = Boc-NH, and R3 and both RS = H):A 25% aqueous
solution of ammonia (5ml) is added with stirring to a solution of 6-amino-1-isobutyl-1H-
benzoimidazole-2-carboxylic acid ethyl ester (0.02g) in tetrahydrofuran (0.5ml). The
mixture is stirred at 25° C for 72 hoﬁrs. The mixture is then diluted in ethyl acetate and
washed with water. The ethyl acetate fraction is dried over magnesium sulfate and
evaporated to dryness to give the title compound.

Scheme IV is another general scheme useful for synthesizing many subject

compounds:
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benzoi m dazol e- 2-carboxylic acid ethyl ester (0.12g) in dichloronethane
(4.5m). The mxture is stirred at 25 C for 3 hours. The mxture is then
evapor at adovos5s8rgyness, and the residue is dissolved in ne¢hasale42ilihe
solution in nethanol is evaporated to dryness; this 1is then dissolved in
di chl or onet hane and washed with 2 M aqueous potassium carbonate. The

di chl oronet hane | ayer is dried over sodiumsulfate and evaporated to
dryness to give the title compound.

6- Am no-1| -i sobutyl - 1H benzi m dazol e- 2- carboxylic acid am de (U from Schene
[1l with RL = isobutyl, R4 = Boc-NH, and R3 and both R5 = H): A 25% aqueous
solution of ammonia (5m ) is added with stirring to a solution of

6-am no-1-isobutyl-1H benzoi m dazol e-2-carboxylic acid ethyl ester (0.02Q)
in tetrahydrofuran (0.5ml). The mi Schemel¥ stirred at 25 C for 72 hours.
The m xture is then diluted in ethyl acetate and washed wWwith water. The
ethyl acetate fraction is dried over nagnesiun1su|fate and evaporated to

dryness to give_ the title conpound. S IV is another genergl schene
useful for syntfesi zi ng many subj ectRS c npounds 16 WO 01/°'5B878
PCT/ USO1/ 04 | WR5 R50 R¢4 NH2 v AR NMHNHRA NH | - |
- | H3CO N2 R5 NOZ—H3CR5 R5 R6xR4NHYR4
NO | | HCORtoNP2 H3CO ( Ns@®t @3,32\/2 RS r REC™ T 02
R5
v w X
rs RO Rs RO
X R4 NH y R4 N O
X
H3CO NHo H3CO N  OEt
R5 R5
Y z
R5 R6
z R4 Nf 0
<
H3CO N NH;
R5
AA
v: R6-COCI, CH>Cly; w: BoHg, THF; x: 10% Pd/C, EtOH; y: (CHO-COOE?t)y, I2/EtOH,
z: NH4OH, THF.

N-(4-methoxy-2-nitrophenyl)-isobutyramide (W from Scheme IV with R3 =
methoxy, R4 and both R5 = H, and R6 = iPr): 4-methoxy-2-nitroaniline (1.0g;1
equivalent) and isobutyryl chloride (0.634g; 1 equivalent) are combined in pyridine
(60mL) and stirred for 4 hours. The mixture is concentrated in vacuo to a residue and
dissolved in dichloro methane (DCM) (70mL), washed twice with 1IN HCI (aqueous),
saturated NapCO3 (aqueous), water and brine, and dried over MgSOy4. The solvent is
removed in vacuo to give 1.35g of the title compound.

Isobutyl-(4-methoxy-2-nitrophenyl)-amine (X from Scheme IV with R3 =
methoxy, R4 and both R5 = H, and R6 = iPr):  Isobutyl-(4-methoxy-2-nitrophenyl)-
amine (0.1g ;1 equivalent) is dissolved in THF (2mL) and combined with a IM borane-
tetrahydrofuran complex solution in THF (1.25mL; 3 equivalents) and stirred for

18hours. Methanol (1mL) is added slowly, and the solution is heated at 50°C for 2 hours.
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Zz RANO HCONNHR R5 AAVv: R6-0001, CH2Cl2; w B2H6, THF; x: 10% Pd/C,
EtOH y: (CHO COCEt)n, 12/EtOH, z: NHACOH, THE

N- (4- met voorgt/a88ms t r ophenyl ) -i sobut yram de (W from Schene P&TASGIN4ERA =

met hoxy, R4 and both R5 = H, and R6 = iPr): 4-nmethoxy-2-nitroaniline (1.0g;
1 equivalent) and isobutyryl chloride (0.634g; 1 equivalent) are conbined
in pyridine (60nL) and stirred for 4 hours. The m xture is concentrated in
vacuo to a residue and dissolved in dichloro nethane (DCM (70nL), washed

twicevvit | N HCI €0 t ur at ed

and dried!B ?/é?lvfi?ﬂégﬁg% %‘o‘iaﬁéﬁﬁn‘iﬁ ee’iﬁl?#ﬁ?/éﬁg F}(??({%é?ﬁ’ﬁa)(%’h&? %r ﬁ%%&%}f t he
title con’ggymgzhe)laggg%%[ve(tﬂe 18 B&xyouddni t rophenyl ) -am ne (X from Scheme 1V
with R3 = nethoxy, R4 and both RS = H and R6 = iPr):

| sobut yl - (4- neNHexgblzyh‘i-tm&tbhEﬁbél)zena-rh%éla(lﬁnqu irOquﬁChameritV) with &3sso0l ved

Iscr)]I Irrongq}iff andggoagan qw}sa‘f]rggnggr anﬁ’a i\ﬁt Q%yg'g tqwcﬁenzen%ghanol

(Inm) is }Sd fy A&R) 80N inSethal €28mBY aR@G/dier (021ADYN9Y% 17
WO 01/ 58878 PCT uso1/ 1 The solvent is renoved i n vacuo and the residue

chr onat ogpapidadn (o ¢arb,<m ¢H% veet)(6.0308) istaddad,/ Rk anspsysion igistaed pader an e
%gmfo“”d gllgl((v e%guc}érm/dﬁqﬁ%ﬁt ghg%x%r %%néﬁ@etpg{ ﬁ*le g?s}lrg 1S plgrgeé W %ﬁpoeggr? 'i'l\/e W th
N1-i sobut ylspdnsidit RORMerB@NERNEh b pad OF @éﬂté‘ewﬁ@leﬁﬁﬂ&ouéhl?quitﬂ@@m Jandl She

di ssol ved |n et hanol (2nL) and water (0.1 nm), 10% | adi um on car bon
(50% wet ) c@nbm@@?rgiaslcaxhd@d drrqsﬁen gwpé@glvmhq tsﬂ%quIP@@dunder an atnosphere

f hyd
Cuspnsi on i o Tpabghs vRhobRTH-hokiol SR 2. ES st b B, (4 p

and the egAbSdRHeIVIRH quphaﬁ:%xgr RedAnd Bowarse: HOargi RE =L iPe): t i-isobugbpound.
1- 1 sobut yl - 5- met hoxy- 1H benzoi m dazol e- 2-carboxylic acid ethyl ester fZ

f r om SchemsthowywiHt-herrimidapaleRosayboxzhic anid el iesib (R034g; hgguiralent inmthano

1-i sobut ytO.?mL)) and a 50% solution of ethyl glyoxalate polymer in toluene (0.051mL; 1.5

equivalent) are combined and stirred for 0.5 hour. A solution of iodine (0.022g; 0.5
equivalent) in ethanol (0.5mL) is added, and the reaction is stirred for a further 20 hours.
A solution of sodium thiosulphate (0.044g) in water (0.5mL) is added, and the mixture
stirred for 1 hour, then diluted with EtOAc (20mL). The mixture is washed with water (x
3) and brine, dried with MgSQy4, and the solvents removed in vacuum. The residue is
purified by chromatography (silica gel, 5% methanol in DMC) to give the title compound.

1-Isobutyl-5-methoxy-1H-benzoimidazole-2-carboxylic acid amide (AA from
Scheme IV with R3 = methoxy, and R4 and both R5 = H, and R6 = iPr): A 25% aqueous
solution of ammonia (1mL) is added with stirring to a solution of 1-isobutyl-5-methoxy-
1H-benzoimidazole-2-carboxylic acid ethyl ester (0.0036g) in THF (1mL). The mixture is
stirred for 50h, then diluted with EtOAc and washed with water. The organic phase is
dried with MgSO4 and evaporated in vacuo to give the title compound.

Scheme V and VI are two general schemes useful for synthesizing many subject

invention compounds:
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met hoxy- | H benzi m dazol e- 2-carboxylic acid ethyl ester (0.034g;!| equivalent
in ethanol (0.5nL)) and a 50% sol ution of ethyl glyoxalate polyner in
toluene MOODFsszs 1.5 equivalent) are conbined and stirredr/iose1/@28 hour. A
solution of iodine (0.022g; 0.5 equivalent) in ethanol (0.5nL) is added,
and the reaction is stirred for a further 20 hours. A solution of sodium

t hi osul phate (0.044g) in water (0.5nL) is added, and the m xture stirred
for 1 hour, then diluted with EtOAc (20nlL). The m xture is washed with
water (x 3) and brine, dried with MyS the sol vents renoved in
vacuum The residue is purified by ch SWE?% raphy (silica gel, 5% nethanol

in DMC) to glvetheRtltIe conpound. %
1- 1 sobut yl - 5- net hoxy® 1HRaenzoi mi dazol e- 2- carb@»@gj

¢ d i dB1(AA from

Scheme |V vvlth Hpdd H;loxyzo, and R4 and both R5 ang-Re-i PrY: A 25%
aqueous solution @ a (1 mty—Ts added with stirri Q7a Sol ution of
1-i sobut yl - 5- neREOXY. 1M beNdpi i dazol e- 2- car boxyl i ¢ Ri dyet Byl ¥zer

(0.0036g) in THE (Iwy). The mixture is stirred for 50h, Ryien diluted with
Et OAc and washed with water. The organic phase is dri ed with MpSO4 and
evaporated in vacuolo give the title conpound. Schene VA&#hd VI are two

general schenes r 4 ny subject invention conpounds:
18 WO 01/ 58878%@?’%@%@/8‘&9%%@&%% R RZ| HRE RL 2NN Oas \ N
N O R3 N NH2 mmo Renyl) nftBhyfemin3]-Rbiso i Hr OHL-bbasibiiEz 0l d20H 6-

[ (4- Met hoxy phgyl ) - Bﬁp a)r,nslno] )-’1 i sobut%/I - ﬂlii- benzi m dazol e- 2-

car boxyl i @r@omlmmdem(wle( dionsetheme W/ witht Ry RlSQbutYé»deiJ@Iyd bothR5mH #9¢t h R5

= H and K 200 ttomf Kk

6- ani no- | ~i §0fo?§9¥>’ r ﬁobae%‘ur@"%‘ 8& r}?aggg migo-1 aC| fP Utk HL-oe 'llJZIméda‘foBe'l s

di ssol vedcdrBo Q)é@fd%lﬁldéfg@'() )ssolR@diﬁﬁzﬁﬂl @ioaslB1eGIE €10l R R shobht-ghide) and
4- et hoxyC tgen)gjgll dehyde (0. 15 iﬁ?g added andyt he react Fon is regfl ugxed unti |

t he conpl &tetic eoidBrlzilgnandf-methexy brnzaldelrded0. 154} istafed sl the reagtion act i on

m X refluxed until the complete conversion of starting material. ‘At this point the reaction mix

is cooled at room temperature and sodiumcyanoborohydrate (0.1g) is added portion wise.
The reaction mixture is stirred at room temperature room temperature for 4 hour. The
mixture is then evaporated to dryness and the residue is dissolved in ethyl acetate and
washed with 5% aqueous sodium bicarbonate, water, and brine. The organic layer is
dried over sodium sulfate and evaporated to dryness. The residue is chromatographed on
a silica gel column using 25% ethyl acetate-hexane as eluant to give the title compound.

SchemeVI
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is cooled at roomtenperature and sodi uncyanoborohydrate (0.1g) is added
portion wise. The reaction mxture is stirred at roomtenperature room

t enper at weof/ss8781 hour. The mixture is then evaporated teCTHUgmessiland the
residue is dissolved in ethyl acetate and washed w th 5% aqueous sodi um
bi carbonate, water, and brine. The organic layer is dried over sodium

sul fate and evaporated to dryness. The residue is chromatographed on a
silica gel colum using 25% et hyI acet ate hexane as el uant to give the

title compound. Sche
NH2 R3 ( N NHab: B8-GH 3*95&3' R5

= - F nAC b
AD 19 LRSS.7 @JSOl/ 04211 ab: R8- CH( NHR9)COO—| DI EA EDC, DVAP,
HOBT, M T0% Pd/C EtOH, 2) 2N HC 6- {
[ (29)-2- (N-Benzyl oxycar bonyl ) am no- 1- oxo- 3- phenyl propyl] ami no) -1-

butyl - 1H —
: :8 bﬂt §| Rgegﬁérgbg?@p kgnz_yl&ayrcgﬁan%ggm(l A? oxo%ppﬁeny‘?propyll]amm(r)"} Bl

ZLN- Benz & ] 6
di chl or o}r/r;ep ﬁﬁ F??Qéi "n{“}ﬂaaﬁ%’ Iﬁﬁl{%{}:agggé og?/(?ef{% Isghr%ﬁmrf(ejv pﬁ}d h\ZIRE)=| B(il?mL

El 3dd| rrﬁ] Rlleamhbmlmﬂ?dgﬂvlfl),aﬁdwWIZQQNSBdnzmmaI(MByIAL@yn glgnine (64.4 mg) is

I met hyl am nopyri di.ne dd h
Lo ot ot B bl (£5 SR AR T8 20T 31
added an% | SO%E{/IQ% Wﬁwi gfcqu:{o%mﬂ@é)t(h'?ﬁ mg) ThU-88net J‘lﬁlﬁlﬂoﬁﬁrldme

6- am no- zl m dazol e- 2-carboxanide i s adde

res uIt ti Ngeat) dire! raededs ad Hewmikttie was stimed foohd nempes at newn ftompgafisg:s.l-The
reaction m xture
Hydroxybenzotrlazole (32.0 mg) is then added and stirring was continued for another 5

minutes. Finally, 6-amino-1-isobutyl-1H-benzimidazole-2-carboxamide is added and the
resulting mixture is allowed to stir at room temperature for 5 days. The reaction mixture
is diluted with dichloromethane and washed with saturated sodium bicarbonate solution
(1x), water (1x), and brine (1x). The organic layer is dried and concentrated to a solid.

Trituration with methanol gave the title compound as a solid.

6-{[(2S)—2-amino—1-0xo-3-phenylpropyl]amino}-l-isobutyl-lH-benzimidazole-
2-carboxamide hydrochloride (AD form scheme VI with R1 = isobutyl, R3, both RS
and R9 = H). 6- {[(2R)—2-(N-Benzyloxycarbonyl)amino-1-0xo-3-phenylpropyl]amino}-1-
isobutyl-1H-benzimidazole-2-carboxamide (84.7 mg,) and 10% Pd/C (17.0 mg) are

placed in a flask. In dry ethanol (3.5 mL)the argon line is replaced by a hydrogen
balloon. After stirring at room temperature overnight, hydrogen is flushed from the
system with argon and the reaction mixture is filtered through a plug of Celite® with 1:1
ethanol/water (100 mL). The filtrate is concentrated to a solid residue. The resulting
solid is dissolved in a minimum of methanol and dripped into excess ether to give a

slurry. Filtration gave the title compound as a solid.

The Compositions

The subject invention includes pharmaceutical compositions comprising a safe and
effective amount of a 2-carboxamide benzimidazole compound described hereinabove

and pharmaceutically-acceptable excipients. The compositions may also optionally
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is diluted with dichl oronmethane and washed wth saturated sodi um

bi carbonate solution (Ix), water (Ix), and brine (Ix). The organic |ayer
is driedvendysssmeentrated to a solid. Trituration with ne¢haralosgave t he
title conpound as a solid. 6-1[(2S)-2-am no- | -oxo-3-phenyl propyl!l am no)
-1-isobutyl - 1H—benzinidazo|e- 2- car boxam de hydrochl ori de (AD form schene
VI with RL = isobutyl, R3, both RS and RO = H).

6-{[ (2R) - 2- (N—Benzyloxycarbonyl)anlno 1- oxo- 3- phenylpropyl] amno }-1-

e pl acktludh b e e cFiveiag Y AT p s bl ion? WS,

by a hydr @a&fholpads O@I\g Atfe'%e%'lasiit I dtFelptfkinlse I Q»@mtisﬁ[HJeﬁlairﬁﬂ'n@g@V exdtivatdrs),
hydrogen is flushed fromthe systemw th argon and the reaction nlxture is

filtered articougferds plewgy, dlepa@i)i tlm@ar-womketrh e: &, cetwdﬂgll,/mp@ralqllo@almuyn The

fil d
i ssof ved TR HMEFUlR bt SRRRA AR 1l PR E sehelasiRsh T ve

slurry. Figchtidhbpn gave the title conpound as a solid. The Conpositions The
subj ect invention includes pharmaceutical conpositions conprising a safe
and effectiveSemoeramples of phaganisokieativorechriable prdigroptecosmepeiihtheardérd bed

her ei nabove and ,phar maceutj cal | ept abl,.e ci pl.en ons
oyl oo SEereonssT g5 RRGrebE M 508 SR TR RS s R, SpmiQfcrs R B3tald
phar macol ggicgakbyulasd aNE iGOaRPIAMUSs, sRak tdsCsbdirh YedrboSemetaN i eefurré, wihyy as
thronbolytlcs (e.qg., reteplase, streptoklnase or tissue plasm nogen

acti vat or@?)llulosa,nt?ﬁb@@ﬁgua@mt% mquc@red Fregaoentyy majst gelingdrler solid l'gbﬂcants

di | ol h
i1 oat pi i ndean: fe aFnE T RARGE! cRlefR ST et s o

exanpl es gdanihail "ERRUtdedalil, keaarest, allive GRICHIESS, A1d GDOPUdbidtnd; petyedd are
sugars, such as | actose, glucose and sucrose; starches, such as cornstarch
and pot at wchsqsarrewle@feglyaplowcam sorbitalepiapaitely aad pelyethylese ghyqolinglginic

ar boxymef hy! rﬁ@'sﬂf%'rﬁ%&h 58 d Twegl! 08fne GBLASRSP A8 SENRN R RPAIRL Y

tragacant%z t Al solr such as s ric acid,

magnesi UE6@S agaits; (Iﬂav@)ﬁhglageﬁﬁ udlcii@its; viableting lageras;| Sabikreed) asioxjdeansyt
oil, cottonseed oil, sesane oil, olive 0il, corn oil, and ojl.  of theobronm;

pol yol s  BGesivaiiveprRysgasniaeclytens isoteqiq sabinenandspliosphass butiessaiutigns: and
pol yethyl ene ghyg %hmc@loq'anbﬁarmaceutlcally—acceptable carrier to be used in conjunction

with a compound is basically determined by the way the compound is to be administered.
The compounds and compositions of the present invention may be administered
systemically. Routes of administration include topical or transdermal (patch, ointment,
cream, powder, etc.); oral, parenteral, including subcutaneous, intramuscular, or
intravenous injection; topical; rectal; colonic; intraperitoneal; intraoccular; sublingual;
buccal; inhalation; and/or intranasal. The preferred route of administration is parenteral,
especially intravenous injection on a daily or as needed basis.

The appropriate amount of the compound to be used may be determined by
routine experimentation with animal models. Such models include, but are not limited to
the ferret, canine, and non human primate models. Generally, an amount between 0.01
pg/kg to 100 mg/kg of body weight per day is administered dependent on the potency of
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
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acid; emulsifiers, such as the Tweens(r); wetting agents such as sodi um

| auryl sulfate; coloring agents; flavoring agents; excipients; tableting
agents; wwabi/ksszers; antioxidants; preservatives; pyrogeref/se/oatier ;

i sotonic saline; and phosphate buffer solutions. The choice of a
pharmaceutical |l 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 nay

be adm nistered system cally. Routes. of m ni strat.ion.i nclude.tqpical or
transder n’ﬁf“c{‘ e @‘ff’n%it\‘\t?_gréﬁfhywatg’f 8551 mB&ﬁE‘gP?S BRQE 0. Iygetupn. 165? BH (ggsﬁfd,a

i ncl udi N uRRNt ABERUSe atiftsle@ BSR4, OSuithBIE I AWEROUS: ifjb@iohi &NsurkRRl cal ;
rectal; colonic; intraperitoneal; intraoccular; sublingual; buccal;

i nhal at i oimplanisliretuderiiydaogedsalcontfiiedp pesustaiesd retaase dovisesdpolilastie aeidownd s

parenteral ,. especially.intravenous injection.o al.ly ar_as ede

basi s. Th¥®!&gHh E‘ﬂ?rfcgf'edtg%%tf‘ I§apiges @k%?ﬁ}ﬁ)& IP%ugeeg?ﬁ%%e’nr%%}mEtgﬂgaggOesgm ned
by routiRgiagxPablAR) & ilAkIWhhRe 2t dRé lik@del s. Such nodel s include, but
are not limted to the ferret, canine, and non hunman primte nodel s.

Gener al | yComposationsmif thesubgashinyetion ajt prgferablyquoviged in wiit dnsage fpemgky uper day

is adm ni stered dependent. on the potenc f the ound. o | t1ons
used. Pr e‘?‘és?gee it ™HBY i’fépfeg rﬁlgle'f %Orn_tall%ﬁ gré’{‘} 8]?|°litf@%¥) e eérﬁ%ga@?sgﬁ?ﬁ ons
of water, aboRhYH0R0Alsepref I SrorR rabBuX 5QURS, pRErEI . toPaoRN OB URidre
dosage form conpositions may be in the formof solutions ready for

i nj ect i onpreferahly toeabout| 1QN)ohig, | s prefomplysia iabast 594mppofi17 Fagiroxamide
PCT/ US01/ 04211, v(vgégh a(r)e rcfacc?nssftlhgr%}ne ovg th water or saline solutions
prior to PHEERdrEHe ComBound difeles §6PUtT ons shoul d be adjusted to about

7.4. Suitabl e TRE EifESE coMpobifibRCinhPBe & aSfietyCatl forrhdTpliables(fomedauge) for
hydr ogel s, controll ed- or sustained rel ease devises, polylactic acid, and

col | agen paaoral,clopicaldreparenierah piiminisiratioer sDepanding] eran $e pardsulererayés  of ose,

itol, | ecithin,. al bum i : '
Composi Bt g Ao Vst Pimaf QI B dbATR Fr R P Encie

dosage f ofh@lartmbbe usétDSTBG e fiddliidCHMaas liquad finesf éilwdatsy hodiotrapes shinfae about
50ng, nore preferably from about 200ng, al so preferably from about 500ng,
pr ef er abl active agenssitand Gocaprgylating subsigpesse rihslanopst efsstricr copwrpentasyployed

preferably to.a > f - ; i Zi.mi QAMRAMH
di scl ose d1¥1hc n qn?f;l;(g% y/thBQHgactRfe cgmgo&?d’ RUAHTUSE 1o &%Uﬁle 2\ pqgcztf%leqtﬁl R e |
material for administration per unit dose of the active compound. Techniques and
compositions for making the subject unit dosage forms are described in the following

references: Modern Pharmaceutics, vol. 7, chapters 9 & 10, Banker and Rhodes, editors,

1979; Lieberman et al., Pharmaceutical Dosage Forms: Tablets, 1981; and Ansel,

Introduction to Pharmaceutical Dosage Forms, 2d edition, 1976.

A preferred dosage form of the subject invention is intended for parenteral
administration. Preferred pharmaceutically-acceptable excipients for such compositions
include sterile, pyrogen-free water and physiological saline solution. 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 solution prior to
injection.

Preferred compositions of the subject invention include those intended for peroral
administration, such as tablets, capsules, powders and liquids. Suitable pharmaceutically-
acceptable excipients, and anti-platelet compounds (e.g., aspirin, abciximab)nts for such

compositions include sugars, starches, cellulose and its derivatives, malt, gelatin, talc,
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The subject conpositions may be in a variety of forns suitable (for
exanple) for peroral, topical, or parenteral adm nistration. Depending
upon t he want/ssse$ ar route of adm nistration desired, a vReT/@s41/@bL11

phar maceuti cal | y-acceptable carriers well-known in the art may be used.
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 conpound is sufficient

uni t doseetioPratals rraTEonpoutac, renbane st EoiBoR b e ABHT 8 ng

the subj °f osgmtébeﬁéegenm%@& ﬂ%@h&@%ﬁﬂmﬁ# in the following references:

Modem Pha eutics , apters 9 & 10, Banker and Rhodes, editors,
1979; Lieberman et al., PharMeathed singthe “!ﬂhdﬂﬁ: Tabl et s, 1981 and
Ansel, Introd

t o Ph rnaceu Dosa 2d . edi
preferred dosa ngg #8?%06@”[ e%’fﬁlé ?‘isﬁ\(}glﬁ’{)%b% h‘f %‘%bé%%é'hveﬁlé‘r’“ %rgrughf'?eral
adm ni Str gl i {reaheﬁ@romthehw FRReRuHibE Aljhy- AARAHIADhE BxatPieBhE spavifisuch
conposi tions include sterile, pyrogen- Hree wat er and physi ol ogi cal saline

sol uti on. mPeliagismgiitis hetieved @a@@g@ompmdécﬂ@pm mpHatierngt bedhepiop meoleayen of

I
i ch or o™FRONSt | TV o 0wk obpo S e bR IR o APRREGERE,

Pr ef er r ediseiRmR@séfdrRRRNOInjike 1@'@1@%[ car@ioeacuin dl@@dsud@nfl(ﬁvaﬁcﬁall Wcﬁﬂﬁ@d for
peroral admnistration, such as tablets, capsules, powders and |iquids.

Sui t abl e prErarecsediag cearrhygt/hm@e deprtafiileres xiavngriensian); fAd tggafnen| i @) gqduce
Corrpounds?%‘x%tﬁélg Lg'Prl emsdm%tb(il lthn%r%xgésorfl {he?nl{g h&’hl&? WIS) %51} ?(ﬂfov&sn gtkcﬁge

sugar s I TS rivatives

WO 01/ 588¢8diREhirkk0d/ fedihhial agHy&iay forstdatraé to H&Qﬂ€$tpﬁﬂftﬁid)hf1ﬁﬁxe§( fone»gelﬁ@bl e

oil's, synthetic 0ils, pol yol s, al geni c acid, phosphate buffers,
enul si fi eprgan ata@m%mtgtlora r yrepi@rent ok ifpsthsteofnflagmajoryhial E%rﬁib%@ﬁ?d PSOrHSis,

b de- b
7 O L R SR SROM O gL S e AR el

any speci flis€asesTBAd1adNE némi)ﬁysleﬁhabﬁﬂrdnﬁ‘h&d tandt fdrheestateno Lde Sibasis, Miréicaria,
nodul ati on of adhesi on nol ecul e netabolism Therefore t he subject
conpoundsangiecdgme eyasrulitisy migasmgl rheematoftbarthrisia; gt angiall er&eheni a- r eper f usi on

injury includi 195 El%vgrll q}{gtsgul/ﬁfetf' ?e&%gesgéy v r%o‘?ved ?r?r}@}%rﬁlswn injury,

inflammation and related processes. Not being bound by theory, the following
mechanism is of interest regarding the subject invention. A key event in the reperfusion
injury damage process is the up-regulation, expression, activation of intracellular
adhesion molecule-1 (ICAM-1) on endothelial cells. ICAM-1 can then interact with
neutrophils resulting in the transmigration of the neutrophils into the tissue with
subsequent release of deleterious enzymes and destructive reactive oxygen molecules.
Thus, compounds which can interfere with the up-regulation, expression, or activation of
ICAM-1 are likely to have a beneficial effect for ischemic reperfusion events. These
compounds cen be administered via oral, intra-vascular, subcutaneous, intra-musclar,
intra-nasal, intra-rectal, intra-occular, sublingual/buccal, inhalation, and topical (patch,
ointment, powder, or cream) routes, as long as an effective dose is delivered to the source
of the ICAM-1.

Subject invention 2-carboxamide-benzimidazoles, significantly reduce ICAM-1

up-regulation, expression, or activation. In other assays, subject compounds demonstrate
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angi na, cardiac arrhythma, heart failure, hypertension); for treatnent to
a reduce neurotoxic injury associated with anoxia or ischem a which

typi cal | wool/kssns stroke, cardiac arrest, or perinatal aBEhyséizn42fior
treatnment to reduce reperfusion injury followng organ transplantation;
for treatnment of frostbite, inflammatory val ve di sease, psoriasis, asthm,
adult respiratory distress syndrone; for treatnment of chronic inflamatory
| ung di seases including enphysema, bronchitis; and for treatnent of

fibrosis, urticar.a, i oedema, vascul itis, m.garj .Ir heumat ol d
arthriti s?ct’@f&}MtV?hlaﬁ&OE?Egﬁsg‘(ﬂt Protpiopyg, fhe dhyag: a&?aﬁrfg’twn%?rep Semetods o1 e
I nvol ved h%ﬁ.g?&e&éctéfﬁiiﬂi'ﬂ IsBEHEKivitics BF b@fp&inden and rel ated processes. Not
bei ng boun y theory, ?he following nechanismis of interest regarding

t he subject invention. A key event in the reperfusion injury danmage
process is the up-regul ation, expression, activation of intracellular
adhesi on nol ecule-1 (I CAM 1) on endothelial cells. 1CAM1 can then interact
with neutrophils resulting in the transmgration of the neutrophils into
the tissue with subsequent rel ease of del eterious enzynmes and destructive
reacti ve oxygen nol ecul es. Thus, conpounds which can interfere with the
up-regul ation, expression, or activation of ICAM1 are likely to have a
beneficial effect for ischem c reperfusion events. These conpounds can be
adm ni stered via oral, intra-vascul ar, subcutaneous, intra-nusclar,
intra-nasal, intra-rectal, intra-occular, sublingual/buccal, inhalation
and topical (patch, ointnment, powder, or cream routes, as long as an
effective dose is delivered to the source of the | CAM 1. Subject

i nvention 2-carboxam de-benzi m dazoles, significantly reduce | CAM 1
up-regul ation, expression, or activation. In other assays, subject
conpounds denonstrate 23 WO 01/58878 PCT/ US01/ 04211 activity which
correlates with protection to the heart. The followi ng are test mnethods
useful for determ ning such activities of conpounds. 24 WO 01/58878

PCT/ USO01/ 04211 Assay For The Inhibition of Expression of |CAM 1 Tissue:
The expression of adhesion of nolecules (ICAM1 in particular) is
performed on Human Unbilical Vein Endothelial Cells (HUVEC) obtained from
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Clonetics Corp. (Cat# CC2519), San D ego, CA. Endpoint: Concentration of
material that inhibits 50% of the expression of |CAM1 on the surface of
HUVECs upwegussared with 300U/ M of TNF-al pha (1C50). Methogusdimaaa1l vi al
of frozen HUVEC ( rapidly at 37C for -2 min (5 x 105-1 x 106 cells in 1 m
medi um), then transfer cells to 45 m pre-warnmed grow h nmedium ( EGM for
HUVEC) in a 225 cnR flask (seeded at 2500 - 5000 cells/cnR) and place in a
hum di fied 37C i ncubator with 5% CO2. Change nedium after 24-30h (to renove

dead cells a topre..rva 'ves , . and e every 2-3 days thereafter -
cells showm&cir Son —growth. Trypsinize cells to

remove from fl gikue: SPA ekpi@8on 3f a!aihé@l ﬂQ)fF}ﬁJ)lle@ﬁlsC dAM:=1 TR SpheRans) Gel | s
in 50 m nedi um(l\;\e/ant -16&3 10n5 cel s/(r)ﬂ) and pea'?ie 100 rh cel | )

suspensi operforn@6- oel Hpmen| Ua@dmad:o‘étledEpdtah@S?»l(Gsl@ (HUVEC) ebtaiedd dromel | )

- grow to onfl nce nove d culture nedium (discard) and
add 90 m € éﬁ#é&%‘gw P%% g?‘pha (or other ICAM 1 stinulator at
desired Concemlaﬁ&lngn) COficeBRation FedhatBhial @B idHigits YOR! biMdheleRptessist 06!
wells). Add 10 medi um (or PBS or PBS, 1% DMSO) containing conpound to

be test edlCANE-1 b@khmlsfap@df HUM%rnm%ulam) wigh 380diml @V F-aiphei(IGsedi um al one

(or PBS PBS, . 1% f t d trat

O Final | DVMStRSc Dby Aot Tt YR Feipidy oUF s RRPE WSO A 57"

Rermve nE@OGJ %lfsdinsp%ﬁldﬁle@iﬂﬂl)f ihén GRInk&r icBlILRP4511mI18R 0w ARRH WrewaDHekizE {or 20

mn at (-20C). Renpbve acetone: HRO (discard) and all ow E!s/amgl to air dry -
c an

and st or eEGM (fOQHU)VE@enm @ﬁcm flasls (seedadoat 25085 H0P0 &€ dpgeg B x 250

n), th dd,. 20 TO bl ock di
Mbubat o TIRBACGTC BORHREE Sl RoAnen el e Geaich o RO dee
plates W EdsPRR Cytopred@Qatiel), addh@lﬁhngéidevégﬂﬂﬂ dhyeMeteafidt i-s@Mbou BEOTTO)

- incubate 1 hour  at roomtenperature renove | CAM 1 antiserum

(di scar d) cerfbiengafter g adexs ofi growthBSI1yBsinize Sellsfo)remptie frogtfaski-owind 20§sal

anti - nouse- HRP ant m co BLOIT I
t enper at uP&" ﬁﬁe‘?@\%sé ul Eeéﬁﬁr?{l&lﬁ?ﬁ%grhﬁ Qlé‘lgtrge?é @anquZir\e 1\/(\)15512 e”ﬁ@?]es with
PBS (5 x R%%Olomiaﬂ, cdlin@BpaiaRR Mok v, toddgenleuhtte blatek (&se’wﬁb,x hdscedts/ell) Add

100 i HRP substrate and incubate for 5-20 nin at roomtenperature (tinme

may vary; - ww:ltp eotfbrence 6l -Ndags) SRgTSveratl/ auliony madivm (dward) Avdeadd)90 @mlid 50
moIN HZS{M csh Omb 1|u}nS cgocr)ltasntn?l Fﬁ\ﬁp_ fpﬁ ((l)?eao%é% e At éggulmoat desired

concentration) or 90 ml medium alone (for unstimulated control wells). Add 10 ml

medium (or PBS or PBS, 1% DMSO) containing compound to be tested ( at 10x desired
concentration) or additional 10 ml medium alone (or PBS or PBS, 1% DMSO) for control
wells - (final compound concentration = 1x; final DMSO concentration = 0.1%, if used) -
incubate 4 hours at 37°C. Remove medium (discard) and fix cells in 200 ml 80%
acetone:20% H»O for 20 min at (-20°C). Remove acetone:H7O (discard) and allow plates
to air dry - and store at (-20°C) overnight in desiccator. Wash plates with PBS (5 x 250
ml), then add 200 ml BLOTTO solution to block non-specific binding - incubate 1 hour 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 1 hour 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 1 at room
temperature. Remove antiserum-HRP conjugate (discard) and wash plates with PBS (5 x
250 ml), then wash with citrate buffer ( 1 x 300ul; discard). Add 100 ml HRP substrate

and incubate for 5-20 min at room temperature (time may vary; watch color
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pl ate reader. Solutions for ICAM1 ELISA: (1) 80% acetone: 20% H20 (v:v) -
store at (-200). (2) (Ix) Dul becco's phosphate buffer solution (DPBS), wo
Ca++ or MoO61/588H 7.5 - (Sigma D 5652, | x powder or Si gnaPOFU8@@42110x
liquid, dilute 1:10 before use). (3) BLOTTO - 5% (w.v) non-fat dry m |k
(Carnation or other) in DPBS. (4) Muse anti-human | CAM1 nonocl onal

anti serum (Research Di agnostics; catalog # RDI-CBL450-1x; anti CD54-cl one
15.2) - stock solution (1 ng/m) - dilute 1:1000 in BLOTTO just prior to

1 ng/m final [ trati . (5). Go I -
36 hor sersaioateppr 539 aagu TLRESRATE efacs ke tlien Reaf Blassa P ameomoaar)
- stock Sﬁl'atétx‘ééﬁbr.(l ng/m) - dilute 1:1000 in BLOTTO just prior to use (1

ng/mM final concentration). (6) Ctrate buffer, pH5.0 - 65.3 nM sodi um
phosphat e (di bSelutiony fortAMEEELIMA: = 358.4; 23.4 g/1) and 34.7 mMcitric

aci d (anhydrous, e acid; = 192.1: 6. GL1l) - check pH (5.0), store
at 4C. (7) H@@%?ﬁ@eﬁowgn@réﬁéarﬁﬂﬁ(2%0 ?"hydr ochl ori de (CPD? Si gna,
P6912; 5 ngy (qﬁ})bﬁt&cco@(ﬂﬁos})hBQML@M 181uftbn ¢DPBRY ewRHERET of Mgt O
tenperature), then add 4 m 30% H202 (Sigma, HL009)/10 m substrate

sol ution just pri%¥ -t(Sigrse D-5652, dal payater entSigma da- 1408, Bxrljq@PDdiute ahi 40
0.012% H202. (8) ,H man t.unor necrosis factor al pha (TNF-al pha,
Boehr i nger - Manhei %O &84 og # 1371843) - 10 ng/vial (in 1 n) - 108U

activity/mg = BHBAHTOONG% (Wiv) wbedat drpmilk (TarfidRbhethed i6 BIPBS. basal nedi a
(EBM (50000 m; 500 ng/m) - allguot 150 ml (7500U; 75 n%) into |
eppendor f t ube€}) (MaeR) anti-fuppr 1GAMOCmonpelonale artisersm dRicpranth  Diggnostics;

LU0t 10 25 Bl KRR Ao o BocbloihilB T -
Cell  (HUVEC)/ Newtifaephi:1008d e BOOT26 YWt Ofrir8&y Qs Wy OfiZal lantiserum
concentration).

(5) Goat anti-mouse IgG-horseradish peroxidase conjugate (IgG-HRP, DAKO
Corp; catalog # P0447) - stock solution (1 mg/ml) - dilute 1:1000 in BLOTTO
just prior to use (1 mg/ml final concentration).

(6) Citrate buffer, pH 5.0 - 65.3 mM sodium phosphate (dibasic, 12-hydrate; MW
= 358.4; 23.4 g/1) and 34.7 mM citric acid (anhydrous, free acid; MW = 192.1;
6.67 g/1) - check pH (5.0), store at 4°C.

(7) HRP substrate - o-phenylenediamine dihydrochloride (OPD; Sigma, P6912; 5
mg OPD/tablet) - add 1 tablet/10 ml citrate buffer (at room temperature), then
add 4 ml 30% H»O» (Sigma, H1009)/10 ml substrate solution just prior to use
- final concentration = 0.5 mg OPD/ml and 0.012% H»O».

(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
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Ti ssue: Adhesion is perfornmed on Human Unrbilical Vein Endothelial Cells
(HUVEC) obtained fromConetics (Cat# CC2519). Endpoi nt: Concentration of
mat er i al what/sdsmhi bits 20% of the PMN adhesion to HUVECspaopusgui4atied wi t h
300 Ul of TNFal pha (1C20) Method: 1. Cells: A Endothelia Cells: Human
unbi lical vein endothelial cells (HUVEC) are purchased as frozen cells in
1 mM aliquots (Clonetics Corporation, San Diego, CA). Endothelial Gowth
Medi a-Unbi lical Vein (EGMHWV), bullet kit addi ti ves, trypsi ni zation

reagents tr in neytralizin ol uti on . buff er). a | »
purghased 1£roy ﬂ’%negé}&eélonTﬁegefrfégfdl@ é%aé'd %:‘ﬁ‘ Y%n)E@%FgeB%%
air, 100(@@%@)bztalﬂea@mtwnetlgn@aV# 289yl i quid N2 frozen cell is thawed
in the 37C water bath, the whole vial placed in a T-275 flask with 50 nls

of fresh medi aEadpoipk:a&cenirating of oagerial shaankibits ?ﬁ% oletic PV adhgsige éel

24-48 hrs Conf.l u 4-5 days. Media is changed
at | east g@f‘éﬁ?ﬁfﬁ%‘@ﬁ‘i %@?wmq?ﬁiwr%"#&(g?@? inthe flask is det acheg
usi ng the trypsmedihe®! uti on, after the nonolayer is washed w th Hanks

bal anced salt sol ution (HBSS). The trypsinized cells are centrifuged at
200xGs foF Fellshutes and resuspended in approxi mately 150 mis of nedia.
100 ul ali quot}% g 6\“) ‘?:Cgld in each well of 96-well plate that had been
previ ousl y Baowet'A “E6F1 agen. The nonol ayer in the plate should be

confluent W t Biyfhaft&inbilseal BeinNaubtheRdlidelld FOURE) Aie Rathdabe aafrokéoedls in
pol ynor phonucl ear neutrophils (PMNs) are isol ated lc)éb est abl i shed

met hodol ogy (1) . mHahgwotp| (Edenetiss dksrporaaen.f S@nﬂlm, )-t aEndashgliabyGrowth

conventi onal for a o on. st dis

col | ect ed |n h@%&?ﬁuﬁﬁgbcavaceﬁ? éﬁﬁ& )‘V% d@ﬂ 39 Sr"é%%tloélape,aglfgg

draw, d | t é)%h‘l ﬁﬁEut@illzngleult@nU&ﬁﬂ HEH’E@&ﬁJffe@ﬁfaae’ alsohuigased Mirohed
ilute

bl ood is wi th approxi mately V2 vol une of hosphate buf f ered sal i ne

containing O. Q%ngtlﬁﬁcogbe {lppsisg)laced i3 o it ﬁrﬁ/@@@f"ﬁ/@ﬁtr 490%j yryaique (3

EﬂSi gl;ra H st opaf uebajtor Ohd vfapgf ﬁ)(?l}l& ?ﬂm ﬁ‘@ﬂan cemls vﬁd% 4 o el ol &29217 bt the P)

whole vial placed in a T-275 flask with 50 mls of fresh media and placed in the
CO» incubator. The media is replaced 24-48 hrs later. Confluency should occur
within 4-5 days. Media is changed at least once during that period. The
monolayer in the flask is detached using the trypsin solution, after the monolayer
is washed with Hanks balanced salt solution (HBSS). The trypsinized cells are
centrifuged at 200xGs for 5 minutes and resuspended in approximately 150 mls of
media. 100 ul aliquots are placed in 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
27



27 WD 01/58878 PCT/US01/04211 Chemical Co., St. Louis, MO is prepared in
6, 15-ml conical centrifuge tubes. The diluted blood is carefully |ayered
on top ofwohesddrst opaque- 1077. The tubes are centrifugedpratr/u8a411G f or 30
mn at roomtenperature. After the centrifugation step the PMNs are
renmoved by aspiration fromthe area between

Hi st opaque- 1077/ 1i st opaque- 1119 interface and the top of the pelleted red
blood cells. The PM\s are collected fromall the tubes, further diluted to
a total volunme_,of.30 m and cenfrifuged at 6 60 G,for.15 mn. The

super nat ant isch?’%’ﬁEde, afr§"15 )p‘é%r‘éqar‘f%%gaﬁinﬂgcqgl\ﬁﬁi Cﬁrﬁﬂfusg(gﬁﬁb?sed

bl ood cells) ignt agaebiovd B Arefhilyfay&el én t¥bethd Ristdiaqa&toMdsThO ulbgse
contam nating RBC. Normal osnolarity is reestablished by adding 3 ml of

2. 7% sal i ne. Thre BdWNEfuged staSf@dx 8B EddB® i mimalat @omi despatkiure. PBSLE trhe
viability and nunber of the IS _determ ned usi he trypan, bl u

excl usi on test CEMErILISANOH, AP 6&%%%81?&@1‘?6@%3&58?5%%8%{}’8nagﬁ 9‘%“55% nal |
aliquot of thepRid¥nqaesDeNslifRehdgiie-4$ 83l intérface afl it Hi@Cof tRE PRRELEA rdblodde
Cytofuge slide is stained with \%I ht's bl ood stain (Sigm Chem cal Co.)

and a differenedllsl le@LPrMNp@rQ‘@ﬂhe@gtﬁ@Hewlhth%ttlbeSt frsthse ddetad tof taanglume ¢ he

preparation. || regul ati.on of do lia Cel Ls: The ol ayer f
endot hel i al ce?ﬁ %&JF’}: a’?‘ﬁ%erg -l\%g?f‘t at g'gf% 51:]emd?)’r lergﬁf‘%ﬁeé“ r%)é}tl%ﬁ%%dée%/a%i of
Tunor Necr osi sthkgfelier (codthininBRPRiNs@a soMBREEDIBLEREIN) 0gtréatdBwith &Ad) of cOME  TNF

and conpound are added to each well 4 hours prior to the addition of the
PMNs. PMNs. | | | wafer ufor e3Q esseondsbéd ilvss epntpminatiophRBS.  ANoapalt gemplagty \igish

< Toorm) s (ihibfed B HROERERC % ik orf BB e ot PR ALRAGY 10

x 106/m). 5 ( SCEi n diaCetate succinim

(CFSE, Mol ecul 2iint¥s6hi@s PBEUGE TRe vidBllity And GuifiWes b0tk FNING hiedétbdiineédugingpar ed
by dissolving 25 ng into 2.24 ms (MA657.5) of DMSO. 5 | of the stock is

added to the 5Sthenitrypaspdhisi crxchbiopMNestf 6t & hPMACYIeHAKCEnEPHIINGn chpmbery M
The m xture isAincubated in the. refrige for 2 LN nd of
this period t hgcwag}”eav@g}s le%‘%ofiogrélge \?ﬁ]ﬁg S‘ﬁ’%gg%;gn;% tug‘%&??{e@;q)&\a gﬁ/ash
the PM\s are rpgepsiatosedTie OywtgetibdeESVitbMedBditta Weight’s blood stain (Sigma
Chemical Co.) and a differential court performed to evaluate the percent of PMNs

in the preparation.

II. Upregulation of Endothelia Cells:

The monolayers of endothelial cells in the 96-well plates are upregulated with 300
U/ml of Tumor Necrosis Factor (TNF, Boehinger-Manheim Catalog # 1371-843). The
TNF and compound are added to each well 4 hours prior to the addition of the
PMNs.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 105/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 into 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
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28 WD 01/58878 PCT/US01/04211 the desired concentration (usually each well
of a 96-well plate receives 0.6-1.2 x 105 PM\s). . IV. Addition of Test
Conmpoundswvo @nsssitindr ed pl of nedia containing the conmpounBeTAWReIM4INF i S
used to replace the nedia in the wells containing the nonol ayers of
endothelial cells 4 hours prior to the addition of the PMNs. V. Adhesion
Assay: A. Collection of Data: CFSE-|abeled neutrophils (.7 to 1.5 x 105) in
10 pl volumes (see Il1) are added to the HUVEC nonol ayers. The plates are

i ncubated at 37C in a 5% + 95% air, 100% humi dity incubator.for 30
e Non. A G CORenEataT. Crouab, Earay el (i bR FiSECHt G2 1Phe
fol | ow ngpmt)'ocol:. (1) Areading is taken in the Cytofluor 2400 after the

i ncubation at "37C. This reading is considered as 100% of all the cells
added. (2) The wells are filled with warmed (incubator) nedia to the top of

t he wel | ith.a slight convex meniscus (usually 260 ul (in addition to the
100 ul or1@6\‘1]“&?'?%8536?%@{’%0%?3)). (3) The wells are seal ed using
Adhesive Sealing Films for Mcro Plates (Rainin Catalog # 96-SP-100). (4)

The lid is replaced on the plate and the size and | ocation of any bubbles
recorded on t h@nt ihdsdred th of medikemtaifiby thdeohpaimdavatir ENBviedsaht mplaot ded

(4 plies) and gut pj.ece, of paper towe | aced on t of .t aling film
The plate Iid ihe g lw@mwgﬁéao'aﬁmfr@p% qnﬁﬁayeraafgérlg‘f%ml calfed? ﬁﬂ‘érsgp ‘%t e
inverted. (6) (ThGe RiIBLES oAME ed on the plate holders of the centrifuge
(Sorval | Model Rgl' %@Bﬁ%ﬁ’ and spun by turning the speed down to around 500
RPMs, theW. AdhresiongAdshe: centrifuge on with the timng knob. The speed

control is adj éséed, ur} il the tachoneter read 1100 RPM (this is the
equi val ent of Sgleciop otQatahe  ppent that the speed of the 1100 RPMis

achi eved a Sep@?@tﬁaﬁélé@ﬁeu‘ﬁ%ﬁhils (.7 to 1.5 x 105) in 10 pl volumes (see III) are added to
the HUVEC monolayers. The plates are incubated at 37°C in a 5% CO7 + 95%
air, 100% humidity incubator for 30 min. Non-adherent cells are removed by
centrifugation according to the following protocol:.
(1) A reading is taken in the Cytofluor 2400 after the incubation at 37°C. This
reading is considered as 100% of all the cells added.
(2) The wells are filled with warmed (incubator) media to the top of the well
with a slight convex meniscus (usually 260 ul (in addition to the 100 ul or so
already in the wells)).
(3) The wells are sealed using Adhesive Sealing Films for Micro Plates
(Rainin Catalog # 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
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29 WD 01/58878 PCT/US01/04211 started. At exactly 2 mnutes the tiner in
the centrifuge is brought to zero to stop the notor. The plates are

al | oned twoooDmB78 0 rest wi thout any braking. (7) The pl at peT/@s@/enoved and
any enpty wells recorded. The Iid and the folded paper towel are renoved
(rmai ntaining the plate upside-down). The Sealing Filmis then renoved over
the biological mterial disposal bin and the nedia shaken out. The plate
is then blotted on the paper towel and any excess fluid aspirated. (8) The

plate is returned to,t upri ght .position and studied under t

mi croscope. (9) ?&3%%02@ e?‘%&&%ﬁ“’?‘@“ﬁhﬁ%ﬁle&iﬁn EifeC R iyes ﬂfgtPr.o_uqlﬂieig 280:8nd
reading is used §@p tiflehloll TRe plaks RRY ARMeddb cbBISo tiahith@rahpeehkadher ed to
t he nonol ayer. (105) The information fromthe CSV files of the tofl uor are

downl oaded and (H&l lgaplatepraoe esweddiand angrampty evel Exeserdegr dddditkend fiser e

t he background P adherent to non-upregul.ated, endathel i,u i

subtracted and tﬁPé‘l}%P%%eﬁﬁ"qu?{SsﬁeHWVFﬁKPB\C’%‘%‘HgﬁECd’ %%%ruﬁfqusg?oggif MMCous:
Percent adhesi ogedlingdiivh &iidkn ashhded thveMRiHiNbEibalbaskaaIUsbsslWh bad tird X
100) inhibition = 100 Mean adherent PMNs to upregul ated endot hel i um m nus

background (11) nedia sExicmLowplbaairesttherablotiedor theayapehiowsh prbaty STEBMNs
adhering to the nol ayer, b) the percent PMNs adhering to the nonol ayer
m nus backgroung‘q"?jF%Rfsr %‘herent to unstinul ated endothelial cells) and c)

the percent adheyimR pi b tleRfngio s i tHENipPRght R sitehl snd sarlied mgderNtheal one
to the 0%inhibition (negative nunbers indicate increase in adhesion). B.
Statistics, Datamiragdopag, and Storage: Statistics are perfornmed using the

as the P value.  OD.A R FEHTe FISAGH Gy oo TRE Sl P ARG B8 agen:
determine the percent of PMNs that remained adhered to the monolayer.
(10) The information from the CSV files of the Cytofluor are downloaded and
the data processed in a prepared EXCEL spreadsheet where the background
(PMNs adherent to non-upregulated endothelium) is subtracted and the percent

adhesion inhibition is determined as follows:

Percent
adhesion (Individual adherent PMNs with background subtracted X 100)
inhibition = 100 -

Mean adherent PMNs to upregulated endothelium minus background

(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 P value.
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
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Di ssolve 25 ng of acid soluble rat tail collagen 446 ms of water acidified
wth a fewdrops of HO. Sterilize by filtration. Add 50 ul to each well
in a 96-webbi/msas e 30 WD 01/58878 PCT/ USO1/ 04211 (.28 ce@)/Usaro4il

ug/wel |l . Incubate overnight in the 37C incubator. Aspirate all the liquid
and store in refrigerator until use. B. To Prepare PBS+0.2% G ucose
(Dextrose): Prepare 2 liters of PBS (Signma) and add 2 grams of gl ucose.
Sterile filter and save. Rat Myocardial |nfarct/Reperfusion |Iniury Mdel

Surgi cal Preparati f ts: e, rague- ey, rats are anestheti.zed
with uret hane?'z%.%ﬁké%ﬁfwe&%ﬁﬁ‘?av%ﬂgg%%é 7 @é%ﬂuif’to\r/eir‘%‘?pg?g al
exteriorized apdiigaRRHY 8RNt FeRErRfnl Ui ng for recording bl ood pressure
and to facilitate intravenous adm ni stration of dye or drug. A Tracheotony

is perforned. The animals are connected to a Harvard Rodent Ventil ator
(Mobdel 683, Harvard Apparatus, South Natick, MA) and ventilated at 1.5
m /100 g body weight at 50 strokes/mn. Needl e electrodes are placed for a

lead || el egl rReprdap@PBRY0.2%) €laddsebextrbg)Mi nt ai ned at 37C by neans of
el ectric heating pads adjusted to the desired tenperature and controlled

via a rectal threpar 2tliterspofoPBS 4Bignwornd gidder gramseothglueqse. | Stedlgr Bltey ang
isolated by a left thoracotony at the fifth intercostal space, and the |eft
anterior descéA¥i'ng coronary artery (LAD) is located. A ligature of 6-0

silk is ﬂizﬁ?ﬁ%ca@ﬂ%ﬂﬂfﬁ&ﬁ&g@usﬂﬁhlihffl\’ﬁﬁl@ﬁ threaded through a snall

| ength o - ubring to facilitate rapid occlusion and reperfusion of

t he art erSprgithbPremdratompelcRaded by clanping the suture and tubing tight
agai nst the hegrt surface using.25 mn Schwarz angu | i cl.usiyon
faets for 0 At nirEl DaleNge Ay PR RES o o eSS, 1 Bs g b
are dosedropdt A&ty Usdokigehiveineard Cxtrivried hd teanfemed fwish CE-30 titieg #if ect ed
area of the heart™ b i ntravenous delivery via a jugular vein.

Sham opereeasdingdtigochpessyvoe asdib) Estléetetiptrpwapentémingirationof Kdig o5 drugat At he
end of ”ﬁ?&’ég It ”%”éeéfoté{r‘lgg.hﬁi%g'as gﬁn%rs%?”%‘ﬁrl teh%a%ﬁlgk&gﬁﬂ}ﬁé&&t%n% t&gg m

sol ution ni'stered via t jugular cannula t

i denti fy (Mduel 8B AViaARArdYs, Seaihavatick, MA) and Veatit&batal. 5 milsl0(@¥édy. The
stained heart is rapidly excised and placed into 0.9% saline at 4CnQri or

to the deveght 3110 srpkes/min.c Meedle electrodes are placed for a lead 11 electrocardiogra
The animals are maintained at 37°C by means of electric heating pads adjusted to the

desired temperature and controlled via a rectal thermistor probe and controller. The heart
is carefully isolated by a left thoracotomy at the fifth intercostal space, and the left
anterior descending coronary artery (LAD) is located. A ligature of 6-0 silk is placed
around the LAD, with the ends threaded through a small length of PE-320 tubing to
facilitate rapid occlusion and reperfusion of the artery. The LAD is occluded by clamping
the suture and tubing tight against the heart surface using 25 mm Schwarz aneurysm clip.
Occlusion lasts for 90 min and is followed by reperfusion for 3.0-4.5 hour. 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/m! 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:
31



phosphoki nase activity (CPK). Determ nation of Creatine Phosphoki nase
Activity: 31 WD 01/58878 PCT/US01/04211 The left ventricular free wall
(LVFW i svdbsssses ed free fromthe heart and wei ghed. The P&RyUs@m4eaf i ned by
the absence of stain, is dissected fromthe LVFWand al so weighed. The AAR
i s honogeni zed for 5 sec in 4 mMl of 0.25 Msucrose containing 1 nM EDTA
and 10 nM ner capt oet hanol at 4C. The honpgenate is centrifuged at 3000 x ¢
for 30 mn at 4C The supernatant is decanted for determ nation of CPK

activity and el | et. t f f. th I
nyel oper oxi da ](‘?? ?‘ftVC‘I‘%P egé@&‘ \fi‘t%:%?)s lsglrgéséfi%&é :tg@g flf’g‘gﬁ‘getng‘ﬁ@fr"‘i“ ally
with a C(N@i‘?feﬁ' aflhleyAﬁRPQsi &&ﬂ\eal’b Sheé MRncdOstaiASBNss¥tad fom theTLOBW and

Di agnosti cs at a wavelength of 340 nm at 24- 26C. Determ nation of
Myel oper akbdasghefictThei A4R idfemogmizsdifdns eco AN pE0.2§ M anasesefqoptaining 1f r ozen

pellet aft aration of el.let is sus

phosphat @lﬁtﬁrﬁﬁg agﬂelB Jﬂﬁfﬁ?tﬂ?thﬁmga%%/% rﬂfﬁ&%ﬁt eﬂg}qﬁ%ﬁ)&ﬂﬁﬁﬁr&) Br oni de
(HTAB) tQ Rr8OR&iaM: YAt Ahe AlipaRMAMXE MBERI AP Yetet@iatioh 08 OPK actViyemdand
frozen on dry ice. Three freeze thaw cycles are done with 10 sec of

soni cat i ¢ire pateneestordciressn fFhthesisoiptiensang assehiof myglaparaxédase aetivay. nFRK

f ol | owed centrlf atlona f f

me sgpe raﬁ%l‘f‘%fs ‘?Séay(f z!?ff% hgt?&%ff%ﬁ%lﬁovléﬁé ?’lrn}:r%?rfn;ﬂ]? £W8 @H ?t’?f’] go
sodi u t I d di

Oy 0 R g o G D A G O bt ror ot o

wavel engtDetaﬁnn&ﬁﬁonmeyeIepeiﬁﬁda@aAduhm| ons and Statistical Analysis: The

results are reported a tiVi are ressed
as units/g ti JSVROPSIAY! %se wlsd‘f(’?g%(frﬁﬁﬁh\?r}%e? ?e@%# é)§eRaﬁ%u°élgafﬁtl ty
of CPK gt i ZPi0 pdiidols RBASRABPGRHI AtV RsHosphdiIbarRAhH 6Nidntdkin¥R>%
activity is that guantlty that degrades 1 nol peroxide per mnute. The AAR
13 Is qgant itk aitcpltrimethgaoenerage bosmidedHTARIWG basaerndiatior pGinpronsatelal 0%r i al

ood pressu

0 00, PSRt KB S SRS A S TR Bral DRSS, ol
L2 2 AL g 410, 4 Snteatly o nnfrebon 1
var i ance.centrifugation at 12,500 x g for 15 min at 4°C. An aliquot of the supernatant is assayed
spectrophotometrically for MPO activity in 50 mM sodium phosphate buffer, pH 6,
containing 0.167 mg/ml o-dianisidine dihydrochloride and 0.113 ml hydrogen peroxide
per 100 ml buffer at a wavelength of 460 nm at 24-26°C.
Calculations and Statistical Analysis:

The results are reported as the mean + SEM. CPK and MPO activity are
expressed as units/g tissue, where 1 unit of CPK activity is defined as the quantity of CPK
utilizing 1 pmol phosphoceatine per minute and 1 unit of MPO activity is that quantity
that degrades 1 umol peroxide per minute. The AAR is quantified as a percentage of the
LVFW based on weight. Mean arterial blood pressure (MABP) is calculated as one-third
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 invention involves methods of treating or preventing any of the
disecases and disorders provided hereinabove, especially reperfusion injury, by

administering a safe and effective amount of a 2-carboxamide benzimidazole compound

disclosed above. Such methods of treatment can involve administering a unit dosage
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The subject invention involves nethods of treating or preventing any of the
di seases and di sorders provi ded herei nabove, especially reperfusion injury,
by adm wevesismgy a safe and effective anobunt of a 2-car bPESE@4211
benzi m dazol e conpound discl osed above. Such nethods of treatnent can
invol ve adm nistering a unit dosage 32 WO 01/58878 PCT/ US01/ 04211 form of
such conpounds parenterally, perorally, or topically. Parenteral

adm ni stration includes intravenous, intranuscul ar, subcutaneous

i ntraperi.toneal, ,or other injecti osa .

admi ni st it Bh ‘?%%9‘\}%%1“9%8@% Bar\‘?/of’eft"ﬁaéf-‘/d8§ g%péc"’fq@r ifhyeta Sg%%“ﬁ?traélﬁnof t he
active fmdelan@arho®, Theshidealar,t ud6ltancbob] Medap&eiohdal Sér @heOthjdonsalores
contacting the dosage formwith the surface of the skin or nucosal tissues,

i ncl udi nghe Bosage nfotml i Renoead administiatéen dfvolves lagesmsnt@fr the éesaae fame anHe

respirato ste ar ent.era ad tra

2-car boxéﬁ%&% %ﬂg} QXg g @}?n%?gﬁﬁl(?pétsgnaﬁcté “t lr%gfr:ig%rﬁer grg{l?lgflrbvrotla Brably
from aboybntdctiy the doSapeFoith it tBO ki fide @Nthadlan! br &uagdak dissups, aheudinkybito
about 2 ng/kg, nore preferably to about 10 ng/kg. The frequency of such

adni ni st mat imted t, ﬂyﬁpﬁ @ﬁthewhowe@rﬁ icanaliagd tfeﬁareﬁglrathy Sy€8nent regi nen

typlcallyls S|n Iastsfr oy f @EI m
about 5 days %Snﬁfra? glfgatl%nr’e er aﬁoggtt %og&f?fﬂ@gygé o a%élrgor al
admi ni st I’caltnb&!ihd ﬁybﬁ:aﬂyfﬁﬂlﬂﬂlnlﬂérea1§@‘éfw&tﬂﬁ'ﬁ@ﬁl hﬁmzammgmg,oh@re peeferablynilom
typically adm nistered is preferably from about nor e prefﬁ,ably

from abeheutidmeditsprefsrablefoaphopt 2omgtkgumops PFﬁj?‘l%Bly ubﬂ%ﬁ‘é&”’é&l
Aot o> Ry M \ch WHEMISRRNN AL G AMENSLAGL 0. | R dBRGR biplehom

once to iTes regi men ty i cal asts-from

about 1 calRrich N Joskl @ﬂhﬂ@ﬁruin @odﬁyéay,tpf)cfadablytfrorﬂ@biﬁi&)ﬁsdaysgrtefabowbI y to
about 15 cﬁl Conposi tion and Met hod Exanpl es The following non-limting
exanpl es 30Idays preferabbhie abowj l6cdayfnvent i on. The fol | owing conposition and

met hod exanpl ¢ dg.nol Llilisddfon! ntﬁ%ntahﬁ)@mt byt P'&ﬁ’r‘lﬁbgaqmdgu'bg@ﬂﬁl‘?datﬁlet he

skilled artisan to prepare and usé e conmpounds, conpositions, and
met hods @bmipbend fpally atdmidistered dhprefssblgtiver atwmrSonglkls, moretprefetably froment i on

may be substituted for the exanpl e conppound sh bel ow with sjml.ar
r egm ts. abounid) mg/ke, preferably to ab(quJ.)t 25 mg}@, more pre?vgbly to aglout 15 mg)kg The

frequency of such administration is typically from once to about 4 times daily. A
treatment regimen typically lasts from about 1 day, preferably from about 5 days, to about

30 days, preferably to about 15 days.

Composition and Method Examples

The following non-limiting examples illustrate the subject invention. The
following composition and method examples do not limit the invention, but provide
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)
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Phar maceuti cal conpositions in the formof an intravenous solution are
prepared by conventional nethods, such as m xing the follow ng: |ngredient
Quanti ty womsjss783 WO 01/58878 PCT/ US01/ 04211 Conpound ofCExaempl4e11l’ 1 ny.
Sterile water 10 m  HCL and/or NaOH pH 7.2-7.5 Wien 1 m of the above
conposition is adm nistered intravenously, either inmediately before or
imedi ately after a tissue damage event (aneurysmrepair, coronary bypass,
transpl ant surgery, traumatic henorrhage, organ ischem a due to

hypoper fusion, sepsis, .etc.), {issue damage i s avoi ded or reduced. Exanple
B PharnaceutiGQPWPBH%Bng?H&glin liquid for®are prepared by conventiona
nmet hods, forngkg%g?,ﬁ§ foll ows: | ngredientjg@ganti 1y Conpound of Exanple 12
1 ng Phosphate bu ?ered physi ol ogi cal saline 10 m  Methyl Paraben 0.05nl
Wien 1.0 m ofHGhenditwoNaOHonposi ti on i s pHd#i2a7.8t ered subcut aneously, either
i mredi ately before or imredi ately after a tissue danage event (aneurysm
repair, coronary bypass, transplant surgery, traumatic henorrhage, organ

i schem a due typeshypanesf Yisd QBoveS @BHbSsitieh Gs )adntihBinel dad@@Rousy,avitieded or
reduced. Wile particular enbodiments of the subject invention have been
descr i bedmmietiatalp thedoroeon bmimediately aftesse tiskig |dethage qveat Aaneurysat TORAY ous

changes and nodifications.tq the c osj.tions. discl J ] e nmade
W thout dBBERD REPTFoRROIL ol P YaAa SR b e o RE PRnlcadnth R 48

i nt ended w1 0o fP8ion ée?si%,f@c.inﬁgﬁhd%a%le@é iWidedldr rédicbdnodi fications that are
within thé scope of this invention. ' Compound of Exanple 1 can be
substituted with any of Exanples 2-Hxamplg Boonpound of Exanple 1 can be

substitut ed WIPthgm‘(i‘an ut(l)gal Eé(g‘rrqg(ls‘ietlson%_ 1Jh4'liqu';3c€' form are prepared by conventional

methods, formulated as follows:

Ingredient , Quantity
Compound of Example 12 1 mg
Phosphate buffered physiological saline 10 ml
Methy! Paraben ~0.05ml

When 1.0 ml of the above composition is administered subcutaneously, 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.

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.

! Compound of Example 1 can be substituted with any of Examples 2-14.
2 Compound of Example 1 can be substituted with any of Examples 2-14.
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WO 01/58878 PCT/ US01/ 04211 WHAT IS CLAIMED IS: 1. A conmpound having the
structure: R5 RL R4 CONH2Z N R3 R5 wherein: (a) RL is selected fromthe
group comedsi/sesgs of al kyl, aryl, al koxy, and aryloxy, thepCBURyl/04and aryl
portions of such Rl having from1l to 14 carbon atons; (b) R3 and R4 are

i ndependently selected fromthe group consisting of hydrogen, halo, alkyl,
al koxy, al kyl -aryl oxy, al kylthio, am no, and nono- or dial kylam nio, the
al kyl portions of such R3 and R4 having from1l to 8 carbon atons; except

that R3 and G% nat Eydrogen; (c) each R5 is independently sel ected
SR

fromthe grot hydrogen, hal o, cyano, alkyl, hydroxy,

al koxy, thi o, sabdayhduddhav@BithOstn@fffe:nono- or  di al kyl am no, the al kyl
portions of such RS having from1l to 8 carbon atoms; and an optical

i soner, diastereonerrsor effdntiomer or mixture thereof; a pharmaceutically-
accept abl e sal hydfate, or biohydrolyzable ester, am de or imde thereof.
2. The conpound~\of €kai m erein RL is alkyl or aryl having from2 to 8
carbon atons; prg y RINis al kyl having from3 to 8 carbon atons, the
al kyl being unsu jed or/sUSINHAt ed with substituents sel ected from
the group consis hal,¢; hydroxy, Cl-C3 al koxy, thio, Cl-C3

al kyl thio, amprw, CIyYC3 mono- or dialkylam no, phenyl, and heterocycle
having 5 or 6 ring atens, nore preferably Rl is saturated or unsaturated
wi th one doubl e bond, |inear or branched or cyclic alkyl having from3 to 6
car bon atwwreein:35 WO 01/ 58878 PCT/ US01/ 04211

(a) R1 is selected from the group consisting of alkyl, aryl, alkoxy, and aryloxy, the

alkyl and aryl portions of such R1 having from 1 to 14 carbon atoms;

(b) R3 and R4 are independently selected from the group consisting of hydrogen,
halo, alkyl, alkoxy, alkyl-aryloxy, alkylthio, amino, 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;

(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 R5 having from 1 to 8 carbon atoms;
and

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

acceptable salt, hydrate, or biohydrolyzable ester, amide or imide thereof.

2. The compound of Claim 1 wherein R1 is alkyl or aryl having from 2 to 8 carbon
atoms; preferably R1 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, C1-C3 mono- or dialkylamino,
phenyl, and heterocycle having 5 or 6 ring atoms, more preferably R1 is saturated or
unsaturated with one double bond, linear or branched or cyclic alkyl having from 3 to 6

carbon atoms.
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3. The compound of Caim2 wherein R3 and R4 are independently sel ected
fromthe group consisting of hydrogen al kyl, al koxy, alkylthio, am no, and
nono- or vdd al/ksgheam no, the al kyl portions of such R4 havPahyuleiomed t o
about 6 carbon atons; 4. The conmpound of Caim3 wherein each R5 is

i ndependently selected fromthe group consisting of hydrogen, halo, alkyl,
al koxy, al kylthio, and nono- or dial kylam no, the alkyl portions of such
R5 having from1 to 6 carbon atonms. 5. The conpound of Cl aim4 wherein the

3 car bon “at ona HasALRBUGT vl 3 s FUEE e REARARERY PR o 5 ©

al koxy, tdd cdabistasy 8f kydrbdntalk naln@x 13 fkyGhioC3mif)and ﬁfonodbﬁdhkbkly&lfmﬂ@
preferablgzthe alﬁg’% o%ql%ﬁns oyf’c1 R3, %4 R5 are unsubstituted. 6. The

conpound t alm'laloﬁﬁl@ls\ﬂféu@l R4 Raving figheh{d about 6 eerbyn atogs ubst i t ut ed or
substituted wth substituents selected fromthe group consisting of halo,
Cl-C3 alkyl, hydroxy, Cl-C3 al koxy, amno, and Cl-C3 nono- or

di al kyl anfi no, Tkeefoptahy oRICIhien 3swhereiat €dh A isuindesideitiyt selected fropr ticer abl y
R3 nmet hoxy or ethoxy. 7. The conmpound of Claim6 wherein R4 is al kaxy,
pr ef er ablgjoupeeansising of By Hregsn, halﬁ»raH<Ybr3élf(§<b’abllky1tlh‘€t ARk PoBATIORA TR h RS

are hydrqlgeﬁk#ﬂ?rt'[ghes oﬁg&pgggﬁg%ﬁgg%ﬂ F‘Q}C&?hﬂang?’ i s al koxy, and R4 and

both R5 are onposition conprising: (a) a
safe and effective amount of a conpound of any of Caim1l or 6; and (b)
pharmaceuti cal | y-accept abl e _exci EI ents. 36 WD 01/58878 PCT{{SS /04(?1135 10.
A net hod 50f pridigesampayndrofy Clami $gvherein she ainA-nosRenst o ithen %

compri Si i AL AL SLIAGAD Fork B Ol PRBEns ARTBL tueaqubgtm@@%h a

saf e and e?lf’ectl VE anou compoun any o daim1 .
halo, hydroxy, C1-C3 alkoxy, thio, C1-C3 alkylthio, amino and Cj- C3 mono- or

dialkylamino, preferably the alkyl portions of R3, R4, Rs are unsubstituted.

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

substituted with substituents selected from the group consisting of halo, C1-C3 alkyl,
hydroxy, Cj-C3 alkoxy, amino, and C1-C3 mono- or dialkylamino, preferably Rl is

saturated and unsubstituted, and preferably R3 methoxy or ethoxy.

7. The compound of Claim 6 wherein R4 is alkoxy, preferably methoxy or ethoxy,
more preferably methoxy and R3 and both RS are hydrogen.

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

9. A pharmaceutical composition comprising:

(a) a safe and effective amount of a compound of any of Claim 1 or 6; and

(b) pharmaceutically-acceptable excipients.
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10. A method of preventing or treating an ischemia-reperfusion injury comprising

administering to a human or lower animal in need thereof, a safe and effective amount of

a compound of any of Claim 1 or 6.
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